ISSN 1991-3494 5.2020

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 5, Number 387 (2020), 95 - 102 https://doi.org/10.32014/2020.2518-1467.148

UDC 332.633.7
G.Issanova'??, A. Saduakhas', J. Abuduwaili*, K. Tynybayeva', S. Tanirbergenov'

'U.U. Uspanov Kazakh Research Institute of Soil Science and Agrochemistry, Almaty, Kazakhstan;
“Research Centre for Ecology and Environment of Central Asia (Almaty), Kazakhstan;
3 Al-Farabi Kazakh National University, Faculty of Geography
and Environmental Sciences, Almaty, Kazakhstan;
“State Key Laboratory of Desert and Oasis Ecology, Xinjiang Institute
of Ecology and Geography, Chinese Academy of Sciences, Urumqi, China.
E-mail: gul nur.777(@mail.ru jilili@ms.xjb.ac.cn, kurash 88@mail.ru

DESERTIFICATION AND LAND DEGRADATION
IN KAZAKHSTAN

Abstract. Desertification and land degradation are common processes in arid and semi-arid regions of
Kazakhstan, especially southern parts, where areas are covered by a great variety of desert types. In deserts, soil-
forming processes take place in conditions of severe water shortage, and high level of soil degradation and
desertification. The main natural factors for these processes are a flat terrain, a high degree of arid climate, soil
salinity, carbonate content, a lack of structure and low natural soil fertility. However, the anthropogenic factors of
desertification and soil degradation became dominant last decades.

The study considers the actual problems of natural and anthropogenic factors of desertification and land
degradation within Kazakhstan. The desertification of huge territories is accompanied by soil contamination,
waterlogging by surface water and groundwater, soil salinization, erosion (water, wind), degradation of vegetation
cover, dehumidification and a decrease in general regional biological capacity. Analysis of the current status of the
soil cover has shown intensive land degradation 43 % of the territory of Kazakhstan is subjected to degradation in
significant degree; over 14 % of pastures have reached an extreme degree of degradation or are completely
degradated. The Aral Sea region, Northern Caspian Sea and Southern Balkhash deserts can be observed as arcas of
intensive soil desertification, salinization and deflation processes. As well as the desertification process are
progressing in the irrigated soils of the deltas of Syrdarya, Shu, Ile and Karatal rivers.
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Introduction. Desertification is one of the unsolved environmental problems affecting a large part of
Kazakhstan and the world. More than two thirds of the territory in Kazakhstan is subject to desertification
[1]. Desertification is a complex process as ecosystem depletion, loss of soil fertility and its biological
productivity and land degradation in general. The process is promoted by the ecological instability of
natural landscapes and anthropogenic overloads. In Kazakhstan, natural and anthropogenic desertification
processes take a large area. Natural deserts in Kazakhstan are distinguished by a wide strip to the south of
48 ° N, and bordered with chestnut steppe soils from thenorth, in the south and east, they border on the
piedmont plains of Tien Shan, Zhetysu (Djungar) Alatau, Sauyr-Tarbagatai and Altai Mts. Deserts are the
most arid regions of Kazakhstan. In deserts, soil-forming processes take place in conditions of severe
water shortage, and high level of soil degradation and desertification. The main natural reasons for these
processes are a flat terrain, a high degree of arid climate, soil salinity, xero-halophytic vegetation,
widespread brown calcareous saline and structureless soils, which are characterized by low natural soil
fertility [2].

Natural semi-desert and desert zones occupy almost 70% of the territory in Kazakhstan. Significant
arcas are covered by sand (32 million hectares), solonchaks (2.6 million hectares) and flat plains with
takyrs (0.3 million hectares) [1]. A large arca in Kazakhstan are subject to desertification that is
120 million hectares of deserts and 180 million hectares of desertification by anthropogenic factors [3].
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The active development of natural resources and infrastructure of the mining and processing
industries has led to the loss of stability of fragile ecosystems of arid territories in Kazakhstan.
Anthropogenic impact during the construction and laying of roads, pipelines, power lines, open mining of
minerals contributed to the change of relief environment, degradation and destruction of the soil and
vegetation covers of large arcas with direct impact. An indirect impact of anthropogenic interference was
the intensification of soil deflation, erosion, soil salinization. A more serious cause of desertification was
pollution of deposit’s territories, transportation places and processing of hydrocarbon raw materials with
oil products and radioactive compounds in petrochemical effects.

