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The examination of alterations in fundamental soil properties as a consequence of long-
term agricultural usage holds significant theoretical and practical implications. This
research was primarily designed to analyze the agroecological transformation of zonal
soil fertility attributes due to extended agricultural practices in Northern Kazakhstan. The
methodological approach adopted in this study incorporated soil and landscape mapping,
supplemented by Geographic Information System (GIS) interpolation techniques. The
focus of the paper is on the temporal evolution of key soil components - namely humus,
nitrogen, mobile phosphorus, and exchangeable potassium - over an extended period of
agricultural land use within the Kostanay district, situated in the Kostanay region. The
Soil Absorbing Complex (SAC) of the scrutinized soils was found to be predominantly
composed of calcium (77-87%) and magnesium (11-15%). Over the course of a 33-year
timeline, a slight reduction in the levels of humus, nitrogen, phosphorus, and potassium
was observed. It was discerned that prolonged agricultural practices instigated minor
decremental trends in crucial soil fertility parameters. In essence, the study offers
valuable insights into the subtle, yet significant, impacts of long-term agricultural land
use on soil fertility, contributing to our understanding of sustainable agricultural
practices. This research underscores the need for careful management of agricultural

lands to preserve soil health and ensure long-term productivity.

1. INTRODUCTION

The incorporation of steppe zone lands into agricultural
utilization has been identified as a primary factor influencing
the transformation of soil characteristics. Long-term plowing
has been found to modify morphological properties, humus
content, and agrochemical and physicochemical attributes of
soils, thereby impacting their fertility [1, 2]. A multitude of
publications has documented a decline in soil fertility
concurrent with intensive agricultural usage in Kazakhstan [2-
4].

Under such intensive use, soils undergo dehumification,
acidification, salinization, compaction of the arable layer, de-
structuring, and anthropogenic pollution. These deleterious
processes are particularly pronounced in the fertile soils of the
central chernozem zone, leading to a downward trend in
agricultural crop productivity. The necessity to address
transformations in soil formation processes and soil fertility
under anthropogenic pressures stems from the pivotal roles
that soil and soil cover play in the biosphere. These functions
include serving as habitats and sources of matter and energy
for terrestrial organisms [2, 3].

The intensification of agriculture has also been linked with
fertility decline in black soils [1, 2, 4], accompanied by similar
negative processes as observed in the chernozem zone [2-4].
The impact on crop productivity has been equally detrimental.
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Therefore, there is an urgent need for research focusing on
the development of new, efficient, and environmentally
friendly technologies and techniques to protect agricultural
landscapes from degradation and enhance productivity [5, 6].
Rational natural resource management requires a
comprehensive understanding of the natural and ecological
conditions that define the productive capacity and
environmental resilience of soil cover units - soil combinations
in agricultural landscapes [7, 8].

Several solutions have been proposed for optimal site
selection for additional sampling, with the conventional
kriging technique of geostatistics being the primary method
[7]. This approach often necessitates prior knowledge of the
correlation function (or variogram) of the targeted property.
Soil fertility investigations under varying farming and
environmental conditions have been extensively addressed in
prior studies [9, 10].

The chernozem steppe zone, a grain-oriented agricultural
zone, has experienced significant humus loss; on average 19-
22% of chernozem and 28-30% of humus has been lost over
50 years of plowing [1, 3]. Humus content is also influenced
by soil treatment methods. Dump processing, for example, can
accelerate organic matter decomposition and reduce
humification processes. This heightens humus mineralization
rates, thus reducing soil humus content given insufficient
organic matter intake. Conversely, plant matter decomposition
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tends to decelerate with no-till plowing, which enhances
humification processes.

Optimizing agricultural land use in the Republic of
Kazakhstan may be achieved by considering the spatial
heterogeneity of soil cover and its agrochemical properties,
which directly impact and limit soil productive capacity [11,
12]. The objective of this research, therefore, was to evaluate
the agroecological transformation of zonal soil fertility
properties during prolonged agricultural use in Northern
Kazakhstan.

2. MATERIALS AND METHODS

The research was carried out on chernozem soils of the
steppe zone of Kostanay district of Kostanay region in the
period from 2021 to 2022.

