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Abstract. The study conducted in the Makati region includes granulometric analysis,
vegetation assessment, topsoil evaluation (horizons A and B), and chemical testing to determine
soil resistance to mechanical stress. The results of the soil stability analysis indicate that the
upper soil layers across all sites are more vulnerable to erosion and soil exhaustion. This is
primarily due to a reduction in clay content, the depletion of humus, and the accumulation of toxic
salts. The decline in vegetation cover further aggravates the issue, pointing to severe pasture
degradation. These findings highlight the urgent need for soil conservation measures, such as
improving soil physical properties and mitigating salt exposure, to support ecosystem restoration.
Field studies also identified a variety of soil profiles, with gray-brown salt marsh and brackish
soils being the most prevalent. These soil types are marked by low buffering capacity, which
intensifies the degradation process. The analysis classified soil degradation in the region as
moderate to severe. Anthropogenic factors, including mechanical disturbances and improper land
use, significantly accelerate soil degradation. This, in turn, compromises ecosystem stability by
diminishing soil quality and reducing its productivity, thereby negatively impacting the broader
environment of the region.

Keywords: desertification, soil degradation, the Caspian region, climatic changes,
desertification, soil degradation, the Caspian region, climate change, ecosystems, soil buffering.

INTRODUCTION

Desertification is one of the most
serious environmental problems of our
time, affecting about 35% of the Earth's
surface and affecting 32% of the world's
population [1]. Desertification is the
degradation of land in arid, semi-arid, and
arid regions, including deterioration of ve-
getation, reduced soil quality, and nutrient
depletion. According to various statistics,
land degradation has affected more than 9
million square Kkilometers, and in some
cases up to 7 million hectares of land are
lost from productive use annually [2]. In
response, the United Nations adopted the
Convention to Combat Desertification [3],
which aims to prevent land degradation
and restore ecosystems.
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According to the UN, drylands occupy
about 30% of the Earth's surface and are
present in more than 10 countries with
more than 2 billion people [4]. At the
current rate of desertification, it is
projected that by 2025, one in five people
on Earth will live in regions prone to
drought and land degradation. Currently,
more than two billion hectares of
productive lands have been degraded, and
another 12 million hectares continue to be
degraded annually [5].

Central Asia is a prime example of a
region where desertification has reached
its most acute proportions, with cross-
border problems having a significant im-
pact on ecosystems and populations. A
number of studies indicate that there is
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currently no region in the world with an
area of more than four million square
kilometers where the threats of desertifi-
cation are as great as in the area located
between the Caspian Sea and the Pamir
Mountains. Currently, more than two thirds
of the territory of Central Asia is arid and
semi-arid lands, which makes the region
extremely vulnerable to degradation pro-
cesses [6]. For example, in Kazakhstan,
according to the World Bank, about 66% of
the territory issubject to desertification [7].

The effects of desertification in
Central Asia are exacerbated by climate
change and anthropogenic pressures. Cli-
mate change forecasts for the region sug-
gest a temperature increase of 2-4°C [8].
The illegal use of land during the Soviet
period, including intensive irrigation,
overgrazing and deforestation of mountain
forests, led to environmental consequences
that are still being felt.

It is estimated that 4-10% of
cultivated areas, 27-68% of pastures and 1-
8% of forest resources are currently
degraded in Central Asia [9]. These
processes have a significant impact on the
sustainability of natural systems, as well as
on agricultural productivity, which leads to
economic losses. In particular, since the
independence of the Central Asian
countries, agriculture in the region has lost
about 20-30% of its productivity, resulting
in annual losses of $2 billion [10].

Special attention should be paid to
soil degradation, which is one of the most
pressing environmental problems. The
process of degradation in the Caspian
region, where the factors of desertification
and soil degradation are at their greatest,
has both environmental and socio-
economic consequences. Soil degradation
is observed on these lands, manifested in
erosion, salinization, desiccation and loss
of fertility, which directly affects agricul-
ture, biological diversity and the
sustainability of the region's ecosystems
[11-17].
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MATERIALS AND METHODS

Field soil studies conducted at
monitoring sites in the Makati region cover
various soil conditions. Soils that have been
damaged at various levels indicate low
natural soil buffering rates in this area. The
research was conducted on an area of 250
hectares of degraded pasture lands of a
peasant farm in the Makat district. As part
of the research, the gray-brown saline and
salt marsh soils typical of the area,
characteristic of areas with a dry climate
and frequent droughts, were studied.

