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A.K. HazapoBaz, A.C. llloiibiHGaeBaZ2
. ACTAHA KAJIACbIHJAFbI KATTbI KAJIAbIKTAPAbI KOMY IIOJIMTOHbI
AUMAFBIHAAFBI TOIIBIPAKTAP/IbIH AYBIP METAJIIAPMEH JIACTAHY AEHT'EUIH
BAFAJIAY

1«C. Celigpynnun amwviHdarbl Kazak aezpomexHukaiblk 3epmmey yHugepcumemi»
KeAK, 010000, AcmaHa,KeHic daHrblabl, 62, KazakcmaH, *e-mail: kekilbaeva@mail.ru

2A2p03K0/102UsbIK CoIHAK OPMAbIFbl (3epmxaHad),
010000, Acmana, bl. AambiHcapuH, 2, Kazakcman, *e-mail: sceco_katu@mail.ru

AnHomayusi. Makasa AcTaHa KaJlaCcblHAA OpHaJlaCKaH KaTThbl KajJbIKTapAbl KeMy
MOJINTOHBIHBIH, ayMafFblHJa TONbIPAKTbIH, ayblp MeTa/ilapMeH JaCTaHy [eHreliH aHbIKTayFfa
OaFbITTa/NIFaH. 3epTTey OapbIiChiHAA ACTaHA KaJIaChIHBIH, OKIMIIJIIK ayMarbiHAQ, AJsamn Tac
JKOJIBIHBIH, 6-IIaKbIPbIMbIHAA OpHaJackaH «3ko [losuron AcrtanHa» JKIIC 6ackapaTbiH
TYPMBICTBIK KAaTTbl K/ bIKTapAbl KOMY IIOJIMIOHbIHA KaKblH ipresiec ayMakKTapZaH aJIblHFaH
TONBIPAK VJriJIepiHiH XUMUSJIBIK KypaMblH TaJjjay Kyprisizin, ayelp MeTaJJap/blH,
KBIDKBIMAJIBI MeJIIIepi MeH oJIapblH 3KOJIOTHUSJIBIK KayilTuliK Japexeci 6arajmaHAbl. AybIp
MeTaJJapAblH KayinTiiiri 6okbiHIa 1- K/Iacka >XKaTaThIH ChIHAI, MBIPBIII, MBIIIbSIK XoHE 2 -
KJaCcKa >XKaTaTblH MbIC, HUKEeJb, KOOAJIbT, CypbMa, XPOM KOHE KOPFACBIHHBIH KbIHKbIMAJIbI
MeJiiepi aHbIKTaAAbl. TONBIPAKThIH JacTaHy Japexeci KayinTinik koadduuuenti (Ko) xaHe
JIaCTaHY[bIH >KUBIHTBIK K03dduuueHTi (Zc) apKplibl 6aFanaHbll, PYKcaT eTiireH IIeKTi payas
KOHI|eHTpaLMsCbIMEH CaJIbICThIPBLIABL. 3epTTey KepceTKeH/el, MOJIMTOH ayMaFbIH/ia XXoHe OFaH
J)KaKplH alMakKTapZa ayblp MeTalJapAblH MeJillepi pyKcaT eTiJireH LIeKTi payas
KOHLIEHTPALUSCbIHAH achlll, SKOJOTHUSAJBIK KAyiNnTiJliK JeHrehi «kayinTi» KoHe «KayinTijiri
QJICi3» Jlem 6aFajaHAbl. 3epTTEey HOTHIKeJiepi MOJIMTOHHBIH 3KOJIOTHSJIBIK 9CepiH, OHBIH,
MaHaWbIHJAFbl TONbIpAKTapAblH, 3KOJIOTUSJBIK >XaFJalblH >XKoHEe KoOpllaFaH opTafa 3USH/bI
acepiH 6aFasayFa MyMKiHJik 6epefi.

Tyliindi ce3dep: KYHTIPT Kapa-KOHbIP TONBIPAK, ayblp MeTaJJap, TONbIPAKThIH JACTaHYBI,
KayinTijik Ko3pUIMeHTi, TYPMBICTBIK KATThI KaJAbIKTAp, 3KOJOTUSJIBIK KayinTiTiK.

KIPICIIE

TYpMBICTBIK, KAaTTbl KaJJbIKTap/bl
(TKK) keMy ajiaHbl TEXHOTEH/iK Te03Ko-
JIOTHSIJIBIK, JKyHe GOJIbIN TaOblla/ibl, OHbIH
3KOJIOTUSJIBIK 9Cepi KenTereH KOMIOHEHT-
Tepre, COHBIH, ilIiH/le TUAPOTeOIOTUSIJIBIK,
OUOJIOTUANBIK,  aTMocdepasblK  KIHE
TONBIPAKTBHIK JKyHesepre Tepic bIKHaX
eTefi. KaTTbl TYpPMBICTBIK KaJAbIKTap
aHa3pOOTHI KaFAalja blAblpaFaHAa, 0Jap
TOKCUHJI  rasjjap MeH  XUMHSIBIK
KOChUIBICTAp OeJiefli, Oy KOCBhLIBICTAp
»KaHObIp HeMece epireH Kap Cybl, XeJJiH
acepiHeH  TONBIpaKKa ’KoHe  ayafa
Tapaipl. TYPMBICTBIK, KaTThbl KaJJbIKTap
IOJINTOH/IAPbIHbIH, TOMBIPAK, )KaMbIJIFbICHI-
Ha dcep eTeTiH 3KOJIOTUAJBIK KayillTepiHiH,

6ipi - ayplp MeTajZapMeH JIacTay bIKTH-
Ma/AbIFbl. TYpPMBICTBIK Ka/AbIKTApAbIH
KypaMblH/la MeTaJl/ KOMIIOHEHTTepi 6ap
OyHbIMJApAbIH Ke3/lecyi oJ1apZblH, cCaKTaJl-
ybl HeMece ©HJeJsyi OapbICbIHAA aAybIp
MeTaJlap/iblH TOMbIPAKKA MUTPALUSACBIHA
aJibll Kesyi MyMKiH [1].

