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The scientific journal News of the National Academy of Sciences of the Republic of Kazakhstan,
Series of Geology and Technical Sciences has been indexed in the international abstract and citation
database Scopus since 2016 and demonstrates stable bibliometric performance.

The journal is also included in the Emerging Sources Citation Index (ESCI) of the Web of Science
platform (Clarivate Analytics, since 2018).

Indexing in ESCI confirms the journal s compliance with international standards of scientific peer
review and editorial ethics and is considered by Clarivate Analytics as part of the evaluation process
for potential inclusion in the Science Citation Index Expanded (SCIE), Social Sciences Citation Index
(SSCI), and Arts & Humanities Citation Index (AHCI).

Indexing in Scopus and Web of Science ensures high international visibility of publications,
promotes citation growth, and reflects the editorial board’s commitment to publishing relevant,
original, and scientifically significant research in the fields of geology and technical sciences.

«Kazaxcman Pecnybnuxacel ¥immulx 2vlieim akademuscvinvly Xabapnapul. [eonocus wcomne
MEXHUKANBIK  bLILIMOAD Cepuschly eblivlmu dcypuanst 2016 dceinoan 6acman Xanelkapanwlk
peepamusmix JHcaHe EbLILIMUMEMPUATLIK Scopus 0epeKKOPbIHOA UHOEKCmeneol JHeaHe mypaKmol
OUOTUOMEMPUATBIK KOPCemKiumepoi Kepcemin Keneoi.

Convimen kamap ocypran Web of Science naamgpopmacwinviy (Clarivate Analytics, 2018)
Xanvikapanvli peghepamusmix sicamne Haykomempusnwlx oepekkopwl Emerging Sources Citation Index
(ESCI) mizimine eneizineen.

ESCI 0epexkopuvinoa unoekcmenyi scypHAIO0bIH XATbIKAPAbIK SbLILIMU PeYEH3UANAY MATAnmapvl
MeH pe0aKyusIblK SMUKa CMaHoapmmapviia catikecmiein pacmatiosl, conoati-ax, Clarivate Analytics
Komnauuscel mapanvinan oaceiivimovt Science Citation Index Expanded (SCIE), Social Sciences
Citation Index (SSCI) owcone Arts & Humanities Citation Index (AHCI) depexkoprapvina ewneizy
Kapacmulpuliyod.

Scopus  owcone Web of Science Oepexkkoprapvinoa uUHOEKCMENYi  HCAPUATAHBIMOAPOLIH
XanvlKapanvlk 0eyeelioe Heo2apbl CYPAHbICKA ue OOIYbIH KAMMAMACHI3 emeoi, O1apObly 0UeKCos Ay
KopcemKiwimepiniy apmyusina viknan emeoi Jcane pedaKyusiblK alKanbly 2e0n02us MeH MeXHUKATbIK
SBLILIMOAD CANACHIHOA&bL ©3eKMmi, Oipecell JiCoHe EbLIbIMU MYPEbIOaH MAHbI30bl 3epmmeynepoi
JCapuAnay2a YMmuliblColH AUKbIHOALObL.

Hayunwiii sicypran « News of the National Academy of Sciences of the Republic of Kazakhstan, Series
of Geology and Technical Sciencesy c 2016 2o0a undexcupyemcs 6 mesncoyHapooHoll pepepamusHol
u Haykomempuueckou 6aze Oanuwvix Scopus u OeMOHCmpupyem cmabuivHvle OubIUOMempuiecKue
nokasamern.

JKypHan maxaice 8KIHOUEH 6 MENCOYHAPOOHYIO pedhepamueHyio U HAYKOMEmPUYecKyro 6azy OaHHbIX
Emerging Sources Citation Index (ESCI) nramgopmer Web of Science (Clarivate Analytics, 2018).

HUnoexcuposanue ¢ ESCI noomeepoicoaem coomeemcmeue HCYPHALA MENCOYHAPOOHBIM
CMAHOApMam HAyUHO20 PEYeH3UPOBAHUS U PEOAKYUOHHOU IMUKU, d MAKIHCE PACCMAMPUBAEMCS
xomnanueu Clarivate Analytics 6 pamkax oanvHetiue2o exkarouenus uzoanus 6 Science Citation Index
Expanded (SCIE), Social Sciences Citation Index (SSCI) u Arts & Humanities Citation Index (AHCI).

HUnoexcuposanue 6 Scopus u Web of Science obecneuusaem 6bICOKYIO MeHCOYHAPOOHVIO
80CcmMpebosaHHOCMb  NYOIUKAYULl, CHOCOOCMEYem pocmy YumupyeMocmu u noomeepicoaen
cmpemaerue pedaKyuoHHOU Koate2uu nyOIuKo8anms akmyaibHble, OPUSUHATbHbIE U HAYYHO 3HAYUMbLE
UCCIe008AHUS 8 0OIACTIU 2€002UU U MEXHUYECKUX HAVK.
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IJIABHBI PEJAKTOP
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3EJBTMAHH Paiimap, PhD, pykoBogutenb uccienoBaHuii B 00JacTH HETPOIOTHH M MECTOPOXKICHHUM
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Opannus),  https://www.scopus.com/authid/detail.uri?authorld=7003436752;  https://www.webofscience.com/
wos/author/record/1230499