Makat district is located in the
Atyrau region of Kazakhstan and is
characterized by a sharply continental
climate with hot summers and moderately
cold winters. This area is characterized by
significant temperature fluctuations and
lack of precipitation, which significantly
affects the condition of soils and their
resistance to soil exhaustion.

The following chemical and physico-
chemical parameters were determined in
the soil samples: humus content, granulo-
metric composition, acidity, salt composi-
tion and other parameters affecting soil
quality. The field and laboratory work was
carried out using generally accepted
methods of soil science. The granulometric
composition of soils was determined
according to the Kaczynski method (GOST
12536-2014). The humus content in the
soils was measured using the Tyurin
method (GOST 26213-91). The mechanical
composition of the soil has a decisive
influence on its resistivity. In accordance
with the "Scientific and methodological
guidelines for monitoring lands of the
Republic of Kazakhstan", soil resistance to
anthropogenic  mechanical stress is
classified depending on the content of
particles of physical clay (fraction less than
0.01 mm) as follows: more than 20% - high
degree of stability, 10-20% - medium
degree of stability, less than 10% - low
degree of stability. The assessment of the
degree of soil degradation was carried out
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according to the criteria specified in the
"Criteria for determining the degree of
degradation of soils and lands of the
Republic of Kazakhstan".
RESULTS AND DISCUSSION

Soil section 1 is laid on the Makatsky
district of gray-brown desert soils, under
the solyanka vostochnaya- climacoptera
woolly vegetation, 40-45% coverage,

boiling from HCl is violent from the surface
(figure 1).

0-15 cm, gray-brown (with a

brownish tinge), dry, compacted, up to 5
cm lego compacted, finely porous, dusty-
powdery-lumpy, large and small plant
roots, medium loam,

15-34 cm, brownish-gray, dry, strongly
compacted, porous, lumpy-dusty, thin plant
roots, medium loam,

Figure 1 - Gray-brown desert soils, under Solyanka Vostochnaya (Salsola orientalis),
soil section 1

34-59 cm, brown with spots of
carbonates, moist, dense, lumpy, thin plant
roots, medium loam,

59-93 cm, brown with numerous
spots of carbonates, moist, fine nutty,
sometimes dense, sometimes compacted,
medium loam,

93-130 cm, uneven color, gray-
whitish, spotted with carbonates, moist,
sandy loam.

In the upper horizons, the soil is
denser and inhibits root growth, which can
hinder the active development of
vegetation. In deeper layers, there is an
increase in humidity and an increase in the
content of carbonates, which may indicate
more complex water-mineral characteris-
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tics of the soil. To improve conditions for
plants in this area, work may be required
to improve the physical properties of the
soil, as well as to reduce exposure to high
levels of carbonates, which may lead to
improved nutrient availability for plants
(figure 2).

Soil section 2 (salt marsh) is laid
near Potashnikov-sarsazan vegetation, pro-
jective cover, boiling from HCI is violent
from the surface (figure 3).

0-4 cm, dirty dark gray, moist,
fractured, loam consisting of broken and
whole shells,

4-23 cm, grayish-whitish with a large
number of rusty and glaucous spots, dense
layered loam with fragments of shell rock,
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23-50 cm, irregularly colored: on a
bluish background, there are abundant
rusty accumulations, spots and rare humus
streaks, a large number of veins and spot
accumulations of salts. The horizon is
moist and loamy,

50-80 cm, bluish-ochreous, moist,
structureless, sandy loam. There are dirty
white spots of carbonates in the lower part.
There are many streaks and point
accumulations of salts along the horizon, as
well as broken shells,

80-100 cm, bluish-green, many spots
of easily soluble salts, contains rusty and
black spots of iron and manganese oxides.