Kostanay region has a sharply continental climate. The
climatic conditions of the region vary widely due to the large
extent of the territory. Atmospheric drought is sometimes
combined with soil drought when there is no supply of
productive moisture in the soil. In some years, drought covers
the entire growing season, and more often individual periods
of vegetation of plants.

At the first stage of the research, clarifying soil mapping and
analysis on morphological, physico-chemical, agrochemical
properties of the soil cover at control points were carried out
[13-15]. During the field survey, 4 soil sections, 4 half-holes
and 10 heel-in were laid in 4 different places of Kostanay
region on the same relief element, where a morphological
description of soil horizons was carried out. 16 soil samples
were taken from the sections for laboratory analysis at the
Agroecological Testing Center of the Kazakh Agrotechnical
University named after S. Seifullin.

Using space images and a digital relief map, a route of the
studied soils was compiled and the cut points are plotted in the
ArcGIS program of the American company ESRI. All soil
sections were linked to the coordinate system.

According to the digs, clarifying generic and specific
characteristics of soils were determined (the thickness of the
humus horizon, carbonate content, salinity, salinity).

At the second stage, the analysis of data sources on the main
soil and agrochemical indicators of the past years for 1989 of
the Kostanay district of the Kostanay region was also carried
out to identify changes in the fertility of chernozem soils over
a long period of anthropogenic impact on them, based on
existing 1:25,000 scale soil maps, maps of agricultural
production groupings and agrochemical data.

The analysis of soil and agrochemical indicators for 1989
was done according to the data of the "State Research and
Production Center of Land Resources and Land Management".
The agrochemical and physicochemical characteristics of
chernozems were studied and an assessment was made of
changes in the properties of these soils from 1989 to 2022.

Soil-agrochemical analysis was carried out according to the
following methods:

- Sample preparation of soil samples was carried out in a
special room using a set of laboratory sieves of different
diameters C20/50 (LLC "Vibrotechnik" - Russia, 2019) and at
room temperature set in accordance with the requirements,
which was controlled by glass thermometers TS-7-M1 (PJSC
"Steklopribor" - Ukraine, 2018);

- The determination of total nitrogen was carried out by the
photometric method; the determination of nitrate nitrogen was
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carried out by the ionometric method pH-meter-ionometer
ITAN (LLC NPP "Tomanalit" — Russia, 2018);

- Determination of mobile phosphorus and exchangeable
potassium according to the Machigin method [14, 16]. The
method is based on the extraction of liquid mobile compounds
of phosphorus and potassium with a solution of ammonium
carbonate at a concentration of 10 g/dm? at a soil concentration
of 1:20 solution and then compare phosphorus in the form of
a blue phosphorus-molybdenum complex on a KFK -3
photoelectrocolorimeter (OFO "ZOMZ" - Russia, 2016) and
potassium on a flame photometer (BWB-XP 2017 — Britain,
2017).

Organic matter (humus) according to the Machigin method.
The method is based on the oxidation of organic matter with a
solution of potassium bicarbonate in sulfuric acid and the
subsequent determination of trivalent chromium, equivalent to
the content of organic matter, on a K®K-3
photoelectrocolorimeter (OFO "ZOMZ" - Russia, 2016).

The pH of the soil medium was determined on a pH meter
(GMH 5530 BNC — Germany, 2019). At the third stage, to
evaluate the spatial heterogeneity of the content of humus,
nitrogen and phosphorus in the soil during long-term
agricultural use, Simple Kriging and Geostatistical Analyst
interpolation of the ArcGIS program were used. The
interpolation of variables - humus, nitrogen and phosphorus
over soil horizons (A, B1) was carried out.

Kriging is analogous to IDW in that it weighs the
surrounding measured values to obtain prediction for an
uncharted location. The basic formula for these two
interpolation tools is formed as a weighted sum of data. The
kriging-value estimation method (interpolation coefficient) is
based on a probabilistic model considering the studied spatial
variable Z.

Kriging assumes that the distance or direction between the
reference points reflects the spatial correlation that can be used
to explain the surface change. The Kriging tool uses
mathematical functions for a certain number of points or all
points within a given radius to determine the output value for
all directions. Kriging includes retrieval statistical data
analysis, variogram modelling, surface creation and
(additionally) dispersion surface study [6].

