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Abstract. The article presents an overview of modern studies of pasture ecosystems in the
arid zone of Southern Kazakhstan using the example of the Otyrar district of the Turkestan region.
The article examines the region's natural and climatic features, and the influence of aridization
and climate change on the structure of pasture phytocenoses, their productivity, and biodiversity.
The main factors of sustainability of pasture ecosystems were analyzed, including water regime,
soil salinity, organic carbon content, the state of the soil microbiome, and anthropogenic load. The
purpose of this review article is to analyze and summarize recent scientific research on the state,
functioning, assessment methods, and prospects for the restoration of pasture ecosystems in the
arid zone of Southern Kazakhstan, using the example of the Otyrar district of the Turkestan region.
Particular attention is paid to modern methods of geobotanical assessment of vegetation,
determination of projective cover, productivity, and biodiversity indicators, as well as to the use of
geographic information systems, remote sensing, and satellite monitoring to assess the condition
of pastures. The data on the prospects for the restoration of degraded pastures through the use of
organomineral fertilizers based on natural aluminosilicates, humic substances, protein hydro-
lysate, and microalgae Chlorella vulgaris are summarized. It has been shown that an integrated
approach combining geobotanical, soil-ecological, and digital research methods contributes to
increasing the sustainability of pasture ecosystems, preserving biodiversity, and rational use of
natural forage resources in arid territories.

Keywords: arid zone, Otyrar district, pasture vegetation, phytocenoses, biodiversity, pasture
productivity, organomineral fertilizers, vermiculite, humic substances, Chlorella vulgaris.

zone of desert landscapes with limited
water resources and widespread saline

Pasture ecosystems of the arid
territories of Southern Kazakhstan are the

most important natural resource, ensuring
the conservation of biodiversity and the
development of pasture livestock farming.
In recent decades, under the influence of
climate change, accompanied by rising air
temperatures, longer droughts and
moisture deficits, changes in the structure
of vegetation cover, a decrease in pasture
productivity, and an increase in land
degradation processes have been observed
[1, 2]. These problems are especially
relevant for the pastures of the Otyrar
district of the Turkestan region, located in a

soils.

The condition and productivity of
pasture vegetation are determined by a
complex of natural, climatic, and soil-
ecological factors. Temperature, moisture
availability, salinity, soil physicochemical
properties, organic carbon content, and soil
microbiota activity have a significant im-
pact. The interaction of these components
shapes the species composition, biodiver-
sity, and productivity of pasture phytoce-
noses [3]. This increases the need for a
comprehensive assessment of pasture eco-
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systems, including geobotanical studies of
vegetation, biodiversity analysis, determi-
nation of phytocenoses productivity, and
investigation of soil properties, organic
carbon reserves, and soil microbiome
composition. This approach allows for an
objective assessment of the current state of
pastures and the identification of the main
factors driving their transformation. A
promising direction for the restoration of
degraded pastures is the use of organo-
mineral fertilizers that help improve soil
fertility, activate microbiological processes,
and increase the productivity of plant
communities.

The scientific novelty of this study
lies in its comprehensive examination of
the relationships between climate condi-
tions, the state of pasture phytocenoses,
biodiversity, vegetation productivity, soil
properties, organic carbon content, and the
soil microbiome in the Otyrar district. The
impact of organomineral fertilizers on the
restoration of degraded pastures is also
assessed. The practical significance of this
review lies in its ability to provide a scien-
tific basis for selecting monitoring methods
and restoration measures depending on
the type and degree of pasture degrada-
tion. The summarized materials can be
used in developing sustainable grazing
programs, restoring vegetation cover,
reclaiming saline and alkaline soils, and
organizing regional monitoring of pasture
resources.

The review aims toconduct acompre-
hensive assessment of the condition,
biodiversity, and productivity of pasture
vegetation in the arid zone of Southern
Kazakhstan, to identify the relationship
between vegetation cover and soil-
ecological factors, and to determine the
effectiveness of the use of organo-mineral
fertilizers to increase the sustainability and
restore degraded pasture ecosystems.

Natural and climatic characteristics
of the arid zone

Current climate change is signifi-
cantly impacting the functioning of natural

and agricultural ecosystems in many
regions of the world. Rising average annual
temperatures are accompanied by changes
in precipitation patterns, more frequent
dry periods, and an increase in the fre-
quency of extreme weather events. These
processes impact the state of vegetation,
land productivity, and ecosystem resilience.

