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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.



EDITOR-IN-CHIEF

ZHURINOV Murat Zhurinovich, Doctor of Chemical Sciences, Professor, Academician of TAAS
and NAS RK, General Director of the Research Institute of Petroleum Refining and Petrochemicals (Almaty,
Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=6602177960; https://www.webofscience.com/
wos/author/record/2017489

DEPUTY EDITOR-IN-CHIEF

ABSADYKOYV Bakhyt Narikbayevich, Doctor of Technical Sciences, Professor, Academician of NAS RK,
Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=6504694468;
https://www.webofscience.com/wos/author/record/2411827

EDITORIAL BOARD:

ABSAMETOV Malis Kudysovich, Doctor of Geological and Mineralogical Sciences, Professor,
Academician of NAS RK, Director of the U.M. Akhmedsafin Institute of Hydrogeology and Geoecology (Almaty,
Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=56955769200; https://www.webofscience.com/
wos/author/record/1937883

ZHOLTAEYV Geroy Zholtaevich, Doctor of Geological and Mineralogical Sciences, Professor, Honorary
Academician of NAS RK (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=
57112610200; https://www.webofscience.com/wos/author/record/1939201

SNOW Daniel, PhD, Associate Professor, Director, Aquatic Sciences Laboratory, University of Nebraska
(Nebraska, USA), https://www.scopus.com/authid/detail.uri?authorld=7103259215; https://www.webofscience.
com/wos/author/record/1429613

SELTMANN Reimar, PhD, Head of Petrology and Mineral Deposits Research in the Earth Sciences
Department, Natural History Museum (London, Great Britain), https://www.scopus.com/authid/detail.
uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/1048681

PANFILOV Mikhail Borisovich, Doctor of Technical Sciences, Professor at the University of Nancy
(Nancy, France), https://www.scopus.com/authid/detail.uri?authorld=7003436752; https://www.webofscience.
com/wos/author/record/1230499

SHEN Ping, PhD, Deputy Director of the Mining Geology Committee of the Chinese Geological Society,
Member of the American Association of Economic Geologists (Beijing, China), https://www.scopus.com/authid/
detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/1753209

FISCHER Axel, PhD, Associate Professor, Technical University of Dresden (Dresden, Germany), https://
www.scopus.com/authid/detail.uri?authorld=35738572100;  https://www.webofscience.com/wos/author/record/
2085986

AGABEKOYV Vladimir Enokovich, Doctor of Chemical Sciences, Academician of NAS of Belarus,
Honorary Director of the Institute of Chemistry of New Materials (Minsk, Belarus), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

CATALIN Stefan, PhD, Associate Professor, Technical University of Dresden (Dresden, Germany), https://
www.scopus.com/authid/detail.uri?authorld=35203904500;  https://www.webofscience.com/wos/author/record/
1309251

JAY Sagin, PhD, Associate Professor, Nazarbayev University (Astana, Kazakhstan), https://www.scopus.
com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/wos/author/record/907886

FRATTINI Paolo, PhD, Associate Professor, University of Milano - Bicocca (Milan, Italy), https:/www.
scopus.com/authid/detail.uri?authorld=56538922400

NURPEISOVA Marzhan Baysanovna, Doctor of Technical Sciences, Professor of Satbayev University
(Almaty, Kazakhstan), https://www.scopus.com/authid/detail.uri?authorld=57202218883; https://www.webof-
science.com/wos/author/record/ AAD-1173-2019

RATOYV Boranbay Tovbasarovich, Doctor of Technical Sciences, Professor, Head of the Department of
Geophysics and Seismology, Satbayev University (Almaty, Kazakhstan), https://www.scopus.com/authid/detail.
uri?authorld=55927684100; https://www.webofscience.com/wos/author/record/1993614

RONNY Berndtsson, Professor, Director of the Centre for Advanced Middle Eastern Studies, Lund University
(Lund, Sweden), https://www.scopus.com/authid/detail.uri?authorld=7005388716; https://www.webofscience.
com/wos/author/record/1324908

MIRLAS Vladimir, PhD, Professor, Eastern R&D Center, Ariel University (Ariel, Israel), https://www.scopus.
com/authid/detail.uri?authorld=8610969300; https://www.webofscience.com/wos/author/record/53680261

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.
ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)
Owner: «Central Asian Academic Research Center» LLP (Almaty).
The certificate of registration of a periodical printed publication in the Committee of information of the Ministry
of Information and Communications of the Republic of Kazakhstan N° KZ50VPY 00121155, issued on 05.06.2025
Thematic scope: geology, hydrogeology, geography, mining and chemical technologies of oil, gas and metals
Periodicity: 6 times a year.
http://www.geolog-technical kz/index.php/en/

© «Central Asian Academic Research Center» LLP, 2026.



BAC PEJAKTOP

JK¥PBIHOB Mypar ’KypbIHy/ibl, XUMHUS FBUIBIMAAPBIHBIH TOKTOPHI, podeccop, XFAK xone KP ¥FA
akajgemMuri, MyHail eHJey *oHE MYHaH-XHMHSCHl FHUIBIMH-3ePTTEY MHCTUTYTHIHBIH 0ac AUPEKTOPHI (AJIMATHI,
Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=6602177960; https://www.webofscience.com/
wos/author/record/2017489

BAC PEJAKTOP/IbIH OPBIHBACAPBI:

ABCAJIBIKOB BakbiT Hopikfaiiy/ibl, TexHHKa FbUIBIMIAPBIHBIH JOKTOpPHL, mnpodeccop, KP ¥FA
akanemuri, K.M. CorbGaeB arbinnarsl Kasak YITTHIK TEXHHKAIBIK 3epTTEY YHHBepcHuTeTi (AnMarsl, Kazakcran),
https://www.scopus.com/authid/detail.uri?authorld=6504694468; https://www.webofscience.com/wos/author/re-
cord/2411827

PEJAKLIUS AJTIKACBI:

OBCOMETOB Mouic KyabIcyabl, reoiorus-MHHEPAIOrHs FRUIBIMAAPBIHEIH JTOKTOpHI, mpodeccop, KP
YFA akanemuri, Y.M. Axmencaduu atbiHAarsl [ MIpOreonorus xoHe Te0dKOIOrUsl HHCTUTYTBIHBIH THPEKTOPbI
(Anmatel, Kasakcran), https://www.scopus.com/authid/detail.uri?authorld=56955769200; https://www.webof-
science.com/wos/author/record/1937883

7KOJITAEB I'epoii Koaraiiysibl, reosorus-MuHepanorus FeUIBIMAAPBIHBIH JOKTOPHI, podeccop, KP ¥FA
KypmerTi akagemwuri (Anmarsl, Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=57112610200;
https://www.webofscience.com/wos/author/record/1939201

CHOY [Ipumen, PhD, kaysivpacteipsurran npodeccop, Hebpacka yuusepcuterinin Cy FbUIbIMAAphI
3epTxaHachiHbIH aupekTopsl (Hebpacka, AKII), https://www.scopus.com/authid/detail.uri?authorld=710325
9215; https://www.webofscience.com/wos/author/record/1429613