HIEH Iun, PhD, 3amecturens aupexropa Komurera mo ropHoii reoxornn Kuraiickoro reonorndeckoro
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KATAJIUH Credan, PhD, acconmupoBaunslii npodeccop, Texuuueckuit ynusepeuret pesnen (pesnen,
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wos/author/record/ 1309251

CAI'MHTAEB “Kanaii, PhD, accorymposanusii npogeccop, HazapbaeB ynuBepcuter (Acrana, Kazaxcramn),
https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

®OPATTUHHU IMaono, PhD, accormuposannblii npodeccop, Munanckuii yausepcurer buxokk (Munas,
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PATOB Bbopan6aii ToB6acapoBH4, JOKTOp TEXHHYECKHX HayK, mpodeccop, 3aBemyromuii kadenpoit
«l'eodpusuka u cericmonorus», Kazaxckuii HallMOHAIBHBIA UCCIIEIOBATENBLCKINA TEXHUYECKUI YHUBEPCUTET HM.
K. CarnaeBa (Anmarsl, Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, mnpodeccop, Jupexrop LleHTpa coBpeMEHHBIX OIMKHEBOCTOYHBIX HCCIICIOBAHH,
Jlynnckuit yrusepcurer (Jlymn, IIsemms), https://www.scopus.com/authid/detail.uri?authorld=7005388716;
https://www.webofscience.com/wos/author/record/1324908

MUPITAC Baagumup, PhD, npodeccop, BocTrounslii HaydHO-HCCIE0BATENbCKHI LEHTDP, YHUBEPCHTET
Apwans, (Apwdns, Wspamns),  https://www.scopus.com/authid/detail.uri?authorld=8610969300; https:/www.
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Abstract. The main subject of the research is the agrocenoses present in the
Nakhchivan Autonomous Republic and the factors affecting their sustainable
development. The study addresses the problem of spatial differentiation of natural
landscapes and their role in shaping the productivity and stability of agrocenoses
under increasing anthropogenic pressure. The primary goal is to determine the impact
of the natural landscapes of the research area on the development of agrocenoses
and to identify ecologically optimal zones for sustainable management. In this
article, the natural landscapes are analyzed in a GIS environment, and their impact
on agrocenoses is determined. The study employed GIS technologies and remote
sensing indices (NDVI, NDWI, NDMI, SAVI) to assess vegetation and soil cover.
These approaches were complemented by historical-geographical, mathematical-
statistical, cartographic, field-based, comparative, observational, and systematic
methods to ensure reliability and spatial accuracy. A landscape-fragmentation
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coefficient was calculated to evaluate the influence of tectonic and morphostructural
features on agricultural land productivity. In areas where tectonically active
and mobile morphostructures of river valleys intersect the land, fragmentation
increases, reducing the productivity of agriculturally significant lands. High vertical
fragmentation in mountainous areas makes them unfavorable for agrocenoses.
Examining the morphogenetic types of elevation landscapes, steppe-meadow and
meadow-steppe types on intrusive outcrops are more widespread. A comparative
analysis of previous years’ data was conducted to study agrocenoses dynamics.
The results reveal that landscape structure, vertical differentiation, and soil
composition directly influence productivity and ecological stability. Optimal areas
for agrocenoses in the Nakhchivan Autonomous Republic are low mountainous and
Araz River plain regions. Soil samples determined mineral composition, humus
content, and acidity, and studied changes from intensive anthropogenic impacts.
The findings provide a scientific basis for landscape-based agricultural planning
and sustainable land-use strategies in arid mountainous regions.

Keywords: Natural landscapes, agrocenoses, transformation, usage of lands,
transformation

For citations: Hajiyeva A.Z., Ibrahimova L.P., Humbatova Sh.Y., Jafarova F.M.
Ecological Processes of Vertical Landscape Transformation and Their Manifestation
in the Natural Landscapes of Nakhchivan. News of the National Academy of
Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences.
2026. No.2. Pp. 135—148. DOI: https://doi.org/10.32014/2026.2518-170X.620

©I'akueBa A.3."!, Uoparumosa JLIL?2 T'ym6arosa I1.1O.5,
Jxadaposa ®.M.!, 2026.
'93ipbaibxan MemiekeTTtik skoHomuka yausepcureTi (UNEC),
Baky, O3ip0Oaitkan;
’HaxubIlBaH MEMJICKETTIK yHHBepcuTeTi, HaxubiBaH, O3ipbaiikaH;
’baky Memuekettik yauBepcureti (BSU), baky, ©3ipbaiixkaH.
*Email: Afag_Hajiyeva@unec.edu.az

HAXYBbIBAHHBIH TABUT'U JIAHAIHNA®TTAPBIHIATBI TIK
JAHAIHA®TTBIK TPAHCO®OPMAIUAHDBIH 3KOJIOI'UAJIBIK
YJAEPICTEPI ’)KOHE KOPIHICI

I'apxueBa Adpar — PhD, nonent, O3ipbaibkan MemiekerTik 3xkoHOMuKa yHUBepcuteTi (UNEC),
Baky, O3ip0OaiixaH,

E-mail: Afag Hajiyeva@unec.edu.az, https://orcid.org/0000-0002-9813-7835;