Arid and semi-arid regions, which
occupy a significant portion of the planet's
landmass, are the most sensitive to climate
change. They are characterized by insuffi-
cient moisture, high evaporation rates,
sharp seasonal temperature fluctuations,
and limited surface water resources. In
such conditions, even small deviations in
climate parameters can cause significant
changes in the composition of plant com-
munities, soil properties, and biodiversity.

Central Asia is considered a region
with a high degree of climate risk. The
observed increase in air temperature,
changes in precipitation distribution, and
increased duration of rainless periods are
intensifying  desertification and land
degradation processes [4]. As a result, the
productivity of natural forage lands is
declining, the condition of the soil cover is
deteriorating, and the wvulnerability of
natural ecosystems to anthropogenic
impacts is increasing.

The Otyrar district of the Turkestan
region is among the driest areas in the
region. Average annual precipitation is low
and distributed extremely unevenly throu-
ghout the year. Most precipitation falls in
the winter and spring, while the summer
months are characterized by prolonged
periods of dry spells and high tempera-
tures. In some years, summer temperatures
exceed 40°C, significantly increasing soil
moisture evaporation and creating unfavo-
rable conditions for vegetation growth.
Even short periods of wet weather can
trigger the active growth of ephemerals
and ephemeroids, while prolonged drou-
ghts lead to a reduction in the protective
cover and degradation of the vegetation.
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Climate conditions affect not only
vegetation but also soil properties. In arid
regions, organic matter accumulation
slows, humus content decreases, and the
biological activity of soil microorganisms
declines. This leads to deterioration of soil
fertility and a reduced ability to supply
plants with nutrients and moisture [5].

The integration of data on climatic
conditions, soil properties and the state of
pasture ecosystems contributes to a more
objective assessment of degradation fac-
tors and serves as a scientific basis for
developing strategies for their conserva-
tion, restoration and rational use in the
arid zone of Southern Kazakhstan.

Theoretical and methodological foun-
dations of geobotanical and agroecological
assessment

Pasture vegetation is a collection of
plant communities (phytocenoses) formed
under the influence of climatic, soil, and
biotic factors. Studying the structure and
functioning of phytocenoses is an impor-
tant task in geobotany, as vegetation serves
as an indicator of the ecological state of an
area and the level of anthropogenic
pressure [6].

The main characteristics of phyto-
cenoses are species composition, dominant
species, spatial structure, and productivity.
The arid territories of Southern Kazakh-
stan are most characterized by communi-
ties dominated by species of the genera
Artemisia, Limonium, Salsola, Kochia, and
Tamarix, which play an important role in
the formation of forage resources and
maintaining the stability of pasture ecosys-
tems [7, 8]. Changes in the composition of
dominant species and a decrease in their
contribution to the vegetation cover often
indicate pasture degradation processes [9].

One of the most common methods of
geobotanical research is the Braun-Blan-
quet ecofloristic method, based on deter-
mining the species composition, abun-
dance, and occurrence of plants in sample
plots. This method is widely used to clas-
sify and monitor plant communities [10].

An important indicator of pasture condi-
tion is the projective cover, which reflects
the proportion of the soil surface occupied
by vegetation. A decrease in this indicator
is usually associated with degradation of
the vegetation cover, a decrease in forage
reserves, and increased erosion processes
[11]. Pasture productivity is assessed by
the amount of aboveground phytomass,
which depends on climatic conditions,
moisture availability, and soil fertility.

Biodiversity indicators, including the
Shannon and Simpson indices, are used to
assess the sustainability of phytocenoses.
High species diversity contributes to
increased resilience of plant communities
to drought and other stress factors [12]. A
comprehensive analysis of floristic compo-
sition, projective cover, productivity, and
biodiversity allows for an objective assess-
ment of the state of pasture ecosystems
and the development of scientifically based
measures for their conservation, restora-
tion, and sustainable use [13].

Biological characteristics of pasture
vegetation in the arid zone

Vegetation in arid areas develops
under conditions of moisture deficiency,
high temperatures, intense solar radiation,
and soil salinity. As a result of long-term
adaptation, xerophytic and halophytic
species predominate here, ensuring the
stability and productivity of the vegetation
cover in extreme environmental conditions
[14]. One of the most important adap-
tations is the efficient use of limited water
resources. Many plants have deep root
systems, allowing them to utilize moisture
from the lower soil horizons. Reduced leaf
surface area, a waxy coating, and a
thickened cuticle contribute to reduced
water loss [15].