Study area. Kazakhstan is one of the rapidly developing and youngest independent countries in the
world. It lies between the Siberian Taiga in the north and the Central Asia deserts in the south, the Caspian
Sea in the west and the mountain range of the Tien-Shan and Altay in the east [4]. About 60 % of
Kazakhstan is flat lands. Deserts and semi-deserts occupy approximately 50 % of the territory, most of
them situated in the Turan plain. Arid territories spread from Caspian Sea to foothill plains of Zhetysu
(Zhongar) Alatau and Tien-Shan mountains. These vast territories have various geological structure and
landscape features such as sandy deserts: Naryn, Kyzylkum, Pre-Aral Karakum, Moiynkum,
Saryesikatyrau. The northern parts of Kazakhstan are steppes and forest-steppes [5, 6]. Kazakhstan’s
climate is a sharp continental with uneven distribution of precipitations within the territory. Plain areas are
generally dry and have precipitation from 100 mm in the southwest up to 400 mm annually in the north. In
the plains the saline soils are distributed widely. In the mountainous regions, the precipitation ranges
between 400 mm and 1600 mm [7, 8]. Average temperature is -18 °C in January in the north and -3 °C in
the south. Average temperature in July increases gradually from 19 °C in the north up to 28-30 °C in the
south.

Materials and Methods. The Arc map software was used as the main tool to assess and analyze the
current state of the soil cover in Kazakhstan as well as for preparing the map of soil degradation and
desertification within Kazakhstan.

The original map from NAKZ [1] with the border of soil degradation and desertification was scanned
and registered/geo-referenced to specify its location by using vector layer of country’s border. Thereafter,
the collected data on soil pollution types, transformation, and types of ecological changes in soil were
given as input parameters for the generation of maps using ArcGIS applications.

Results and Discussion. Review on land degradation and desertification processes. The main
factors of the soil degradation are soil salinization, soil erosion (wind/water erosion), dehumification
processes, soil deflation, and reduction in the productivity of arable lands (figs. 1-2). Analysis of the
current status of the soil cover has shown intensive land degradation and desertification processes.
According to the data of the Agency on Land Resources Management, more than 75 % of the territory of
Kazakhstan is subjected to degradation and desertification; over 14 % of pastures have reached an extreme
degree of degradation or are completely degradated. In the regional environmental case, in northern
Kazakhstan on chernozems and dark chestnut soils the dehumification processes are progressing and as a
result, soil erosion, deflation and reduced productivity of arable land. The ecological crisis in the Aral Sea
region remains as the main problem in Southern Kazakhstan [9]. The area is subjected to irreversible
processes of desertification. In the most fertile delta-alluvial plain of Syrdarya riveris the main rice
granary of the country, as well as the Balkhash-Alakol region is widely noted processes of secondary soil
salinization of irrigated lands and destruction; land erosion and digression is occurring in foothill and
mountain areas. In the most fertile delta-alluvial plain of the Syrdarya river, the area of desertified land is
1.1 mln ha, and in the dried -up bottom of Aral Sea it is 1.5 mln ha, of which saline march soils occupy
0.8 mln ha. In contrast to other natural zones, these vast areas are occupied by sand (17.5 mln ha), saline
soils (2.6 mln ha) and takyr plains (0.3 mln ha). The total are of saline soils in the desert zone with brown
and grey-brown soils exceeds 60 mln ha, and alkaline complexes are present in 22 mln ha [10]. On the
vast territory of Kazakhstan, there are a number of regions where the combination of various forms of
environmentally damaged soils has resulted in a crisis situation. Disastrous environmental conditions can
be observed in the Aral Sea region: zones of intensive soil desertification, salinization and deflation
[11,12]. The regions of Central and East Kazakhstan, which are the major industrial centers, are involved
to technogenic disturbances and the industrial pollution of soils with toxic chemical and radio active
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Dehumidification and soil contamination. Ecological state of the soil cover in many areas of
Kazakhstan is characterized by near-critical and requires urgent measures of fertility reproduction and
preservation of the environment.