Hoparumosa Jleiiaa — PhD, HaxusiBan memnexerTik yausepcureti (NSU), HaxusiBan, O3ipOaiikaH,
E-mail: leylaibrahimova@ndu.edu.az, https://orcid.org/0009-0005-3955-1074;

I'ymbarosa Illadura — reorpadus FeUTBIMIAPBIHBIH KaHANUAATHL, baky MeMIIeKeTTiK YHUBEPCUTETI
(BSU), baky, O3ip6aitxkaH,

E-mail: shafiqa.humbatova@mail.ru, https://orcid.org/0000-0002-6724-2106;

136



ISSN 2224-5278 2.2026

JxadapoBa ®upy3a — PhD, noment, O3sipbaibkan MeMieKeTTiK AKOHOMHKA YHUBEPCHUTETI
(UNEC), Baky, ©3ipbaiixaHn,
E-mail: Firuza Jafarova@unec.edu.az, https://orcid.org/0000-0003-1342-1843.

AHHOTAmUsI. 3epTTEYIiH HEri3ri TakbIpblObl. HaxubiBaH ABTOHOMUSIIBIK
PecnyOnukaceiHaa — Ke3IECETiH — arpoleHO3Jap KOHE  ONapAblH  TYpPaKThl
JaMyblHa ocep eTeTiH (akrtopiap. 3eprrey Taburu JaHAmAQTTapIbIH
KEHICTIKTIK AuQQepeHIanuscbl MICEIEeCIH KOHE OJIapJbIH aHTPOIOTCH/IIK
KBICBIMHBIH ~apTybIMEH arpoLEHO3JapAblH OHIMIUNI MEH TYpPaKThUIBIFBIH
KaJIBIITAaCTBIPYAarbl PONiH KapacTeipasl. Herisri mMakcar - 3epTTey aliMarbIHBIH
TaOWFH JaHAWAPTTapPbIHBIH arpoLEHO3AapIbIH AaMyblHA 9CEPIH aHBIKTAy MKOHE
TYpaKThl OacKapy YLIIH SKOJOTHSIIBIK TYPFBIAAH OHTAHIIBI aiMaKTap/bl aHBIKTAY.
By makanana Taburu nanamadrrap [AX opraceinma TangaHaabl XKoHE OJIapIbIH
arpoleHo3/IapFa ocepi aHBIKTaNaAbl. 3epTTeyne OCIMIIKTep MEH TOIBIpaK
KaMBUTFbICBIH Oaranay yuriH [AJK TexHomorusiapbl MEH KalIbIKTBIKTaH 30HATAY
unaekcrepi (NDVI, NDWI, NDMI, SAVI) konaansuiasl. by tacingep ceHiMainik
MEeH KEHICTIKTIK JONAIKTI KaMTaMachl3 €Ty YIIH TapuXu-Teorpagusibik,
MaTeMaTHUKaIIbIK-CTATUCTUKANBIK, KapTOrpaduUsUIbIK, NalaiblK, CaJbICTHIPMAIBI,
0akpulay >KOHE KYHENiK OMICTEPMEH TONBIKTHIPBUIIBL. TEKTOHHKAJIBIK KOHE
MOPQOKYPBUTBIMABIK ~ EPEKIIENIKTepAiH  aybUIIAapyalllbUIbIK  JKEpIEpiHiH
eHIMALIITiHE acepiH Oaranay yuriH JaHAmadTTeK pparMeHTanus ko3G urenTi
ecenTeni. ©O3eH aHFaplapbIHbIH TEKTOHHMKAJBIK OENCEHMl OHE JKbUDKbIMAJbI
MOP(OKYPBUTBIMAAPE! JKEPMEH KHBLIBICATHIH JKepiepae (parMeHTalusl apThll,
aybUI IIAPYalIbUTBIFB YILTH MaHBI3/IbI JKepIepAiH OHIMIUTITH ToMeHaeTeal. Taybt
aiiMakTap/arbl )KOFaphl TIK (parMeHTalus oapAbl arpoleHO3ap YIIiH KOJaiChI3
ereni. buikTik nanamadTTapbIHBIH MOP(OTEHETHKAIIBIK TYPJIEPiH 3epTTey Ke3iHe
WHTPY3MBTI MIBIFBIHKBI JKEpJepleri Jana-IianfblHAbl JKOHE IIajFbIHABI-Jaa
TYpJIepi KeH TapaifaH. ATpOLEHO3Aap/IbIH JUHAMHUKACHIH 3ePTTEY YIIiH alAbIHFbI
KBUIJAp/AAFbl  JICPEKTEpAl CalbICTBIpMaNbl  Tajjgay Kyprizinmi. Hortmwxenep
ma"mma@T KYpbUIBIMBL, TiK TU(QepeHnnanus koHe TOMbIPaK KypaMbl OHIMATIK
MEH SKOJOTHSUIBIK TYPaKTBUIBIKKA TiKeJel ocep eTeTiHiH kepcereni. HaxubiBan
ABTOHOMUSUIBIK PecryOnukachinaa arpoleHo3Aap YUIiH OHTalIbI aiiMakTap - anaca
Taynbl jKoHe Apa3 e3eHiHIH JKa3blK aiiMakrapbl. Tomblpak yiTrijiepi MUHEpasIbl
KYpambl, TYMYyCTBIH MOJIIIEPIH >KOHE KBIIIKBUABIKTE AHBIKTAM, KapKbIHbI
AHTPOMOTECHIK dcepiiepAeH 00JIaThIH ©3repiCTep/i 3epTTeai. 3epTTey HOTHKeIepi
KyYpFaK Taynbl aiiMakrapga jJaHmmadTKa HETi3eNreH aybul MIapyallbUIbIFbIH
KOcCTapiay jKoHe TYpaKThl XKep/li naijanany cTpaTerusiapsl YIIiH FRUIBIMU HET13
oepeni.