In this soil section, it is a typical salt
marsh soil with pronounced signs of salt
formation and mineralization. It has a
heterogeneous texture and color, with a
large number of salt deposits, iron and
manganese oxides, which indicates a high
activity of the processes of leaching and
accumulation of salts in the soil (figure 2).

Figure 2 - Salt marsh is covered with potashnikovo-sarsazan vegetation,
soil section 2

Section 3 is laid on the opposite-
leaved climacopter-small-flowered worm-
wood vegetation, 45-50% coverage, boiling
from HClisviolent fromthesurface (figure 3).

0-13 cm, gray-brown, lumpy-dusty,
dry, sometimes dense, sometimes loose,
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permeated with plant roots, light loam,
13-22 cm, light gray-brown, dry,
lumpy-nutty-powdery, thin plant roots,
22-50 cm, yellowish-brown, dry, very
dense, columnar-prismatic, medium loamy,
streaked carbonates.
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Figure 3 - Opposite-leaved wormwood is laid on a climocopter (Climacoptera),
soil section 3

50-71 cm, brownish-yellow, dry,
compacted, slightly loamy, carbonates in
the form of spots,

71-100 cm, heterogeneously colored,
layered, reddish spots of iron oxides.

Based on the description, the soil has
a diverse structure and composition, with
noticeable changes as the depth increases.
The upper layers are characterized by
relatively light loam with good biological
activity (presence of roots). At greater
depths, the soil becomes more dense and
mineralized, with carbonates and iron
oxides, which may indicate the specific
mineralogy of this site. Such features can
have an impact on water exchange, plant
nutrition, and possibly on the agronomic
properties of the soil (figure 3).

Section 4 is laid on the bottom of the
saltpeter wormwood-solyanka vostoch-
naya-climacoptera opposite-leaved vegeta-
tion, 35-45% coverage, boiling from HCI

75

violent from the surface (figure 4).

0-10 cm, gray-brown, dry, lumpy-
dusty, large and small plant roots,

10-30 cm, light brown, compacted,
dry, lumpy-dusty, loam, thin plant roots,

30-41 cm, brownish-whitish, dry,
strongly compacted, lumpy-nutty, carbo-
nates in the form of spots,

41-90 cm, brownish yellow, dry,
compacted, strong spot of carbonates,

91-130 cm, brown with separate
aggregations and spots of carbonates, dry,
dense, fine nutty-dusty, loam.

Based on the description of the soil,
it can be concluded that the soil in question
has a pronounced densification and
contains a significant amount of
carbonates, especially at a depth of 30-130
cm. This can limit the growth of plant roots
at deeper levels and reduce the availability
of water and nutrients (figure 4).
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Figure 4 - Laid on the bottom of the saltpeter wormwood-oriental solyanka-
Climocoptera opposite-leaved vegetation, soil section 4

The analysis of soil samples collected
at the studied sites with respect to the
granulometric composition demonstrates
that soils have different resistance to
mechanical influences. The response of
ecosystems and their components, such as
soils and vegetation, to anthropogenic
mechanical impacts largely depends on
weather conditions and the time of year. In
this context, the water regime often
becomes a key factor affecting soil stability.

Another important external factor
influencing the nature of impacts is wind
activity. Work in areas with soils of light
mechanical composition in spring, during
the period of the greatest Aeolian activity,
can lead to a significant increase in
deflation processes.

Each section has a different depth
characteristic, and for each layer, soil
stability is determined, which ranges from
"unstable” to "high degree of stability."
Depending on the mechanical composition
of the soil, as well as on the mechanical
impact, the degree of stability may vary at
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different levels of the section (table 1).

Soil section -1 demonstrates high soil
stability in the deep layers (34-59 cm and
below), while in the upper layers (0-34 cm)
the soil is assessed as unstable or with
moderate stability (table 1).

Section SS-3 has soil with a high
degree of stability at almost all depths
(from 23 cm to 100 cm), but in the upper
layers (0-4 cm) the soil is assessed as
unstable (table 2).

