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2 Clarivate
Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets
it apart from other research databases. The inclusion of News of NAS RK. Series of
geology and technical sciences in the Emerging Sources Citation Index demonstrates our
dedication to providing the most relevant and influential content of geology and engineering
sciences to our community.

Kaszaxcman Pecnyonukacer ¥immuolx 2oiivim akademusicol « KP YA Xabapnapwr. ['eonocus
JHCOHE MEXHUKANBIK RbLILIMOAD CepusiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinoa Clarivate Analytics komnanusicol JHcypHAIObL
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmeoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapwl. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEPUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Kozamoacmulx ywin ey 03exmi dcoue
6e0endi eeonocus JHcoHe MEXHUKATBIK bLILIMOAP OOUbIHULA KOHMEHMKe a0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonocuu u
MeXHUYecKux Hayk» Ovlin npunsm 015 unoexcuposanus 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvheuuie2o npuHAmMus
arcypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u the
Arts & Humanities Citation Index. Web of Science npednrazaem xawecmeo u 2nyOumHy
KoHmenma Oisi  uccieoogameinell, demopos, uzoameneti u yuypedcoenuil. Brnouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCmb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.



Bac penakrop

KYPBIHOB Mypar KypbiHYJIbI, XUMHUS FBUIBIMIAPBIHBIH TOKTOpBI, Tpodeccop, KP ¥FA
akanemuri, Ka3zakcran PecnyOmukackl YarTeik FwutbiM  akagemusichiHbIH mpesuneHTi, AK «/1.B.
CoOKONBCKHI aTBIHAAFBI OTHIH, KaTaln3 jKOHE MEKTPOXUMHS HHCTUTYTBIHBIH» 0ac TUPEKTOpHI (AJIMATHI,
Kazakcran) H =4

FplabiMu XaTiibl

ABCAJIBIKOB BaxbiT Hapukaiiyabl, TeXHUKa FRUIBIMIApBIHEIH JTOKTOpHI, podeccop, KP ¥FA

JKayanThl XaTIbIChl, A.b. BekTypoB aTbIHAaFBI XUMUS FBUTBIMIAPEI HHCTUTYTHI (AnMarsl, Kazakcran) H=5
PepnakunusaablK ajka:

OBCAMETOB Mauic Kyasicyiabl (6ac penakTopablH OpbIHOAcaphl), T€OJOTHS-MHHEPATOTUS
FBUIBIMJIAPBIHBIH  TOKTOpBI, mpodeccop, KP ¥FA akamemnri, «Y.M. Axmencaduna aTbIHAAFBI
THIIPOTCOIOTHS KOHE T€OIKOOTH MHCTUTYTHIHBIHY) TUPEeKTophl (AnMarel, Kazakcran) H = 2

JKOJITAEB Tepoii JKoaraiiynel (6ac pemakTopiblH OpBIHOAcCAPhI), TEONOTUS-MHHEPAIOTHS
FBUTBIMJIAPBIHBIH JOKTOPHI, mpodeccop, K.M. CaTmnaeB ThIHIAFBI T€ONIOTHS FHUIBIMIAPH HHCTUTYTHIHBIH
nupektopsl (Anmarsl, Kazakcran) H=2

CHOY [Ipuuen, Ph.D, kaybiMaacteipbutran npogeccop, Hebpacka yuuBepcuteTinid Cy FhUIBIMIAPDI
3eprxaHachlHbIH qupekTops! (HeOpacka mrarsr, AKII) H = 32

3EJBTMAH Peiimap, Ph.D, taburu tapux Mmypaxaiieinsiy JKep Typassl FbutbiMaap Oestiminjae
TIETPOJIOTHS XKOHE Taiiiasbl Ka30aap KeH OpBIHAAPBI CalachIHAAFEl 3epTTeyIepain kerekmrici (Jlonmomn,
Anrnus) H =37

MMAH®UJIOB Muxaua BopucoBud, TeXHUKa FRUIBIMIAPBIHBIH JOKTOPEI, Hancn yHHBepcHuTeTIHIH
npodeccopsl (Hancu, @panrms) H=15

HIEH IMun, Ph.D, KeITaii reoIorusuIbIK KOFaMBIHBIH Tay T€0JIOTHSACH KOMUTET] TUPEKTOPEIHBIH OPbIH-
Gacapbl, AMEpHKaH/IbIK YKOHOMHKAIBIK Teosiortap KaybiMaacToirbiHbIH Mytieci (ITexun, Kpitait) H = 25

OUIIEP Axkcean, Ph.D, [/IpesneH TeXHUKAIBIK YHUBEPCUTETIHIH KaybIMAACTHIPBLUIFAH Ipodeccopsl
(dpesnen, bepnun) H=6

KOHTOPOBUY Anekceii IMHIbeBHY, T€OJOTUS-MHHEPAIOTNs FHUIBIMAAPLIHBIH JIOKTODBI,
npodeccop, PFA akamemuri, A.A. Tpodumyka arblHIaFbl MyHai-ra3 TeOJIOTHSCHI JKoHEe reodusuka
nHcTuTyTH (HOoBOCHOMpCK, Peceit) H = 19