Tyiiin ce3nep: Taburu nanmmadTTap, arporeHo3nap, Tpanchopmanus, Kepai
nainanany, Tpancgopmanys
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AnHorauus. OCHOBHBIM IPEIMETOM HCCIICOBAHUS SIBISIOTCS arpoICHO3bI,
($yHKIMOHMpYOIME Ha TeppuTopun HaxubiBaHckass ABToHOMHasi PecryOnuka, a
TakxKe QaKTOPbI, BIMAIOLINE HA UX YCTOHYNBOE pa3BuTHE. B pabore paccmarpuBaercs
pobiiemMa MpOCTPaHCTBeHHOM nuddepeHIranuu IpyupoIHbIX JaHa(GToB U UX
poiu B OPMUPOBAHUU MPOYKTUBHOCTH U YyCTOMYUBOCTH arpOIICHO30B B YCIIOBUSIX
YCUJIMBAIOIIETOCA aHTPOIIOIEHHOT0 Bo3/ieiicTBUs. Llenbio nccienoBanus sBisercs
OINPENCIICHUE BIUSHUS TPUPOAHBIX JIAHAAPTOB HCCICIYEMON TEPPUTOPUU
Ha Pa3BUTHE arpolICHO30B U BBISBICHUE HKOJOTHYECKU ONTUMAIBHBIX 30H JJIS
YCTOMUYMBOTO ympasieHUs. MeToaonIornyeckasi OCHOBa HCCIIEOBAHUS BKIIIOYAET
ucnojib3oBanue reouHdopmannonubix cuctem (I'MC) mist aHanw3a NPUPOIHBIX
JIAaHAAPTOB U OLICHKH WX BJIMSHUS Ha arpoleHo3bl. J{Jis aHamm3a pacTUTENIbHOTO
Y TIOYBEHHOTO MOKPOBA MPUMEHSUIMCH WHICKCHI JUCTAHIIMOHHOTO 30HIUPOBAHMUS,
Bimouass NDVI, NDWI, NDMI u SAVI. Jlns noBwilieHUsT JOCTOBEPHOCTH U
MIPOCTPAHCTBEHHOW TOYHOCTH DPE3YJbTaTOB HCIOJIB30BAJICS KOMIIJIEKC METO/IOB!
HUCTOPUKO-TEOrpapUUeCKUi, MaTeMaTHKO-CTaTUCTUYCCKHUM, KapTorpadpuyecKuid,
TI0JICBOM, CPAaBHUTEIBHBIN, HAOMIONATEIHHBIA M CUCTEMHBIN MOAXOABL. [ oneHku
BIIMSIHHSI TSKTOHUYECKHUX U MOP(OCTPYKTYPHBIX 0COOCHHOCTEH Ha POy KTUBHOCTh
CENIbCKOXO3UCTBEHHBIX 3eMelb ObLT paccuuTaH Kod(pduuueHt ¢parMeHTannu
nanamadTa. YCTaHOBJICHO, YTO B PalioHAaX NEPECEUCHUS TEKTOHUYCCKH aKTHBHBIX
MOP(OCTPYKTYp PEUYHBIX JOJHMH TMPOMCXOIUT YyCHIEHHE (parMeHTAlUU, YTO
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NPUBOOUT K CHIDKCHHIO TNPOAYKTHBHOCTH CEJIBCKOXO3SHCTBEHHBIX —YTOIHM.
Bricokast BeprukasibHasi ()parMeHTalys B TOPHBIX palloHax TakKe OrpaHUYUBACT
pasBUTHE YCTOHYMBBIX arpoLEHO30B. AHaJIN3 MOP(OreHETHYECKUX THUIIOB
BBICOTHBIX JIaHAMA()TOB IMOKa3ajl NpeodiaJaHue CTEIHO-IYTOBBIX M JIyTOBO-
CTEITHBIX KOMIUIEKCOB, (POPMUPYIOIIUXCS HA MHTPY3UBHBIX ITopoAax. st u3ydeHust
JUHAMHUKH arpoLeHO30B IPOBEAEH CPABHUTEIBHBIN aHAJIM3 MHOTOJICTHUX IaHHBIX.
Pesynbrarsl uccnenoBaHus CBUACTEIBCTBYIOT O TOM, YTO CTPYKTypa Janamadra,
BepTUKaJIbHas AU epeHIMais U TOYBEHHBIH COCTAB OKa3bIBAIOT IPSMOE BIUSHHUE
HaINpPOAYKTHBHOCTbHIKOJIIOTHYECKYI0yCTOMUNBOCTH arpolieH030B. ONTUMaIbHBIMU
30HaMH JUIS X Pa3BUTHS B mpenenax HaxdbiBanckoil ABTOHOMHOHN PecnyOmukun
SIBIISIFOTCSL IPEATOPHBIC TEPPUTOPUHN U PABHUHHBIC YYaCTKH JTOJIMHBI peku Apas. B
MOYBEHHBIX 00pa3lax ONpeAesINCh MUHEPAIbHBIA COCTaB, COIEpKAaHUE ryMyca
U YpPOBEHb KHCIOTHOCTH, a TaKKe aHaJIM3HPOBAINCH W3MCHCHHS, BbI3BaHHBIC
WHTCHCUBHBIM  aHTPOIOIEHHBIM  Bo3AelcTBHEM. llomydeHHble — pe3ynbTarhl
(OpMUPYIOT HAay4YHYIO OCHOBY Ul Pa3pabOTKH JaHAA(THO-OPUECHTHPOBAHHBIX
MOAXOIOB K CEJIbCKOXO3IHCTBEHHOMY IUIAHUPOBAHUIO M CTPATEruil yCTOHYHUBOTO
3eMJICTIONB30BAHMS B 3aCYIIJIMBBIX TOPHBIX PETHOHAX.