A significant number of arid zone
species are highly salt-tolerant. Thanks to
physiological mechanisms regulating water
and salt balance, halophytes can survive in
saline soils where most plants cannot
develop. Desert and semi-desert plants
also have specific life strategies. Annual
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ephemerals quickly complete their deve-
lopment cycle during the spring wet
season, while perennial subshrubs and
shrubs are distinguished by their longevity
and high ability to recover after grazing. In
the pasture ecosystems of Southern Ka-
zakhstan, wormwood-saltwort and limo-
nium-zhyngyl (tamarix) communities are
widespread, with species of the genera
Artemisia, Salsola, Limonium, Kochia, and
Tamarix dominating. These plants form the
basis of the forage base and determine the
ecological stability of pastures [16]. The
condition of arid phytocenoses is assessed
based on species composition, projective
cover, and biodiversity level. High species
diversity contributes to the resilience of
communities to drought and other stress
factors, while itsdecline is considered asign
of degradation of pasture ecosystems [17].

Modern methods of monitoring
pasture ecosystems

Assessing the condition of pasture
ecosystems is based on a combination of
geobotanical, soil-ecological, and geoinfor-
mation methods. Modern monitoring com-
bines field studies, laboratory soil analysis,
and remote sensing technologies, allowing
for the assessment of vegetation, soil, and
the degree of pasture degradation [18].

Field research is based on geobo-
tanical descriptions using the Braun-Blan-
quet ecofloristic method. These surveys
determine species composition, phytoce-
noses structure, dominant species, vegeta-
tion cover, and productivity. The Shannon
and Simpson indices are used to assess
biodiversity [19] (table 1).

One of the main indicators of the
condition of pastures is the projective
cover (PP), which reflects the proportion of
the surface occupied by vegetation:

_ 5P * 1009%

~ Stotal ¢

where S;, is the area covered by vege-

tation; Swtal is the total area of the survey
plot.

Productivity is determined by mo-
wing, followed by the recalculation of air-

dry mass per unit area. The structure of
plant communities is characterized by
Shannon indices

H'=-Ypilnp;
and Simpson
D = Z(pi®)

where pi is the relative proportion of
the i-th species. High values of the Shannon
index and low values of the Simpson index
indicate higher biodiversity and com-
munity stability [20].

Additionally, pastures are classified
by dominant species, life forms, and
ecological groups of plants, which allows
for the assessment of degradation stages,
forage value, and vegetation dynamics [21].

An important part of soil monitoring
is the analysis of soil properties. Typically,
soil particle size distribution, pH, electrical
conductivity (EC), organic carbon (SOC),
humus, nitrogen, available phosphorus, ex-
changeable potassium, and cation exchan-
ge capacity are determined. These parame-
ters reflect the level of salinity, soil fertility,
and plant nutrient availability [22-24].
Furthermore, soil microbiome analysis
allows for an assessment of soil biological
activity and its role in the functioning of
pasture ecosystems.

Spatial monitoring is carried out
using GPS and geographic information
systems (GIS), which provide mapping of
vegetation, soil cover, and the degree of
degradation. Sentinel-2 and Landsat satel-
lite data are widely used for regional
assessments [25].

The most common indicator of
vegetation condition is the normalized
vegetation index:

vpyy — IR — RED
: ~ NIR + RED

where NIR is the reflectivity in the
near infrared range, RED is the reflectivity
in the red range of the spectrum.

High NDVI values correspond to
well-developed vegetation cover, while low
values are typical of degraded and saline
areas. To improve the accuracy of assess-
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ments in sparse vegetation conditions, the
EVI, SAVI, and MSAVI indices are addi-
tionally used [26].

Consequently, modern methods for
monitoring pasture ecosystems are based
on the integration of geobotanical, soil-
ecological, and geoinformation approaches.
The combined use of field observations,
laboratory soil analyses, soil microbiome

assessment, and remote sensing data
provides a comprehensive evaluation of
pasture condition, biodiversity, produc-
tivity, degradation level, and restoration
potential. Such an integrated approach
forms the scientific basis for sustainable
pasture management and the development
of effective restoration strategies in arid
regions.