3EJIBTMAHH Paiimap, PhD, Xep Typainb! FeutbiMaap OeiMiHiH HETPOIOTHS XKOHE Taiaasibl Kazdanap KeH
OpBIH/IAPbI CAJIACBIHIAFBI 3ePTTEYNIEepiHiH kerekuici, Taburu Tapux mypakaiibl (Jlonnon, ¥neiOpuranus), https://
www.scopus.com/authid/detail.uri?authorld=55883084800; https://www.webofscience.com/wos/author/record/ 1048681

NAH®WJIOB Muxauia BopucoBu4, TexHHKa FHUIBIMIAPLIHBIH JOKTOPbI, HaHcH yHHBEpCHTETIHIH
npodeccopsr (Hauncu, @pannus), https://www.scopus.com/authid/detail.uri?authorld=7003436752; https://www.
webofscience.com/wos/author/record/1230499

HIEH IMun, PhD, KeiTail reonorusuibik KOFaMbIHbIH Tay-KeH reoorHsChl KOMHTETI AUPEKTOPBIHBIH OpbIH-
Oacapbl, AMEpHUKaHIBIK KOHOMHKAJIBIK T€OJOrTap KaybIMIAacThIFbIHBIH Mylueci (beibkin, Kprrait), https:/www.
scopus.com/authid/detail.uri?authorld=57202873965; https://www.webofscience.com/wos/author/record/ 1753209

@OUUIEP Axcenb, PhD, kaysimpacteipsutran mpodeccop, Apesnen TexHukaiblk yHuBepcureti ([pesnen,
Tepmanns), https://www.scopus.com/authid/detail.uri?authorld=35738572100; https://www.webofscience.com/
wos/author/record/2085986

ATABEKOB Buagumup EHokoBHY, XUMUsI FBUTBIMIAPLIHBIH JOKTOPEI, benapycs ¥FA akagemuri, XKana
Marepuaiap XUMUSIChl MHCTUTYTBIHBIH KypMeTTi aupektopbl (Munck, bemapycs), https:/www.scopus.com/
authid/detail.uri?authorld=7004624845

KATAJIUH Credan, PhD, kaysimaacTeipsiirad npodeccop, Jpesnen Texuukansik yausepceuteri (pesnen,
Tepmanns), https://www.scopus.com/authid/detail.uri?authorld=35203904500; https://www.webofscience.com/
wos/author/record/1309251

CATBIHTAEB “Kanaii, PhD, kaysimpacteipbuiran npogeccop, HasapbGae ynusepcureri (ActaHa,
Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=57204467637; https://www.webofscience.com/
wos/author/record/907886

®PATTUHHU IMaono, PhD, kaysimpacteipbuiran mnpodeccop, bukokk Mmman ynusepcuteri (Muas,
HWranus), https://www.scopus.com/authid/detail.uri?authorld=56538922400

HYPIEUICOBA Map:xan BaiicaHKbI3bl, TeXHHKa FhUIBIMAAPBIHBIH JIOKTOpbI, K.M. CorbaeB arbIHIaFbl
Kasak yiTThIK TEeXHHKAIBIK 3epTTey yHHBEPCHTETiHIH mpodeccopsl (Anmarsl, Kazakcran), https://www.scopus.
com/authid/detail.uri?authorld=57202218883; https://www.webofscience.com/wos/author/record/AAD-1173-2019

PATOB Bopanoaii ToB6acapoBu4, TeXHHKA FHUIBIMAAPBIHBIH JOKTOPHI, mpodeccop, «leodusrka xoHe
ceiicmonorus»y Kadenpaceiubie MeHrepymrici, K.M. CorbaeB arsinmarsl Kasak YITTBIK TEXHHKAIBIK 3€pTTEY
yHuBepcuteti (Anmarel, Kazakcran), https://www.scopus.com/authid/detail.uri?authorld=55927684100; https://
www.webofscience.com/wos/author/record/1993614

POHHMU Bepuarccon, npodeccop, Tasy LLbirbicTbl 3aMaHayn 3epTTEy OPTAJIBIFBIHBIH AUPEKTOPDI, JIyH
yuuepcureti (Jlynn, IlIBerms), https://www.scopus.com/authid/detail.uri?authorld=7005388716; https:/www.
webofscience.com/wos/author/record/1324908

MMUPJIAC Baagumup, PhD, npodeccop, Apudnbs yHuBepcuteTiHil LIBIFbIC FBUTBIMH-3EPTTEY OPTAJIBIFBI
(Apwuanb, Uspanib), https://www.scopus.com/authid/detail.uri?authorld=8610969300; https://www.webofscience.
com/wos/author/record/53680261

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology
sciences.

ISSN 2518-170X (Online),

ISSN 2224-5278 (Print)

Menmikreymi: «OpTanbiK A3Hs akaJeMHsIIBIK FRUIBIME opTanbFbby XKIIC (Anmarsl K. ).

Kazakcran PecryOnukachlHbIH AKIapar »oHE KOMMYHMKAIUsIAp MHHHUCTDIITIHIH AKIapaT KOMHTETiHJE
05.06.2025 x. Oepinren N° KZ50VPYO00121155 mep3imMaik 0acbuibiM TipKeyiHE KOWBUIYy Typajbl KyoliK.
TaKbIpBINTHIK OAFbITBL: 2eonoaus, 2u0po2eonous, 2eoepapus, may-kKen ici, MYHail, 2az dHcane Memanoapovly
XUMUSIBIK, MEXHON02USIAPbI

Mep3iminiri: xblibiHa 6 peT.

http://www.geolog-technical.kz/index.php/en/

© «OpranblK A3us akaJIeMUSIIBIK FBUIbIMU opTanbirsDy JKILIC, 2026,



IJIABHBI PEJAKTOP

JKYPUHOB Mypar KypuHoBHY, IOKTOp XUMHYECKUX Hayk, npodeccop, akanemuk MAAH u HAH PK,
T'enepanbubiii qupekrop HUM vedrenepepaborku u Hedrexumun (Anmarel, Kasaxcran), https://www.scopus.
com/authid/detail.uri?authorld=6602177960; https://www.webofscience.com/wos/author/record/2017489

3AMECTHUTEJIb ITTABHOI'O PEJAKTOPA

ABCAJIBIKOB BaxbiT Hapuk0aeBH4, JOKTOp TEXHHYECKHX Hayk, mpodeccop, akagemuk HAH PK,
Ka3zaxckuil HalMOHANBHBIN HCCIENOBATEIbCKHI TexHmueckuii yHuepcurer uM. K.M. CarmaeBa (AimMarsl,
Kasaxcran), https://www.scopus.com/authid/detail.uri?authorld=6504694468; https://www.webofscience.com/
wos/author/record/2411827

PEJAKLIMOHHASI KOJUIET ASI:

ABCAMETOB Majmc KyasicoBuY, TOKTOp I€0JI0r0-MHHEPAIOrHYECKUX Hayk, mpodeccop, akagemuk HAH
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Abstract. Relevance. The arid lands of the northern Caspian Lowland are losing
their productive function under the combined action of climatic aridisation, profile
salinity, deflation and the thinning of vegetation cover. Phytomelioration with salt-
and drought-tolerant semi-shrubs of the local flora is the only reclamation option
available at the scale of the problem, yet its outcome on heavy-textured saline soils
is governed by edaphic and microtopographic conditions that are rarely quantified.
Objective. To assess the geoecological potential of adaptive arid species for the
reclamation of degraded lands of the Atyrau Region and to identify the soil and terrain
conditions that control their establishment. Methods. Field experiments were carried
out in 20242025 on moderately saline brown alluvial medium-loamy soils, on 30
m? plots in four replications, with Kochia prostrata, Camphorosma monspeliaca,
Ceratocarpus arenarius, Salsola orientalis and a Kochia—Camphorosma mixture.
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Field emergence, plant density, retention, height, weed competition, biomass and
forage value were compared under contrasting precipitation regimes of 268.3
and 147.2 mm. Results. Kochia prostrata, Camphorosma monspeliaca and their
mixture proved the most adapted, with plant retention of 83.7, 78.9 and 88.7%
respectively. The mixture gave the highest biomass (22.0 ¢ ha™), feed units (4.75
¢ ha™"), digestible protein (1.10 ¢ ha™) and metabolizable energy (6.77 GJ ha™).
Salsola orientalis did not emerge and Ceratocarpus arenarius established very
unevenly. Field emergence was controlled by surface crusting and by hardening of
the layer beneath the seed, both functions of soil texture and microrelief. Conclusion.
Kochia prostrata and Camphorosma monspeliaca, particularly in mixture, have a
high geoecological potential for reclaiming degraded arid lands, provided that soil
texture and microrelief are used as site-selection criteria.

Keywords: geoecological assessment, land degradation, soil salinity, soil crust,
phytomelioration, desertification, Kochia prostrata (L.) Schrad., Camphorosma
monspeliaca
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Annotauusi. Ozexminici. Conrtyctik Kacnuii MaHBIHBIH apuITi >Kepiepi
KIIMMATThIH KYPFaKTaHybl, TONBIPAK PO HITiHIH TY3/1aHY b, A QIISIINS dKIHE OCIMIIK
YKaMBUIFBICBIHBIH CUpEYI canJapblHAaH OHIMJI KbI3METiH jKoranTyna. JKeprimikri
¢dropaHbIH Ty3Fa JKOHE KYpPFaKIIBUIBIKKA Te3IMIi KapTbulail OyTanapbiMeH
KYPri3ineTiH puToMennopanus — MICEJIeHIH ayKbIMbIHA cail KeJeTiH OipaeH-0ip
MEJIMOPALMSUIBIK TACT, anaiiia OHBIH ayblp MEXaHUKANbIK KYpaMmIbl TY3AaHFaH
TOIBIPAKTApAAFbl HOTHMKECI CHPEK CaHIBIK OarajaHaTbhiH Ha(UKANBIK KOHE
MUKpopenbeTiK KaraaiiaapMeH alKpiHAanansl. Maxcamul. ATbIpay OOIBICBIHBIH
JerpafalusFa YIbIparaH sKepiepiH KallblHa KeNTipy YUIiH OeHiMaenriim apuari
TYPJIEPIIH TEORKONOTHSUIBIK dJIeyeTiH Oaranay >KOHE ONapiblH KalbIITACYbIH
AKBIHAAUTBIH TOMBIpAaK MeH Oenep »KaFmalnapblH aHblKTay. Mamepuandap
men 20icmepi. 2024-2025 xpuigapel opTama Ty3AaHFaH KOHBIP AJTIOBHIAIIL
opTamia caszfak TomblpakTapja, aynansl 30 M? TepT KaiiTagamaibl AeisSHKaIapaa
Kochia prostrata, Camphorosma monspeliaca, Ceratocarpus arenarius, Salsola
orientalis xone Kochia—Camphorosma kocmnacer 3eprreni. JlananblK eHTIMITIK,
OCIMIK TBHIFBI3JBIFBI, CAKTANybl, OWIKTIri, apaMIIenTeHyi, Omomacca eHIMILTIr1
JOHE a3bIKTHIK KYHJABUIBIFBI 268,3 xkoHe 147,2 MM KOHTPAcTThl bUIFAJIJJaHy
KaFJaibIHAa CANBICTRIPBULIBL. Homuoicenepi. Ex OetiiMaenrimn Typinep — Kochia
prostrata, Camphorosma monspeliaca ®oHe OJIapJIbIH KOCIACHL: OCIMIAIKTEPIiH
cakranyel Ttmicinme 83,7, 78,9 xone 88,7% kypanel. Kocma OuomaccaHblH
(22,0 w/ra), a3eIkThIK OipiikTiH (4,75 1/ra), KOpbIThUIATEIH nporeuHHIH (1,10 1/
ra) ’kKoHe anmmacy SHeprusachiHbIH (6,77 TJlx/ra) eH Korapbl KepCeTKIITepiH
oepni. Salsola orientalis enbeni, Ceratocarpus arenarius OIpKeIIKI eMeC OHJI.
JlananslK OHTIIITIKTI TOMBIPAK KaOBIPIIAFBIHBIH TY31Tyl )KOHE TYKbIM acThIHIAFbI
Ka0aTTBIH THIFBI3IaTybl aKBIHIAbI, OYJT TOMBIPAKTHIH MEXaHUKAJIBIK KYPaMbl MEH
MUKpopenbedTiH GyHKUUSACH OonbIn Tadbutagsl. Kopsimeinowvl. Kochia prostrata
wone Camphorosma monspeliaca, acipece Kocla KypaMblHJa, y49acke TaHAay
KE3iHJC TOIBIPAKTBIH MEXaHHMKAJbIK KypaMbl MEH MHKpopenbedi ecKepiireH
Karaaiaa, nerpajauusfa yiiblparaH apuATi sKepiepii KajmblHa KenTipy YIIiH
YKOFapbl TC€0IKOJIOTHSIIBIK QJIEYEeTKE He.