KitroueBble cjioBa: npupoansie JlaHAMA(TE, arpoueHO3bl, TpaHcPopMaiys,
3eMJICTIONb30BaHKe, TpaHchopmanys

Introduction. The total land fund of the Autonomous Republic amounts to 550.2
thousand hectares, of which 29% is suitable for agricultural use. The main reason
why this figure is significantly lower compared to other regions of our republic is
due to the unfavorable physical-geographical conditions of the area under study.
Thus, 36% of the arable land is used for crop cultivation, while a portion is utilized
as hayfields and pastures. Perennial and annual agrocenoses dominate across
60,000 hectares of land used for agriculture. However, 70,000 hectares of soil in the
study area are not suitable for the development of agrocenoses. These lands include
badlands, bare rocky areas, watersheds, regions affected by severe salinization, and
areas covered with stony-gravelly ridges (Mammadov and Khalilov, 2004).

Our research and statistical data once again confirm that the arable lands of
the Autonomous Republic must be used efficiently, while minimizing the negative
processes that may arise—such as salinization, erosion, and degradation. To
achieve this, particular attention should be paid to the recommendations outlined
in the report on the “Ecological Assessment of the Araz River Basin Areas,” which
was initiated by Decision No. 80 of the Cabinet of Ministers of the Nakhchivan
Autonomous Republic, dated August 29, 2017. This report emphasizes the need
to restore and enhance the fertility of arable lands, establish agricultural sectors
adapted to arid conditions, and expand cultivation areas for agrocenoses such as
forage crops and legumes.

This program represents a significant step toward fundamentally transforming,
restoring, and preserving the economic structure of the Araz River region. In the
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specified area, agrocenoses such as barley, sesame, soybean, alfalfa, and others—
which are highly productive, adapted to local conditions, and cultivated through
irrigation—are among the key factors contributing to the enhancement of the plains’
natural potential, the preservation of ecological balance, and the sustainable, long-
term development of the region.

Additionally, the program also places strong emphasis on improving various
categories of land that are currently underutilized in agriculture—such as saline,
eroded, slightly swampy, stony, bush-covered lands—through the application of
reclamation, corrective-drainage, and other methods (Hajiyeva and Jafarova, 2024).
The implementation of these methods will enable the integration of these lands into
production, which in turn will support the sustainable development of agrocenoses
and ultimately lead to the expansion of arable land area.

Materials and methods. For researching landscape desertification it is
necessary to use modern technologies and methods (Imbrenda et al., 2018). We
have also used field methods. To determine desertification it is usefull to use
Landsat images (Lavado et al., 2009). For investigation of vegetation cover of the
area we calculated NDV index. For NDV index following formula is used (Cowie
etal., 2018).

NDVI= (NIR-RED)/(NIR+RED)

At the result of comparison o many years we determined desertification in
plain. For comparison of NDVI we processed many images from different years.

Results. One of the significant steps taken in the Nakhchivan Autonomous
Republic through land reforms is the restoration of degraded soils and the prevention
of further degradation processes. To achieve this, special attention must be paid
to reducing the negative impacts that trigger soil degradation processes—such as
surface runoff, wind and water erosion, intensified slope processes, salinization,
deforestation, destruction of shrublands, and the irregular and unregulated use of
summer and winter pastures (Ismayilov and Amanova, 2015). Naturally, a thorough
study of the problems listed above will create conditions for the restoration of the
physical and chemical composition of soils in the research area, ensuring the supply
of essential nutrients. This, in turn, will contribute to the expansion of arable lands
and help prevent both direct and indirect food shortages.

These degradation processes are primarily observed in gray, gray-brown, and
meadow-gray soils of gently sloped plains with weak and moderate fragmentation,
as well as in primitive gray, light kastanozem, and gray-brown soils found in
moderately and heavily fragmented terrains.

To mitigate soil degradation, the first step is to accurately study the type of soil
in question (Arestova, 2009). This process involves considering the components
of physical-geographical factors—such as relief, climate, vegetation cover, and
surface and groundwater. Therefore, the morphometric indicators of the relief
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(slope, aspect, vertical and horizontal dissection) in the areas where the soil types
are distributed must be studied, along with the geological base of the soil.