The coefficient of statistical correlation of nitrogen and
humus in the soil was also calculated by the Pearson method
in Excel depending on their changes over the years.

3. RESULTS

According to the results of research for 2022, it was
revealed that the humus content in the upper horizon is 3.60%
- 4.42% and these soils were classified as medium and low
humus. The content of mobile nutrients in the soil - mobile
phosphorus and nitrate nitrogen fluctuated between low and
very low content, and the results on exchangeable potassium
showed its high content in the soil.

The amount of absorbed soil bases in the Kostanay region
is typical for this territory. In the studied black soils, there is a
gradual decrease in the amount of absorbed bases. The
absorbed bases are represented mainly by calcium in the upper
soil horizons and to a lesser extent by magnesium. The sodium
percentage is up to 1.45% (Table 1).

Over a 33-year period, agricultural use of soils has led in
most cases to a decrease and deterioration in fertility indicators
(Table 2). For the formation of soil fertility, the main role is



assigned to humus, the quality and content of which depends horizon (B1) was noted in comparison with the arable annually

on the quantity and quality of plant fragments, regimes in the cultivated layer (Ap). The reaction of the soil solution
soil, the intensity of tillage, erosion, and many other factors. increased with long-term agricultural use, if earlier the soil pH
According to the results of the analysis in the Kostanay region, was below 6.9 (Table 2), now it fluctuates between 7.0 - 8.0.

a slight decrease in the amount of humus in the transitional

Table 1. Agrochemical and physical-chemical characteristic of black earth of the steppe zone of the Kostanay district in the
Kostanay region, 2022

Layer and Nltrate Labile Soil Nutrients, Soil Base Absorption, meq Absorbed Bases in %
No Depth of Humus, % Nitrogen, mg/kg H er 100 gr. of Soil of Sum or Capacit
*  Sampling, > mg/kg (N- Phosporus  Potassium P P g pacity
cm NO3) (P20s) (K20) Ca** Mg*> Na' sum Ca** Mg** Na'
Ordinary, low powered chernozem, Kostanay district, Kostanay region
Ap 0-18cm 3.89 7.2 153 619 7.5 18.84 325 027 2236 8426 1453 121
}33;1922_ 2.74 9.5 9.3 384 7.7 18.13 344 047 2204 8226 1561 2.13
! 2;321_ 1.57 2.1 133 453 7.8 1608 4.09 057 2074 7753 19.72 275
BC 63-
4cm 1.05 5.5 8.5 376 85 1455 410 0.83 1948 74.69 21.04 4.26
Ordinary, medium solonetz-saline chernozem, Kostanay district, Kostanay region
Ap0-20cm 4.42 6.8 413 792 82 2574 341 043 2958 87.02 1153 145
}431;;51?1_ 2.24 7.2 28.0 367 9.0 22.15 345 295 2855 77.58 12.08 10.33
2 Eggﬁ; 2.15 3.6 8.8 2034 438 337 28.09 7241 1559 12.00
Bégcsri 1.10 5.1 85 1638 510 3.01 2449 66.88 20.82 1229
Ci183cm 8.4 - - -
Southern chernozem, Kostanay district, Kostanay region
Ap0-20cm 3.77 8.6 10.0 744 7.0 21.14 3.17 025 2456 86.07 1291 1.02
1212(2:21_ 2.44 6.1 6.7 528 7.8 1828 356 045 2229 8201 1597 2.02
3 B242-
65cm 1.50 3.3 3.0 305 80 16.19 440 062 2121 7633 2074 2.92
]3;%C706n51 0.85 43 42 450 85 1200 450 0.65 17.15 6997 2624 3.79
Southern chernozem, Kostanay district, Kostanay region
Ap0-23 cm 3.60 8.5 10.3 600 73 2675 483 041 3199 83.62 1510 1.28
Blii;% 1.75 6.8 6.7 308 7.8 2446 450 0.66 29.62 8258 15.19 222
4 Bzigfg 1.05 2.3 3.1 546 84 2120 532 0.69 2721 7791 19.55 254
Bcfri_&’) 0.89 44 4.1 555 86 1833 575 0.86 2494 7350 23.06 3.45