Tyiiin ce3gep: TreodKONOTHANBIK Oaranay, >Kep Aerpajalyschl, TOIBIPaK
TY3IaHyBl, TONBIpAaK KaObIpiiarel, (uUTOMEIHOpanus, Iueneirreny, Kochia
prostrata (L.) Schrad., Camphorosma monspeliaca
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AHHoOTamus. Axmyarsnocms. Apunnele 3eman  CesepHoro Ilpuxacnus
MOCTENCHHO YTPauMBaIOT CBOIO MPOAYKTUBHOCThH MOA BO3JCHCTBHEM KOMILICKCA
MPUPOIHBIX M AHTPONOTEHHBIX (PAKTOPOB, BKIIOYAs YCHIICHHE 3acylUIMBOCTU
KIMMaTa, 3acoJIeHHE TIOYBEHHOro mnpoduis, Ae]iIsuuOHHBIE MPOLECCH U
COKpAaIlleHHE PACTUTENLHOTO MOKpoBa. OIHUM W3 MEPCHEKTUBHBIX CHOCOOOB
BOCCTA@HOBJICHUSI JACTPAAUPOBAHHBIX TEPPUTOPUN SIBISETCS (PUTOMEINOpALIUS
C HCIOJIb30BAaHUEM COJICYCTOWYMBBIX M 3aCyXOyCTOWYMBBIX IOJNYKYCTapHUYKOB
MectHOU Quopbl. OgHako 3((EKTUBHOCTh JaHHOTO TOJAXO/Ia Ha 3aCOJICHHBIX
MOYBAaX TSDKEJIOTO TPaHYIOMETPUYECKOTO COCTaBa B 3HAYMTENILHOW CTENEHU
3aBUCUT OT TIOYBEHHBIX XapaKTEPUCTUK M OCOOEHHOCTEH MHUKpopenbeda,
BIMSHUE KOTOpPBIX TpeOyeT KOJMYECTBEHHOW oOueHkd. [fers. OueHHTH
T€0dKOJIOTMYECKUI TIOTEHIIMAN aJallTHPOBaHHBIX K apHIHBIM YCJIOBUSIM BUIOB
pacTeHuii JUIs BOCCTAHOBIICHHS ICTPAIMPOBAHHBIX 3eMellb AThIpaycKoil 001acTH,
a TaKkKe BBIIBUTH TMOYBEHHBbIE M MHUKpopenbedHbie (aKToOpbl, ONMpenesione
UX BCXOXKECTh, NPWKUBAEMOCTh M MPOAYKTHUBHOCTb. Memoowvl. B 2024-2025 rr.
MPOBE/ICHBI MIOJIEBbIC HCCIIECAOBAaHNSI HA CPEHE3aCOICHHBIX OypPBIX aJTFOBHAIBHBIX
CPEIHECYIIMHUCTBIX MOYBaX. OKCIEPUMEHTHl BBINOJHSINCH Ha JCISTHKAX
iomaasio 30 M? B 4eThIpex MoBTOPHOCTX. W3yuanucs Buasl Kochia prostrata,
Camphorosma monspeliaca, Ceratocarpus arenarius, Salsola orientalis, a Taxxe
tpaBocMmech Kochia prostrata u Camphorosma monspeliaca. OuieHUBaIN MOJNEBYIO
BCXOXKECTh, TYCTOTY CTOSIHHUS, COXPAaHHOCTb, BBICOTY PacTEHHH, 3aCOPEHHOCTH
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MOCEBOB, TPOAYKTHBHOCTh OHOMAacchl W MUTATEeIbHYIO IICHHOCTh KOpMa.
CpaBHUTETHHBIN aHATTU3 TIPOBOIFJICS TP PA3THYAOIIIXCS YCIOBUSIX YBIAKHEHHUS,
XapaKTepU30BaBIINXCS KOJIMYECTBOM OcankoB 268,3 u 147,2 MMm. Pesyromameot.
Haubosee BbICOKYHO aIalTUBHOCTh K UCCIICIOBAaHHBIM MTOYBEHHO-KIIMMATHYECKUM
YCIOBUSIM TipojieMoHCTpupoBaiu Kochia prostrata, Camphorosma monspeliaca
U ux TpaBocMmech. CoxpaHHOCTh pacTeHuil coctaBuia 83,7 %, 78,9 % u 88,7 %
COOTBEeTCTBEHHO. HamOombIias mpoIyKTHBHOCTh YCTAaHOBJICHA IJIsI TPABOCMECH:
ypokaitHOCTh Oromacchl gocturia 22,0 1/ra, BRIXOI KOPMOBBIX eauHUIL - 4,75 11/
ra, mepeBapumoro nporenHa - 1,10 1/ra, a oomenHoit sHepruu - 6,77 I'/Ix/ra. B
HCCIICMOBAHHBIX YCIOBUSX BCXONBI Salsola orientalis 0TCYyTCTBOBA M, TOTNA Kak
Ceratocarpus arenarius XapakTepr30BaJICsl KpaiiHe HEPABHOMEPHBIM IOSIBJICHUEM
BCXOJIOB. YCTaHOBJICHO, 4TO (POPMHUPOBAHUE MOYBEHHOW KOPKA U YIUIOTHEHHE
MTOJICEMEHHOTO CJIOSI OTPaHUYHMBAIU TIOJIEBYIO BCXOXKECTh PacTeHUH. BhIsIBIIEHHBIS
OCOOCHHOCTH MOTYT OBITH CBSI3aHBI C TPAHYJIOMETPHYECKHM COCTaBOM ITOYBHI
W yCIOBHAMH MHUKpopenbeda. 3Jaxmouenue. Pe3ynbTarbl  HCCIENOBaHUS
CBUJICTEIBCTBYIOT O BBICOKOM moTeHIuane Kochia prostrata m Camphorosma
monspeliaca s HUTOMEIIMOPATUBHOTO BOCCTAHOBJICHUS JICTPaMPOBAHHBIX
apuUIHBIX 3eMelb AThIpayckoil oOmactu. HamGonee mepcreKTUBHBIM BapUaHTOM
SIBIIIETCS COBMECTHOE BBIPAIIIBAHUE YKa3aHHBIX BHJIOB B COCTaBE TPABOCMECH,
oOecreunBaloiee TOBBINIEHHYID COXPaHHOCTh DPAaCTEHWH, TMPOTYKTHBHOCTH
OMoMacchl 1 KOPMOBYIO IIEHHOCTE. [Ipn BEIOOpE yIacTKOB 1 (DUTOMETHOPAITHH
HEOOXOAMMO YYHMTHIBATh T'PAHYJIOMETPHUUCCKHI COCTaB II0YB, CTENEHb WX
3aCOJICHUS, BEPOSTHOCTh OOpa30BaHMs TIOYBCHHOM KOPKH U OCOOECHHOCTH
Mukpopenbeda. [lonydeHHbIe pe3ylbTaThl MOTYT UCTIOIB30BAThCS MIPH pa3padoTke
MEpOMPUATUH 0 BOCCTAHOBICHHIO JETPAJNPOBAHHBIX MACTOUIIHBIX YTOAHNA B
apuHbIX yeroBusix CesepHoro Ilpukacmus.

KutoueBble cj10Ba: T€0IKOIOTHYECKAs OIIEHKA, JIErpaJalis 3eMellb, 3aCOJIEHUE
MOYB, IOYBCHHAS KOPKa, puToMeIropanius, onycteinuBanue, Kochia prostrata (L.)
Schrad., Camphorosma monspeliaca

Introduction. The arid lands of the northern Caspian Lowland are among the
most degradation-prone territories of Kazakhstan. Their soil-vegetation cover has
formed on young alluvial and alluvial-deltaic deposits, is saline through most of
the profile, and carries a sparse xerophytic cover whose loss exposes fine-textured
material to deflation. In the Atyrau Region this combination of lithological,
hydrogeological and climatic conditions, reinforced by prolonged grazing pressure,
has produced a progressive loss of vegetation cover, a decline in the productive
function of the land, and an expansion of deflation-prone surfaces. Reclaiming such
land calls for measures that work at low cost over large areas and depend on neither
irrigation nor drainage, neither of which is available here. Phytomelioration — the
deliberate re-establishment of a self-sustaining cover of salt- and drought-tolerant
native semi-shrubs — is the principal option, but its success is governed less by the
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choice of species than by the soil-physical and microtopographic conditions met at
the moment of germination.