Aybplp MeTasJapAblH  TONBIpAKTa
TpaHcpopManuscel KypAesi api ken dak-
TOpJIbl  yAepic 6Gosbln TabbliaAbl. bByn
TOMNBIPAKTbIH PU3UKA-XUMUSJIBIK, KacHeT-

TepiHe, OUOJOTUSJIBIK OeJICEH/IITiKKe,
COHJIali-aK, ChIPTKbI OopTa paKTOpJapbIHa,
MbICaJIbl, TeMIepaTypa, bUIFaJIJbLIbIK

»koHe pH fAeHreltiHe 6ailylaHbICTBI ©3Tepin
oTbeIpazbl. JKoFapbl TeMIlepaTypa IOJIU-
TOH/IaFbl XMMHUAJIBIK, peaklusaapAbl XKblJ-
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JaMJaTybl MYMKiH, 6yJ ayblp MeTaJjjap-
AbIH, epiriliTiri MeH Xbl/DKbIMaJIbLJIBIFbIH
apTThipyra okKesenl. COHBIMEH KaTap
KaTTbl >KayblH-IIALIbIH HeMece Kap/blH
epyl Zie ayblp MeTa/lap/blH, *Kbl/DKbIMAJIbI-
JIBIFBIH apTBIPHII, OJIap KOplIaFaH opTara
Tapaiafbl. OpraHukaiblK »XK9He TaMak
KaJIAbIKTaphl ayblp MeTajJJapMeH apeKeT-
Tecin, KypZesi KOCbLIBICTap TY3€ OTBIPHII,
YKBI/DKBIMAJIBLIBIFBIH TOMEHAETE|, lereH-
MeH aHa’3poOThl OpTa ayblp MeTalJap/blH
KBI/DKbIMaJIBIJIBIFBIH KaWTa apTThbIpazbl.
Ocbl yAepicTepfiiH HITUXKeCiHJE KOpFa-
CbIH, Ka/IMUH, CbIHAl CUAKTHI aybIp MeTaJl-
Jlap TONBIPAK apKbLJIbl Xep acThbl CyJiaphbl-
Ha eTin HeMece aTrMocdepaFa TacbiMaJ-
JlaHa OTBIPHIN, KOpLIaFaH OpTa MeH aJaM
JleHcay/bIFbIHA Kayill TeHAipeai [2-7].

1-wi »koHe 2-11i KayinTiJIiK KacblHa
)KaTaTblH ayblp MeTalJapAblH, >KbI/DKbI-
Mavibl popMasiapblHbIH, KOHIIEHTPALUSACHIH
AHBIKTAY, OJIapAbIH PYKCaT eTiIreH IIEeKTi
KoHUeHTpauussiapmed (PUIK) canbicThI-
pbLIYBI K9He TOIbIPAaKTaFbl ayblp MeTaJl-
JlapMeH JIaCTaHyAblH JKaamnbl Ko3dpou-
LJMeHTIH b6arajlay 3KOJIOTHUAJBIK, MOHUTO-
PUHTTIH  Herisri MiHJeTTepi 60JiblN
TabbLIabl [8-15].

Ayblp MeTasgap ToIbIpaKTa abcopo-
I[Ms JK9He aJcopbLusl apKblibl e3repic-
Tepre YIIbIpai/ibl, MYHbIH HOTHKeCiHJe
0JIap/iblH, KbI/DKbIMAJIBbLIBIFBI MEH KOJIKe-
TimAiniri TeMmeHAeil . MoHABIK ajaMacy
yAepicTepi MeH XUMHUAJBIK peAyKLus
’)KoHe TOTBIFY peakLuAJapbl ayblp MeTasl-
JapAblH epiriluTiri MeH yBITTBHIIBIFbIH
©3repTil, 0JIapAblH, 3KOJIOTUAJBIK, KayiliH
apTThipasbl HeMece TeMeHzeTenl. COHBI-
MeH KaTap, ayblp MeTa//jap OpraHUKaJbIK,
*koHe OeHOopraHUKa/bIK KOCBLIbICTApMEH
KelleHzjep TYy3eni, oy 0J1ap/iblH,
TONBIPAKTA XXUHAJIYbIH HeMece eCiMAIKTep
MeH MHUKpOOpraHusMmjepre KoJDKeTiMA]
60JyblH KaMTaMacbi3 eTezi. Ocbliaiiia,
ayblp MeTa/lAap/blH TONbIpAKTaFbl TPaHC-
dbopManusicel 3KOKYHesepAiH TYpaKThl-
JIBIFbIHA, KOpIUIafraH oOpTaFa KoHe ajaM
JleHCay/IbIFbIHA aWTapJ/bIKTal acep eTyi
MYMKIH, COHJBIKTaH OJlapAblH MOHHUTO-

PHHTI MeH 3epTTeJyi 3KOJOTUAJIBIK Kayill-
Ci3AiKTI KaMTaMmacbl3 eTyhe MaHbI34bl
6outbIn TabbLIaAbl. OChbl ce6enTi, ayblp Me-
TaJJap/blH KOHIEHTPALHUSIChIH Gakbliay
MeH 6aFfajiay KoplllaFaH OPTaHbIH canachliH
KaMTaMachl3 €Ty VIIiH MaHbI3/[bl 3KO0JIO-
TUSJIBIK MiHIeT 60J1bII Tabbl1abl [16-20].
AcTaHa KajacblHJJa TYPMBICTHIK
KaTTbl KanablkTapAplH (TKK) Tombipak
JKaMBLJIFBICBIHA 9Cepi 3KOJOTHUSJIBIK TYp-
FbIJJAH 63€eKTi MaceJie 0GOJIbIN TaObLIAABIL.
Kasa xa/iKbIHbIH apTybIMEH 6ipre KaablK-
Tap keJsieMi fie ecyne, 2024 xbuigbiy 11
albiHAA nmosiMroHHadH 390 MbIH, TOHHa[aH
actTaM KaJsJAblK LIbIFAapbLIFaH, OyJ LIaMa-
MeH 40 Jiidesb MyHapacbIHbIH, MaccacblHa
TeH Kesefi [21]. Anaiia, AcTaHa KaJlachbIH-
na TKK-HblH TONBIPaKThliH  ¢$U3UKA-
XUMUSJIBIK, KacueTTepiHe acepi 6G0MbIHIIA
HaKTbl 3epTTeyep a3. Kaanbl anfaH/a,
KasakcTaHza KaaablKTapAblH TeK TOPTTEH
6ipi cypeinTasbin, Kata eHzeneni [22],
O6y/ KaJAblKTap/bl OacKapyAblH Kasipri
XKyHesepiHiH THIMALIIM XeTKijlikci3 eke-
HiH kepceTezi. COHbIMEH KaTap, FapbILl-
TBIK MOHUTOPHUHTI [lepeKTepiHe CaMlKec,
ActaHaga 414 peTci3 KOKbIC TacTalTbIH
OpBbIH aHbIKTaJfaH [23], 6y TombIpak
»KarFlaliblHa KOCBIMIIA Tepic acepiH TUTI3yi
MyMKiH. TKK-HBIH TOmbIpakka ocepiH
TOJIBIK TYCiHY YIIiH Ka/JAbIKTap acep eTe-
TiH aliMaKTap/Jafbl TOMNbIPAKTbIH XUMHS-
JIBIK KypaMblH, JIaCTaHy JeHTeHiH >XoHe
OMOoa/NyaHTYpPJIJIIKTI OafasayfFa OaFbIT-
TaJIFaH KOChIMIIIA 3€PTTEYJEP KAXKeET.
MATEPUAJIJAP MEH S/JICTEP