Dehumidification takes place on chermozems and dark chestnut soils with long-term non-irrigated
arable land in the northern regions of Kazakhstan and as well as the mountainous regions of irrigated
arable land [24]. Monoculture cultivation of grain and industrial crops on low agrotechnical conditions
causes of dehumidification process and loss of soil fertility by 20-30 % and southern chernozems on virgin
soil 1s 4.5-5.5%, long-term arable land by 3.0-3.5 %, dark chestnut soil is 3.5-4.4 and 3.0-3.3 % [13].
Micro aggregation of soil deteriorate in cultivated soils, there is a real risk of suffering from water and
wind erosion, which requires immediate action for the conservation and restoration of soil fertility
(organic and mineral fertilizers, minimizing the processing, the introduction of grass crop rotation,
planting trees, bushes and shrubs). According to the map of the soil dehumidification the loss of humus
up to 5 % is weak degree of it, moderate is 5-10 %, a strong and very strong is 10-15 %, 15-20 % respect-
tively [23].

Soil contamination (chemical, petrochemical, radioactive) is reflected in the areas of industrial, oil
and gas, as well as of landfill testing of nuclear missiles. Chemical contamination of individual regions
occurs among the arable chermozems and dark chestnut soils, irrigated soils in the south part of
Kazakhstan [24] under the immoderate use of organic and mineral fertilizers, pesticides, herbicides and
other, which lead to the accumulation of toxicants in soils [25]. According to the toxicity, the arsenic,
cadmium, mercury, selenium, lead, zinc, fluorine are high toxic elements; moderately dangerous is cobalt,
boron, nickel, molybdenum, copper, chromium and barium, strontium, tungsten, manganese belong to low
risk. Decomposition and detoxification of chemical elements in the soil profile is due to the pH of the
medium, mechanical, mineralogical composition, temperature, humidity, intensity of microbiological
processes.

Petrochemical contamination of soil is allocated in all areas of oil and gas companies and routes of
the oil/gas pipelines in Western Kazakhstan. The contamination occurs at all stages of field development.

Radioactive contamination of soil occurs in the places allocated former test radioactive sites (Semei,
Kapustin Yar, Pribalkashe et al.), as well as in the areas of oil and gas complex such as Ozen-Zhetybai,
Bozashy, Karachyganak.

Conclusion. The desertification and land degradation of large territories is accompanied by soil
salinity, dehumidification, soil erosion, deflation, soil contamination, waterlogging by surface water and
groundwater and a decrease in general regional biological capacity as well as reduced productivity of
arable land.

The Aral Sea region, Northern Caspian Sea and Southern Balkhash deserts can be observed as areas
of intensive soil desertification, salinization and deflation processes. As well as the desertification process
are progressing in the irrigated soils of the deltas of Syrdarya, Shu, Ile and Karatal rivers. In Kazakhstan
apart from natural environmental factors, the anthropogenic pressure increased their effect seriously
during the last 50 years. All these actions destroy seriously the environmental processes and led to the
serious forms of rapid soil/land degradation and desertification processes. The influence of anthropogenic
factors is seen almost in all natural landscapes, especially in the Aral Sea region, where degradation and
desertification processes are becoming more widespread.

Acknowledgments. This research was supported by the Project AP08053270 (2020-2022)
“Assessment of the current state of the soil cover of the Eastern Aral Sea region and its transformation as a
result of the drying of the Aral Sea” by the Ministry of Education and Science of Kazakhstan.







ISSN 1991-3494 5.2020

I'. T. Mcanosa'*”, A. Caxyaxac', JI. A6yaysaim®, K. Tempi6aesa’, C. TannpGeprenon’

'Kasaxckuit HAyYHO-UCCJIEA0BATCIBCKUN HHCTHTY T MOYBOBEACHHUS
u arpoxumun uM. Y. Y. Ycmanoa, Anmarsl, Kaszaxcras,
*Hay4HO-HCCIeTOBATENECKHUE IIEHTD YKOTOTHH H OKPYIKAFOIICH CPEIBI
Lenrpanproit Azun, Anmatser, Kazaxcraw;