Section SS-0 (virgin) shows high
stability at depths of 12 cm and below, with
medium stability inthe upperlayers (table1).

The SS-4 section is characterized by
high stability at a depth of more than 22
cm, and in the upper layers (0-13 cm) soil
stability is considered low (table 1).

Analysis of the resistance of gray-
brown desert soil to mechanical stress
shows that different sections have different
degrees of stability. The soil in the upper
layers (up to 20-30 cm) of virgin land is
most often unstable or moderately stable,
which may be due to increased



Jerpajanus U oxpaHa o4B

IlouBoBeaeHue u arpoxummus, Ne3(71), 2025

susceptibility to erosion and degradation
as a result of anthropogenic activity. Soil

stability increases significantly in deeper
layers (table 1).

Table 1 - Assessment of soil resistance to anthropogenic mechanical effects of gray-

brown desert soil in 2024.

Sqll Depth, cm Fraction less than 0.01 Stability
sections
0-15 9,4 unstable
15-34 8,1 unstable
SS-1 34-59 20,9 high stability
59-93 14,59 medium degree of stability
93-100 13,77 moderately stable
0-4 9,8 unstable
4-23 19,7 medium degree of stability
SS-3 23-50 22,82 high degree of stability
50-80 23,1 high degree of stability
80-100 22,4 high degree of stability
0-12 15,0 medium degree of stability
SS-0 12-35 28,82 high degree of stability
35-87 24,9 high degree of stability
87-134 23,1 high degree of stability
0-13 9,6 unstable
13-22 18,1 medium degree of stability
SS-4 22-50 24,20 high degree of stability
50-71 31,64 high degree of stability
71-100 30,91 high degree of stability
Soil section 3, there is a high which leads to a high degree of degrada-

degradation in the content of toxic salts, as
well as an average degradation in other
indicators. Section 3 can be assessed as
moderately degraded (table 2).

Soil section 4, indicators of toxic salts
and reduction of physical clay, the degree
of degradation is high. In general, the
section can be assessed as moderately
degraded, but with some signs of high
degradation (table 2).

Based on the presented data, it can
be concluded that all three sections are at
the stage of average soil degradation,
which is characterized by a decrease in clay
content, a decrease in the thickness of the
soil profile and significant losses of humus.

The greatest threat is posed by high
levels of toxic salts in arable soil layers,
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tion in this parameter. A decrease in the
projective vegetation cover also indicates
an increased degree of degradation of
pastures (table 2).

All three soil sections show similar
problems with soil degradation. The main
factors influencing the deterioration of
soils include:

- significant reduction of humus
content,
- loss of physical clay,

- high content of toxic salts.

All sections are characterized by an
average degree of soil degradation with
pronounced signs of vegetation deteriora-
tion (table 2). The main problem is the loss
of organic matter, which leads to a
decrease in soil fertility.
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Table 2 - Table assessment of the degree of soil degradation by research object

. Changing . Degree
Indicators parameters, % By points of degradation
Soil section 1
Reduction of the physical clay content by .
an amount, % of the initial 15/9,0 4 High
Reduction of the thickness of the soil
profile (A + B), % of the initial 29/23 2 Average
Reduction of humus reserves in the soil
profile (A + B), % of the initial 94/71 2 Average
The amount of toxic salts in the humus .
(arable) layer (%): 0,094 4 High
i i i 0,
Projective cover of pasture vegetation, % 60/40 3 Increased
of the zonal
Soil section 3
Reduction of the physical clay content by
an amount, % of the initial 2 Average
Reduction of the thickness of the soil 2 Average
profile (A + B), % of the initial 5
Reduction of humus reserves in the soil
profile (A + B), % of the initial 105/90 2 Average
The amount of toxic salts in the humus .
(arable) layer (%): 0,081 4 High
i i i 0,
Projective cover of pasture vegetation, % 75/50 3 Increased
of the zonal
Soil section 4
Reduction of the physical clay content by
an amount, % of the initial 20/13,5 2 Average
Reduction of the thickness of the soil
profile (A + B), % of the initial 33/27 2 Average
Reduction of humus reserves in the soil
profile (A + B), % of the initial 98/89 2 Average
The amount of toxic salts in the humus .
(arable) layer (%): 0,079 4 High
i i i 0,
Projective cover of pasture vegetation, % 75/40 3 Increased
of the zonal
CONCLUSIONS Degradation problems are