The adaptive potential of halophytic semi-shrubs under such conditions has been
established in a series of regional studies. Mukhambetov et al. (2024) demonstrated
stable growth of Kochia prostrata (L.) Schrad. and Camphorosma monspeliaca
on saline land of the northern Caspian desert, and Mukhambetov et al. (2023)
quantified the effect of soil and climatic conditions on the chemical composition
of K. prostrata forage. Kadasheva et al. (2025) reported that C. monspeliaca
raises vegetation diversity and productivity on degraded land in the arid regions of
Kazakhstan, while Nasiyev et al. (2019) established the fodder potential of Sudan
grass under the conditions of Western Kazakhstan. Shamsutdinova et al. (2022)
related the adaptation of fodder halophytes to their root architecture in saline and
dry soils, and Meldebekova et al. (2024) addressed the breeding improvement of
K. prostrata.

Despite this body of work, the reclamation of degraded arid land in the Atyrau
Region has not been assessed within a single geoecological framework linking
soil salinity and texture, surface condition, climatic variability and the resulting
vegetation response. The aim of the study was to assess the geoecological
potential of salt-, solonetz- and drought-tolerant species of the local flora for the
reclamation and productive use of degraded arid land in the northern desert of
Western Kazakhstan, with explicit account of heterogeneous soil and landform
conditions. The objectives were: (1) to determine the biometric establishment and
growth parameters of the selected species under contrasting soil-moisture regimes;
(2) to identify the soil-physical and microtopographic conditions that control field
emergence; and (3) to compare the biomass, hay and fruit-forage productivity and
the forage value of the resulting cover as a measure of the productive capacity
recovered by the land.

Literature review. The outcome of dryland reclamation is largely decided in
the first weeks after sowing. Shackelford et al. (2021), analysing a large set of
dryland restoration efforts, showed that seedling establishment is controlled by site-
specific environmental and biotic drivers rather than by species choice alone - a
conclusion of direct relevance to saline and solonetzic land, where establishment
is constrained simultaneously by salinity, surface hardening and moisture deficit.
Water availability at that stage is decisive: Tatsumi et al. (2021) found that micro-
catchment water harvesting on a degraded dryland improved soil microbial
abundance, diversity and function, indicating that measures directed at the soil
water regime also act on belowground processes. Garbowski et al. (2021) showed
that an invasive annual grass interacts with drought to modify both community
composition and soil moisture, so that competition for a limited water store must
be weighed alongside the establishment of the target species.

Surface and soil management provides a second lever. Leger et al. (2022) found
mulch more effective than compost in improving soil health during vegetation re-
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establishment on semiarid rangeland, and Kimmell et al. (2023), in a global meta-
analysis, established that soil restoration practices improve soil-health indicators
across drylands, with a magnitude set by environmental context. Taken together,
these studies indicate that the reclamation of degraded arid land requires seedling
establishment, water availability, soil physical condition, plant competition and
site-specific terrain conditions to be treated simultaneously. Their application to
mixed stands of K. prostrata and C. monspeliaca on the saline and solonetzic soils
of the Atyrau Region has not been tested, which defines the object of the present
study.

Materials and Methods. The study was based on field experiments conducted
in space and time on degraded land of the semi-desert and desert zones of the
Atyrau Region, Western Kazakhstan. The experimental soils are moderately saline
brown alluvial soils of medium loamy texture; the moderately saline layer extends
to about 60 cm and is underlain by very strongly saline material. Available nitrogen
and phosphorus are low and exchangeable potassium is very high. Plots were 30 m?
and were laid out in four replications. Seed of all species was collected within the
Atyrau Region, so that the tested material is of local provenance and adapted to the
regional salinity and moisture regime.

Field trials were established by pre-winter sowing on 16—18 November 2023
and 2024, using the species and the grass mixture listed in Table 1.

Table 1. Plant species and grass mixtures used in the field experiments.

o | Name of species and grass mixtures
Kochia prostrata (L.) Schrad
Camphorosma monspeliaca
Ceratocarpus arenarius

Salsola orientalis

m.l;wt\)—‘z

Grass mixtures (Kochia prostrata + Camphorosma monspeliaca)

Field emergence was assessed by counting established seedlings in each
plot after the end of the emergence period. Plant density was determined at the
beginning and at the end of the growing season and expressed in plants m2; the
ratio of the two characterises the completeness of establishment and the loss of
plants during the season. Spatial uniformity of emergence was recorded separately,
because Ceratocarpus arenarius emerged unevenly and Salsola orientalis did not
emerge at all under the experimental conditions. Plant height was measured from
the soil surface to the apex of the main shoot at the beginning and at the end of the
season. For second-year plants the biometric observations were supplemented by
the principal phenological stages - emergence, stem formation, budding, flowering,
fruiting and full fruit maturity - which allowed the rate of development to be related
to the seasonal course of temperature and precipitation.

Weed infestation was counted as the number of weed plants per square metre at the
beginning of the growing season and used to compare the competitive performance
of the single-species stands and of the K. prostrata—C. monspeliaca mixture; a lower
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weed density in the mixture was interpreted as more complete occupation of the
available growing space. Biomass and hay yield were determined for second-year
plants at the harvesting stage, recalculated per hectare and expressed in centners
per hectare (¢ ha™'). For each variant, pasture mass, hay yield, feed units, digestible
protein and metabolizable energy were determined, which links the establishment
indicators to the productive capacity recovered by the reclaimed land.

The forage value of the restored cover was characterised through the chemical
composition of the dry matter - crude protein, crude fat, crude fibre, nitrogen-free
extractive substances, starch, sugar, ash, calcium, phosphorus and carotene - from
which feed units, digestible protein, metabolizable energy and energy feed units
were calculated. The geoecological component of the methodology rested on
comparing the plant response under contrasting annual moisture conditions. Total
precipitation, its distribution during the emergence period, the seasonal temperature
regime and the soil properties of each plot were treated as environmental factors
acting on establishment and subsequent productivity, and the 2023-2024 and 2024—
2025 agricultural years were therefore treated as two contrasting environments
rather than as replicates. Differences in emergence date, plant density, retention,
height and productivity were interpreted against the recorded differences in
precipitation and temperature. Species combining stability of establishment with
higher productive characteristics were considered more suitable for the reclamation
of degraded arid land.

Agronomic practices. The arid species were sown at 4—10 kg ha™' after autumn
ploughing to 20-22 cm. The field was disked twice before ploughing to control
weeds and harrowed in two passes afterwards. No further operations were carried
out in the year of sowing.

Weather conditions. By total precipitation the 2023-2024 agricultural year was
relatively favourable, with 268.3 mm against a long-term mean of 189.8 mm. The
2024-2025 year was dry, with 147.2 mm, a deficit of 42.6 mm against the mean.
The two years were therefore used as contrasting moisture environments in the
interpretation of establishment and productivity.