Table 2. Agrochemical and physical-chemical characteristic of black earth of the steppe zone of the Kostanay district in the
Kostanay region, data of State Research and Production Center of Land Resources and Land Management, 1989

Labile Soil Nutrients,

Layer and Nitrate mg/ke Soil Base Absorption, meq Absorbed Bases in %
Depth of . Nitrogen, per 100 gr. of Soil of Sum or Capacity
Sampling, Humus, % mg/kg (N-  Phosporus  Potassium pH
cm NO3) (P205) (K20) Ca’* Mg** Na* Sum Ca** Mg** Na'
Ordinary, low powered chernozem, Kostanay district, Kostanay region
Ap 0-20cm 4.05 79.1 17.2 620 7.2 2069 340 032 2441 8476 1393 1.31
Bi20-41cm 2.88 15.7 11.8 360 74 2055 384 050 2489 8256 1543 2.0l
Ordinary, medium solonetz-saline chernozem, Kostanay district, Kostanay region
Ap0-20 cm 4.52 19.0 435 780 80 29.11 390 050 3351 8687 11.63 1.49
B120-42 cm 2.37 15.2 30.0 375 9.0 2356 424 277 3057 77.07 13.87 9.06
Southern chernozem, Kostanay district, Kostanay region
Ap0-20 cm 3.85 25.8 12.5 730 6.9 2050 285 0.18 2353 87.12 12.11 0.76
Bi20-41 cm 2.59 18.1 8.5 540 7.5 2006 370 051 2427 8265 1524 2.10
Southern chernozem, Kostanay district, Kostanay region
Ap0-25cm 3.77 293 12.3 600 7.0 2940 490 034 3464 8487 1415 098
B125-46cm 1.83 17.9 8.4 460 7.5 2664 492 057 3213 8291 1531 1.77
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According to the data of previous years, long-term
agricultural use of arable land contributed to a decrease in the
content of nitrate nitrogen (Table 2). On complexes of
chernozems with solonetzes, the content of nitrate nitrogen in
the upper layer and in layer B1, compared with the results of
surveys of previous years (1989), decreased.

We have made collapsing between nitrogen and humus over
the years. The correlation coefficient between nitrogen and
humus (Figure 1) was 0.370919 in 1989, in 2022. The
correlation coefficient was 0.195172, and the collapsing by
years was 0.277235 for humus and nitrogen.

Chernozem soils, despite the high content of gross
phosphorus, are poor in digestible and reserve phosphates. To
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obtain high yields, it is necessary to apply fertilizers
containing phosphorus.

Long-term agricultural use of chernozems led to a decrease
in mobile forms of phosphorus in the soil in the topsoils, which
decreased by an average of 5-10 mg/kg.

According to the physical and chemical properties of soils,
it was found that in ordinary and southern chernozems, the
content of labile forms of potassium in the form of K»O is high
along the soil profile. The long-term use of soils as arable land
did not affect the content of potassium in the soil. According
to the results of the survey in 2021. The content of potassium
in all soils varied between - high and very high (Table 2).

wl A
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Figure 1. Humus content of topsoils (1989, 2021)
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Figure 2. Soil and agrochemical indicators of the Kostanay district of the Kostanay region

Changes in the physicochemical properties of soils,
especially the absorption capacity and the amount of absorbed
bases, depend on the degree of humus content and particle size
distribution. With long-term agricultural use of soils, a regular
decrease in humus was revealed, and the amount of
exchangeable cations of the studied soils of the Kostanay
region also decreased (Figure 2). Over the 33-year period of
soil use in agriculture, the amount of exchangeable cations
slightly decreased in the upper humus layer of ordinary
chernozem.

The main components of the soil absorbing complex (SAC)
of the studied soils are calcium, magnesium, and there is also
a small amount of exchangeable sodium, with the exception of
the complexes of chernozems with solonetzes, where profile
in layer BI1, the proportion of sodium increases. The
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composition of exchangeable cations in the soil absorbing
complex has a significant effect on the soil structure, physical
and mechanical properties, water-air regime, absorption
capacity, cation exchange capacity, soil solution reaction and
soil buffering, on the fixation of nutrients and, in general, on
the nutritional regime of the soil, which ultimately determines
the level of soil fertility.