The soils of all sections have varying
degrees of resistance to mechanical stress,
with varying stability in depth. At deeper
horizons, soils show higher stability, while
the upper layers often turn out to be less
stable. This may be due to the mechanical
degradation of the upper layers, which
leads to increased erosion processes and
deterioration of soil quality.
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particularly pronounced in the upper
layers of the soil, which reduces their
productivity and quality for agricultural
use. A decrease in the projective vegetation
cover also indicates a deterioration in the
condition of pastures.

All the sections studied show signs of
moderate soil degradation, which requires
an integrated approach to restoring and
improving the condition of soil resources.
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Makat ayziaHbIH/@ JKYPri3i/ireH 3epTTey TONbIPAKTbIH, MEXaHUKAJIBIK, dcepre TO3IMAIIIrIH
6aFajlayFa MYMKIiH/iK 6epeTiH rpaHyJIOMEeTPUSJIBIK, 6CIMIK »KaMbIIFbICH], TONBIPAKThIH (A + B)
KabaTbIHbIH, 63repicTepi ko9He XUMHUAJIBIK TajjayJjapAbl KAMTHAbL TonbIpak TYpaKThLIbIFbIH
TaJijay HOTWXeJsepi 6apJiblK XKep TeJiMAepiHJeri TONbIpaKThIH XOFapFbl KabaTTapbl 3po3usiFa
»K9He Jlerpajanusara 6eiliM ekeHiH KepceTTi, 6yJ1 HerisiHeH KyM-6asIlbIKThl I'PaHyJIOMEeTPHUSJIbIK
KYpPaMHBIH, a3al0bIHa, TYMYCTbBIH, KOFaJybIHA 9HE YTThI TY3AapAblH >KUHaTybIHA 6ANHJIAHBICTHI.
OciM/iK >KaMBLJIFBICBIHBIH, CUPeYi KaWbLIBIMHBIH, KaTThl JerPaZalUsChlH KOPCETETKIll GOJIbII
TabbLIaAbl. HaTKesep TONMBIPAKTHIH (QU3UKAJIBIK KACHETTEPiH KAKCAPTY >KoHe TY3Aap/blH
dcepiH a3allTy CUSKTbI TONBIPAKTbl CaKTay opeKeTTepi Oochbl sKOXyiesepAi KaJlblHa KeJaTipy
YLUIIH MaHBbI3/bl eKeHiH KepceTezi. COHbIMEH KaTap JajajblK 3epTTeyJiep Cyp-KOHbIp Ty3/bl XKoHe
Ty3/bl TONbIpAaKTap 6acblM 060JIaThIH TOIMbIPAK, KeCKiHZAEepiHiH apTypJii TypJiepiH aHBIKTaJbl.
TonbipaKTblH, 6yJ1 Typsepi 6ydepik KabineTiHiH ToMeHAiriMeH cunaTTasazbl, OyJ1 Aerpajanus
MacesieciH ofaH opi kyuwedTexni. Tangaynap KepceTKeHJed, alMaKTaFbl TOMNbIPAKTBIH
Jerpajalusichl opTallla KoHe OFaphbl Japexere ue. MexaHUKaJIbIK 9Cep €Ty XoHe KepAi JypbIC
naiziasaHbay CUSKThI aHTPONOreHAIK paKTopJsiap JerpaJanus MpoLeciH eAdyip KbLIJaMAaTa/bl,
OyJl ©3 Ke3eriHAe 3KOXyiesepAiH TYpaKTbLIbIFBIH TeMeHJAeTeli. Bysn dakTopsnap Tombipak
canachblHbIH HallapJlayblHa >KoHe OHbIH 6HIMAIIriHIH KOFalyblHa 9Kesefi, 6y/1 alMaKTbhIH OYKiJ
3KO0XKyHeciHe Tikesiell Tepic acep eTefi.

