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which 29.3 million hectares are almost completely eroded. In 2023, the average yield of grain crops was 9.3 c/ha,
oilseeds - 7.1 c/ha, and vegetables — 275.4 c/ha. It is noted that the yield of grain crops in 2023 is 28% lower than
in the previous period of 2020-2022, despite the increase in sown areas. Drought and soil degradation are the
main reasons for the decline in grain yields. It is noted that the main biological constraints to grain production are
soil drought, windstorms, degradation and extreme temperatures, especially in rainfed irrigated farming systems
in arid lands such as southern Kazakhstan. In the northern and central parts of Kazakhstan, agricultural land is
dominated by black and chestnut soils, and in the south by brown semidesert soils. The largest areas of eroded
agricultural land are located in Almaty, Atyrau and Turkestan regions - over 30%, and the smallest - in Akmola,
Karaganda, Kostanay and North Kazakhstan regions - 5%. Productive grain growing requires soil monitoring for
the main mobile elements that affect plant yields. The average values for the Republic of Kazakhstan are: nitrogen
content - 37.5 mg/kg, phosphorus - 16.8 mg/kg, potassium - 419.5 mg/kg, humus - 2.8%. The practical significance
of the study is to expand and supplement the theoretical basis of research in the field of soil degradation, and the

results obtained are proposed for a comprehensive environmental assessment of soils in Kazakhstan

Keywords: agrochemical analysis; nativeness; rational land management; humus; nitrogen; phosphorus

INTRODUCTION

The use of fertilizers, intensive farming, and high-yield-
ing varieties contribute to successfully overcoming food
shortages. These factors eventually lead to soil fertil-
ity problems. Stable development of agriculture, growth
of production and the welfare of the population largely
depends on soil fertility, but over the last few decades
there has been a steady degradation of agricultural land
and loss of its productivity, which leads to an overall de-
crease in crop yields and efficiency of crop production.
Rational use of nutrients and maintenance of soil fertili-
ty is increasingly recognized, especially in countries with
high demographic pressure on land resources.

Environmental problems in the Republic of
Kazakhstan (RK), are the primary causes of soil degra-
dation, namely reduced humus content, toxicity, ero-
sion, salinization, waterlogging, pollution and desertifi-
cation. As described in the data of S.B. Kenenbaev et al.
(2023), the main causes of declining soil fertility are:
weakening of vegetation productivity in the apparent
absence of pests and diseases; change of soil structure
with the appearance of cracks; overabundance of wa-
ter-soluble chloride, sulphate and carbonate salts with
increase of acidity; reduction of organogenic elements
by more than 15-20%; reduction of useful microorgan-
isms, worms, insects; development of pathogenic fungi.

Anthropogenic activity imposes an imprint on nat-
ural conditions, lack of crop rotations, use of outdated
technologies and insufficient application of organic
fertilizers. Soil protection measures in RK are based on
interrelated principles, namely: avoidance or minimi-
zation of mechanical disturbance of soil productivity;
constant maintenance of soil covers with plant resi-
dues and living cover crops (including legumes used as
green fertilizer), which reduces moisture loss and soil
erosion; protection from extreme harsh climate condi-
tions through crop rotation and the use of a wide range
of new crop varieties and hybrids.

S.M. Farahat et al. (2022) noted that agricultural
land management is a complex system involving land

use forecasting, land supervision and physical monitor-
ing as the development of agricultural areas is directly
dependent on their land and resources. One fifth of
RK lands are not cultivated, which requires diagnosing
new signs of types and kinds of soil degradation. The
study of L. Kuanova et al. (2023) shows that the area of
the RK agricultural land fund is 37.6% of the total area
of 102.6 million ha, including arable land - 24.3 million
ha, irrigated land - 1.7 million ha, fallow land - 2.6 mil-
lion ha, hayfields - 2 million ha, pastures — 70 million
ha. The qualitative composition of land suitable for
farming is as follows: 16.1 million ha of arable areas,
58.2 million ha of solonetz soils, 43.1 million ha of
scrubby soils, 35.3 million ha of saline soils, while the
genetic and geographical features of soil degradation
in RK remain unidentified.

As noted by M.A. Ansari et al. (2023), monoculture
adoption usually leads to soil degradation and reduced
crop yields, while the concept of conservation agricul-
ture aims at obtaining acceptable profits while pre-
serving the environment, therefore, double cropping
with reduced tillage and utilization of crop residues is
recommended. S. Turebayeva et al. (2022) report that
proper and rational use of fertilizers can improve soil
fertility and crop yields, while haphazard application
of mineral fertilizers can have a negative impact. The
main measure to protect the soil from contamination
by mineral fertilizers and related compounds is scien-
tifically justified fertilizer application at the optimal
time. The intensive farming system involves the use of
large quantities of mineral fertilizers, pesticides and
other products of the chemical industry. Soil-protective
measures are based on strengthening natural biolog-
ical processes, by eliminating to a minimum chemical
means of protection, fertilizers of mineral or organic or-
igin. To improve soil degradation zoning of the RK ter-
ritory, it is necessary to carry out continuous soil moni-
toring, as well as bonitet, soil-ecological and economic
assessments.
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The aim of the study is to assess the ecological
state of RK soils and use soil-protective methods to in-
crease crop yields.