Table 1 - Modern methods of assessment, monitoring and restoration of pasture

ecosystems in the arid zone

Main assessment

Application in

Approach Advantages Limitations
PP object 8 arid rangelands
) . Reliable field
Geobotanical Species . )
.. assessment of Time-consuming; Assessment of
survey composition, . . .
) vegetation requires vegetation
(Braun- vegetation .\ . s
L communities; botanical condition and
Blanquet structure, projective Lo i . .
biodiversity expertise degradation level
method) cover .
evaluation
Productivi
v Aboveground ) ) . Labor-intensive; Evaluation of
assessment . Direct estimation
biomass and forage . seasonal pasture
(harvest . of forage yield .
productivity dependence productivity
method)

Biodiversity . . . . . L
indices Species diversity Quantitative Sensitive to Monitoring
in

(Sh and community comparison of sampling ecosystem
annon, i1 . . . i1
. stability plant communities intensity stability
Simpson)
Soil . . Explains Requires Assessment of
. . | Salinity, pH, organic . . . -
physicochemi . vegetation-soil laboratory soil fertility and
. carbon, nutrients ] . .
cal analysis relationships analyses degradation
Indicates
Soil biological soil High analytical Evaluation of soil
. . Microbial diversity g & .yt. .
microbiome d activity quality and cost; specialized restoration
an
analysis ecosystem equipment processes
functioning
Spatial distribution | Accurate mapping; Mappin
GPS and GIS p . pping Depends on data pping
) of vegetation and long-term ) degraded pasture
technologies . > quality
soils monitoring areas
Remote .
. Vegetation Large-area Lower accuracy .
sensing ) ) ] Regional pasture
. dynamics, land coverage; repeated without field o
(Sentinel-2, . . o monitoring
degradation observations validation
Landsat)
NDVI and . Rapid assessment; | Influenced by soil Estimation of
. Vegetation cover ] o
vegetation .. suitable for long- background and | pasture condition
e and productivity L . .
indices term monitoring seasonality and biomass
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Approaches  to  restoration  of
degraded pastures in arid zones

One of the main reasons for the
decline in pasture productivity in arid
areas is soil degradation caused by
drought, salinization, wind erosion, and
long-term intensive land use. This results
in deterioration of the soil's physical and
chemical properties, a decrease in organic
matter content, and a decline in biological
activity, which negatively impacts the
development of pasture vegetation. In
recent years, considerable attention has
been paid to developing technologies for
restoring soil fertility and enhancing the
resilience of pasture ecosystems in arid
climates. According to numerous studies,
the use of organic fertilizers promotes the
accumulation of organic carbon, improves
soil structure, increases water-holding
capacity, and activates soil microbiota. The
addition of manure, compost, and other
organic materials increases humus content,
improves the hydrophysical properties of
the soil, and creates favorable conditions
for plant growth [27].

Mineral fertilizers play a key role in
increasing pasture productivity by com-
pensating for nutrient deficiencies. Nitro-
gen fertilizers stimulate the growth of abo-
veground biomass, phosphorus fertilizers
promote root development and increase
plant resistance to drought, and potassium
regulates water balance and improves
plant tolerance to salinity and high tempe-
ratures. In recent years, particular atten-
tion has been paid to organomineral fertili-
zers, which combine organic and mineral
components. According to various authors,
such compositions not only provide nut-
rients but also improve the agrophysical
properties of the soil, increase the buf-
fering capacity of the environment, reduce
the negative impact of salinity, and promo-
te more efficient water use by plants [28].

To restore saline soils, land reclama-
tion measures are widely used alongside
fertilizer application. Research shows that
chemical reclamation, primarily gypsum

application to solonetz soils, promotes the
replacement of exchangeable sodium with
calcium, improves soil structure, increases
its permeability, and reduces salinity. In
soils with unfavorable environmental
conditions, liming is an effective technique,
increasing the availability of nutrients and
soil biological activity [29]. In conditions of
limited water resources, water-saving
technologies are important. According to
published data, the use of drip irrigation,
mulching, minimum tillage, and other
techniques can reduce moisture loss,
increase the efficiency of its use, and
maintain vegetation productivity in arid
conditions.