3epTTey  HbICAHBI - AcraHa
KaJlaCbIHbIH, 9KIMIIJIiK ayMaFbIHAQ, AJall
Tac OJIbIHbIH, 6-11aKbIPbIMBIH/A OpHAaJIac-
KaH, »JKa/llbl ayfaHbl 24 reKkTapAbl
KypalTbiH «Jk0 [losuron Acrtana» XKIIC
6acKapaTblH TYPMBICTBIK KaTThl Ka/JAbIK-
Tap/ibl KOMY IIOJIMTOHBIHA ipresiec *KaTKaH
ayMak TonbIpafrbl. JKO [losuron 2 yikeH
CEeKTOpAaH Typajpl, 9p cekTop 12 ra
ayMaKThl aJIbIIl XKaThIp.

3epTTeyiH MakcaTbl — TYPMBICTBIK
KaTThl KaJAbIKTap/AbIH, [I0JUTOHFA KaKbIH
MaHJaFbl TOIBIPAKTBIH, ayblp MeTajajap-
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MEH JIACTaHy JAapexecCiH aHbIKTay. byu
MaKcaTKa KeTy YILIiH OHTYCTiK-6aThIC e
OGaFbIThIH €CKepe OTBhIPBbIN YII HYKTeJeH
KOHBEpPT 9JiCiMeH apajacTbIpy apKblJbI
Tonbipak, yiariysepi 0-gan 100 cM TepeHAik
apaJibIFbIH/A aJIbIH/IbI:

1. 3ko Ilosiuron
9'55”N/71°32°29"E).

2. Jko [losmuronnan 250 ™
KawbIKThIKTa (51°13°0”N/71°31"36"'E).

3. IJxo [IlomuroHHan 650 M
KambIKThIKTa (51°13°14'N/71°31"35"E).

Alimak TOIBIPAFhI opralua
KYMOa/MIIBIKTBl ~ KYHLIPT  Kapa-KOHbIP
Tonblpak. TomeIpak yJariziepin Tangayra
JavbiHgay — 29269-91 MeMCT cam
Kyprisingi. Ayeip metangap 6etki 0-20 cm,
20-50 cM KabaT apaJibIFbIHAAFbl TOMbIPAK,
yJArijiepiHe aHBbIKTaJbIHAbL.  TombIpak
yJIriziepineH aybIp MeTa1apAblH,
KBIUDKbIMaJ/IBl MeJIIIEPIH 3KCTpaKLudaay
0,5 Mosb/AM3a30T KpIIKbLIbI KeMeETriMeH
Kyprisinigi. JaiiblH 6oJiFaH  TONbIpaK
cy3inainepi Agilent 4200 MP-AES mukpo-
TOJIKBIH/BI I1J1a3MaJibl aTOM/bIK-3MUCCUS-
JIBIK, CIEKTpOMeETp/e Ta/lJaH/bl.

Ayplp MeTajZapAblH  KayinTisiri
GoMbIHIIA 1- KJlacKa »KaTaTbIH ChIHaI,
MBIpPBII, MBILIBSAK K9He 2-KJAacKa >KaTa-
TBIH MBbIC, HUKEJIb, KOOAJIBT, CYpbMa, XpOM
JKoHe KOPFaCbIHHbIH, YKbL/IXKbIMaJIbl
MeJillepi aHbIKTaJAAbl. Op 3JeMeHT 4
KallTaJlaHbIM/Ia aHBIKTaJbIN, Garajay/a
opTalla KepceTKilli aJbIHAbIL.

Tonblpak yJrijiepiHeH aHbIKTaJIbIH-
FaH ayblp MeTaJIJapAblH KayilTiJiK K03¢-

aymarel (51°

¢unuenti Ko= Ci/IIPK, Z: snacranyabiy
XXUBIHTBIK, K03bPULUUEeHTI Zc = Y Zon(n-1)
TeHJeyiMeH ecenTeiHAi [24-25].

TonblpakTaFbl  ayblp  MeTaJjaap
MOJILIEPIHIH  3KOJIOTHUAJBIK  KayiOTiJliK
JleHreiliH G6afasiay, aHbIKTaJbIHFAH HAKThI
MeJILepiH pYKcaT eTireH WeKTi payan
KOHIIEHTpAIMSICbIMEH CaJbICThIpa OThI-
pblll  ecenTesiiHAL. AHBIKTajJfaH aybIp
MeTaJap/iblH, KayinTiik koadduiueHTiH
aHblKTay ViuiH, 1-teHzeyge UIIPK-HbIH
KeJieci MeJiliepi KosagaHbuigel: Hg - 2,1;
Zn - 23,0; As - 2,0; Pb - 32,0; Sb-4,5; Ni - 4;
Cr - 6; Cu - 3,0; Co - 5 mr/kr [26, 27].

Ko = C1/LIPK (D
Myngza, Ci - Mr/Kr TONbIpaKTaFhbl
ayblp Metas1 Mesuepi, IIPK - aybip

MeTalJap/iblH, MT /KT
eTUITeH WIeKTi MeJilepi.
3epTTey JKYprisijiren aliMak
TOINBIPAK, YJITiJiepiHeH ayblp MeTa/lapblH,
reoXMMUSJIBIK, XKbLDKY J9pexeciH OaFasiay
YIWiH JIaCTaHYAbIH KUBIHTBIK K03)u-
nueHTi Z. MbIHaJlakl TeHJey O6OMbIHIIA
ecenTeJsiH/i:
Zc= Zzon-(n- 1)

Mynpga, Z. - yJrigepgeri aybip
MeTa/IMEH  JIaCTAHYBIHBIH  KUBIHTHIK,
koa¢punuenTti, K, - ayelp MeTangap
CbIHaMacCbIHJa aHBIKTAJATBIH KayilTiIiK
k03dPUIIMEeHTTEDI.

Ayblp MeTanAapAblH KblKbIMaJbl
MeJillepi, COHBbIMEH KaTap, KayilnTiJik
k03dPULIMEeHTTePi ecenTesiHin, aHbIKTA-
FaH JlacTaHy Jopexeci 1-kecrere cai
OaraJilaH/gbI.