ATABEKOB Baanuvup EHokoBHY, XUMUs FBUIBIMAAPBIHBIH J10KTOpHI, benapycs ¥FA akanemuri,
YKana matepuanap XUMHACHI MHCTUTYTBIHBIH KYPMETTi aupektopsl (Munck, berapycs) H =13

KATAJUIUH Credan, Ph.D, J/[pe3neH TeXHUKaJIBIK yHUBEPCUTETIHIH KaybIMaCTBIPBUIFaH Podeccopbl
(dpesnen, bepmun) H = 20

CEMTMYPATOBA Dieonopa FOcymoBHA, reoioris-MHHEPANOTHS FHUTBIMIAPHIHBIH JOKTOPHI,
npodeccop, KP ¥FA xoppecnonaent-mymeci, K.J. Carnaes arsiaaarsl [ €0m0Tus FRUTBIMIAPEI HHCTUTYTHI
3epTXaHachIHbIH MeHrepyiici (Anmarsl, Kazakcran) H=11

CATYBIHTAEB Kanaii, Ph.D, xaysimmacteipsuiran npogeccop, Hazapbaes ymmsepcureti (Hyp-
Cyurran, Kazakcran) H =11

DOPATTUHMU IMaouo, Ph.D, bukokk Munian yHHBEpCUTETI KaybIMAACTHIPBIIFAH mpodeccopsl (MmumaH,
Uranus) H = 28
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© Kazakcran PecryOnukachbiHBIH ¥ ITTHIK FBUIBIM aKaeMusichl, 2022

Tunorpadususie MekeH-kaibl: «Apyna» KK, Anmarsl k., Myparbaes kemt., 75.

3



I'naBHBIii penaxkTop

KYPUHOB Mypar ’KypuHOBHY, TOKTOp XMMHUYECKHX HayK, mpodeccop, axagemuk HAH PK,
npesuseHT HanmonanpHoi akagemun Hayk PecryGnmkm Kasaxcran, reHepanbHblii pupextop AO
«MHCTUTYT TOTUIMBA, KaTaiau3a U anekTpoxuMun uM. J1.B. Cokonbckoro» (Anmarsl, Kazaxcran) H = 4

YueHHBIIi cekpeTapb

ABCAJIBIKOB BaxbiT HapukéaeBu4, TOKTOp TEXHHYECKHX HAyK, Mpodeccop, OTBETCTBEHHBIN

cexperaps HAH PK, UucTnTyT XuMnueckux Hayk uM. A.B. Bexryposa (Anmarer, Kazaxcran) H=15
PenaknuoHHasg KodJgerus:

ABCAMETOB Masuc KyapicoBud, (3aMeCTUTEINb ITTABHOTO PEAKTOPA), JOKTOP I'€0JIOTOMHUHEPAIIO-
THYECKHX HayK, mpodeccop, akaaemuk HAH PK, mupextop MHCTUTYTA THAPOTE€OIOTHU U TEOIKOTOTUH M.
V.M. Axmencaduna (Anmarsl, Kazaxcran) H =2

JKOJITAEB TI'epoii KoaraeBuu, (3aMeCTUTENb INIABHOTO PENAKTOpa), JOKTOP T'€OJOTOMHHEpAo-
THYeCKUX Hayk, mpodeccop, mupekrop MHcruryrta reonmornueckux Hayk nm. K.M. CarmaeBa (AmnMarsl,
Kazaxcran) H=2

CHOY Jpuuen, Ph.D, acconnupoBanHslii mpodeccop, aupexrop JlabopaTopun BOTHBIX HayK YHHBED-
cutera Hebpacku (mrar Hebpacka, CILIA) H = 32

3EJBTMAH Peiimap, Ph.D, pyxoBoauTes HCCIEI0BaHIH B 00JIACTH IIETPOJIOTHU  MECTOPOXKIACHHI
M0JIe3HBIX CKomaeMbIX B OTaene Hayk o 3emie Myses ecrectBenHol uctopuu (Jlonnon, Aurmus) H = 37

IMAH®HWJIOB Muxana BopucoBud, T0KTOp TEXHHYECKNX Hayk, mpodeccop Yansepcutera Hancn
(Hancu, ®dpannus) H=15

HIEH ITun, Ph.D, 3amecturens qupexropa Komutera o ropxoii reosornu Kuraifickoro reooruaeckoro
o01ecTBa, wieH AMEepUKaHCKOW acconmanuy skonomudeckux reoioros (ITexun, Kurait) H = 25

OUIIEP Axkceab, accouunpoBaHHBIA mpodeccop, Ph.D, TexHmueckmit yHuBepcurer [pesneH
(dpesnen, bepnun) H=6

KOHTOPOBUY Aunekceli DMUIbeBHY, TOKTOP TI'eOJIOTO-MHHEPAIOTHIECKUX HAyK, Ipodeccop,
akagemuk PAH, Uuctutyr HedrerasoBoit reomornu u reopusuku um. A.A. Tpopumyka CO PAH
(HoBocubupck, Poccust) H=19