Available scientific evidence indica-
tes a close relationship between fertilizer
use, organic carbon content, and the health
of the soil microbiome. Increasing organic
matter content has been shown to promote
the development of beneficial microor-
ganisms, activate mineralization processes,
and improve nutrient cycling, all of which
positively impact soil fertility and ecosys-
tem resilience [29]. The use of organomi-
neral preparations based on natural alumi-
nosilicates, including vermiculite, zeolites,
and other minerals, is considered a pro-
mising approach. Due to their high
sorption capacity, such materials can retain
moisture and nutrients, improve the
hydrophysical properties of the soil, and
reduce the stress effects of drought and
salinity on plants.

Several studies have shown that the
inclusion of humic substances, amino acids,
protein hydrolysates, and microalgae,
including Chlorella vulgaris, in organomi-
neral compositions promotes root system
development, activates soil microbiota, and
increases plant resistance to abiotic stress.
However, the effectiveness of such prepa-
rations depends on soil and climatic condi-
tions and requires further experimental
evaluation for various types of pasture
ecosystems. Based on the above, an
analysis of published studies shows that
the most effective systems technologies are
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those that combine the use of organo-
mineral fertilizers, land reclamation mea-
sures, and water conservation techniques.
Their use improves the physical and
chemical properties of soils, increases
organic carbon content, activates the soil
microbiome, and enhances the productivity
of degraded pastures in arid areas [30].

An analysis of published studies
shows that most authors agree that
pasture degradation in arid areas is caused
by the combined effects of climatic and
anthropogenic factors. The most common
of these are soil salinization, precipitation
deficits, high temperatures, wind erosion,
and long-term grazing pressure. Regardless
of the study region, these processes are
accompanied by a decrease in projective
cover, reduced productivity, and a gradual
simplification of plant community struc-
ture. At the same time, the proportion of
valuable forage species decreases, while
the proportion of xerophytic and halop-
hytic plants adapted to extreme environ-
mental conditions increases.

The general conclusion of most
studies is that the assessment of pasture
condition should be based not only on the
analysis of floristic composition, but also
takes into account soil characteristics, the
level of biodiversity, the content of organic
carbon, the state of the soil microbiome,
and the spatial distribution of vegetation.
In recent years, the integration of
geobotanical research with geoinformation
technologies and remote sensing of the
Earth has become increasingly widespread,
which allows for an objective assessment
of the degree of pasture degradation and
monitoring changes in their productivity
over long-term dynamics.

At the same time, a literature review
reveals certain differences in the appro-
aches of various authors. Some researchers
view salinization as the main factor in the
degradation of pasture ecosystems, while
others attribute the determining factors to
overgrazing or climate change. Similar
discrepancies are observed in assessing the

effectiveness of measures to restore
degraded lands. Some studies focus on
grazing pressure management and sustai-
nable grazing, while other studies demons-
trate the high effectiveness of organo-
mineral fertilizers, soil reclamation measu-
res, and water-saving technologies. These
differences are likely due to the specific
natural and climatic conditions, soil types,
salinity levels, and plant community
composition of the study areas.

Despite the available scientific data, a
number of scientific issues remain under-
studied. In particular, the number of stu-
dies devoted to a comprehensive analysis
of the relationships between soil salinity,
organic carbon content, soil microbiome
structure, and changes in the floristic
composition of pasture communities is
limited. The impact of modern organomi-
neral fertilizers on the restoration of
degraded pastures under conditions of
severe salinization and chronic moisture
deficit has also been insufficiently studied.
Furthermore, most published studies
examine individual ecosystem components,
while comprehensive studies integrating
geobotanical, soil, and geoinformation data
are much rarer.