Analysis of data on changes in the composition of
exchangeable cations in the SAC of chernozems since 1989 to
2022 indicates that with long-term agricultural use, the soil
undergoes changes in the main indicators. According to the
results, it was found that in most cases in all upper layers (Ap
+ B1) of the studied soils there is a decrease in the proportion
of absorbed calcium, this decreases especially intensively in
the plow layer and an increase in the amount of absorbed



sodium. In the composition of exchange bases, the amount of
sodium cation in the complexes of chernozem with solonetzes
increased.

The chernozems of the Kostanay region have undergone
significant changes during long-term agricultural use, which
led to a general deterioration in the state of their fertility. In
the upper arable soil layer, the content of humus, nitrate
nitrogen, and mobile phosphorus decreased. On the studied
soils in various sections, the content of humus, nitrogen and
phosphorus has decreased since 1989 to 2021 several times.

The comparison of humus content over a thirty-three-year
period in the GIS program was assessed (Figure 3). Humus
content in the soil of the Kostanay region, at the points being
examined during long-term agricultural use, has changed from
1989 to 2022 at point 1. At point 3 and point 4, humus content
decreased in 2022 (Figure 3). Comparative analysis of nitrate
nitrogen was carried. Since this element is mobile and can vary
during the whole growing season depending on various factors,
including climate conditions, this indicator was considered to
be the only form of nitrogen that was detected in early 1989
works for which a comparison could be made by years.

If we compare nitrate nitrogen content in 1989 in the fields,

Year 2022

Point 4; o g
& @: Horizon A: 3.6%

Horizon B1; 1.75

Horizon,B2: 1.05% Point 3

S

Horizon BC: 0.89% Horizon A: 3.77%
Horizon B1: 2.44%
Horizon B2: 1.5%

Horizon BC: 0.85%
Point 1:

Horizon A: 3.89%
Horizon B1: 2.74% Point 2:
Horizon B2: 1.57% L Horizon A: 4.42%
Horizon BC: 1.05% Horizon B1: 2.24%
Horizon B2: 2.15%
Horizon BC: 1.1%

Fedorovka

Kostanay

its content has decreased significantly compared to 2022 at the
points 2, 3, 4. At points 3 and 4, the nitrate nitrogen content
varied in horizon A. In 1989, and in 2022, nitrate nitrogen
decreased at these points (Figure 4).

The content of mobile phosphorus forms showed slight
changes over a thirty-three-year period, at points 2, 3, 4, a
decrease in mobile phosphorus from 1 mg/kg to 2 mg/kg is
seen, at point 1 the phosphorus content does not change in the
upper horizons (Figure 5). A comparative analysis of the main
indicators of soil fertility shows that phosphorus and humus
content has not changed much over the 30 years of agricultural
use. Nitrate nitrogen content has decreased, but this figure
changes actively with even little variations in temperature and
humidity.

Interpolation results show spatially correlated distances
between humus points and north-south shift of data (Figure 6).

Spatial interpolation of nitrate nitrogen content through
ArcGIS Geostatistical Analyst program shows correlation of
the indicators with time (Figure 7).

The spatial interpolation of mobile phosphorus content in
horizons A and B1 in Figure 8 does not show a large variation
in values.

Year 1989
N
S
Point 4:
Horizon A: 3.77%
Horizon B1: 1.83%. l
Fedorovk, !
Point 3
Horizon A: 3.85%
Horizon B1: 2.59%
Point 1
Horizon A: 4.05%

Horizon B1: 2.88%

Kostanay

Point 2.
Rudnly - Horizon A: 4.52%
Horizon B1: 2.37%

Scale: 1:2 000 000

Figure 3. Comparative analysis of humus content in the soil of Kostanay region
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Figure 4. Comparative analysis of nitrate nitrogen content in soil of Kostanay region
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Figure 5. Comparative analysis of mobile phosphorus content in the soil of Kostanay region
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Figure 6. Spatial interpolation of humus content in horizons A and B1 of the Kostanay region in ArcGIS geostatistical analyst
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Figure 7. Spatial interpolation of nitrate nitrogen content in the horizons A and B1 of the Kostanay region in geostatistical
analyst program ArcGIS
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Figure 8. Spatial interpolation of mobile phosphorus content in the horizons A and B1 of the Kostanay region in ArcGIS
geostatistical analyst program