AT'ABEKOB Baagumup EHokoBHY, TOKTOp XMMUUECKUX HayK, akageMuk HAH benapycu, moueTHsIi
mupekTop MHCTHTYTa XUMHUU HOBBIX MarepuaiioB (Munck, benapycs) H =13

KATAJIUH Credan, Ph.D, accouuuposanusiii mpodeccop, Texuuueckuit yausepcuret (pesneH,
Bepnmun) H = 20

CEMTMYPATOBA Dieonopa FOcynoBHa, TOKTOp reonoro-MAHEPAIOrHYECKHX HayK, Tpodeccop,
uneH-koppecnionneHT HAH PK, 3aBenyromas naGoparopun MHcTHTyTa Teonormdecknx Hayk um. K.
CarnaeBa (Anmatsl, Kazaxcran) H=11

CAT'MHTAEB Kanuaii, Ph.D, accormmupoBannslit mpodeccop, Hazapdaes yausepcuter (Hypcynras,
Kazaxcran) H=11

D®PATTUHU IMaoso, Ph.D, accounmmpoBanHBIil mpodeccop, MuUIaHCKUH yHHBEPCHUTET BHKOKK
(Munan, Utamns) H = 28
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T.I. Espolov!, A.G. Rau', N.N. Balgabayev’, E.D. Zhaparkulova',
Josef Mosiej?

'Kazakh National Agrarian Research University NCJSC,
Almaty, Kazakhstan;
’Kazakh Scientific Research Institute of Water Economy LLP, Taraz,
’Kazakhstan;*Warsaw University of Life Sciences, Warsaw, Poland.
E-mail: alexyrau@gmail.com

GEOLOGICAL STRUCTURE OF ALLUVIAL SEDIMENTS
OF RIVER TERRACES AND ENERGY EFFICIENCY
OF IRRIGATION SYSTEMS

Abstract. The geological structure of the Syrdarya river basin of the Shardara
irrigation system river terraces, where the studies were carried out, consists
of Quaternary alluvial sediments, the upper layer of which is represented by
loams and sandy loams up to 3 m., and the lower layer is by sandy deposits.
The soils are alluvial light gray and desert-gray soils with a high content of
coarse dust (0.05 - 0.01 mm) and fine sand (0.1 - 0.5 mm), porosity is 48-52%,
bulk density is 1.2 - 1 .3 g/cm?, specific gravity constitutes 2.6 - 2.67 g/cm?,
while humus is 1.1% (Kolomenskij, 1968).

Due to irrigation the arable and subarable soil layers are compacted and
bulk density increases to 1.5 - 1.6 g/cm?, and porosity decreases by 10%.
The compacted arable layer of the soil in a state of difficult aeration causes
restoration processes and oxygen deficiency in the soil, consequently, the
nutritional regime deteriorates. To preserve and restore soil properties, and
increase its fertility, alfalfa crop rotations should be increased. 50% of Alfalfa
in cotton crop rotations enriches the soil with organic matter up to 12 t/ha,
destroys the compacted soil layer, reduces the bulk density from 1.5-1.6 g/cm?
to 1.3—1.4 g/cm?, and increases the porosity by 5-8%.

Field studies were carried out in 2019-2021 on four peasant farms, with
63%, 54%, 50.3%, 37.5% of cotton crops and 37%, 46%, 49.3%, 46.5% of
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alfalfa. The highest yield of cotton and alfalfa, 26.6 and 131 centners per
hectare correspondingly, was obtained in Ali-Myrza farm, where the structure
of sown areas for cotton and alfalfa constitute 50.3% and 49.7% respectively.
The profit from cotton was 511,914 tenge/ha, and from alfalfa is 250,840 tenge/
ha, while in other farms these figures are lower by 10 - 26%.

The results of the study can be scaled upfor cotton crop rotation on the area
of 220 thousand hectares of irrigation systems.

Key words: geology, soil cover, soil fertility, irrigation systems, energy
efficiency, sub-irrigation.

T.A. Ecnosos!, A.T. Pay", H.H. banradaes”, E.JI. ’KanapkyxioBa',
Josef Mosiej?

'Kazak yITTBIK arpapiiblK 3epTTey YHUBEpCcHTETi, Anmarel, Kazakcran;
’Kasak cymapyaniblibIiFbl FRIBIMU-3¢PTTEY HHCTHTYTHI, Tapas, KazakcraHn;
’BapinaBa skapaThlIbICTaHy FhUIBIMIAPhl YHHUBEPCHUTETI, Bapiiasa, [Tomnbiia.