The findings are consistent with
research conducted in other arid regions of
the world, including Central Asia,
Mongolia, northern China, Australia, and
North Africa. Despite differences in floristic
composition and climatic conditions, most
authors note similar patterns of pasture
degradation: decreased biodiversity, redu-
ced projective cover, deterioration of soil
properties, and an increased role of
drought- and salt-tolerant species. This
indicates that the fundamental mecha-
nisms underlying arid pasture functioning
are universal, while the effectiveness of
restoration measures must account for
regional environmental characteristics.
The Otyrar district of the Turkestan region
is located in the desert (arid) zone of
southern Kazakhstan and is one of the
largest pasture areas in the region. The
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total area of agricultural land is 611.8
thousand hectares, of which 565.9 thou-
sand hectares are natural pastures, and the
area of irrigated arable land reaches 44.3
thousand hectares. The climate of the
region is sharply continental, with an
annual precipitation of 100-200 mm, hot,
long summers (up to +40..+45°C), high
evaporation, and an aridity coefficient of
less than 0.20. The soil cover is
predominantly composed of sierozem soils
of varying degrees of salinity, sierozem-salt
soils, solonchaks, solonetz soils, and sandy-
loamy deposits. The most common types of
salinity are chloride, sulfate, and chloride-
sulfate, which determine the development
of xerophytic and halophytic vegetation.
The main pasture communities are worm-
wood-kermek, wormwood-saltwort, salt-
wort-anabasis and tamarisk phytocenoses
with the dominance of Artemisia terrae-
albae var. aralensis, Anabasis aphylla,
Salsola tragus, Limonium caspium, Tamarix
ramosissima and Alhagi pseudalhagi.
Pastures are used primarily for year-round
grazing of sheep, goats, cattle, horses and
camels, with the highest grazing pressure
observed near settlements, livestock camps
and watering places, usually within the
first 3-5 km. The main forms of pasture
degradation include overgrazing, secon-

dary salinization, wind erosion, reduced
protective cover, changes in species compo-
sition, and desertification processes, ma-
king the area representative for studying
the functioning and restoration of arid
zone pasture ecosystems. In recent years,
the condition of natural pastures has been
deteriorating under the influence of cli-
mate change and increasing anthropogenic
pressure. In modern conditions, the
restoration of pasture ecosystems requires
a comprehensive approach, including regu-
lation of grazing pressure, the use of
organomineral fertilizers, soil reclamation
measures and the use of geoinformation
monitoring technologies and remote sen-
sing of the Earth to assess the state of
vegetation and identify degraded areas.
This approach will increase pasture
productivity, preserve biodiversity and
ensure sustainable use of natural forage
lands in the Otyrar district.

The main factors of degradation are
climate aridization, overgrazing, soil
salinization, land use change and irrational
nature management, leading to deteriora-
tion of the physical, chemical and biological
properties of the soil, a decrease in
projective cover, biodiversity and vegeta-
tion productivity (figure 1).

Key mechanisms of degradation in arid rangelands
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Figure 1 - Conceptual diagram of degradation mechanisms of pasture
ecosystems in the arid zone
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CONCLUSION

Pasture ecosystems in arid areas are
an important component of natural
resources, providing forage for livestock,
preserving biodiversity, and supporting
ecosystem resilience. An analysis of pub-
lished studies shows that their condition is
largely determined by climate conditions,
soil salinity, moisture deficit, and the
intensity of anthropogenic pressure, which
lead to reduced productivity and changes
in the structure of plant communities.

An analysis of published studies
shows that the most reliable assessment of
pasture conditions is achieved by integ-
rating geobotanical, soil-ecological, and
geoinformation methods. The combined
use of field observations, laboratory soil
analysis, and remote sensing data allows
for an objective assessment of the floristic
composition, productivity, biodiversity, and
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degree of degradation of pasture ecosys-
tems. An analysis of published studies
shows that the relationships between soil
salinity, organic carbon content, soil
microbiome status, and vegetation changes
in arid ecosystems remain insufficiently
studied. Research devoted to a compre-
hensive assessment of the effectiveness of
organomineral fertilizers in restoring
degraded pastures is also limited.

Promising areas for further research
include the development of scientifically
based technologies for the restoration of
degraded pastures using organomineral
fertilizers, the improvement of geoinfor-
mation monitoring based on Earth remote
sensing data, and the integration of soil,
geobotanical and microbiological studies to
predict long-term changes in pasture
ecosystems and improve the efficiency of
their rational use.
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OHTYCTIK KASAKCTAHHBIH KYPFAK AUMAFbIHbBIH YKAWBIJIBIM KOXKYHEJIEPI:
KA3IPT'I )KAFJIAWbI, MOCEJIEJIEPI )KOHE KAJITIBIHA KEJITIPY KOJIZAPHI (1110J1Y)
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3Kyprak sxcepaepdeai sko102us1blK KAyInci3dik jxcaHe mypakmbt 0amyodbiH
MeMiekemmik Hezizei 3epmxanacsl, Kbimaii Folisim akademusicbiHbiH LbiH#cay 3k0102U5
scaHe eeozpagus uHcmumymot, 830011, Ypimwi, Oymycmik IlekuH scoawt, 818, LlbiHoicaH,
Kvimati