TYpiHAe pykcart

(2)

Kecte 1 - TOHpraK,TbIH JIAaCTaHY KaTeropuAchl

TonblpaKTbIH JlaCTaHy KaTerOpUsAChI (Z) mamachbr
Pykcar eTisniren <16
KayinTiniri aJicis 16-32
KayinTi 32-128
OTe KayinTi >128
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HOTWXEJIEP XKoHE OJIAP/IbI
TAJIKBIJIAY
3epTTey  HbICAHbIHAH  aJIbIHFaH

TONBIPAK, Y/ATizepiHeH KayinTiairi 60MbIH-
ma 1- KJjgacc XoHe 2-KJacKa >KaTaTbIH
ayblp MeTaJJapAblH >Kb/LKbIMAJbl MOJI-
uiepi  aHBIKTaJbIN, JaCTaHy JeHreui
barasaHzpl (2, 3 KecTe).

Kep KbIPTBICBIH/A Ke3/leCeTiH
MeJiliepi 60MbIHIIA CbIHAN CUPEK 3JIeMEeHT
GoJIFAaHbIMEH, KOPIlIaFaH OPTaHbI €H KATThl
JIaCTAaUTBIH MeTaZap/blH, 6ipi OGOJIBIM
Tabbl1aZbl. KenTereH MeMJjieKeTTep/ie 0J1
eTe KayillTi JlereH XUMUAJIBIK 3aTTaplblH,
TizimiHe eHrizisred. Heri3ri chIHANThIY
TOIBIPAKKA TYCY KO3i — TYCTI MeTaJIyprusa
K9CiOpbIHAAPbIHbIH, )KYMbIChI, COHJal-aK,
caHpblpayKyJaK aypy/JapblHa Kapcbl KOJI-
JaHbLIATBIH QYHTUIUATEPAI MaijanaHy
60JIbINI TAOBLIAAbL. AJ KOKbIC IOJIUTOH-
JapblHAA CblHall MeJIepiHiH KOFaphbl
60JIybl, TYPMBICTA CHIHANTHl KAMTHUTBIH
OylbIMAap MeH KYpbLIFbLIApD KeHiHEeH
KOJIJAHBbLIAAbI, OJlap MaijiajaHy Mep3iMi
asKTaJIFaHHaH KeHiH »KMi KOKbIC JKallliriHe
TacTajlybIMeH GaiiaHbIcThl. Tangay 6apbl-
CbIH/]a TIOJIUTOH aliMaFbl TONPAKTaPbIHbIH,
CbIHANMeH KaTTbhl JlacTaHOAFaH/bIFbI
aHbIKTaJIAbl. [lereHMeH, 3epTTey KYprisii-
reH TONBbIPAK YJrisiepinje cblHal TeK JKO
[MosmronHan 650 M KalbIKTBIKTbIH, 20-
50 cm kabat TepeHgiringae 7,70 wMr/kr
mamacblHaa aHblKTaagbl, aFHU IPK-pan
56 Mr/kr aprtelK, KayinTizik koadpou-
1nueHTi 3,7.

Kasipri keseHJe TONbIPAKTbIH, MbI-
pbIlI 3JIeMEHTIMEH JIaCTaHybl MaHBbI3/bl
3KOJIOTUSJIBIK,  NpobGJieManapAplH  6ipi
peTiHZe KapacTelpblLiyaa. bysn sseMeHT-
MleH JIaCTaHy TaOUFU K9HEe aHTPOMIOTeHiK
Ke3/lepAeH TyblHAaybl MYMKIiH, ajaiija oJ
KobiHece aJaMHBIH OHJAipicTiK-mapya-
WBLIBIK KbI3METIiHIH, HOTHUXKeCiHZe OpbIH
anagpl. Tanpmay okyprisiireH  6apJblk
TONbIpaK, yarijepinge MbipbiliThliH, HIPK-
JaH aWTapJblKTall »KoFapbl KepceTkKilli
aHbIKTAJIFAH/bIFbIH aTall ©OTKEH JKOH.
MBIpBIIITHIH, KbLDKbIMAJIbl MeJiepi JKo