E-mail: alexyrau@gmail.com

O3EH TEPPACAJIAPBIHBIH AJIJTIOBUAJIIBI INOTTHAIJTEPIHIH
T'EOJIOTUSJIBIK KYPBIJIBIMBI JKOHE CYAPY KYWEJIEPIHIH,
SHEPI'USA TUIMALJIIT'T

AnHoTtanus. 3eprreynepxyprizinret [Llapaapacyapy xyiiecinig Ceipaapus
©3¢H1 0acceliHiHIH 63€H TeppacalapblHbIH T'€OJOTUSIIBIK KYPBUIBIMBI TOPTTIK
aJUTIOBUATBI IIOTIHALIEPACH, JKOFapFel KabaThl 3 M JeiiH ca3faybiT >KOHE
KYMJIaybIT, TOMEHT1 KYMJIbI IIOTIHIUIEPACH TYpaabl. TOMBIPAFhl aJLTIOBHAIIIBI
aIIbIK CYp TOTMBIPAKTHI JKoHE KypaMmbiHaa ipi maH (0,05-0,01 mm) sxoHe ycak
kyMm (0,1 — 0,5 mm) ke, keyekTiniri 48-52%, kenemaik maccacel — 1,2 - 1,3 1/
cM>, MEHIIIKTI Maccacel — 2,6 - 2,67 r/cm?®, kapamipiri — 1,1% (Kolomenskij,

1968).
Cyapy HOTHXKECIHE TONBIPAKTHIH KBIPThUIFAH Ka0aThl MEH €Ty KabaTTaphl
TeIFbI3AanaaAbl. Kenemmik maccacer 1,5 — 1,6 r/cm®-re peiin aprajisl,

keyekTiniri 10%-ra Temenaeiai. TONbIPpaKTBIH THIFBI3MANIFAH EriCTIK Ka0aThl
KYpIeni a’spanus >KaraaiblHaa, KajdlblHa KeNTipy MpolecTepi AaMuibl. by
TOTBIPAKTa OTTETIHIH >KETICIIEYIIUIITIH TYAbIPAAbl KOHE KOPEKTEHY pPEKUMIi
Hamapnaiel. TONBIPAKTBIH KACHETTEPIH CaKTay >KOHE KajlblHA KeNTipy,
OJIapJbIH KYHAPJIBIFBIH apTThIPy YIIIH aybICHalibl €ricTepiAeri *KOHBIIIKAHbI
kebelTy KaxkeT. Makra aysicnainsl ericrepineri 50% OHBIIIKA TONBIPAKTHI
OpTaHUKaJIbIK 3aTTapMeH 12 1/ra neiin 6albITa bl, TONBIPAKTHIH THIFbI3IATFaH
KabaTelH Oy3anabl, KemeMaik maccanel 1,5 — 1,6 r/cmi-ten 1,3-1,4 r/cm3-ke
NeiliH ToeMeHaeTe I, KeyeKTIIiriH 5-8% - ¥a apTThIpajibl.
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Toxipubenik-skcnepuMeHTTiK 3epTreyiaep 2019-2021 xblngapel MakTa
erici 63%, 54%, 50,3%, 37,5%, »xonsbiika— 37%, 46%, 49,3%, 46,5% Gap Tept
nrapya KOXaJbIFBIHAA JKYPri3inai.MaKkTaHbIH €H KOFapbl OHIMIUTIT — 26,6 11/
ra, >koHpIKa — 131 1/ra « Anmu-Mbip3a» mapya KoxKaJbIFbIH/1A aJIbIH/IbI, €T1CTIK
aJKanTapblHbIH KypbUIbIMbI MakTa 50,3%, xoHbimika — 49,7%. Makranan
TyckeH maiga 511914 Ttenre/ra, >konpimkaman 250840 TeHre/rakypaiibl.
backa mapyatbsuibikrapia 6y kepcerkimrep 10 —26% - ra ToMeH.

3eprTey HoTHkenepi 220 MBIH ra ajkanrta cyapMaibl JKyHeleplIiH MakTa
aybICIIaJIbl eriCiHe eHT1311yl MYMKIiH.

Tyiiin ce3aep: reonorus, TONbIPaK KaMbUIFBICHI, TOIBIPAK KYHAPJIbUIBIFBL,
UPPUTalUsIIBIK KYienep, sHeprus TUIMALIIT, CyOuppuramnus.
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I'EOJIOI'MYECKOE CTPOEHHUE AJIJIIOBUAJIBHbBIX
OTJIOXKEHM PEUHBIX TEPPAC U DHEPTO®®PEKTUBHOCTD
NPPUTAIIMOHHBIX CUCTEM

AHHoTaumus. leojornueckoe CTPOCHHE pPEYHBIX Teppac OacceitHa p.
Coipgapsu  llapgapuHCKONH OpPOCHUTENBHON CHCTEMBI, T/€ MPOBOAMINCH
HCCIICIOBAHMS, COCTOMT W3 YETBEPTUUYHBIX AJUTIOBUAIBHBIX OTJIOKCHUH,
BEPXHUU CJIOW 10 3 M MOPEACTaBICH CYNIMHKAMHU M CYNECSIMH, HWKHUU
MECUYaHBbIMU OTJIOXKEeHUSAMU. [lOUBBI amiOBHANbHBIE CBETJIbIE CEPO3EMbl U
MIyCTBIHHO-CEPO3EMHBIE C BBICOKHM cojepkanueMm kpynHoil meuta (0,05 —
0,01mm) u menkoro mecka (0,1 — 0,5 M), mopo3Hocth 48-52%, oObemMHas
macca - 1,2 — 1,3 r/cem®, ynenpHas macca - 2,6 — 2,67 r/em?, rymyca — 1,1%
(Kolomenskij, 1968).