Byn maxasnaza TypkicraH o6ubicbiHBIH OTbhIpap ayzaHbl Mbican peTiHfe OHTYCTIK
KasakcTaHHBIH KypFak alMaFbIHJAaFbl KalblJIbIM 3K0XYHeJepiHiH *KaFfallbl MeH KyMBbIC icTeyi
OOMBIHIIA Ka3ipri 3epTTeyJiepre MoJy kacajifaH. OHJla aiMaKTbhIH TaOUFH -KJIUMAaTThIK, CUIIATTa-
MaJsiapbl, KYpFaKIIbUIbIK MeH KJMMATTbIH ©3TepyiHiH JKalbUIblM (UTOIEHO3/4apbIHBIH,
KYPBLIBIMbIHA, 0JIap/bIH 6HIMAi/NIriHe %KoHe 6M0apTYpJIisiriHe acepi KapacTbIpbLIZbL. YKalbLIbIM
3KOXyHesepiHiH TYpaKTbLIbIFbIHA 9cep eTeTiH Heri3ri ¢akTopJsap, COHBIH iLliHAE Cy peXUuMi,
TONBIPAKTBIH, TY3/bLIbIFbl, OpPraHUKaJbIK KeMipTeri MeJuepi, TONbIpaK MHKPOOGUOMBIHBIH,
JKaFJalbl K9He aHTPOIOTeH/iK XXYKTeMe TalAaHAbl. OciMAikTepAai reoboTaHUKAJIBIK GaFasay-
IblH 3aMaHayW oJicTepiHe, MPOEKIUAJIBIK >XaMbLJIFbIHBI, OHIMJIJIIKTI XoHe 6HOIPTYpPJIiIiK
KepceTKilITepiH aHBbIKTayFfa, COHAAM-aK aHblIbIM KafAalblH 6aFajay YIUiH reoaklapaTThbIk
XKyHesepAl, KallbIKTBIKTaH 30HATAY/Abl XK9He CIYTHHUKTIK MOHUTOPHUHITI NMalifiajaHyFa epeKile
Hasap ayjapblijbl. TabUFu ajlOMOCHUIMKATTAp, T'YMUHJI 3aTTap, aKybl3 IMJpOJIU3aThl >KoHe
Mukpobanzaeipaap Chlorella vulgaris HerisiHfieri opraHoMuHepaa/ibl TbIHAUTKBILIITAPABI
naijjalaHy apKblibl JlerpaZlaliMsIaHFaH KaubLIbIMAAP/Abl Ka/IblHA KeJTipy NepcrneKTUBalapbl
TypaJbl JlepeKTep KOpbITbIHJbLIaHAbL. ['e060TaHUKaAIBIK, TONBIPAK-3KOJIOTUAIBIK XoHe HUup-
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JIBIK, 3epTTeY dicTepiH GipiKTipeTiH KeleHi TACLI XKaUBIIBIM 3K0XKYHeIepiHiH TYpaKThIJIbIFbIH
apTTBIPYFa, OMOIPTYPJIIIKTI caKTayFa )KoHe KYpFaK ayMaKTap/a TabUFH KEMIION PecypCcTapbliH
YTbIM/JbI Talila/laHyFa bIKMaJ eTeTiHi KepceTiaai.

Tyliindi ce30ep: KypFrak, aliMak, OTbIpap ayJdaHbl, KalblJIbIM 6CiMAiKTepi, GUTOILeHO3Aap,
OHOdPTYpPJIi/IIK, >KaWbLIbIM 6HIMJiJIiri, opraHoMuHepaJbl TbhIHAWTKbILITAP, BEPMHUKYJIUT,
rymuHfi 3aTTap, Chlorella vulgaris.
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MACTBHUILHBIE 3KOCUCTEMBI 3ACYIIJIMBOM 30HbI I0XKHOT'O KA3AXCTAHA:
COBPEMEHHOE COCTOAHME, TPOBJIEMBI U ITYTHU BOCCTAHOBJIEHUA (OB30P)

1Hay4Ho-uccaedosamenbcKuill yeHmp 3K0.102Uu U okpyxcaroujeli cpedol
LlenmpanasHolii A3uu (Aamameolt), 050060, Aamamel, anv-Papabu, 75B, Kazaxcmat,