LITERATURE REVIEW

Ecological problems of soils take place not only in RK,
but also on a world scale, as can be seen from the data
of world congresses in Europe, America, Turkey, China
and near abroad, devoted to degradation, pollution,
desertification, soil and environmental protection.
AM. Fortuna et al. (2023) report that soil is a unique
natural resource that is utilized by mankind in agri-
culture and forestry for food independence, livestock
rearing and industrial raw materials. Indicators of soil
analysis include percentage of organic matter, biotic and
microbial biomass, carbon amount, enzymatic activity,
pH, electrical conductivity, cation exchange capacity
of nitrogen, phosphorus, potassium, sulphur available
to plants, porosity, aggregate stability, infiltration, bulk
density, water available in soil. Topography has a signifi-
cant influence on the formation of climate, soils, natural
landscape and land cover. As reported by T. Darbayeva
et al. (2020), the geological structure of the RK territory
is complex and diverse: from low surface elevations to
glacial highlands.

As noted in the data of A. Tokbergenova et al. (2018),
more than 70 million ha of land in RK suffers from ero-
sion, which is 26% of the territory of the republic, of
which more than 52 million ha suffered from wind ero-
sion and 17 million ha from water erosion. Wind ero-
sion is widespread in the plains’ region, especially in
dry steppe areas, and it is most pronounced on soils
of light mechanical composition in Zhambyl, Mangistau
and Pavlodar oblasts. R. Zhu et al. (2023) report that
water erosion is the result of unsystematic human use
of land resources, it occurs during prolonged rainfall
and snowmelt, when moisture does not have time to
soak into the soil, washes out soil particles and forms
potholes. Strong water flow forms deep gullies, reduc-
ing the area of cultivated land and creating inconven-
ience for field cultivation. According to K Khosravi et al.
(2023), important parameters such as maximum water
absorption and plasticity number decrease with increas-
ing degree of soil washing. The fertility of such soils is
lower than that of non-washed soils and is one of the
major causes of agricultural production losses due to
erosion. In a study by M. Koza et al. (2021) noted that the
total amount of trace elements - copper, zinc, cobalt, and
manganese - as well as the amount of chelates of these
elements available to plants decreases in highly eroded
medium- and high-treated layers of chernozem.

Practically all agrophysical parameters deterio-
rate due to loss of power fraction and run-off as a re-
sult of soil erosion, as well as indicators of pesticides.
A.l. Derepaskin et al. (2023) point out that in eroded
soils, the number of permeable aggregates larger than
1 mm is almost twice as large as in fully formed soils.
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As a result of loss of silt particles and humus, the phys-
ical and hydraulic properties of soil deteriorate, eroded
soil becomes less water-holding and permeable. Spe-
cific and volumetric masses increase as humus content
decreases and coarse dust content increases. In typical
arable layers of chernozem and chestnut eroded soils,
the content of silt and physical clay decreases by 5-6%,
while the content of coarse dust increases by 4-5%.
D.L. Corwin (2021) evaluates soil protection measures
in agriculture, which are aimed at maintaining optimal
phytosanitary conditions for crops, in particular, at pro-
tecting crops from weeds. The number of weed seeds
in the arable layer ranges from 20 million to 5 billion
seeds/ha, with a weed threshold of 10-20 seeds/m? for
spring crops and 2-3 seeds/m? for perennial crops.

In their studies, S.T. Shah et al. (2022) report that
destruction of the most fertile topsoil, deterioration of
agrochemical and hydrophysical characteristics of soil
inevitably leads to significant reduction in yields of cul-
tivated crops in all regions. Soil estimation of humus
content noted by K. Kunanbayev et al. (2022), informs
about the availability of nitrogen, phosphorus, and po-
tassium in the arable layer of the North-Kazakhstan
region and shows that the yield of major grain crops
(wheat, barley, oats, and maize) on slightly eroded soils
decreases by 15-18%, on moderately eroded soils -
by 30-40%, on highly eroded soils - by 40-50% com-
pared to the yield on unaffected soils. Soil conservation
measures have the potential to reduce the impact of
climate change, in particular by regulating greenhouse
gas emissions. As reported by R. Lal (2020), agricultural
activities increase the stock of soil organic matter that
can sequester carbon from carbon dioxide and store it
safely for long periods of time, e.g. 25-50 years, before
soil carbon saturation reaches a new stabilization level.

The benefits of proper crop rotation are increased
yields and reduced costs; it is an integral part of the
farming system. W. Grzebisz et al. (2022) found that a
well-planned crop rotation not only enhances insect,
disease and weed control, but also helps to maintain
and improve soil structure and organic matter content.
H. Li et al. (2023), in turn, characterized the crop diver-
sity that can be used to reduce the negative impact
of weeds, evenly distribute the load and prevent soil
erosion, reduce biotic and abiotic stresses, and reduce
economic risks.

MATERIALS AND METHODS

Fundamental and conceptual developments of the
problem of determining the state of soil cover and its
suitability for solving various tasks of agricultural pro-
duction served as the basis of the scientific research.
The following methods were used in the research: car-
tographic, analysis and synthesis, systematization, ab-
straction, concretization, forecasting.

The method of cartographic analysis was used to
consider the soil cover of eroded agricultural lands as




one of the largest reclaimed groups in terms of area. Ac-
cording to the East National Technology Support Centre
(ENTSC), the Soil Management Assessment Framework
(SMAF) was evaluated. Soil quality within the farmland
was characterized by certain levels of performance,
namely the ability to provide crops with moisture, macro-
and micronutrients. RK soils were classified on a latitu-
dinal basis and were represented by: chernozem in the
northern part of the country, chestnut, brown semidesert
and desert sandy soils in the south. Soil structure in the
RK territory was determined by the thickness of humus
horizon, humus content, pH, hydrolytic acidity, nitrogen,
phosphorus,and potassium content. Using the method of
systematization, the RK soil structure was formed, which
allowed collecting and analysing data based on the prin-
ciples of state regulation of potential resources and to
determine the productivity of high quality crop and live-
stock production at different levels of development.