B pesynbrare opoleHus yraoTHIETCS MaXOTHBIN U MOIaXOTHBIH CJI0M MOYB.
OObemHas macca yBenuuuBaetcst 10 1,5 — 1,6 r/cM?, mOpO3HOCTh CHUXKACTCS
Ha 10%. YmioTHEHHBI MaXOTHBIM CJIOW IMOYBBI HAXOAUTCS B COCTOSHUU
3aTPYIHEHHON a’paliu, pa3BUBAIOTCS BOCCTAHOBHUTEJIHLHBIE MPOIIECCHI.
DTO BBI3BIBACT NCPUIIAT KHUCIOPOAA B TMOYBE M YXYALIAETCS MHUTATEIbHBIN
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pexum. Jlyisi coxpaHeHUs: U BOCCTAHOBJICHUSI CBOWCTB TMOYB, MOBBIIICHUE UX
MJI0JJOPOAMST HEOOXOAMMO YBEIMYUTh B CeBOOOOpoOTax jroiepHy. JlromepHa
B XJIOMKOBBIX ceBoobopoTax 50% oOoraimiaer moyBy opraHukoit g0 12 1/ra,
paspyiiaeTr yIjOTHEHHBIN CJI0H OYBBI, CHI)KaeT 00beMHYIO Macey ¢ 1,5 — 1,6
r/cm® no 1,3 — 1,4 r/cm®, moBeImaeT mopo3HocTh Ha 5-8%.

OnbITHO-’KCIIEPUMEHTAIBHbBIE UCCIIeIOBaHUs TPpoBOAMINUCH B 2019-2021 rr.
B UETHIPEX KPECTHhIHCKUX X035HUCTBaX, ¢ MoceBaMu xJomnka 63%, 54%, 50,3%,
37,5%, monepusl — 37%, 46%, 49,3%, 46,5%. Haubonbimas ypoxaliHOCTh
xJionka — 26,6 1/ra, motepHsl — 131 1/ra morydeHa B KPEeCThSIHCKOM XO3S1CTBE
«Ann-MpIp3a», Ipu CTPYKTYpe NOCEBHBIX Iutonaaei xaonka 50,3%, nronepHsl
—49,7%. ITpubsuips oT XJ10MKa cocTaisier 511914 Tr/ra, mouepusr — 250840
Tr/ra. B npyrux xo3siicTBax 3TH nokaszarenu Hwke Ha 10 — 26%.

Pesynbrarel nccnenoBaHus MOTYT BHEAPATHCS HA XJIOMKOBBIX CEBOOOOPOTaX
OPOCHUTENBHBIX CUCTEM Ha Tutomaau 220 Teic.ra.

KitoueBble cJjioBa: Teosorus, MOYBEHHBIM MOKPOB, IJIOJOPOAHME TOYB,
UPPUTAIMOHHBIE CUCTEMBI, YHEPTOA(DPEKTUBHOCTH, CyOUppHUTaIusl.

Introduction. In the 1970-90 s the irrigation systems were built on the
alluvial sediments of the river terraces on the territory of 2.3 million hectares.
Since 1991 the irrigation systems area has decreased by 38.5%, the yield of
cultivated crops by 1.5 times. The irrigation systems area in Turkestan region
has significantly decreased from 500.5 thousand ha to 395.0 thousand ha,
including cotton from 220 thousand ha to 174.4 thousand ha (2020).

The reduction irrigation systems farmlands are mainly caused by lack of
knowledge about the geological structure of river terraces soil-forming rocks,
the characteristics of the genesis, regime and properties of alluvial deposits
soils cover, which is characterized by poor resistance to external impacts. In the
process of irrigation, many soil properties change, the bulk density increases,
the porosity and filtration characteristics decrease, a formed compacted plow
layer increases soil degradation, and reduces its fertility and the cultivated
crops’ yield, due to low productivity, the lands are abandoned and removed
from agricultural circulation.

It is necessary to change the structure of crop rotation, irrigation parameters,
specifying them to correspond to the soil genesis, ensuring the fertility
reproduction, and profitable agricultural production on irrigation systems and
their energy efficiency on these lands.

Irrigation systems constitute the second subsystem of the melioration
system. Irrigation systems supply water to irrigated fields, converting the flow
of water into soil moisture, providing optimal soil moisture for plant growth
and development, increasing their productivity and economic performance
(Kostyakov, 1960).
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Improving the cotton crop irrigation systems energy efficiency is a priority
task to solve a set of associated issues with energy, environment, economic and
social (2020, 2008).

The study is aimed at establishing the energy efficiency of irrigation systems
for cotton crop rotations, agricultural practices that increase soil fertility, crop
yields, water saving and environmental safety of natural ecosystems.