Climatic indicators such as temperature, precipitation, and evaporation also play
a crucial role in the vertical and horizontal zonal distribution and development of
soils, making the analysis of these factors essential.

One of the main parameters of degradation is the variation in the mineral
composition of horizons within the vertical structure of the soil. The presence of
different characteristics in soil layers—such as clay, loamy clay, heavy and light
loam, sandy, and sandy-loam textures—Ieads to differences in soil compaction
and water permeability. This, in turn, results in processes such as salinization,
alkalization, and waterlogging in low-lying areas.

In the low-lying parts of the Araz River plains, which exhibit these characteristics,
it is necessary to implement deep plowing, apply fertilizers using modern
technologies, and cultivate agrocenoses with branched root systems. In particular,
the cultivation of legumes and perennial forage crops in this zone is considered
highly appropriate. These agrocenoses have the ability to absorb atmospheric
nitrogen and enhance soil productivity.

One of the negative factors contributing to the intensification of degradation
processes in the Araz River plains of the Nakhchivan Autonomous Republic is the
secondary salinization and alkalization of soils. This process increases ecological
risks and hinders the development of agrocenoses. The results of conducted studies
indicate that soil salinization in the region occurs in two genetic types: automorphic
and hydromorphic (Sadigov and Mustafayev, 2024).

Automorphic salinization is primarily observed in the Araz River basin areas
of Nakhchivan, including Julfa, Boyukduz, Yayci-Diza plains, and around alluvial
fans. This type of salinization itself is divided into two subtypes: typical saline
soils and takir-like saline soils. The typical subtype appears in microdepressions
in patch form, while the takir subtype forms a clayey crust and salt crusts, and is
mainly observed in the eastern and southern parts of the Boyukduz area within the
research zone. The second genetic type, hydromorphic salinization, is found along
the banks of the Araz River, particularly in areas where agrocenoses are intensively
developed. These saline soils form under the influence of groundwater. They are
widespread in gray, primitive, and saline soils of gently sloped plains with low
dissection, as well as in primitive gray soils of more intensively dissected sloped
plains.

The majority of saline and alkaline soils are found in the Araz River plains, as
well as in the foothill and intermountain depressions, occurring within soil types
such as gray-brown, gray, light gray-brown, gray meadow, light gray-brown, and
others. These soil types are particularly prone to salinization. Analysis of statistical
data shows that the highest concentrations of saline soils are located in Boyukduz,
the Sharur plain, Culfa, and the Yayci plains. An analysis of materials reflecting
salinization levels across individual administrative districts indicates that in
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Babek District, 5.9% of cultivated lands and 23.4% of pasturelands are affected by
salinization to varying degrees. The situation is even more alarming in the Sharur
District, where 32.9% of cultivated lands and 35.2% of pasture and grazing lands
are affected by varying degrees of salinization (Mammadov and Khalilov, 2004).

Overall, 5,694 hectares of land in the Babek District and 13,272 hectares in the
Sharur District are affected by varying degrees of salinization (Bababeyli and Imat,
2010). This salinization is also characteristic of the Sadarak, Kangarli, Julfa, and
Ordubad districts of the Autonomous Republic. The primary factor driving this
process is the high mineralization level of groundwater. In areas such as between
the villages of Ibadulla and Didadin in the Sharur plain, as well as in the Yayc1
and Julfa plains, the shallow depth of groundwater has led to a wider spread of
salinization.

In these regions, where the population is densely and compactly settled and
where intensive irrigation is practiced, the salinization of soil increases over time,
leading to a reduction in the productivity of agrocenoses. If this process continues,
it results in secondary salinization and the expansion of degraded land areas
(Shukurov et al., 2025). From this perspective, a systematic and regular monitoring
of salinized soils must be carried out. Through the interpretation of aerial and
satellite imagery, these soils should be mapped, and their general physical and
chemical properties, humus content, and granulometric composition should be
analyzed under laboratory conditions. Furthermore, incorporating the scientific
findings from advanced research conducted in leading countries in this field
would be highly commendable. Taking all this into account, our research has paid
particular attention to identifying the factors contributing to the risk of salinization.
Salinization primarily manifests in the landscapes of plains, depressions, and low
mountainous areas. In these regions, alkalization processes become more active in
areas where groundwater lies close to the surface. In such landscapes, irrigation
is crucial for the development of agrocenoses, as their cultivation is only feasible
through irrigation.

Another factor contributing to soil degradation in the territory of the Nakhchivan
Autonomous Republic is the process of waterlogging. Waterlogging occurs in
relatively limited areas, particularly in carbonate-rich marsh-meadow soils, and
is found in small patches. Due to prolonged irrigation, groundwater levels have
risen in the Ordubad, Sharur, and Boyukduz plains, leading to the activation of this
process. In the Nakhchivan plain, marsh and marsh-meadow soils with varying
degrees of carbonatization and humification are distributed. These soils are found
in small areas on leveled river terraces, in low-lying depressions where rivers can
directly infiltrate, and in lower relief zones. They form as a result of both seepage
from rivers and rising groundwater levels. For instance, 15 km from Nakhchivan
city, water seepage from Lake Sirab has led to the emergence of waterlogging
in the surrounding area (Bababayli et al., 2026). It should also be noted that the
mineralization of groundwater causes the progressive alkalization of meadow-
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marsh soils. This phenomenon mainly occurs in the alluvial stony-meadow parts of
riverbeds and floodplains.