TyliiHdi ce3dep: IIeJIEUTTEHY, TONBIPAKTBIH, Jerpajanuscbl, Kacnmuii MaHbl aWMaFbl,
KJIMMaTTBIK e3repicTep, 3KoXyiesep, TonbIpak 6ydepJiri.
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HccnenoBaHue, InpoBeAE€HHOE B MakaTckoM paﬁOHe, BKJIIOYaeT FpaHynOMeTpH‘{ECKI/Iﬁ
dHaJ/In3, dHAJ/JIU3 PACTHUTEJIbHOCTH, MU3MEHEHUA BEpPXHEro cCJodA IO04YBbI (A+B) Hn XHUMH4YEeCKHe
HccjieJOoBaHHA, KOTOpble IIO3BOJIAKOT OLEHUTDb YCTOI‘/JI‘{I/IBOCTI: INIO4YBblI K MEXaHHUYE€CKHUM
BOS,E[EFICTBPIHM. P63y.1'IbTaTbI aHa/IM3a CTaOUJIbHOCTHU MOYBbI IMOKa3aJiyv, 4YTO BEpXHHE CJION IMOYBbI
Ha BCEX y4aCTKax HauboJee NnoABEPXKEHbI 3PpO3HMH U Aerpaadlv, B OCHOBHOM HM3-3da CHHUXEHUA
CoAepmaHUudA TJIMHbI, TIIOTEepHU TyMyCa H HaAKOIIJIEHHWSd TOKCHYHbIX cojiefl. YMeHbllleHHE
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PacTUTEJbHOTO MOKPOBA YCYry6JiseT NpobJeMy, YKa3blBas HAa CEPbE3HYI0 Aerpajalyio NacToul.
[lonydyeHHble AaHHble CBUJIETEJbCTBYIOT O TOM, YTO YCHUJIMS 1O COXPAHEHUIO MOYB, TaKHe KakK
yJay4dieHre GU3nuecKux CBOMCTB U CHUXKEHUE BO3/I€UCTBUS COJIEH, ABJIAIOTCA PellaloiUMHU JJIs
BOCCTAHOBJIEHUsI 3TUX 3KocHUcTeM. [loJieBble UCC/eI0BaHUS TaKXKe BbIIBUJIM Pa3/IM4YHbIE THUIIbI,
Cpeiy KOTOPBIX MPeolh/aZialoT cepo-Gypble COJIOHYAKOBbIE U COJIOHOIOBbIE MOYBbLI. ITH MOYBHI
XapaKTepU3yTCcs HU3KOM OydepHON CIOCOOGHOCTBIO, YTO elle OoJblie YCyry6JseT MpobJieMy
Jlerpajlauuu. AHasiuM3 MoKasaJl, YTO Jlerpajianus Mo4YB B peruoHe UMEeeT YMEPEHHYIO U BbICOKYIO
cTeneHb. AHTponoreHHble GpaKTOpbl, TAKHE KAaK MeXaHU4YeCKOe BO3/JeWCTBHe W HelpaBUJbHOE
WCIO0JIb30BaHUE 3eMeJib, 3HAUYUTEJbHO YCKOPSIOT MNpolecc Aerpafalyy, KOTOPbIA CHHUXKAeT
YCTOMYMBOCTD 3KOCUCTEM. ITH GAKTOPHI PUBOAAT K YXYAILEHHUIO Ka4eCcTBa MOYBHI U NOTepe eé
HPOJYKTHUBHOCTH, YTO HEFATUBHO CKa3bIBAETCS HA BCEM I9KOCUCTEME PEruoHa.

Kawouesvle csno08a: oONyCTbIHMBAaHWE, Jerpajanus I0YB, TNPUKACIUHCKUM PEruoH,
KJIMMaTH4ecKre U3MeHeHHs], 3KOCUCTEMBI, 6ypepHOCTD MOYB.
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