’Kasaxckuii HAIMOHATBHBIH YHHBEPCHTET HM. amb-Dapabu, (PaxyIsTeT reorpaduu
U IIpHpOAOTOIb30BaHm, AnMarsl, Kazaxcras,
‘Cocynapcreennas Kmoucesas JaGopatopus DKOIOrHs MyCThiHb 1 Oa3HCOB,
CunbI3IHCKUH HHCTHTYT Konoruu u reorpadpuu AH KHP, Ypymun, Kurait

OINYCTHIHUBAHMUE U JETPAJALINA 3EMEJIb B KASAXCTAHE

Annoramust. [Ipodiema aerpamanuu 3eMenb SBIICTCS OUYCHb AKTYAJIBHOH BO BCEM MHPE, B TOM HHCIC H B
Kazaxcrane. U oco0oe BHIMAHHE YACTACTCS H3YUCHHEO IPOOIEM OCBOCHUS JCTPATHPOBAHHBIX 3eMeb. Oy CThIHHU-
BaHWE M JACTPAJALMA 3C€MENb SBJBICTCS OOBMHBIM IIPOIECCOM B 3aCYIIIMBBIX W IIOJY3aCyHUIMBBIX PETHOHAX
Kazaxcrana, 0cOOEHHO B I0KHBIX PAHOHAX, IJ¢ PaifOHBI MOKPHITHI OOIBITHMH PA3HOBHIHOCTSIMHE THIIOB ITyCTHIHB. B
MYCTHIHAX MOYBOOOPA3YIONIME MPOLECCHl IMPOTEKAOT B YCIOBHIX OCTPOH HEXBATKH BOJBI M BBICOKOTO YPOBHS
JETPAAaliy M ONyCTHIHUBAHU MOYBbL. OCHOBHBIMH HPHPOAHBIMH (DAKTOPAMHU 3THX MPOLECCOB SBILIFOTCS PABHHH -
HAas MECTHOCTb, BBICOKAs CTCIICHb 3aCyIIIMBOTO KJIMMATA, 3aCOJECHHOCTh M OECCTPYKTYPHOCTH IMOYB, IIMPOKOE
pacmpocTpaHeHHE OYpPhIX KapOOHATHHIX IIOYB M HHU3KOE COACP/KAHHE ECTECTBEHHOTO ILIomopoaws mo4us. OmHAKO
AHTPONOTCHHBIC (DAKTOPHI OIyCTHIHUBAHUS W JCTPANALMH MOYBbI CTAIH JOMUHHUPYIOIUMHA B MOCICIHHE JCCATHUIIC-
THSA, YTO CKA3bIBACTCS HA PA3BUTHHU arpapHOIl OTPACIH CTPAHBL

IIpouece aerpaganuy NPUBOAUT K CHIDKCHHIO IIOAOPOAMA M MPOAYKTHBHOCTH MOYB U, COOTBETCTBECHHO, HETa-
THBHO BIHACT HA COCTOSHHE MOYBECHHOTO IOKPOBA M arpapHOTO CEKTOpa B 1eaoM. Ha BCeX MAXOTHBIX 3eMIIAX
HA0MOAAETCS MOTEPs TyMyca, NPUYEM B IpeJesiaX HEOPOINAcMOM MAINHH OIYCTHIHCHO 3a CUET ACTYMH()HKALIH
11,2 mmH.Ta, OpommacMoi mamrH| — 0,7 MITH.TA., TIOYTH TPETh IUIOIMATH MOYB opomacmon mamsu (31,3%) 3acomcHa,
YTO BEACT K YBEIHYCHHIO COJIOHYAKOBBIX IyCThIHB. KpOME TOrO, ONMYCTBIHUBAHHME TAKKE NMPOTPECCHPYET HA
opoImaeMbIX mouBax AemsT pek Ceiprapsy, [y, Mmm u Kaparan.