In addition to natural factors, anthropogenic influences play an undeniable
role in the activation of soil degradation (Abramova, 2012). The impact of
anthropogenic factors on degradation occurs in two ways. The first way is through
direct human intervention in natural landscapes, which leads to an imbalance in
natural components and accelerates the already existing natural degradation. This
process results in the formation of new complications in the soil. The second way
is through unsuccessful projects carried out due to improper agricultural practices.
These projects are planned and executed without considering any natural factors
or their potential. In such cases, the irregular appropriation of natural ecosystems,
such as the establishment of new agricultural lands and vineyard plantations,
leads to landscape degradation, intensified erosion, hillside washing, increased
salinization of plains and depressions, and a decrease in vegetation cover in pastures
and meadows, among other negative phenomena (Amanova and Hajiyeva, 2023).
The result of the processes mentioned above is the emergence of alien synoses in
the area, which further exacerbate the ecological situation. The increase in these
anthropogenic influences leads to the expansion of degraded land areas. To prevent
this, it is crucial to adhere to proper agro-technical practices, plant agrocenoses that
are suited to the natural conditions of the area, and regulate the irrigation system.

The haphazard and irregular anthropogenic impacts resulting from projects
carried out without adhering to agro-technical practices accelerate degradation.
This, in turn, leads to the development of erosion and negatively affects the
productivity of agrocenoses (Zvereva, 2006). Additionally, in the low and mid-
mountainous regions of the Autonomous Republic, which have weak forest and
plant cover, the destruction of forests, burning and devastation of shrubs, and the
expansion of erosion are common consequences. In the studied area, which differs
due to its arid ecological environment, anthropogenic processes contribute to the
expansion of desertification (Guliyeva, 2011).

To study how the development of agrocenoses in the Nakhchivan Autonomous
Republic contributes to the degradation of the soil cover in the region, we focused
on analyzing the ancient irrigated kastanozem soils and alluvial meadow soils that
have been most affected by human intervention. We collected samples from these
soils and performed the corresponding analyses. Kastanozem soils are found in
the foothill areas and in the lower parts of the relief. These soils become narrower
as they approach the plain. The favorable relief in this area has created favorable
conditions for the development of irrigated agriculture, while the natural conditions
have led to the formation of dry-steppe biosenoses.

In the flat areas, there is a favorable environment for the thickening of the humus
layer of the soils. However, compared to other regions of our republic, this indicator
is low. Over a long period, the dominance of irrigated agriculture and the cultivation
of corresponding agrocenoses has led to a complete change in the natural structure
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of the mentioned soils. In the upper layers of kastanozem soils, brown spots can be
found, which have been formed as a result of long-term irrigation.

Historically, open kastanozem soils have played a significant role in the
development of agrocenoses due to irrigation. H.A. Aliyev and E. Zeynalov (1988)
noted that the upper horizon of these soils is characterized by high carbon content
and heavy clay composition. They also determined that the soil contains 7.1%
nitrogen, 1.28% humus, 21.37% CaCO3, 4.61% hydrophilic moisture, and a pH of
7.4 (Table 1).

Table 1. Main Composition (%) of Historically Irrigated Kastanozem Soils.

Nitrogen |pH Humus CaCo, Hygroscopic moisture
0-15 |7,1 7.4 1,28 21,37 4,61
15-35 | 10,7 7,6 1,96 22,01 4,57
35-50 7,2 7,7 1,06 19,03 4,58
Source: Based on the calculations of H.A. Aliyev and E. Zeynalov.

On the same soil, at an altitude of 1187 m above sea level on the Tivi road,
we took a soil sample and conducted our research (Table 2). Compared to 1988,
the amount of humus has increased, and the soil has become weakly alkaline. In
contrast, calcium carbonate and nitrogen have decreased. Of course, the main
reason for these changes is anthropogenic influences and the rapid development of
agrocenoses.

Table 2. Main Composition (%) of Historically Irrigated Kastanozem Soils.

Depth | Nitrogen pH Humus CaCo, Phosphorus | Potassium
incm o Gr- |% |Group |% |Gro- |[% |Group % |Group |% |Group
oup up
Tivi road at an altitude of 1187 m
0-10 |0,30 |High |[7,4 |Neutral |4,8 |High |15,4 |Highly 11,1 [Low |347 | Me-
calcareous dium
10-25|0,26 |High |7,6 |Weakly |2,7 |Me- |15,7 |Highly 15,3 | Me- 435 | High
alkaline dium calcareous dium
Tivi road at an altitude of 1187 m on the right bank of the bridge
0-15 [0,36 |Very |7,5 |Weakly |2,2 |Me- |15,5|Highly 15,6 | Me- 427 | High
high alkaline dium calcareous dium
15-20(0,27 |High |7,4 |Neutral |19 |Low |16,4|Highly 12,8 | Low 365 | Me-
calcareous dium
20-40 (0,22 |Me- |7,6 |Weakly |3,4 |Me- |17,2|Highly 11,9 [Low |356 | Me-
dium alkaline dium calcareous dium
Note: Based on the soil samples taken during field research.