Feed analysis. Feed quality was assessed by zootechnical and chemical analysis
after preliminary sample preparation, using an INFRAXACN 7500 feed analyser
(Sweden). Protein, fat, fibre, ash, sugar, starch, carotene, calcium and phosphorus
were determined on an Infrasac instrument (Denmark).

A full zootechnical analysis was carried out at the Feed Quality Analysis
Laboratory of the Kazakh Research Institute of Livestock and Fodder Production
and covered 18 parameters: initial, hygroscopic and total moisture, dry matter,
crude protein, crude fat, crude fibre, nitrogen-free extractive substances (NFES),
starch, sugar, ash, calcium, phosphorus, carotene, feed units, digestible protein,
metabolizable energy and energy feed units.

Initial moisture content was determined by drying feed samples to constant
weight at 65-70°C. Hygroscopic moisture was determined by drying a 2-g sample
to constant weight at 100—105°C. Total moisture content was calculated as:
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TM = IM + GM (100 — IM)/100, (1)

where TM is total moisture, IM is initial moisture, GM is hygroscopic moisture.
Dry matter was determined using the formula:

DM = 100 - TM ©)

where DM is dry matter and TM is total moisture.

Data analysis

Feed unit, digestible protein, metabolizable energy, energy feed unit were
determined by the following formulas:

FU=(1.176 - CP+1.953 - CFat + 0.903 - NFES) / 100, 3)

where FU is feed units per kg, CP is crude protein, CFat is crude fat and NFES
is nitrogen-free extractive substances, all expressed as a percentage of the natural-
moisture sample.

DP=CP - Kd, “4)

where DP is digestible protein (g kg™"), CP is crude protein (g kg™') and Kd is
the protein digestibility coefficient of the feed, which for the samples analysed here
lies between 0.76 and 0.77.

ME =17.71 - dCP + 37.89 - dCFat + 13.44 - dCFib + 14.78 - ANFES, 5)

where ME is metabolizable energy and dCP, dCFat, dCFib and dNFES are
the digestible crude protein, crude fat, crude fibre and nitrogen-free extractive
substances respectively.

EFU=ME/ 10 (6)

where EFU is energy feed units and ME is metabolizable energy.

Assessment of establishment and retention. The persistence of the restored cover
was expressed as plant retention, the percentage of plants surviving to the end of
the growing season:

PR =De/Di - 100, (7)

Where PR is plant retention (%), (De) is plant density at the end of the growing
season (plants m2), and (D1i) is plant density at the beginning of the growing season
(plants m™2).

Higher retention indicates a more persistent cover and, in geoecological terms,
a longer period over which the soil surface is protected from deflation and from the
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kinetic energy of rainfall. Biometric parameters were determined on 1 m? sampling
frames in each variant, within which cultivated plants and weeds were counted and
plant height was measured with a ruler from the soil surface to the stem apex; the
values were averaged by variant.

Results and Discussions. Degraded arid land is treated here as a coupled
soil-vegetation system in which the recovery of cover and the recovery of soil
properties are mutually dependent. Zhou et al. (2023) showed for the arid and semi-
arid regions of China that vegetation restoration alters soil organic matter, nutrient
availability and biomass, with the magnitude depending on the restoration pathway;
the assessment of reclamation therefore cannot rest on aboveground biomass alone.
Wiethase et al. (2023) further showed that degraded rangeland loses resistance to
environmental pressure while retaining a capacity for recovery once the controlling
ecological conditions are re-established. In the Atyrau Region aridity, profile
salinity, irregular precipitation and grazing pressure act jointly, so the reclamation
potential of a species has to be judged by its ability to establish and persist under
the combination rather than under any single factor.

The limiting step is germination and early root growth, and it is controlled by the
physical state of the uppermost soil layer rather than by the annual water balance.
Eldridge and Ding (2023) found that microtopographic treatments such as pitting
do not by themselves sustain improvements in ecosystem structure, their effect
depending on site conditions. The same dependence governs the establishment of K.
prostrata and C. monspeliaca on the medium-loamy saline soils of the study area,
where uneven drying of the surface, crust formation and compaction of the upper
layer act directly on field emergence and early survival. A technical assessment of
reclamation on such land must therefore treat soil texture, moisture accumulation,
surface condition and sowing date as design variables rather than as background.
Observations in the 2023-2024 and 2024-2025 agricultural years were used to
separate their effects. Three factors were found to determine emergence:

a) the water—physical condition of the soil, which may produce a crust above
the seed and a hard, dry monolith beneath it - in the first case the seedling of an arid
species dies under the crust, in the second the cotyledon root cannot penetrate the
hardened layer and the seedling dies as well;

b) the temperature regime during emergence and the precipitation received in
that period,

c) the level of field weed infestation.

In the 2023-2024 agricultural year 268.3 mm of precipitation fell, 78.5 mm
above the long-term mean of 189.8 mm, but its distribution over the emergence
period was uneven — 46.1 mm in March and 1.6 mm in April 2024. The autumn-—
winter period gave 164.7 mm against a mean of 89 mm, so the profile entered
spring close to saturation. Emergence was nevertheless determined by temperature
and not by moisture: despite the March rainfall the seed did not germinate, and
seedlings appeared only on 18 April, when mean air temperature rose from 1.8 °C
in March to 16.4 °C in April and monthly precipitation had fallen from 46.1 to 1.6
mm (Table 2).
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Table 2. Biometric parameters of growth and development of arid plant species in the first year
of life (Atyrau Region, 2024).

Variants Plant density, plants | Height, cm Number of
m weeds, plants m?
at the attheend |atthe at the end | at the beginning of
beginning | of growing |beginning |of growing | growing season
of grow- |season of growing | season
ing season season
Kochia prostrata 104 57.2 5.8 7.3 61.2
Camphorosma monspeliaca | 130.5 66.8 3.8 4.4 49.2
Grass mixtures (Kochia 112 71 7.6 8.8 38.5
prostrata + Camphorosma
monspeliaca)

Kochia prostrata, Camphorosma monspeliaca and the grass mixture responded
to the high soil moisture of March—April 2024 with a stand density at emergence of
104-130.5 plants m 2, two to five times the long-term average for the region (25-34
plants m2). Heights were 5.8 and 3.8 cm at emergence and 7.3 and 4.4 cm at the end
of the season for K. prostrata and C. monspeliaca respectively. Salsola orientalis,
a species of the southern Kazakh deserts, did not germinate under northern desert
conditions, and Ceratocarpus arenarius emerged over about three quarters of its
plots with no seedlings on the remainder; the same pattern was repeated at the
second sowing. In the first year these species complete their cycle at the stem-
formation stage, with a single stem of 4.4 cm (C. monspeliaca) to 7.3 cm (K.
prostrata), and cannot form a productive mass. The 2024-2025 agricultural year
was dry, with 147.2 mm against the long-term 189.8 mm, but its distribution was
sharply contrasting: the moisture accumulated in the profile during autumn, winter
and early spring was close to the long-term norm and proved more favourable for
first-year growth, which reached 8.2 cm (C. monspeliaca) and 9.8-11.6 cm (K.
prostrata and the mixture), as shown in Table 3.