4. DISCUSSION

The results of the research showed that the annual plowing
of the lands of the steppe zone is the main factor in soil
degradation, the morphological properties of the profile,
humus content, agrochemical, physicochemical properties of
the soil change, which ultimately affects their fertility. On
average, over 50 years, 19-22% of humus was lost during
plowing of chernozem, and 28-30% of humus was lost during
plowing of chestnut soils in Kazakhstan [17].

According to Amerguzhin [18] one of the factors of soil
degradation is soil fatigue, which manifests itself in
monoculture or with an excessively high proportion of one
crop (for example, wheat) in the crop rotation. Basically, the
processes of soil degradation that occur during soil fatigue are
associated with the accumulation of the same type of organic
residues, the same nature of their decomposition, disruption of
the succession of microorganisms and the accumulation of
toxic concentrations of some products of incomplete
decomposition of organic residues. These processes are

exacerbated by the accumulation of specific pests and diseases.

The high content of exchangeable potassium in the southern
and ordinary chernozem is the result of their potential fertility,
and its reduction is due to the decrease in organic matter and
other nutrients during agricultural use [19, 20]. It should be
highlighted that if exchangeable calcium 1is clearly
accumulating in the most humid part of the chernozem profile,
primarily due to biogenic processes, then metabolic
magnesium is found here only marginally and it usually plays
a minor role in exchange processes [21].

4.1 Estimation of kriging soil interpolation

Chernozem fertility is declining due to intense
anthropogenic pressure and the ability to self-regulate and
maintain the basic components of soil fertility is being lost.
Soil enrichment with organic matter at a level of deficit-free
and positive balance is a prerequisite for increasing the
productivity of agroecosystems in obtaining sufficient
quantities of high-quality products [22-24].

Changes in soil properties, inadequate knowledge of the
links between environmental conditions and organic matter,
limitations of data to provide small-scale variability of soil
properties may contribute to the large variability of values.
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Among geostatistical interpolation methods, the universal
kriging method was the most accurate and informative. This
conclusion relates to the results of research carried out on the
territory of Kazakhstan.

4.2 Recommendations

Based on the studies carried out, it is necessary to carry out
a set of measures to preserve and reproduce soil fertility in the
Kostanay region: conduct an agro-ecological assessment of the
entire territory, identify the degree of soil degradation, apply
agricultural  technologies taking into account soil
characteristics, apply fertilizers. Conduct annual monitoring of
the content of nutrients in the soil and apply fertilizers
differentially to equalize the diversity of the soil cover.

It is necessary to introduce adaptive landscape farming
systems that take into account not only the terrain, but also the
features of the soil cover. In the use of complex soil cover, it
is necessary to improve agricultural technologies for
cultivating crops, while taking into account their biological
capabilities.

5. CONCLUSION

The main results showed a decrease in the content of nitrate
nitrogen and mobile phosphorus in the upper horizons of the
soil in all the studied areas in the period from 1989 to 2021, a
decrease in the content of humus in the upper horizons in the
period from 1989 to 2021, with prolonged agricultural use of
land, as well as minor changes in the amount of absorbed bases
and the pH of the soil medium for a 30-year period.

Geostatistical analysis of spatial interpolation of nitrate
nitrogen and humus content showed a noticeable correlation
of indicators by points depending on time. Due to the
availability of sufficient geostatistical methods, they are
widely used to predict the spatial distribution of humus content
in soil. For this reason, further research is needed to determine
the optimal interpolation method for this purpose which will
be suitable for assessing and mapping humus in the soil.

These studies are promising for further monitoring of the
transformation of zonal properties of soil fertility during
prolonged agricultural use, as well as assessment of changes
in soil fertility using modern research methods. Further



research can be aimed at assessing the transformation of soil
fertility properties.
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