Research materials and methods. The studies were carried out on the
Shardara irrigation system with cultivating cotton crop rotation. When
studying the soil fertility level, we considered the appropriate soil analogue of
virgin land and cotton nine-field crop rotation scheme with 63% or six of fields
by cotton and 37% or 3 fields by alfalfa, which is widespread in the cotton-
growing farms of the Shardara irrigation system.

Experimental studies were carried out on four peasant farmlands with the
parameters as follows: Didar farm 63% for cotton, alfalfa - 37%, Toyshi farm
with 55% for cotton and 45% alfalfa, Ali-Myrza farm - 50.3% cotton and
49.7% alfalfa, and Dikhan farm with 37.5% for cotton, 46.5% for alfalfa and
16% for corn. In these peasant farms the accumulation of organic matter in
soils, humus, the gross form of nitrogen, phosphorus and potassium, the yield
of cultivated crops, the cost price, profit, and irrigation norms were measured.

Soil sampling to detect the content of humus, phosphorus, potassium and
salts was conducted in spring before sowing and in autumn after harvesting
(Dospekhov, 1985). For each farm, a technological map was developed, where
all the costs for cultivating crops, and the energy efficiency of crops and the
irrigation system were indicated.

Results. The agro-resource potential and climate conditions of the Shardara
irrigation system are favorable for the cultivation of cotton crops. Natural
conditions enable to maintain an automorphic reclamation regime of soils,
ensuring the reproduction of fertility and high yields of cotton up to 35 centners
per hectare and alfalfa up to 150 centners per hectare (Kemenger, 2020).

The soils salt regime with cotton crops develops favorably. The salt reserves
in the meter layer before the development of virgin soils was 96 t/ha, but
exploitation of soils for cotton crop rotations decreased the salt content to 16.5
t/ha. The sulfates content decreased from 0.3 to 0.02%, sodium from 0.12 to
0.016%. The decrease in chlorides was the most dynamic, as their content
fell to 0.008%. As a result of irrigation, the total alkalinity increased to 0.09
- 0.1%. Such an increase in alkalinity is associated with reducing reactions
involving anaerobic microorganisms.

Mineralization of groundwater prior to the development of the area was 2.9
g/l. Over the years of cotton cultivation, the mineralization of groundwater has
decreased to 1.2 g/l.
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Alfalfa on the irrigation system of the Shardara irrigation system is cultivated
by itself or under the cover of barley. Alfalfa seedlings and crop density in
areas of pure alfalfa sowing are 25-30% higher compared to areas of sowing
under barley cover.

In Didar farm, Alfalfa share in the crop rotation is 37%; the accumulation of
organic matter over 3 years of Alfalfa cultivation in the 0-20 cm soil layer was
27 c/ha, in the 0-100 cm layer - 50 c/ha (control). In the Toishy farm share of
Alfalfa in the crop rotation is 45%, the root mass accumulation is respectively
32.4 centners per hectare and 57.77 centners per hectare. In the Ali-Myrza
and Dikhan farms the share of Alfalfa is 49.7% and 46.5% respectively, while
the root mass accumulation is 88.85 and 125.52, 39.86 and 67.13 centners per
hectare correspondingly. Primarilyroot mass (60-70%) is accumulated in the
0-20 cm soil layer, with depth the root mass decreases and at a depth of 80-100
cm does not exceed 3.12 c/ha (Table 1).

Table 1. Accumulation of root mass of Alfalfa in the soil and gross forms
of nitrogen, phosphorus and potassium

Farm housholds Soil | Root mass | Gross forms

layer, | of Alfalfa, |N PO, K,0

sm | c/ha % |kg/ha |% |kg/ha|% |kg/ha
1 2 3 4 5 6 7 8 9
1 Didar cotton 63%, 0-20 [27.0 1.7 |48.0 |0.18 [42 0.6 |16.0
Alfalfa - 37%
(Contol) 0-100 {50.0 8,1 400 |0.80 |40.0 [2.3 |120
2 Toishy 0-20 [32.43 2.1 |68.0 |0.21 |6.8 1.0 |32.0
Cotton - 54%, Alfaalfa - 46% 0-100 [ 57.77 8.9 |514.0 |0.85 |49.0 [4.22(244.0
3 Ali-Myrza 0-20 |88.85 2.8 1249.0 10.21 [19.0 |1.0 [89.0
Cotton- 50.3%, Alfalfa —49.7% |0-100 | 125.52 12.3 | 1540 |0.96 [120.5[4.66 |580.0
4 Dikhan cotton — 37.5%, 0-20 [39.86 24 196.0 (030 [12.0 [0.88(35,0
Alfalfa — 46.5%,
grain corn — 16% 0-100 [67.13 10.1 |678.0 |0.98 [66.0 |3.66 |246.0