The work was based on the main factors of soil fer-
tility depletion: wind and water erosion, pollution, reduc-
tion of biological productivity of natural pastures, sec-
ondary salinization and waterlogging of irrigated areas,
desertification, and use for construction. On the basis of
soil degradation and fertility losses, the factors of water
and wind erosion were determined. The development
of soil erosion processes is caused by a combination of
natural conditions (such as climate, relief, mechanical
composition of soils and other natural conditions), but
the increased level of anthropogenic impact and the de-
gree of intensity of land use, especially agricultural land,
significantly accelerates degradation. To substantiate the
planning of land management in RK, methods of analy-
sis and synthesis have been used to determine the pros-
pects for the use of land funds in the regions, determin-
ing the efficiency and effectiveness of agricultural land
use, based on analysed and processed information of the
Bureau of National Statistics (2023).

Natural and climatic conditions of RK have a sig-
nificant impact on the yield and growth period of grain
crops, ensuring high yields, as well as improving the
quality of marketable products and raw materials. The
noticeable effects of RK climate change are signalled
by the occurrence of severe droughts that manifest with
high intensity. According to United Nations (2013) cli-
mate parameters were set: summer high temperatures
of 24-35°C with dust storms; winter low temperatures
and snowstorms, with average temperatures of 13°C.In
the research system, SWOT-analysis of RK agricultural
land by soil condition and plant productivity was made.
SWOT-analysis allowed finding out the optimal param-
eters of land use for building a model of sustainable
development of the agro-industrial complex. Soil sur-
vey materials, materials on redistribution of agricultural
land, land cadastre data, materials on socio-economic
development and nature protection were used as input
data for the survey.

Kusherbayev et al.

RESULTS

The peculiarity of the RK ecological and geographical
position is low stability of the natural environment to
anthropogenic impacts. Four soil-geographical zones
are distinguished on the RK plains: middle humid for-
est-steppe, middle arid steppe, dry desert steppe and
desert. Geographical boundaries of natural zones cor-
respond to the size of soil zone types. In RK 86% of the
area falls on plains, where three main types of soils are
present: chernozem, chestnut, grey-brown loamy soils,
as well as in some areas’ riverside soils - fluvisols and
marsh soils - histosols. According to Sh. Smagulova et al.
(2022) it is established that the scale of actively used
agricultural land in RK as of 2022, is: 38.5%, of which
more than 70% of arable land is in Akmola, Kostanay,
Pavlodar and North-Kazakhstan oblasts, more than
60% of irrigated arable land in Almaty and South-
Kazakhstan oblasts, as well as small areas of pastures
in Karaganda - 18.8% and Almaty - 44.1% oblasts.

Reduction of soil degradation is ensured by the use
of sustainable land use practices, as traditional tillage
with intensive ploughing destroys soil structure and
leads to soil degradation. In contrast, no-till or mini-
mum tillage systems increase organic matter content,
retain moisture and minimize soil degradation. Crop ro-
tation prevents degradation; it is the alternation of crops
of different families on the same plot to control pests
and diseases, increase fertility and reduce the risk of nu-
trient deficiencies. Strip farming is the alternation of leg-
umes and cover crops with cereals and continuous crops
to prevent soil degradation. Precision efficient irrigation,
such as drip irrigation, can prevent a range of negative
impacts, especially secondary salinization and sanding of
fields. Satellite imagery can be used to analyse crop con-
ditions and determine the right amount of fertilizer to
be applied to a particular area, helping farmers get the
desired yields without damaging nature. Organic farm-
ing with natural fertilizers helps prevent soil degrada-
tion, and the use of integrated crop protection methods
avoids the application of chemicals that pollute the envi-
ronment. Planting cover crops with living mulch protects
the soil from damage, improves soil structure, increases
nutrients and provides effective weed control. Contour
ploughing using earthen ridges or dikes to collect water
prevents fields from eroding and flooding.

Identifying soil erosion hotspots is the first step in
improving environmental remediation strategies. Var-
ious methods can be used, including analysing aerial
photographs, using soil erosion models and more de-
tailed scaling. D. Malakhov et al. (2022) report a large
volume of soil, reclamation, soil-erosion and soil-geo-
chemical surveys with a number of thematic soil maps.
The main volume of RK soil surveys totalled: 96.4 mil-
lion ha or 52.1% of the total surveyed area in the period
up to 1990; 3.2 million ha each in 2014-2015; 2.3 mil-
lion ha in 2016; 5.2 million ha in 2017, 7.2 million ha in
2018, 7.3 million ha in 2021, and 7.8 million ha in 2022.
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The agricultural lands of RK are characterized by the
presence of chernozem, chestnut soils in the northern
part, brown semidesert soils are marked to the south.
Chernozem are subdivided into leached soils with hu-
mus content of 3-6%, ordinary soils and southern soils.
Regions with chernozem include Northern, Kostanay,
Akmola, Pavlodar, Aktobe and West Kazakhstan regions

and occupy 25.5 million ha or 9.5% of the country’s
territory. Unlike other types of soils, chernozem are
characterized by a high level of natural fertility, thick
humus layer, significantly higher content of humus and
total nitrogen in inclusions, which gradually decreases
by soil layers, detailed agrochemical analysis of cher-
nozem is considered in Table 1.