B Kasaxcrane 165 MaH rekrapos 3eMenb U3 280 MIIH BCEH TEPPHTOPHHU — 3TO MyCTBIHHBIC H IOTIYITyCTBIHHBIC
30HbL. [IpHpOIHBIC MOIYIYCTHIHHBIE M ITyCTHIHHBIC 30HBI 3aHUMAIOT moutu 70 % teppuropun Kazaxcrana. B ocHOB-
HOM 3TO IOXKHBIC W 3aNAJHBIC PETHOHBI, KOTOPBIC HAMOOJEE MOABEPKCHBI M3MEHCHUSIM IMOYBEHHOTO COCTOSHHS M
TIOKPBITHI MECYAHBIMU MacCUBaMH (32 MUIH.ra), COJOHYAKaMu (2,6 MJH.ra) U IUVIOCKHMU PAaBHHHAMH C TaKbIPAMH
(0,3 mmH.Ta).

B mccnenoBaHNy paccMaTPUBAFOTCS AKTYAJIbHBIE IPOOIEMBI MPHPOJHBIX U AHTPOIIOTCHHBIX (DAKTOPOB OIyCTHI-
HUBAHWS U JIETPAJAluH 3eMeNb B mpeacnax Kazaxcrana, a Take OCHOBHBIC (DAKTOPBL, YCYTYOIBIFOIUE 3TH MPOLEC-
CBI, JaHBI AHATH3BI COBPEMECHHOTO COCTOSHH: MOYBCHHOTO MOKPOBA B Kazaxcrame, cOCTaBieHA KapTa OMyCTHIHH-
BaHWsA W Aerpazanuu mouB KazaxcraHa. OmyCTHIHHBAHWE OTPOMHBIX TEPPUTOPHH COIPOBOXKIACTCS 3arpsS3HECHHEM
TOYBHI, 3a00JIAYMBAHAECM MOBEPXHOCTHBIMHU M IIOJ3EMHBIME BOJAMHE, 3aCOJICHHEM MOYBBI, 3pO3HCH (BOIHAS, BETPO-
Bag), OCTPAZAIMCH PACTHTCIBHOTO TOKPOBA, OCYMICHHCM W CHIDKCHHCM OOINCH PETHOHATBGHOW OWMONIOTHUYCCKOM
E€MKOCTH. AHAITN3 COBPEMEHHOTO COCTOSHIS IIOYBEHHOTO MOKPOBA MOKA3aJ] HHTCHCHBHY IO JETPazanuio 3eMeinsb. 43%
Tepputopun KazaxcraHa B 3HAYMTENBHON CTENCHW MOJBEPXKEHBI Aerpamanum;, Oonee 14% macTOWim mocTurin
KPUTHYICCKOH CTCTICHH ICTPANALHH WA IOJTHOCTBIO aerpamupoBamd, 76,3 % teppuropun Kazaxcrana moaBep:KCHO
OIYCTHIHMBAHUIO YMCPCHHOH, 3HAYUTCILHON W CHIIBHOM cremeHsM. [Iprdem 60bpInas 4acTb TEPPHTOPHA CO 3HAYH-
TEJIBHOM CTCICHBIO OIYCTHIHHUBAHMA XAPAKTEPHA CYXOCTCHMHON M CTCHMHOM 30HAM 34 CUET PA3BHTHA HETATHBHBIX
MPOIIECCOB, TAKUX KaK SIS, 3PO3Hs U 3aCOJICHUE MOYB B IPEICIAX MAXOTHBIX 3EMEIb.

Paiion Apamsckoro mops, mycteiHu CepeprHoro Kacmmsa m IOskHoro bamxama MOXHO paccMaTpuBaTh Kak
pafiOHBI HHTCHCHBHOTO OITyCTBIHHBAHUS MOYB, MPOLIECCOB 3aCOICHHS M AC(DILIIUH MOB.

KOMIIIEKCHBIH THIT ONYCTHIHMBAHHS SIBISETCA BSAYIIMM H 3aHEMAcT 464.0 Teic.kM® (17%) Tepputopum
pecnyOmuku. JIaHHBIH THI OMYCTHIHUBAHHA BKIFOYACT TCXHOTCHHOC BO3ACHCTBHC C ACTPAJALMCH WM TIOTHBIM
Ppa3pylmICHHEM HOYBEHHO-PACTHTEIBHOTO CJIOA.

Kiouesbie cioBa: merpanais 04B, Oy CTHIHUBAHAC, apUIHBIH pernoH, Ka3axcran.
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