The gross ratio content of nitrogen in the root system of the 0-20 cm soil
layer at Didar, Toishy, Ali-Myrza and Dikhan farms is 48.0 kg/ha, 68.0 kg/
ha, 249.0 kg/ha, and 96 kg/ha, respectively; and the share of phosphorus and
potassium on the same farms is indicated at 4.2 kg/ha and 16.0 kg/ha at Didar
farm, 6.8 kg/ha and 32 kg/ha at Toishy farm, as well 19.0 kg/ha and 89 kg/
ha at Ali-Myrza, and 12.0 kg/ha and 35.0 kg/ha at Dikhan farm, respectively.
At Ali-Myrza farm, compared with the control Didarfarm, the root mass of
alfalfa in the 0-20 cm soil layer increased 3.3 times, in the 0-100 cm layer -
25 times. The total nitrogen ratio went up 5.2 and 3.8 times, but phosphorus
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and potassium 4.5 and 3.0 times, 5.6 and 4.8 times correspondingly. Such an
accumulation of organic matter and nutrients in the soil of the Ali-Myrza farm
improves the yield of cotton by 5.5 centners per hectare, and alfalfa by 17.4
centners per hectare.

At Didar farm with 63% of cotton and 37% of alfalfa in the crop rotation
scheme the average cotton yield was 21.5 c/ha for 2019-2021, alfalfa hay yield
was 113.9 c/ha, profit from cotton and alfalfawas 324,850 tg/ha, and 149,048
tg/ha respectively, average profit from area was 277,467.6 tg/ha. The energy
efficiency of the irrigation system reached 1.67. At Ali-Myrza farm with 50.3%
of cotton 49.2% of alfalfa in the crop rotation scheme, cotton yield was 26.6
centners per hectare, alfalfa yield was 131.3 centners per hectare. The profit
from cotton and alfalfa crop rotation accounted to 511,914 tg/ha and 250,840
tg/ha, respectively, and average profit from area was 383,517 tg/ha. The energy
efficiency of the irrigation system was highest and reached 2.25 (Table 2, figure

1.

Table 2. Energy efficiency by the Shardara irrigation system

Ne |Farm crops, % | Area, | Crop Produc- |Crop |Average |Energy
households ha produc- |tion cost, | Profit, |profit, tg/ |efficiency of
tivity,c/ |tg/ha tg/ha | ha crops | Irrigation
ha systems
1 |2 3 4 5 6 7 8 9 10
1 |Didar Cotton 29.0 |21.5 14890 324850 (277467.6 |2.01 |1.67
(control) | plant 63%
Alfalfa, 10.7 [113.9 |2588 149048 1.3
37%

Table 2 continue

1 ]2 3 4 5 6 7 8 9 10
2 | Toishy Cotton plant 55% 13.7 [24.8 |11637 |445414 |368709 [2.6 |2.02

Alfalfa, 45% 6.3 [124.4 {2329 [201906 1.5
3 | Ali -Myrza | Cotton plant 50.3% [15.5 |26.6 10755 [511914 |383517 |2.7 |2.25

Alfalfa, 49.7% 15.0 [131.3 |2087 |250840 1.7

4 | Dikhan Cotton, 37.5% 15.7 125,7 11232 482336 |326462.4 |2.65 | 1.88
Alfalfa, 46.5% 17.0 [126.0 |2419 |235236 1.5
Grain corn, 16.0% |8.1 [75.0 |4123 |215800 2.36
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The crops energy efficiency in irrigation systems with cotton crop rotations
indicates a high profitability of cotton crops, when the gross income of cotton
exceeds the cost by 2.01-2.7 times, alfalfa by 1.3-1.7 times.

At the Didar farm household irrigation norms for cotton plant, Alfalfa and
average comprised 8,860 m*/ha, 7,348 m*/ha, and 8,453 m*/ha correspondingly.
The specific irrigation water consumption for cotton is 412 m?*/c. At the Toishy
farm the corresponding figures are 8,384 m*/ha and 357 m®/c, 59 m?/c, while at
the farm Ali-Myrza the same indicators are 8,116 m*/ha and 333 m*/ha, and 56
m?/c correspondingly. And at Dikhan farm the indicators are as follows: 8,568
m?/ha and 345 m?®/c, 58 m*/c and 141 m?*/c. With cotton crop rotation scheme,
cotton is 50.3%, alfalfa is 49.7%, the irrigation rate from the crop rotation area
is 4% lower, the specific water consumption per centner of the crop is 15-20%
(Table 3, Figure 1).