Table 1. Chernozem - agrochemical properties

Subtype  Humus horizon thickness, cm Humus, % Salt extract, pH Acidrintgéél/\)l/groo;ytid Abson:';?/"focg Zacity
Ordinary 65-135 5.5-8.5 7-7.8 0-1 40-50
Leached 75-145 9-9.4 5.4-6 2-4 45-55
Typical 100-175 8.5-12 6.4-7.1 0.5-3 50-60
Southern 45-85 3-6.5 72-8.1 0-0.5 25-35

Source: compiled by the authors based on M.K. Zhumagulova et al. (2022)

Chestnut soils are subdivided into dark chestnut,
chestnut, and light chestnut soils, they occupy most
of the plains of the central RK, the northern part of
the Caspian lowland and East Kazakhstan oblast, cov-
ering 90.6 million ha or 34% of the country’s territory.

Chestnut soils are widespread in Northern, Central,
Eastern and Western Kazakhstan.

Humus content in chestnut soils is 2-3%, detailed
agrochemical analysis of chestnut soils is considered
in Table 2.

Table 2. Chestnut soils — agrochemical properties

Humus horizon

Total number of

Subtype thickness, cm Humus, %  Nitrogen, % Phosphorus, %  Salt extract, pH cations, meq/100 g
Dark chestnut 36-46 4-5 0.22-0.28 0.15-0.25 6.8-7.2 30-35
Chestnut 30-40 3.5-4 0.18-0.22 1.13-0.18 7.2-7.5 20-13
Light chestnut 25-30 2.5-3 0.11-0.16 0.09-0.13 74-8.2 12-15

Source: compiled by the authors based on A.B. Kaldybekov et al. (2022)

Brown and grey-brown soils are located to the
south of chestnut soils and cover an area of 120 mil-
lion ha, or 44% of the RK territory. Morphological fea-
tures of brown soils include an upper humus layer
of lighter colour, predominantly brown in the profile.

The humus layer is 12-15 cm thick, weakly stratified,
structureless, loose, light brown. The humus content in
brown soils varies in the region of 1-2%, so it is suitable
only for use in livestock areas, and farming is possible
only under irrigation, which is clearly shown in Table 3.

Table 3. Gray-brown soils - agrochemical characteristics

Subtype Salt extract, Humus horizon Humus, Transitional phosphorus Transitional potassium
typ pH thickness, cm % mg/100 g soil mg/100 g soil
Gray-brown 4-5.8 20-30 1.2-2 <5 <10
Brown 4.3-4.8 15-20 1-2 5-8 10-15

Source: compiled by the authors based on K. Kunanbayev et al. (2022)

When assessing soil degradation in the context
of damage to agriculture due to climate change, the
most frequent focus is on crop production, which is in-
creasingly affected by the unevenness of precipitation
over the year. However, livestock production is equally
affected by climate change, leading to degradation of
pastures, low productivity of hayfields — and as a conse-
quence, the inability to keep livestock in many regions
of RK.Reducing conventional tillage and the correct use
of herbicides can significantly improve weed control ef-
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ficiency, reduce chemical costs and reduce the risk of
environmental pollution. For better utilization of mois-
ture, spring soil preparation techniques are of great
importance: one or two cultivations with harrowing,
also timely carrying out of these operations improves
moistening of the sowing layer, ensures active sprouts
and weed control. Data on land quality characteristics
in RK counts 90 million ha of eroded soils, of which
29.3 million ha are almost completely eroded. Figure 1
illustrates the extent of eroded soils.
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Figure 1. Rhodinated soils of the Republic of Kazakhstan
Source: compiled by the authors based on S.K. Makenova et al. (2023)

The largest share, more than 30% of eroded agri-
cultural land from the total area falls on Almaty, Atyrau
and Turkestan oblasts, on the contrary the smallest
share up to 5% on Akmola, Karaganda, Kostanay and
North-Kazakhstan oblasts. The effectiveness of agri-
cultural technologies is assessed by plant productivity,
which depends on a number of factors, including the
growing season and weather conditions of the previ-
ous autumn, winter, and spring. The vegetation in RK is
distributed by zones: the wet northern zone is located
in the forest-steppe zone, the arid southern zone is lo-
cated in the steppe, semidesert and desert zones. Due
to the diversity of soil vegetation and relief within each
zone, in addition to the characteristic zonal vegetation
scattered throughout Kazakhstan, there is striped veg-
etation - for example: riparian forests, desert buck-
thorn and other wetlands. The current RK flora includes
trees - 68 species, shrubs - 266, semi-shrubs - 433,
perennial — 2598, annual - 849 herbs.

Drought and temperature extremes are the main
biological constraints to cereal production, especially
in rainfed dry farming systems such as in the south-
ern part of RK. The average yield of cereals in 2023
was 9.3 kg/ha, oilseeds 7.1 kg/ha, and vegetable crops
275.4 kg/ha. During the 2021-22 harvest period,
Kazakhstan harvested 22 million tonnes of grain, which
is 34% more than in 2021, of which: wheat - 16.4 mil-
lion tonnes, barley — 3.3 million tonnes. In 2023, RK’s
average grain yields are 28% lower than the previous
2020-2022 figures. The reason for the fall in cereal

yields was atmospheric and soil drought, dry spells and
soil degradation. One of the main problems of crop pro-
duction in RK is unstable crop yields due to progres-
sive soil degradation. According to M. Kazlauskas et al.
(2022), it was found that the yield of winter wheat on
moderately podzolic soils with non-washed loamy turf
was 31.7 ¢/ha, on moderately washed soils - 15.3 c¢/ha,
on heavily washed soils - 2 c/ha.