[Tonuron aymarbiHbiH 0-20 cM TepeHJIriH-
nle 250,53 Mr/kr Kypamn, KayinTijlik koad-
éunuenti 10,89 6Gosica, 0-50 cm TepeH-
JiKkTe 6y KepceTkim 166,98 Mr/kr TeH
6oJibll, 7,26 1aMacblHJAa €KeHAIri aHbIK-
Taaabl. DKo IlosmroHan 250 M KallbIK-
TBIKTA aJIbIHFaH TONbIpAK yJrisepiHiy 0-
20 cM TepeHJIriHJAe MBIPBILITHIH €H O0-
Fapbl MeJliepi aHbIKTanbin 608,97 Mr/Kr
Kypaca, Kayinrtinik koadpounuenti 26,48
TeH, 6oJabl, an 0-50 cM TepeHAikTe coH-
keciHme 376,18 Mr/kr 6oJibin, Ko3dpou-
nueHT 16,35 Kypaabl. Iko [losvron ayma-
FbIHAH KapafFaHja ofaH 250 M KallbIKThIK
ayMarbIH/Ja MBIPBILI KOpCeTKIllliHiH
maMaMeH 2,5 ecere »KoFapbl GOJIYbIH, YKeJl
COFY OaFbITBIMEH, COHbIMEH KaTap »eJIMeH
6ipre TombIpakK TYHipIIiKTEpiHIH XbLI-
XKybIMEH TYCiHAipyre 6oJsagbl. An 3Ko
[TonuronHan 650 M KaIIBIKTBIKTAFbI
TombIpak, yJrinepinig 0-20 cM KabaTbIH-
JlaFbl MBIPBIIITHIH, MeJiepi 179,77 mr/kr
60JsbIN, KayinTijnik ko3dpdunuenti 7,81
TeH, 6oJica, 0-50 cM TepeHAiKTe 6y Kep-
ceTkim 293,76 Mr/kr JediH apThlm,
koadpuueHT 12,77 kKypagbl. AfHU IJKO
[lonuron ayMmafbl >KoHe OFaH >KaKbIH
OpHaJIaCKaH ayMaKTblH, TOMbIPAK, *XaMblJI-
FBICBIHJA MBIpbIIITHIH, MeJepi HIPK-gan
KeM JiereHjie 8,5 ecere apThIK,
MBIIBSAKTBIH 6apJblK KOCBHLJIbICTA-
pbl >KOFaphl JleHrelJe TOKCUKOJOTHUSJIBIK
KayinTilikke HWe. ATaJiFaH 3JIEMEHTTIH
OUOJIOTHUSAJIBIK, KAyinTi/iri OHbIH KyHapJibl
TONBIPAKTbIH, KbIPThLJIATBIH KabaTbhIHAA
60 cM TepeHAiKKe JeliH aKKyMyJadaLus-
JIAaHYBI K9He Tipi opraHusMJepAiH TiHze-
piHZle OUOAKKYMyJsLUSANaHy KabineTiHe
6alIaHBICTBl apTa TycCeTiHAiriHge. 3epT-
Tey HOTIWXKeCi OGOWBIHIIA KbIDKbIMAJIBI
MbIIIbAKTBIH, Meuiepi 29,40 mr/kr 6o0-
Jibl, KayinTinik koa¢duumenTi ko [Nosau-
roH aymarbiHblH 0-20 cM KabaTbiHAa 14,7
posica, an 0-50 cM KabaTbiHAA OHBIH
MeJiepi 7,56 wmr/kr 6osbin, ko3adpou-
nueHT 3,8 TeH eKeHJiri aHbIKTaJJbl. JKO
[MosvronHan 250 M KalIbIKTBIKTAH aJIbIH-
FaH Tomblpak vyJuriciniy 0-20 cM Kab6a-
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TBIH/AA MBIIIBAKTBIH Kbl/DKbIMaJbl M6JI-
Hiepi MOJIMIOH ayMaFbIMEH CaJIbICThIPFaH-
Ja 9,5 Mr/kr TeMeH O0OJIbIN, KayimTigik
koa¢pdunumenti 10,5 Kypagbl. An 0-50 cm
KabaTblHJa 6y kKepceTkim 15,1 ™r/kr
»KOFapbl OOJIBIN, KAYNTiJIIK KO3pPUIIMEHTI
11,3 mamacblH KepceTTi. AWTa KeTepJliK
»kaliT, Jxo [MosmuronHaH 650 M KallbIKThIK-
TaH aJibIHFaH TombIpak, yJricidiyg 0-20 cm
KabaTbIH/|a MBIIbSK MYJJle aHbIKTaJFaH
KoK, ececine 20-50 cM TepeHJiKTe
MBIIIBAKTBIH,  JKbLDKbIMaJIbI  MeJilepi
24,49 wMmr/kr Kypamn, KayinTiJik ko3adpou-
nyeHTi 12,3 TeH eKeH/iri aHbIKTaJJbl.

Erep TombIpakThiH 5 cM-re JediHri
TepeHJiK KabaTbIHJQ KOPFAChIH MBICKA,
MOJINOJIeHTe, TEMIPTE, HUKEJIb MEH XpOMFa
KapaFaHJa aJAeKailla KapKbIHJAbl »KWHa-
JIATBIH/BIFBIH ecKepep 6oJicak, Oys eTe
KayinTi »karmaii, ce6ebi oChbl 3JIeMeHTTep-
AiH imiHAe eH 3UAHABICBI — KOPFaCbIH.
Ananifa  6i34iH  3epTTeysepe, Tajajay
XKYprisiireH Tonblpak yJrijiepiHae aHbIK-
TaJIFaH KopFacblHHBIH, Meuepi [IIPK-gan
acnaWThIHABIFBIH aTall 6TKEH X6H. JlereH-
MeH JKo [losiuron aymarbl MeH oaH 650 M
KalllbIKTBIKTaH aJIblHFaH TOMbIpaK, yJrijie-
piHiH 6eTKi KabaTbIHAaFbl KOPFACbIH M6JI-
HiepiniH 6ip WaMajia eKeHAiri aHbIKTaAbl.
An 3ko IlonuronHan 250 M KambIKTBIKTa
aJIbIHFaH ToNbIpaK yJariciniy 6eTki Kaba-
TBIHAAFbl KOPFACblH MeJillepi, XoFapbljia
aTajJifaH eKi HYCKaJiaH 1laMaMeH 3 ecere
TOMEH eKeH/IiTiH 6aiKayFa 60J1a/Ibl.

TM/l memJyiekeTTepi apacbiHAA KOJI-
JlaHbLJIATBHIH ayblp MeTa/JapAblH XiKTeary
KJIacbIH/]a CypbMa KayinTijiiri 6oiibiHIIa 2
KJIaCKa J>KaTKbI3blLIaJbl, ajaiga Kasipri
3aMaHfbl 3KOTOKCHUKOJIOTUSJIBIK JepeK-
Tepre caiikec, HuaepsaHa 3koJiorrtapbl-
HbIH, MaJliMeTTepi OOWbIHINA, TOMbIPAK-
TaFbl €H KayinTi ayblp MeTajjap MeH
MeTa/IJIOWATap iliHAe anfallKbl OpbIHJA
CypbMa 3JieMeHTi KeJsTipiiren [28]. 3eprt-
Tey KYMbICTapPbIHbIH HITHXKecCi 60UBIHINA,
TONBIpAKTaFbl CYpbMaHbIH, >KbIJXKbIMaJbl
MeJIlIepiHiH, opTalla ecelneH, MNOJUTOH
ayMaFblHbIH TOMEHTi KabaTblH eckepme-

renzie, lIIPK-maH acnaraHbIFbIH OalKayFa
6oJs1aabl. CypbMaHbIH €H KOFapbl MeJilepi
Jkxo [losuron aymafbiHblH 20-50 cMm
TepeHiriHgeri 7,09 mMr/kr Kypan, KayinTi-
JiK Ko3dpouiuenTi 1,5 6osica, ko INosu-
roHHad 250 M KAIIBIKTBIKTAH aJIbIHFaH
TOIbIPAK, YJIriCiHZe CYpbMaHbIH, »KbLJIXKbI-
MaJibl MeJIepi aHbIKTaIMa/bl.

Hukenb KopliaFaH TabUFU OPTaHbIH
6acblM aHTPOMNOTeH/i JliacTayllbl KOMIIO-
HeHTTepiHiH, 6ipi peTiHAe KapacTbIpbLI-
FaH/JBIFBIMEH, JKO MOJIMIOH ayMafFbl MeH
OFaH >aKblH OpHaJacKaH ayMaKTapja
HUKeJIb/IIH, TONbIpaKTaFbl >XbLKbIMaJIbI
MeJillepi 3epTTey KYprisijJireH TOoINbIpax
yiarinepinge IPK-gaH acnaraHjbIFbIH ai-
KbIH aran eTKeH x6H. Tek Jko [losinrox-
HaH 650 M KallbIKTBIKTaH aJbIHFaH TOIbI-
pakThiH, 6eTki 0-20 cm KabaTbiHJA 60JI-
Mallbl apTKaHbl 6aiikangel (0,92 mr/kr).