Other soil samples were taken from the left bank of the river to the north of
Bash Diza, at an elevation of 900 m above sea level. We compared the samples of
alluvial-meadow soils with those from 1988 (Tables 3, 4).
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Table 3. General Composition of Alluvial-Meadow Soils.

Depth | Nitrogen | pH Humus CaCo, Phosphorus | Potassium
incm Gr-
% oup % |Group |% |Group |% |Group % | Group |% |Group
0-15 [0,26 | High | 6,9 | Neutral |51 | High |13,6| i8N 163 | M4 | 428 High
calcareous ium
15-22 0,29 | High | 7,1 | Neutral | 2,6 | M4l | 12,6 | Highly 158 |Orta | 446 | Med-
um calcareous um

Source: Based on the calculations of H.Aliyev and A.Zeynalov.

Table 4. Alluvial-meadow soils spread on the left bank of the river north of Bash Diza.

Depth | Nitrogen pH Humus CaCo, Phosphorus | Potassium
in cm

% |Group (% |Group|% |Group [% |Group % Group | % | Group

From Bash Dize to the north, the left bank of the river.

. Neut- . Highly Medi- .
0-15 |0,26| High |7,1 ral 4,8 |High (12,8 calcareous 15,8 um 446 | High
15-22 0,29 | High |69 |NEUE |27 |Medi- |5 ¢ | Highly 163 [ M4 | 458 | High
ral um calcareous um
Note: Based on the soil samples taken during field research.

Compared to the year 1988, an increase has been observed in all indicators
within the overall composition of the land. As mentioned above, the reason for all
these changes is the development of agrocenoses without adhering to agrotechnical
regulations. If this continues, problems will arise in the sustainable development of
agrocenoses.

The intensive anthropogenic transformation of our research area has negatively
affected not only the soil cover but also the vegetation, leading to the emergence
of ecological problems in biotopes (Allbed et al., 2013; Bellard et al., 2012; Deng et
al., 2018). To analyze this factor, the dynamics of vegetation in the research area
were observed, and satellite images from Landsat 5 (June 1987) and Landsat 8
(June 2022) were processed (Figure 1). During image processing, Bands 3 and 4
of the Landsat 5 satellite and Bands 4 and 5 of the Landsat 8 satellites were used.
The processing results of the satellite images from the two periods were compared
(Berra et al., 2019). It was determined that, compared to 1987, the minimum value
of the index has increased, while the maximum value has decreased. Specifically,
the minimum value, which was -0.5 in 1987, increased to -0.2 in 2022, while the
maximum value decreased from 0.75 to 0.63. This dynamic indicates that the water
level in water bodies, as well as the density of forests and shrubs in the area, has
decreased".
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Figure 1. NDVI (Normalized Difference Vegetation Index) map based on satellite images from the
month of June: (a) 1987, (b) 2022.
Note: Prepared based on Landsat 5, 8, and 9 satellite data.

If we compare consecutively according to the classification, the area with an
index of less than 0 has decreased by 73% compared to 1987, now covering 266
km?, while areas with an index of 0-0.1 have decreased by 25%, covering 1562.7
km?. As a result, we determine that areas which were previously not utilized and
were somewhat unsuitable for utilization have also been utilized to some extent
over the past 35 years (Table 5).

Table 5. Dynamics of the NDV index in the years 1987-2022.

No NDYV index Area (km?)
Year 1987 Year 2022
1 0 or lower 989,4 266
2 0-0,1 2086,5 1562,7
3 0,1-0,2 910,3 2088,3
4 0,2-0,3 669,6 772,3
5 0,3-0,4 382,6 503,7
6 0,4-0,7 4644 309,8
Total 5502,8 5502,8

Note: It has been compiled based on Landsat 5, 8, and 9 satellite data.

Conclusion. As a result of the research, it should be noted that in the Araz
Plains, areas with a negative index covered a large area in 1987, but the results
of processing satellite images from 2022 show that these areas have now become
permanently utilized lands. Areas where the index is between 0.1 and 0.2 generally
correspond to the land areas of settlements, roads, and other construction and catering
facilities, and the area of these lands has increased by 129.5%. These changes in

146



ISSN 2224-5278 2.2026

vegetation cover indicate that great attention needs to be paid to environmental
protection in the Autonomous Republic, and special attention must be given. If
such utilization continues, it will negatively affect the quality parameters of the
soil and the development of agrocenoses, which may lead to future food shortages.

The natural geosystems of the Nakhchivan Autonomous Republic have undergone
complete changes in the structure of all geocomplexes due to the development of
agrocenoses. The area of agro-irrigation geosystems has significantly increased, and
accordingly, the area of irregularly used agrocomplexes has significantly decreased. In
1981, the area of agro-irrigation complexes was recorded as 23.28 thousand ha, and dry
farming complexes were 4.92 thousand ha, while today the areas of these complexes are
31.97 thousand ha and 5.56 thousand ha, respectively. For the first time in the Nakhchivan
AR, the zoning of agrocenoses was carried out, and it was found that 33% of the areas
had more stable landscapes, 20% had moderately stable landscapes, 26% had weakly
stable landscapes, 13% had unstable landscapes, and 8% were areas where the natural
conditions were unfavorable.
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