A large amount of research is devoted to the use of
mineral fertilizers, microelements and growth regula-
tors, as well as their effect under different treatments
and conditions. RK is developing technologies of direct
sowing and pre-sowing tillage for winter wheat without
main tillage in three-field crop rotation under rainfed
conditions. Wheat is a strategic crop for the RK econ-
omy and the issue of resource efficient winter wheat
production technologies in the south of the country is
one of the strategic priorities that are being developed,
tested and adapted. More detailed research is needed,
especially in arid climatic conditions with erratic rain-
fall and temperature regimes. At the time of maize sow-
ing, the best moisture reserves are in the one and a half
metre layer of soil and are observed after winter wheat.
Significantly less moisture in the soil ball by 30-50 mm
is observed after sunflower, barley, Sudan grass, sugar
beet. Provision of soils with three main mobile elements,
which affect plant yields on the example of cereals, on
average in RK the content of humus on arable areas is
2.8%, nitrogen - 37.5 mg/kg, phosphorus - 16.8 mg/kg,
potassium - 419.5 mg/kg, which is noted in Table 4.

Table 4. Composition of humus and productivity of grain crops by regions of the Republic of Kazakhstan

Regions Humus, % Nitrogen, mg/kg Phosphorus, mg/kg Potassium, mg/kg ZGOrgIZn/‘Z,I;lg/Ihna
North Kazakhstan 4.6 475 16.1 4541 20.9
Kostanay 4.2 49.2 18.2 483.7 9.1
East Kazakhstan 3.8 36.4 213 404.7 23.6

Scientific Horizons, 2023, Vol. 26, No. 12
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Table 4, Continued

Regions Humus, % Nitrogen, mg/kg Phosphorus, mg/kg Potassium, mg/kg nggiz'}g;lg/Lna
West Kazakhstan 37 351 18.9 563.3 13.8
Akmola 2.6 48 124 424.3 14.1
Aktobe 29 36.9 15.5 276.8 9.2
Pavlodar 2.5 33.6 154 464.6 12.7
Turkestan 2.5 15.8 19.1 3233 314
Karaganda 2.4 56.4 10.6 4336 12.9
Kyzylorda (irrigated lands) 2.1 57.9 9.9 344.1 13.1
Zhambyl 1.9 16.7 23 456.8 29.1
Almaty 1.3 16.5 20.8 399.8 28.8

Source: compiled by the authors based on A. Rau et al. (2023)

Nitrogen is the main element of soils, as it has the
greatest influence on plant growth and is the building
material for new cells. The leaders in terms of nitrogen
content in soil are: Karaganda region - 56.4 mg/kg, Ko-
stanay region - 49.2 mg/kg, Akmola region - 48 mg/kg,
North Kazakhstan region - 47.5 mg/kg. The main im-
portance of phosphorus is acceleration of metabolic
processes in cells, which determines the speed and
quality of crop maturation, as well as resistance to
plant diseases. In terms of phosphorus content pre-
vails: Zhambyl region - 23 mg/kg, East Kazakhstan
region - 22.5 mg/kg, Kyzylorda region - 20.4 mg/kg,
Almaty region - 19.5 mg/kg, West Kazakhstan region -
19.4 mg/kg. Potassium is involved in the process of
photosynthesis, as well as in the movement of carbohy-
drates, protein synthesis, provides resistance to fungal
diseases of plants. In the case of potassium deficien-
cy, plants develop and grow slowly, leaves turn yellow,
stems thin, seeds lose germination energy. According to
the content of potassium in the soil are leading: West
Kazakhstan region - 563.3 mg/kg, as well as Zhambyl
region - 456.8 mg/kg, Kostanay region - 483.7 mg/kg,
Pavlodar region - 464.6 mg/kg, North Kazakhstan re-
gion - 454.1 mg/kg. Correlation with the percentage of
humus content is noticeable in the content of nitrogen,
phosphorus, potassium, as these elements of plant nu-
trition are contained in humus.

The formation of energy plantations of bush willow
biomass Salix Viminalis prevents soil erosion and con-
tributes to the improvement of the environment, this
project is ideal for seedlings on RK lands consisting of
low-productive and polluted in terms of crop cultiva-
tion, as well as in erosion control measures to strength-
en soils, a natural filter to clean the soil from pesticides.
Soil-forming plant growth activators are presented in
the form of potassium and sodium humates of biologi-
cal metabolites in dilution of 5-10 ml per litre of water,
with the rate of application of the preparation 2-4 |/ha.
Preparations based on potassium and sodium humates
stimulate the growth of the root system, simultane-
ously increase yield and mobilize the immune system,
in combination with herbicides they reduce stress for
the main crop, increase the efficiency of photosynthesis,
nitrogen uptake by plants, participate in the accumula-
tion of sugars and protein synthesis. M.A. Abdelfattah
et al. (2021) reported that humates contain less than
200 g/l dry matter, humic, citric, succinic, ascorbic organic
acids, vitamin complexes B1, B3 and B1 less than 80 g/l;
potassium and sodium salts of humic acid more than
60 g/l, carbon more than 35 g/l, complexes of macro-
and microelements. The most comprehensive tool for
analysing agricultural land for sustainable farming in
RK'is SWOT-analysis, it is a general method of assessing
various phenomena and factors, presented in Table 5.