XKofapplja artam eTkeH cypbMa
CeKiJIZi, XpOM Ja Kasipri 3aMaHfbl 3KOTOK-
CUKOJIOTHUAJIBIK, lepeKTepre colKec Kayim-
TiJIri ere >Kofapel MeTalAap KaTapblHA
YKaTKbI3bLJIATBIHABIFBIH ~ ecKepcek,  06i3
3epTTey XKYprisreH 6apJblK TONbIPAK, y/ri-
JiepiH/Jie }bLDKbIMaJ/ibl XpoMHbIH, [IIPK-1an
MeJIlIepiHiH auTapJbIKTan YKOFaphl
eKeHJirl epeKlle aTall 6TKEH K6H. 9cipece,
Jxo IlosmronHaHn 250 M KalIbIKTBIKTaH
aJIbIHFaH TOMNbIpakK, y/ariiepinge Jxo [loau-
FOH ayMaFblHaH aJIblHFaH TONBIPAK
y/IrijiepiMeH ca/jbICThIpFaH/a lIaMaMeH 4
ecere ofapbl. Jko [loJIMTOH ayMaFbIHBIH,
6eTKi KabaTbIH/A AHBIKTAJFaH XPOMHBIH
meuiepi 11,30 mr/kr Kypam, KayinTinik
koa¢punuenti 1,9 6osca, an 0-50 cm
KabatpiHAarel MeJimepi 9,36  Mr/kr
6ousbin, ko3ddummeHT 1,56 TeH GOABI
KbLmKbIMabl XPOMHBIH, €H, KOFapbl MeJI-
mepi Jko [onuroHHan 250 M KalIBIKTHIK-
TaH aJibIHFAaH TONBIpAK YVJ/rijepiHje
aHBIKTaJ/Ibl, HAKTbIpaK, aWTap 060JiCcaK,
O6eTki KabaTblHJA XPOMHBIH MeJllepi
46,51 Mr/kr 6oJibll, KayinTijgik koapdu-
nveHTi 7,75 TeH 6oJica, 0-50 cMm Kaba-
ThIHAA OHbIH MeJtepi 30,59 Mr/kr Kypar,
KayinTinik koadpounuenti 5,1 TeH. Iko
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[MosuronHadn 650 M KalIBIKTBIKTBIH O-
20 cM KabGaTbhIHAA XPOMHBIH MeJiepi
13,36 Mr/Kr 60JIblN, KayinTulik Ko3ddpu-
nueHTi 2,2 6osiraHbiMeH, 0-50 cM TepeH-
nikte 6ys kepceTtkim [IPK-man acnaibl.
MbIC YBITTBUIBIFBI a3 3JE€MEHTTEP
KaTapblHa »KaTKbI3blJIFAHMEH, erep
TONbIpaKTa IaMaJaH ThIC KeIl 60JIaTbIH
6oJica aJilaM aF3acbl MeH 6CiM/JiKTepre eTe
3UAHABI GoJibln  Kesefi. ko [losuron
ayMarbiHblH, 0-20 cM KabaTblHAA KbLI-
KbIMaJsibl MbICTBIH, MeJiepi [PK-gan
HebGapol 0,6 mMr/kr, an 0-50 cm KabaThIHIA
1,32 Mr/Kr mamachIH/Jia KOFapbl eKeHiri
aHbIKTasAbl. An 3ko IlosmuronHan 250 M
KallbIKTBIKTaFbl >KbL/XKbIMaJlbl MBICThIH,
[IPK-gan alTap/blKTal »KOFapbl eKeHJi-
riH aliKblH 6aliKayra 00J1a/ibl, HAKTbhIPAK,
aliTap OoJsicak, 6eTKi KabaTbIHJA OHbBIH
MeJuiiepi 5,38 Mr/kr Kypam, KayinTiaik
ko3¢ dunumenTi 1,8 TeH 6oJica, aj TOMEHTI
KabaTbiHJa O6ys kepcetkiwTep 13,86 mr/
KT MeH 4,62 TeH 60J1/ibl. 3epTTeY XXYMbIChI
bapeicbiHa Jko [lonuronHan 650 ™
KalIbIKTHIKTBIH, 0-20 ¢cM KabaTbIH/a »KbLI-
»KbIMaJlbl MBICTBIH, TIOJIUTOH ayMaFbIHAAFbI
KOpCeTKilll JleHreilliHAe eKeHJIri aHBbIK-

Kecre 2 - Ayblp MeTangapAblH, )KbLIKbIMaJbl

TaJica, ToMeHri KabaTtbiHga IIIPK-gan
auTapJbIKTall TOMEH JeHTrel/je.

Keit6ip ayplp MeTangap ybITThI
KacueTTepre ue 60J1a OTBIPHIN, COHbIMEH
Katap OuoduiabAi OGyHKUMSIApPAbl Ja
atkapazbl. OcblHJaM MeTanAap/blH 6ipi —
K00aJIbT, OJ1 KaHyapJsiap MeH eciMAikTep
opraHusMiepiHjeri OGUOXUMUSIBIK YAe-
picTepre KaTbIicaAbl. 3epTTey >KYMBbIChI
)Kyprisiniren 3ko [losMroH ayMarbIHBIH,
OeTKi K9He TOMeHIi KabaTblIHAaFbl
KbLDKbIMaJ/Ibl KOGANBTThIH, MeJiepi HIPK
MeJILIepiHeH aclnaFaHMeH OJaH  TbIC
ayMaKTap/a OHbIH MeJilepi Gipmama
»Kofapbl. HakTelpak ailTap 6oJicak, IJKO
[Mosmronnan 250 M KalIbIKTBIKTBIH, OE€TKi
KabaTbIHJaFbl K06aabT MeJiiepi 7,55 Mr/kr
Kypar, Kayintijik koadouuuenTi 1,5 TeH,
TeMeHIl KabaTblHJa OyJ KepceTKillTep
8,40 mMr/kr meH 1,7 TeH. Jko [losuroHHax
650 M KalIbIKTBIKTAH aJIbIHFAH TOMBIPAK,
yJrisiepiHaeri KbLDKbIMaJbl KOOGAJBTTIH,
MeuJiiepi 6,68 Mr/Kr cal KeJin, KayinTijlik
koa¢ppunuenti 0-20 cm kKabaTtbiHga 1,3
6osica, an 0-50 cm KabGareiHga IIPK-pan
acrnafFaH/[bIFbl aHbIKTAI/BbI.