*e-mail: arail3_95@list.ru
2Kazaxckuli HayuoHaavHblll yHUBepcumem umeHu aab-Papadu,
050040, Aamamsl, anv-Papabu, 71, Kazaxcmau

3[ocydapcmeeHHas Kawovesasl 1a6opamopusi 3k0a102u4eckoll 6eonacHocmu u
ycmotiyugoz2o pasgumust 3acyuaugblx patioHos, CUHbY3HCKUL UHCmMumym 3ko02uu U
2eozpaguu, Kumaiickas akademus HAYK,

830011, Ypymuu, lOxncuas [lekuHckas dopoza, 818, Cunby3ssiH, Kumati

B craThe mpejcTaBieH 0030p COBPEMEHHBIX MCCJIEJOBAHUN TEKYILEro COCTOSHUSA H
OYHKIMOHUPOBAHMS NMACTOUILHBIX 3KOCHUCTEM B 3acyuuiuBod 30He lOxHoro Kaszaxcrana Ha
npuMepe OTpapckoro paiiona TypkecTaHCKOH o6s1acTH. PaccMOTpeHbl MPUPOLHO-KJIMMaTHIEC-
KHe OCOGEHHOCTHM pervuoHa, BJHWsSHUE apuJu3alldd U HU3MeHEeHUsl KJUMaTa Ha CTPYKTYpy
$uUTOIEHO030B MNACTOMI, HUX INPOAYKTUBHOCTb U OHopasHooO6pasue. [IpoaHaJu3UPOBaHEI
OCHOBHbIe GaKTOPbI, BJIUSAIOLME HA CTAOUIBHOCTb MACTOUIIHBIX 9KOCUCTEM, TaKHe KaK BOJHbBIN
peXHuM, 3aCOJIEHHOCTb IIOYBBI, COZEPKaHHE OPTraHUYecKOro YIJIepo/ia, COCTOSIHUE NMOYBEHHOTO
MHKpO6HMOMa U aHTpONOreHHast Harpy3ka. Oco6oe BHUMaHHUE y/ieJIeHO COBPEMEHHBIM METO/iaM
reo60TaHNYECKON OIIEHKH PaCTUTEJbHOr0 IOKPOBA, ONpeJeJIeHHI0 NPOEKTUBHOTO MOKPBITHS,
nokasaTeJied NPOAYKTUBHOCTH M OGHOpa3HOOOpasHs, a TaKXKe HCIO0Jb30BaHUIO reorHdopma-
IIMOHHBIX CUCTEM, TEXHOJIOIUH JUCTAHLMOHHOTO 30HJUPOBAHHUs U COYTHUKOBOTO MOHUTOPHHTA
JUIT OLleHKHU COCTOsIHUsA mact6uil. Co6paHbl JaHHble O MEPCIEeKTUBAaX BOCCTAHOBJIEHUS
JlerpaiupOBaHHBIX MaCcTOHUIL C UCIO0Jb30BaHUEM OPTaHOMHHEpAJbHBIX yJ0OpPEHUH Ha OCHOBe
HNPUPOJHBIX aJIOMOCHU/INKATOB, TYMUHOBBIX BELIECTB, THAPOJH3aTa 6ejKa 1 MUKPOBOLOPOCIeH
Chlorella vulgaris. IlokazaHo, 4TO KOMIJIEKCHBIM IOJXOJ, COYETAILIMH Teo60TaHHUYECKUE,
MOYBEHHO-3KOJIOTUYEeCKHe ¥ LHUPPOBbIe METOAbl HCCIE[OBAHMS, CIOCOGCTBYET MOBBILIEHUIO
CTaOUJIBHOCTU NACTOMUINHBIX 3KOCUCTEM, COXpaHEHHI0 GHOpa3HOOGpasvs U PaLMOHAJIbHOMY
MCII0JIb30BAHHUIO IPUPOAHBIX 3eMeJIbHbIX PECYPCOB 3aCyLIIMBBIX PAaHOHOB.

Katouesvle caosa: apuzpHass 30Ha, OThIpapcKUd paloH, MAcCTOMILHAs PACTUTEJbHOCTH,
¢duTOIeHO3b], 6MOpPa3HO06pasue, NPOJAYKTUBHOCTD MACTOUI, OpraHOMUHepabHble yA00peHNUs,
BEpMHKYJIUT, [YMHUHOBBIe BellecTBa, Chlorella vulgaris.
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