Table 5. SWOT analysis of the formation of sustainable land use in the Republic of Kazakhstan

Strengths

Weaknesses

» waterlogging of the soil due to mulching;
e absence of water and wind erosion;

« formation of an active microbiota with the presence of micro- and macroelements;

e accumulation of carbon in the soil;
¢ reduction of carbon dioxide emissions into the atmosphere.

e treating fields with pesticides
before sowing and during the
growing season.

Opportunities

Threats

e natural accumulation of humus in soils;

e improvement of agrophysical and agrochemical properties of soils;

e diversification of resource-saving technologies;
¢ marketing of agricultural products;
e modernization of agricultural machinery.

¢ infestation by pests and
diseases;

¢ economic damage from a lack
of fertilizers and a decrease
in soil fertility.

Source: compiled by the authors based on B. Hnatkivskyi et al. (2022)
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The phenomena and factors of SWOT-analysis are
divided into four categories: Strengths, Weaknesses,
Opportunities, Threats. The SWOT-analysis allowed
identifying internal and external factors of develop-
ment, determined the best standards of land use or-
ganization and formed the basis of the sustainable land
use model in RK.

DISCUSSION

The formation of crop yields in RK is influenced by nat-
ural soil fertility, as well as climate, organic and min-
eral fertilizers, seeds, tillage, fertilizers, ameliorants,
plant protection products. It is noted that the average
yield of cereal crops in RK in 2023 is low at 9.3 kg/ha.
L. Rayichuk et al. (2023) report that wheat ranks third
among cereals in terms of production, behind only rice
and maize. But it should be taken into account that the
world leaders in wheat yield, are characterized by high
productivity indicators: Germany - 75.3 c/ha, France -
68 c/ha, Egypt — 64 c/ha, China - 57 c/ha. From the re-
viewed facts, it is found that only application of soil
protection measures can raise plant productivity in RK.

Firstly, it is necessary to introduce innovative farm-
ing systems in RK: water accumulation, regulation of
water exchange, gas exchange and heat exchange pro-
cesses. Obtaining high and stable yields of grain crops
in severe hydrothermal conditions requires taking into
account soil-climatic zonality: in the north of RK agri-
cultural lands are represented by chernozem and chest-
nut soils,and in the south — brown semidesert soils. Un-
foreseen weather conditions and drought lead to loss
of fertility. To ensure the sustainability of crop yields,
it is necessary to carry out reclamation measures with
the application of organic and synthetic mineral ferti-
lizers. According to D.S. Peixoto et al. (2020), in order to
conserve natural resources, maintain water, air and soil
quality, and stabilize crop yields, it is necessary to im-
plement soil-protective resource- and moisture-saving
farming methods: No-Till, Strip-Till, Mini-Till, Conserva-
tion Agriculture. These technologies envisage preser-
vation of integral, intact structure, leaving on the field
stubble and mulch of shredded plant residues, and are
also applied in the form of soil-protective crop rota-
tions, terracing of slopes, snow retention, improvement
of conservation planting, hydraulic engineering con-
struction. It should be agreed that the alternate applica-
tion of the most effective No-Till, Strip-Till and Mini-Till
tillage technologies in RK will improve soil fertility and
crop yields with minimal environmental impact.

Soils contain more carbon than the atmosphere
and all vegetation in general, and the introduction of
crops such as legumes and cereals into the farming
system allows it to be biologically sequestered into or-
ganic matter, as well as balancing the nitrogen content
of the soil. W.P. Zhang et al. (2023) noted that stems,
stubble, roots, and leaf litter of crops are important ad-
ditions of nutrients to the soil, but crops such as root
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crops and fruiting vegetables leave very little nutrients
in the soil. Also, in the work of K.K. Shah et al. (2021),
an improved crop rotation system that significantly im-
proves soil structure, physical and chemical properties
and increases the availability of nitrogen, phosphorus,
potassium and other elements in the soil are described.
Certainly, this study confirms the importance of this in-
tervention in maintaining soil fertility.

Different crops are adapted to different types of
extreme weather events, and crop rotation effectively
reduces the risks of yield loss as well. RK has developed
a technology of direct seeding and pre-sowing tillage
without main tillage for winter wheat in a three-field
rotation in rainfed conditions. A.P. Pinto et al. (2023)
take into account the basic principles of building dy-
namic rotations of conservation agriculture: avoiding
the alternation of crops of similar origin; respecting the
optimal return period of crops on the same site; con-
sideration of soil-ecological groups, soil peculiarities;
availability of machinery, farm evaluation, economic
conditions. As an additional confirmation, it is noted
that modern harmonious crop rotation combines the
ecological possibility of reducing the use of synthetic
mineral fertilizers and pesticides in the soil with the
economic aspect of profit maximization through the
growth of highly profitable yields.