Table 3. Irrigation rates for crops in cotton crop rotation on the Shardara
irrigation system

Ne Farm Crops in crop | Crop pro-| Irrigation rate, m*/ha | Specific water
households rotation ductivity, | % crops | Crop cost per crop
c/ha rotation area unit, m’/c
1 | Didar (control) | Cotton plant— 63% |21.5 8860 8453 412
Alfalfa—37% 113.9 7348 64.51
2 Toishy Cotton plant— 54% | 24.8 8860 8384|357
Alfaalfa — 46% 124.4 7348 59
3 Ali-Myrza | Cotton— 50.3% 26.6 8860 8116|333
Alfalfa —49.7% 131.3 7348 55.96
4 Dikhan Cotton — 37.5% 25.7 8860 8568|345
Alfalfa —46.5% 126.0 7348 58
Corn grain — 16% |75.0 10563 141

Errigwtion rate, Profit,
m*ha tha
L60d 560

HE 4 400

] 10

Farms boavehalds Didsr

Takudy

Dilthias

Al Aty

Cottsaplant 639 Coeloaplsat 5504 Cotooplant 3039y Catiea-375%
Alfulfa 3764 ALFaREa k50 Alfalfa 4379 Alfalfa- 46.5%
Com =rain - 184

Figure 1. Dependence of profit and irrigation norms on cotton crop rotations
1 — profit, 2 — irrigation rate
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Discussion. The reduction in cotton sowing on irrigation systems by 20%
and in the cultivated crops declining yield by 1.5 times is associated with a
drop in soil fertility and deterioration of its water-physical properties, as well
with unreasonable crop rotation. In irrigation systems, there was a decrease in
the share of fodder crops by 20%, which caused a sharp drop in cotton yields
by 29%, cereals by 48% in the structure of sowing crops.

On virgin lands of 1970 humus comprised 1.1% in the arable 0-20 cm soil
layer, in recent years there has been a decrease to 0.8%. Significant changes
have occurred in the reserves of gross nitrogen, before the land development
nitrogen share was 0.08% in the 0-20 cm soil layer, while at present it decreased
to 0.05%.

In connection with the ongoing oxidative processes, a change in the water-
physical properties of soils is observed, the arable and subsurface layers are
compacted, the bulk density increased from 1.2 to 1.6 g/cm’, and the porosity
decreased by 5—10%. The compaction is caused by the movement of'silt particles
with a downward current of moisture, and gley-forming process happening, as
a result of which the number of colloidal particles increased (Sokolov, 1968).
The compacted soil layer in a state of difficult aeration evokes restoration
processes and oxygen deficiency, and worsening of water and nutrient regime
of soils (Sokolov, 1968; Wang et al., 2009).

The studies conducted in China (Wang et al., 2006; Wang et al., 2009; Ali
et al., 2021) show that soil moisture below the compacted layer is inaccessible
to tomatoes, potatoes, cereals and legumes. The scientists recommend crop
rotation schemes with alfalfa, the root system of which destroys the compacted
layer, so, the soil becomes loose, enriched with organic matter, humic acid, and
fertility increases.

In cotton crop rotations, it is necessary to increase the alfalfa sowing area to
50% to preserve and restore soil fertility, as alfalfa enriches the soil with organic
matter, nitrogen, and decreases the incidence of cotton wilt: the harmfulness
of wilt drops by 3-4 times, and with a systematic alternation of cotton crops, it
is suppressed almost completely (Golodkovskij et al., 1937; YUdahin, 1975).

Introducing Alfalfa in crop rotations enables to increase not only soil
fertility, but also the phytosanitary condition, reduce the consumption of
mineral fertilizers and chemical plant protection products, and protect soil,
water bodies, flora and fauna from pollution with pesticides. The advances
by scientists from Canada, America, Germany, and Denmark evidenced these
facts (Samaddar et al., 2021; Bell et al., 2012; Rau et al., 2020; Khakbazan et
al., 2019).

Conclusion. 1. On the irrigation systems of the river basin of Syrdarya the
soils are alluvial light gray soils and desert-gray soils with a high content of
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coarse dust (0.05 - 0.01 mm) and fine sand (0.1 - 0.5 mm), and on nine-field
crop rotation areas with 63% for cotton, 37% for alfalfa arable and subarable
soil layers are compacted during irrigation. The bulk density increases from
1.3 g/cm? to 1.5 g/cm?, the porosity decreases from 50% to 44%. Air, water and
nutrient regime of the soil deteriorates, restoration processes develop, and the
crop productivity of cotton and Alfalfa decreases to 15-20 c/ha and 80 - 100 ¢/
ha respectively.

2. At the six-field crop rotation scheme, where cotton is 50.3%, and alfalfa
is 49.7%, the accumulation of organic matter in the soil, compared to the nine-
field crop rotation scheme, increases by 7.5 t/ha, nitrogen by 1,140 kg/ha,
phosphorus by 80.5 kg/ha, potassium by 126 kg/ha. The root mass of Alfalfa
destroys the compacted subsurface layer of soils, the air, water and nutritional
regime of soils improves, the yield of cotton increases to 26.6 c/ha, but of
alfalfa to 131.3 c/ha.

3. An increase in the alfalfa planting area in cotton crop rotations by 50%
compared to the control, where alfalfa is 37%, the cost of cultivated crops for
cotton is reduced by 4,135 tg/c, alfalta by 501 tg/c, profit increases by 106,050
tg/ha, and energy efficiency of irrigation systems improves by 34%.

Funding: The research was carried out within the framework of the
BR10764920 project entitled Irrigation Technologies and Techniques During
Putting New Irrigation Lands, Reconstruction and Modernization of Existing
Irrigation Systems funded by the Ministry of Agriculture of the Republic of
Kazakhstan.
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