MeJllepi, MI/Kr

Tonbipax | Hg Zn As Pb Sb Ni Cr Cu Co
TepeHAiri,
cM 1-kJsacc 2-Ksacc
Jko [losiuron aymarel
0-20 - 250,53 | 29,40 3,09 3,26 1,45 11,30 3,60 3,76
20-50 - 166,98 7,56 1,35 7,09 | 0,95 9,36 4,32 2,75
ko [MonuronHan 250 M KalIbIKTHIKTA
0-20 - 608,97 | 20,90 1,02 - 2,64 46,51 5,38 7,55
20-50 - 376,18 | 22,66 3,64 - 1,83 30,59 13,86 8,40
ko [MonuronHan 650 M KalIbIKTHIKTa
0-20 - 179,77 - 3,57 - 4,92 13,36 5,92 6,68
20-50 7,70 | 293,76 | 24,49 0,02 3,83 3,74 3,99 1,95 3,24
[IPK 2,1 23,0 2,0 32,0 4,5 4,0 6,0 3,0 5,0
EckepTy: Tanjay 6apbIChIH/A aHBIKTAJIMa/Ibl
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Kecte 3 - Ayblp MeTanjapAblH KayinTiiik koa¢pdunuenTti (K,) MeH XUMUSIBIK
JIAaCTaHYAbIH *KUBIHTBIK KepceTKilli (Z¢) xoHe JlacTaHy AeHreii

Tonbi- .
paK Hg Zn As Pb Sb Ni Cr Cu Co Zc Jlactany
TepeH- JeHreni
Jiri, cm 1-knacc 2-KJjacc
Jko [Tosiuron aymarel
0-20 - 11089 | 1470 | 0,10 | 0,72 | 0,36 | 1,88 | 1,22 | 0,75 | 30,6 | "YU
JIIT'1 9JIC13
20-50 - | 726 | 378 | 004 | 1,58 | 0,23 | 1,56 | 1,44 | 0,55 | 16,4 | P¥KCAT
EeTIJITEH
Jko [TosmronHan 250 M KallbIKTBIKTA
0-20 - | 26,48 | 10,45 | 0,03 - 1066775179 | 1,51 | 87,4 | kayinri
20-50 - | 1635 | 11,33 | 0,11 - 1046|510 |462| 1,68 | 651 | kayinri
Jko [TosmronHan 650 M KallbIKTBIKTA
0-20 - | 781 - 011 | - |1,23|222|197| 1,34 | 258 | K&y
JIIT'1 9J1C13
20-50 | 3,67 | 12,77 | 12,25 | 0,001 | 0,85 | 0,53 | 0,67 | 0,65 | 0,65 | 31,7 | “&Y'IT"
JIIT'1 9JIC13

EckepTy: TajAay 6apbICbIH/A aHBIKTAIMa/Ibl

TonelpakTarbl ayblp MeTasAapAblH,
Meswepi WIPK apTkaH caliblH K9He
KayinTisiik koapdunuentrepi (Ko) mani 1
)KOFapbl ©OOJIFAaH CaliblH TONBIPAKTHIH,
JlacTaHy KayilTiIiK Aapexeci Ae apTajbl.
AHBIKTaJILIHFAH MoaJiiMeTTep OOMWBIHINIA
CbIHAIl, MbIPBII, MbIIbIK, XPOM, MBbIC,
K0OaJIbT MeJIllepiHiH KayinTijlik ko3podu-
nueHTTepi (Ko) k0Fapel, a1 KOpFacblH MeH
HUKeJb/iH KayinTijik kos¢pduuneHTTeEpi
(Ko) TemeHn 60s1/bl. ATan aliTap 60JCakK €eH,
»)KOFapbl KayinTinik koaddpunueHTi MbI-
PBILI, XPOM >KoHE MBIIIbAK 3JIeMeHTTepiH-
Jle aHbIKTaJl/bl.

Tanpay >KyprisiyireH yum ayMakKThblH,
ilmiHge XUMUSIBIK JJACTaHY/bIH >KUBIHTBIK,
kepceTkimi (Z;) feHreiti 6oiibiHIIA, JKO
[TonuronHan 250 M KalIbIKTBIFbIHbIH,
OeTKi ’KoHe TeMeHri KabaTTapbl KayimnTi
Jlenl 6afasiaHca, Jko [losMroH aymarbl MeH
oJaH 650 M KallbIKTLIKTBIH 6eTKi KabaT-
Tapbl KayinTiniri aJici3  gen 6araJsiaH/bl.
[losvron aymarbl MeH OFaH JKaKblH
»KaTKaH ayMaKTapAblH XUMUSIJIBIK JaCTaHy
JlleHreHiHiH op TypJiiriHe KenTereH ¢ak-
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TOpJIAp dCep eTeni, COHBIH inriHae GipiHmIi
Ke3eKTe COKKaH »KeJs OaFbITbiMeH Gailia-
HBICTBIPYFa 60J13/1bl.

KOPBITbIH/IbI
3epTTey HaTUKeJiepi OoMbIHIIA, JKO
[lonuroH  ayMmafblHJAFbl  TONbIPAKTap

aybplp MeTa/JJapMeH JIACTAHFAaH KoHe OyJI
JIaCTaHy AeHTeli apTypJli KayilTiJik gape-
keciHe ue. TomblpaKTaFbl ChIHANThIH,
MeJimepi, acipece 0-50 cM TepeHiKTe,
LIEeKTi payas KOHLEeHTpaUUsICbIHAH achblIl,
3KOJIOTUSIBIK, Kayill TYyFbl3aJbl. MbIpbILI-
TBIH, KbLDKbIMaJIbl MOJIIEpi Je >XOFaphbl
JeHrelae 6adKasbll, IOJUIOH MaHbl MeH
JKaKblH allMaKTap/ia OHbIH, KOHI|eHTpalys-
col IIPK 1wmieriHeH 6ipHelle ece achlin
KeTKeH. MBIIIBSIKTBIH Kbl/DKbIMaJbl M6JI-
mepi GapJsblK 3epTTeJNreH ayMakrapza
HIPK genreninen 10 ece Kken 60J/FaHAbIFbI
SKOJIOTUAJIBIK ~ KaYiNTULIIKTIH, ~ KOFaphbl
€KeHiH KepceTe/i.