In RK, new methods of bio-agriculture, including
cover crops, plant growth stimulators, liquid fertilizers
in the form of humates, organic acids and B vitamins are
used to increase crop production. To date in RK, conser-
vation technologies have reached about 7.5 million ha
of agricultural land, but the main problem is the annual
removal of essential nutrients from the soil after har-
vesting. Productive cultivation of food crops in the soil
assumes the presence of the main mobile elements af-
fecting plant yield, namely nitrogen - 37.5 mg/kg, phos-
phorus - 16.8 mg/kg, potassium - 419.5 mg/kg. In the
case of unfertilized sowing, only 15-20% of nutrients
taken up by plants with harvesting are returned to the
soil, therefore, it is necessary to apply a large amount
of mineral and organic fertilizers. According to S. Shar-
ma et al. (2022), nitrogen and potassium should be re-
turned to the soil by 80%, and phosphorus - by 85%, so
potassium fertilizers are recommended to be applied to
grain crops from autumn in the amount of 90-120 kg/
ha, and phosphorus fertilizers at seed sowing - 60-80
kg/ha due to the introduction of synthetic mineral fer-
tilizers. It is worth refuting this opinion, but the use of
synthetic mineral fertilizers is an effective way to en-
sure constant yields, although it contradicts the con-
cept of soil-saving agriculture. And the work of T. Bayu
(2020) pointed out effective ways to restore soil fer-
tility through intensification of agricultural production
using organic fertilizers and plant growth regulators. It
is also found that the combined application of manure
and mineral fertilizers is more economical to maintain
sustainable agricultural productivity. Maximum sus-
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tainable crop yield of 2.88 t/ha is obtained by applying
69 kg of mineral fertilizer with 10 t/ha of manure. As
a result, it can be agreed that organic matter in soil is
of fundamental importance in providing nutrient ele-
ments to plants, especially under the conditions of con-
tinuous increase in potential yield of RK degraded soils.
Consequently, it is possible to agree with the statement
that organic matter in soil has fundamental importance
in providing plants with nutrient elements, especially
under conditions of necessity of constant increase of
potential crop yields for RK degraded soils.

To increase humus levels in RK soils, it is necessary
to create a dense cover of plant material, with gradual
application of organic, organomineral fertilizers that
disperse surface run-off, attenuating the force of winds
under contour ploughing and strip farming. Assessing
the quality of agricultural land requires a significant
amount of soil sampling for humus content. Monitoring
estimates of humus content in the arable layer of cher-
nozem ranges from 3% to 12%; in chestnut soils from
2.5 to 5%; grey-brown soils from 1 to 2%. L. Kang et al.
(2021) report that in order to preserve and reproduce
soil fertility, in particular its main indicator - humus,
it is necessary to apply crop rotations with annual and
perennial grasses, and to apply organic fertilizers. It is
worth agreeing with this statement, because the min-
eral fertilizer system does not provide stabilization of
humus content in grain and fallow crop rotation, irre-
spective of the method of main tillage.

Energy plants are natural filters for soil purification,
in RK there are prerequisites for mass use of modern
methods of cultivation and processing of such biomass.
Of particular relevance are arrays of energy willow,
which can be used as buffer zones in places of accumu-
lation of biological wastes of farms and become natural
filters for removal of agro-industrial wastes. As noted
in the work of S.Jain & A.R. Tembhurkar (2022), the de-
velopment of bioenergy technologies will diversify the
country’s energy supply, improve soil and air ecology,
and promote local employment. In addition, planta-
tions are effectively used in anti-erosion measures to
strengthen the soil, enrich the soil with macro- and
microelements and nutrients of natural origin. It is dif-
ficult to disagree with this study, as bioenergetics is a
promising branch of agriculture, for radiation-contam-
inated, unproductive and degraded lands, plantations
of energy plants, which become the only cost-effective
and safe maintenance of land fertility.

Diversification of agriculture is done by planning
and ensuring a high level of land use through special-
ized digital maps with photo images corresponding
to the current state of the land, which should cover
100% of the RK territory. The results of RK soil surveys,
indicate environmental problems and risks of agricul-
tural land use related to landscape degradation, espe-
cially for arable land. According to Y. Cai et al. (2022),
modern assessment of soil profile status and potential
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is impossible without the application of Geographic
Information System (GIS) land use indicators, which
determines the net amount of carbon assimilated by
photosynthesis and autotrophic respiration over a cer-
tain period of time for biological production of fibre
and protein. It is impossible to disagree that in this
study, the main emphasis is placed on the construc-
tion of balance relationships in the agro-landscape,
their use for the optimization of natural-anthropogen-
ic systems aimed at raising the level of productivity of
farms with low yields.

CONCLUSIONS

Soil research, which was conducted, has shown that soil
erosion has a detrimental effect on the economy, as the
gradual degradation of fields inevitably leads to lower
crop yields. Regular monitoring of fields helps to detect
the first signs of problems. Intensive farming aims to
generate as much profit as possible through the use of
fertilizers and pesticides, intensive and extreme land
use with significant inputs, abundant irrigation, exten-
sive cropping, high-yielding varieties and expansion
into new areas. At the same time, the potential of de-
graded fields is significantly reduced and more atten-
tion needs to be paid to their management practices,
including ways of applying additional mineral organic
fertilizers to increase productivity. Despite the length
and complexity of the process, it is also necessary to
analyse the short-term effects of soil erosion using veg-
etation indices. Establishing a natural crop rotation can
effectively improve soil physical and chemical proper-
ties while increasing soil enzyme activity, fertility and
ultimately soil stability in the process of resisting RK
weather extremes.