Table 3. Biometric parameters of growth and development of arid plant species in the first year
of life (Atyrau Region, 2025).

Variants Plant density, plants m2 | Height, cm Number of | Plant
weeds, plants | retention (%)
m*Z
at the atthe end |atthe atthe end |atthe
beginning | of growing | beginning | of growing | beginning
of growing | season of growing | season of growing
season season season
Kochia prostrata 98 82 9,8 21 49,6 83,7
Camphorosma 90 71 8,2 18 40,3 78.9
monspeliaca
Grass mixtures 62 55 11,6 24 30,9 88,7
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By the end of the growing season plant heights were 18 cm (C. monspeliaca),
21 cm (K. prostrata) and 24 cm (the mixture). Stand density was favourable both at
emergence and at the end of the season — 62 to 98 plants m™ in spring and 55 to
82 plants m 2 in autumn — which is sufficient to secure a productive aboveground
mass in the second and subsequent years. Kochia prostrata combined the highest
density (98 plants m2 at the beginning and 82 at the end of the season) with growth
from 9.8 to 21 cm and a weed count of 49.6 plants m2. Camphorosma monspeliaca
held 90-71 plants m™, grew from 8.2 to 18 cm and carried 40.3 weeds m™=. The
mixture gave a lower but satisfactory density (62—55 plants m2), the greatest height
increment (11.6 to 24 cm) and the lowest weed infestation of all variants (30.9
plants m?), indicating that the two species together occupy the growing space more
completely than either alone. Ceratocarpus arenarius again emerged unevenly, and
in some plots not at all, while Salsola orientalis did not emerge, confirming that
neither is suitable for reclamation under these conditions.

Plant retention characterises the persistence of the restored cover. The highest
value was recorded for the grass mixture (88.7%), followed by K. prostrata (83.7%)
and C. monspeliaca (78.9%). Retention above three quarters in all three variants
indicates that, once established, the stands persist through the season under arid
and moderately saline conditions. The combination of the highest retention, the
greatest final height and the lowest weed density places the mixture ahead of the
single-species stands. In geoecological terms, holding a high proportion of the
established plants prolongs the period over which the surface is covered, and this
is the mechanism by which phytomelioration acts against deflation and further loss
of the soil-vegetation cover. Weeds did not noticeably suppress growth in the first
year of establishment.

In the 2024-2025 agricultural year an early spring - snowmelt on 8 March
- brought emergence forward to 10 March for K. prostrata and 9 March for C.
monspeliaca, a month earlier than in 2023-2024. Air temperature during the two
days before and after emergence rose sharply to +6...+9 °C, close to the optimum
for the germination of these species. Both entered the stem-formation phase of the
first year on 2 May (K. prostrata) and 31 May (C. monspeliaca) and remained in it
until the end of the growing season in November—December.

Second-year K. prostrata emerged on 6 April, reached stem formation on 11
May, budding on 28 May, flowering on 8 June and fruiting on 16 July; full fruit
maturity was recorded on 18-21 October. Camphorosma monspeliaca developed
2—4 days ahead of K. prostrata and 5-7 days behind the grass mixture. Second-
year stands responded to the high early-spring moisture supply with the heights
and foliage shown in Table 4: the mixture reached 30 cm and K. prostrata and C.
monspeliaca 27 cm each, with foliage of 33% in the mixture, 40% in K. prostrata
and 38% in C. monspeliaca.
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Table 4. Biometric parameters of growth and development of arid plant species in the second
year of life (Atyrau Region, 2025).

Variants Plant density, plants m | Height, cm | Foliage, %
Kochia prostrata 15 27 40
Camphorosma monspeliaca 14,2 27 38
Grass mixtures 9,5 30 33

Weeds suppressed the growth of second-year K. prostrata and C. monspeliaca
less than that of first-year plants, the established stands having by then occupied
the growing space.

Table 5. Chemical composition and nutritional value of the forage of arid plant species (Atyrau
Region, 2025).

Va- | Sample name | DM |In natural form, % Feed |DP,g |EE, |EFU |EC
riant Pro- |Fat |Fiber [NFES [Su- [Sta- |Ash [Ca [P [Caro- |units MJ
no. tein gar |rch tene, |PCT
mg lkg
1 Second 92,63 [22,90 | 5,49 20,06 (41,91 [2,80 |49,11 |2,27 (1,37|0,45 (35,58 |0,75 | 174,04 (10,70 | 1,07 |1,15

year's Kochia
prostrata hay

2 Second 93,07 | 23,56 {6,27 | 18,33 139,98 |- 43,88 14,94 10,90|0,48 |34,57 [0,76 [179,02 10,77 | 1,08 |1,15
year's Kochia
prostrata fruit
forage

3 Second year's | 93,82 20,92 |3,90 | 24,72 | 40,09 |- 27,18 |4,19 10,96 0,32 |23,67 |0,68 | 161,09 [9,84 |0,98 |1,04
Campho-

rosma mon-
speliaca hay

Note: DM — dry matter; NFES — nitrogen-free extractive substances; Ca — calcium; P — phosphorus;
FU — feed units;, DP — digestible protein; ME — metabolizable energy; EFU — energy feed units per kg
of natural-moisture feed; EC — energy feed units per kg of dry matter.

Dry matter in K. prostrata hay of different ages ranges from 92.63 to 93.82% at
natural moisture and varies little between samples (Table 5). The differences that
matter for forage value lie in protein, fat and fibre. Fruit forage exceeds hay on
every one of them: 23.56% protein, 6.27% fat and 18.33% fibre, against 22.90, 5.49
and 20.06% respectively in hay.

Camphorosma monspeliaca hay is the poorest of the three samples, with 20.92%
protein, 3.90% fat and 24.72% fibre. Per kilogram, the fruit forage yields 179.02 g
of digestible protein, 10.77 MJ of metabolizable energy and 1.08 energy feed units;
K. prostrata hay 174.04 g, 10.70 MJ and 1.07; and C. monspeliaca hay 161.09 g,
9.84 MJ and 0.98. GOST R 55452-2021 sets its quality limits on a dry-matter basis;
recalculated to dry matter, crude protein, crude fibre and metabolizable energy are
247 gkg', 217 gkg'and 11.6 MJ kg! in K. prostrata hay, 253 g kg™, 197 g kg™
and 11.6 MJ kg in the fruit forage, and 223 g kg!, 263 g kg'* and 10.5 MJ kg™
in C. monspeliaca hay. All three feeds exceed the first-class limits the standard sets
for hay from natural forage lands (at least 120 g kg™’ crude protein, at most 290 g
kg™ crude fibre and at least 8.9 MJ kg™ metabolizable energy). Against its strictest
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first-class limits, those for seeded legume hay (150 g kg™, 260 g kg™ and 9.2 MJ
kg™), K. prostrata hay and the fruit forage still qualify, whereas C. monspeliaca
hay exceeds the fibre limit marginally. The productivity of the second-year stands
is given in Table 6.