Modern agricultural technologies allow not only
achieving significant success in preventing soil erosion
and its consequences, but also finding rational solu-
tions to this problem. At the same time, the choice of
optimal methods and strategies depends on effective
management decisions, climatic conditions, resource
availability and soil utilization plans. Soil erosion mon-
itoring and control can be adapted to the requirements
of specific agribusinesses. For example, digital mapping
of fields based on satellite images and the use of math-
ematical models allows analysing the current state of
soils and taking appropriate protective measures. In the
process of climate change and global warming, modern
agriculture is far from classical methods that ensure
adequate storage and utilization of soil moisture, as
even on fertile soils plant productivity may not give the
expected yield due to lack of soil moisture.
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AHotauif. Y KaszaxcTtaHi cinbCbKOrocnogapcCbKi 3emni gerpagyBanu NpoOTAroM AeCaTUAiTb, WO NpuU3Beno Ao
3aranbHOr0 3HMXKEHHS BPOXAWHOCTI CiNlbCbKOrOCMOAAPCbKUX KyNbTyp. MeTol [0CNiOXEHHS € MNPOBEeAEHHS
€KOJIOMYHOT OLiHKM Cy4aCHOro CTaHy rpyHTiB KasaxcTaHy Ang niaBMLEHHS BPOXaMHOCTI CiNbCbKOroCnoaapCbKmnx
KYNbTYp 3 BUKOPUCTAHHAM IPYHTO3aXMCHUX MeToAiB. [ig yac npoBeAeHHs AOCNIAKEHHS BUKOPUCTOBYBANMUCS TaKi
MeTOAM: KapTorpadiyHuiA, aHanisy i cMHTe3y, cucteMaTm3alii, abcTparyBaHHs, KOHKpeTU3aLii, NporHo3yBaHHs. Iig
CiNlbCbKe rocnoAapCTBO BMKOPUCTOBYETbCS 86 % 3eMenb KasaxcTtaHy. AKTMBHE 3eMNeKOPUCTYBaHHS MpPWU3BENO
[0 pisHMx dopM Aerpafauii, BHACNiAOK Yoro Hanivyetbcs 90 MAH ra epoAoBaHMX FPYHTIB, 3 SKMX 29.3 MAH ra
NpakTUYHO NOBHICTIO po3muTi. Y 2023 poui cepeaHs BPOXKaMHICTb 3epHOBMX KYNbTyp CTaHOBMAA 9.3 L/ra, ONikHKX —
7.1 u/ra, oBoyeBux — 275.4 u/ra. 3a3HaueHo, LU0 BPOXKAMHICTb 3epHOBMUX KynbTyp Yy 2023 poui H1xkYa Ha 28 %, HixX y
nonepesfHboMy nepioai 2020-2022 pp., He3BaXKarouM Ha 36inblUeHHS NoCiBHMX naoLl. [locyxa Ta ferpafalis rpyHTiB
€ OCHOBHMMMU MPUYMHAMMU 3HUKEHHSI BPOXAMHOCTI 3€PHOBUX KYNbTYp. 3a3HAY€EHO, WO OCHOBHWMMU GionoriyHUMM
0OMEeXeHHAMM ANS BUPOOHMLITBA 3E€PHOBMX KYNbTYp € IPYHTOBA MOCyxa, CYXOBii, Aerpajauisa Ta eKcTpeMalnbHi
TeMnepaTtypu, 0cobanBo B HOrapHMX 3poLlyBaHMX CMCTEMax 3emiepobCTBa Ha MOCYLIMBMX 3eMANX, TaKMX SK
nisaeHb KasaxcraHy. Y niBHIYHIN | LeHTpanbHiM YacTuHi KaszaxcTaHy yrigas CinbCbKOrocnoAapCbKoro Npu3HavyeHHs
npeacTaBieHi YOpHO3eMaMM i KalWTaHOBUMM IPyHTAMK, @ HA MiBAHI BypyrMKM HaniBnycTenbHMMKU. Hanbinblwi naowwi
€pOA0BaHMUX CilbCbKOrOCNOAAPCbKMX Yrifb PO3TALLOBaHI B AIMAaTUHCBKIM, ATUpayCbKil | TypKeCTaHCbKin 0bnacTsax —
noHan 30 %, a HaWMeHwi - B AKMOAMHCbKIN, KaparaHauHcbkin, KoctaHarcbkint i [liBHiYHO-Ka3axcTaHCbKin
obnactax -5 %. 019 NpoayKTUBHOIO BUPOLLYBAHHS 3€pHOBUX KY/IbTYp HEOOXiAHWI MOHITOPUHT FPYHTY 32 OCHOBHUMMU
PYXOMUMU enemMeHTaMM, SKi BMIMBAKOTb Ha BPOXalHicTb pociuH. CepeaHi 3HayveHHsa ansa Pecny6bniku Kasaxcraw
CTQHOBNATL: BMICT a3oTy - 37.5 mr/kr, docdopy - 16.8 mr/kr, kanito — 419.5 mr/kr, rymycy - 2.8 %. lMpakTnyHa
3HAYYLWiCTb AOCNIAXKEHHS NONATAE B PO3LIMPEHHI Ta AOMOBHEHHI TEOPETUYHOI 6a3um AocnimKeHb Y ranysi gerpagauii
I'PYHTIB, @ OTPUMaHI pe3ynbTaTi MPOMNOHYIOTHCS A5 KOMMNAEKCHOT eKONOriYHOI OLiHKM rpyHTIB KasaxcTaHy

KntouoBi cnoBa: arpoximMiuHWI aHanis; NpMPOAHICTb; paLioHasibHe 3eMAEKOPUCTYBAHHS; ryMyc; a3oT; pocdop
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