Table 6. Productivity and energy—protein value of two-year-old arid plants promising for the
reclamation of degraded lands in the semi-desert and desert zones of Kazakhstan (Atyrau Region,

2025).

Variants Pasture Hay, c/ha | Feed Digestible Metabolizable

mass, c¢/ha units, ¢/ha | protein, c/ha | energy, GJ/ha
Kochia prostrata 20,0 6,0 4.5 1,04 6,10
Camphorosma monspeliaca 17,5 5,2 3,54 0,84 5,12
Grass mixtures(Kochia 22,0 6,6 4,75 1,10 6,77
prostrata+ Camphorosma
monspeliaca)
LSDo.os, c/ha - 0,42 - - -

Single-species K. prostrata and the grass mixture gave the highest yields of
feed units, digestible protein and metabolizable energy - 4.5 ¢ ha™', 1.04 ¢ ha™'
and 6.10 GJ ha™', and 4.75 ¢ ha™', 1.10 ¢ ha™ and 6.77 GJ ha™' respectively.
Camphorosma monspeliaca was lowest, at 3.54 ¢ ha™', 0.84 ¢ ha™ and 5.12 GJ
ha™'. Salsola orientalis and Ceratocarpus arenarius formed too sparse a stand
to yield a measurable mass and are of no practical value in pure sowing. Among
the salt-, solonetz- and drought-tolerant species of the northern desert of Western
Kazakhstan, therefore, adaptive capacity ranks in the order: grass mixture > K.
prostrata > C. monspeliaca.

This ranking was obtained across two contrasting years - a wet first year and a
dry second year, with 268.3 and 147.2 mm of annual precipitation - which indicates
that productivity in the second year is set largely by the moisture conditions of
the first: the better the establishment year, the higher the subsequent yield. The
principal obstacle to wider use of these species is not their productivity but the
unevenness of their field emergence, which becomes more pronounced as the
sown area increases. Emergence counts on soils of differing texture show that the
optimum stand is obtained on light-textured soils — sand, sandy loam and light
loam - whereas on heavy loam and clay the stand alternates between dense patches
and bare ground. The mechanism is the differential drying of the surface layer in
which the seed lies. On uneven terrain and on convex slope elements the surface
loses moisture faster, and a crust forms that the seedling of an arid semi-shrub
cannot break through. Beneath the seed, the same layers are dried by wind into hard
monoliths through which the root of the young plant cannot reach the moister soil
below, so that the seedling dies. Where plants do establish on rapidly drying convex
elements they grow slowly and remain stunted. The unevenness of the first year
thus propagates into every subsequent year, and the design of a reclamation scheme
on heavy-textured saline land must treat surface texture and microrelief as criteria
for selecting the site, not as noise.
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Water availability is the principal ecological constraint on vegetation development
in drylands. Wang et al. (2022) found that vegetation restoration dominated the
increase in water-use efficiency of Chinese drylands, so that recovering cover
modifies the relation between water supply and productivity. The comparison of
the two agricultural years here shows that the amount of precipitation alone does
not characterise reclamation conditions: its timing relative to germination and early
root growth does.

Climatic thresholds matter when judging whether restoration is feasible at all.
Zhang et al. (2024) showed that the relation between ecological restoration and
atmospheric drought depends on the degree of aridity and on land—atmosphere
coupling, restoration mitigating atmospheric drought under suitable conditions
but being constrained where water limitation is severe. For the Atyrau Region this
places precipitation, air temperature, seasonal moisture supply and soil water status
together in any assessment of reclamation potential.

A restored cover must also be monitored at the scale at which land degradation
occurs. Retallack et al. (2024) demonstrated the use of remote sensing to track
rangeland condition over fifteen years following the removal of livestock. Field
measurements of density, retention, biomass and cover can therefore be combined
with spatial monitoring to follow reclamation over large areas and long periods.

Sowing decisions are themselves a technical lever. Copeland et al. (2025)
showed that restoration outcomes depend strongly on seeding decisions and on
the weather encountered immediately after germination - which is precisely what
the earlier emergence of K. prostrata and C. monspeliaca under the warm early
spring of 2025 illustrates. Surface management acts on the same stage: Leger et
al. (2022) found mulch more effective than compost in restoring soil health and
supporting re-establishment on semiarid rangeland, and Kimmell et al. (2023)
showed across drylands that soil restoration improves soil health by a margin set
by context. Although the present work tested species rather than amendments, its
results point the same way: the establishment of K. prostrata and C. monspeliaca
should be evaluated by its contribution to maintaining cover, adding organic matter
and reducing the exposed soil surface, and not by biomass alone.

Finally, the hydrological consequences of reclamation constrain its scale. Fu et
al. (2025) argued that cost-effective dryland restoration requires the water balance
to be considered explicitly, because measures that raise productivity also raise water
demand. The higher productivity and retention of the grass mixture must therefore
be read together with its water requirement under limited supply. Assessing
K. prostrata, C. monspeliaca and their mixture as components of a reclamation
strategy for degraded arid land thus requires soil properties, soil moisture, the
precipitation and temperature regimes, field emergence, density, retention, growth,
weed competition, biomass, forage quality and cover stability to be treated as one
system.

Conclusion. The species tested differ sharply in their suitability for the
reclamation of degraded arid land in the semi-desert and desert zones of the Atyrau
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Region. Kochia prostrata and Camphorosma monspeliaca established reliably
and held high stand densities under low weed pressure. Retention at the end of
the growing season was 83.7% for K. prostrata, 78.9% for C. monspeliaca and
88.7% for their mixture, indicating a cover that persists through the season on arid,
moderately saline soil.

The grass mixture gave the highest biomass, 22.0 ¢ ha™ against 20.0 for K.
prostrata and 17.5 for C. monspeliaca, together with the highest yields of feed
units (4.75 ¢ ha™), digestible protein (1.10 ¢ ha™) and metabolizable energy
(6.77 GJ ha™"). Kochia prostrata followed with 4.50 ¢ ha™', 1.04 ¢ ha™ and 6.10
GJ ha™', and C. monspeliaca with 3.54 c ha™, 0.84 c ha™ and 5.12 GJ ha™'; the
lower productivity of the latter is offset by its tolerance of salinity, which makes it
valuable as a component of the mixture rather than in pure stand.

Salsola orientalis did not germinate in the field under the conditions of the
northern desert of Western Kazakhstan, and Ceratocarpus arenarius established
very unevenly; neither can be recommended for reclamation here.

The decisive constraint, however, is not the choice of species but the physical
state of the seedbed. On light-textured soils the stand is even; on heavy loam and
clay, and on convex slope elements that dry rapidly, a surface crust together with a
hardened layer beneath the seed produces alternating dense and bare patches that
persist into later years. Soil texture and microrelief should therefore be used as site-
selection criteria in the design of phytomeliorative schemes on degraded arid land.

Taken together, the retention, establishment and productivity of K. prostrata and
C. monspeliaca, and particularly of their mixture, demonstrate a high geoecological
potential for restoring the productive function of degraded arid land, maintaining
vegetation cover, reducing exposed soil surfaces and slowing desertification in the
northern desert and semi-desert of Western Kazakhstan.
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