KopfacbIHHBIH, KbI/DKbIMAJbl M6JI-
1epi 3KOJIOTHUAJBIK Kayil TyAbIpMaWTBIH
JleHreiile 6oJica Ja, OHBIH TOIbIPAaKTa
HIeTeTiH KAaCUEeTiH eCKepe OThIPbIIN, OHbI
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OaKblIayAblH  MaHbI3JbLIBIFBI  apTajbl. ko [TonuronHan 650 M KalIbIKTHIK-
CypbMa MeH HuKesabAiH MeJiepi IIPK Tafbl aiilMak ToONbIparblHbIH JaCTaHy AeH-
JleHrelliHeH acnaca /3, oJIap/iblH KbLDKbI- Teli «KayinTijiri aJici3» 60Jibin GaFasiaH-
Masibl MeJilepi Gesrii 6ip aymakTapja Abl, 6ipak 6y HOTHXesep Kelbip meTas-
JKOFapblIaHFaH, OYJ [Ja SKOJOTHSJBIK JapAblH  KOHIeHTpanuscbiHbiH,  IIPK
MOHUTOPHUHITI Tasan eTeli. XpoM MeH JleHrediHe *)KaKblHJaFaHbIH KOpCeTe/i.
MBICTBIH, KOHIEHTPaLHsIChl [IOJIMTOH JKannel, ko [lonUMroH MaHbIHAAFBI
MaHbIHJA >¥oHe 250 M KalIbIKTBIKTaFbl TONBLIPAKTBHIH, ayblp MeTaJJapMeH Jac-
aiimakra IIPK fenreifineH acbll, 3K0JIO- TaHybIHBIH KayiNTiJik Aopexeci esrepmedi
TUSJIBIK KayinTiH apTyblHa ce6en 60//5bl1. exkeH/iriH, 250 M KalIbIKTbIKTaFbl aWMakK-
3epTTey HOTWXKeJepiHe COMKec, JKO Ta 3KOJIOTHUSJIBIK Kayil »KoFapbl 60JaThIH-
[lonuron aymarblHZaFbl TONbIPAKTapAblH [JbIFbIH KepceTTi. bys 3epTTey KopluaraH
ayblp MeTaJjlapMeH JaCTaHybl KeJjeCijeil OpTaHblH TYPaKTbLIbIFBIH KaMTaMachbl3
KayinTinik JapexesepiHfie OafFaJaHAbl: €Ty YVIUiH 3KOJIOTUSJIBIK MOHUTOPUHITI
3ko [losiMroH ayMarblHaH aJiblHFaH TOMbI- JKiTe Kajafasay[bl OJaH 9pi KaJfacThIpy
paK yiriiepiHze ayblp MeTaJJapAblH KaXKeTTIJiriH pacTanbl.
XbLDKbIMaJIbl  MeJllliepiHe Heri3jesreH KopbIThIHABLIAM KeJreHze, 3epTTey
JlacTaHy JieHreii — KayinTiiiri ascis. byn  watmxkenepi ko IloJMroH MaHbIHZAFbI
TONBIPAKTa ayblp MeTaJAapAblH KOHLEH- TONBIPAKTHIH, ayblp MeTajJapMeH Jac-
TpauuACkl 9 e 60Jica 3KOJOTMANBIK TaHYbIHbIH, alTap/blKTal JeHreise exe-
Kayinl TyAblpMai/ibl, 6GipaK y3aK YaKbIT HiH jK9He OYJI JIACTaHY/bIH 3KOJIOTHSJIBIK
KeseHiH/e Gakpliaybl KaxeT eTeli. JKO KayinTilik J9pexeciHiH e3repy MYMKiHJi-
[lommronnan 250 M KalIBIKTBIKTAaFbl al- rid KepceTezi. [I0JMIroH MaHbl MEH KaKbIH
MaK, TONbIPaKTapbIHbIH JIaCTaHy JEHredi aiimMakrapga SKOJIOTMSJIBIK — KayilTiJik
«KayinTi», ce6ebi ayblp MeTalJap/blH KOH- jKofapbl GOJIFAH/BIKTAH, y3aK Mep3imzi
neHTpanusicbl [IPK neHreriHeH »OFapbl 3KOJIOTHUSJIBIK MOHMTOPHHT Kyprisy, Jac-
OoJsIFaH, HOTHXKECIHe OyJl alMaKTa 3K0JI0-  TaHy JeHreiiH 6aKbliay >KoHe ajlblH any
TUAJBIK KQYINTIIK aiTap/IbIKTald apTKaH.  mapaJsiapblH KaObbliJay KaXKeT.
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OLIEHKA CTEINEHHU 3ATPSI3HEHUSI ITOYB TSKEJIBIMU METAJIJIAMU B 30HE
[TIOJIUT'OHA 3AXOPOHEHUA TBEPZIBIX OTXOZ 0B I'OPO/ZIA ACTAHEI
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CTaTha mNOCBALEHA OlleHKe YPOBHA 3arpsA3HeHUsl IMOYB TKEJBIMH MeTa//IlaMU Ha
TEPPUTOPUH TOJUTOHA 3aXOPOHEHHUs1 TBEPJbIX ObITOBBIX OTXOJ0B, PACHOJIOKEHHOI'O B TOpofie
ActaHa. B xozme ucciefoBaHusA Obll NpPOBeJEH XMMHUYECKUMH aHaJW3 MOYBEHHBbIX 00pasloB,
OTOOpPAaHHBIX C NPUJIETAMIIUX YYACTKOB, HAXOJAIMXCA B aJMUHUCTPATHBHOM 30He ropoja
ActaHa, B 6 KM BJ0JIb Tpaccel Asam, B6JM3HM HoAuroHa, ynpasisemoro TOO «Jko Ilosuron
AcTana». Bblin onpe/iesieHbl O BHKHbIE GOPMBI TSKENBIX METAJJIOB U JlaHa UX 3KOJI0ru4YecKast
KIaccuUKalus N0 CTENEHH OMACHOCTU. YCTAHOBJIEHO MPHUCYTCTBHE MOJBHKHBIX GOPM PTYTH,
IIMHKA, MblibsKa (I Kjacc omacHOCTH), a TakKe MeAM, HUKeJss, K0Oa/lbTa, CypbMbl, XpoOMa U
ceuHLa (II knacc onacHoctu). CTeneHb 3arpsA3HeHUs] NOYB OlLleHMBaJIacb C MCIOJIb30BaHHEM
koapodunuenta omnacHoctd (Ko) u cymmapHoro koaddunueHTa 3arpssHeHus (Zc), ¢
HOCJeyIOIIUM CpaBHEHHEM C MpeJejbHO [JONYCTHUMBIMH KOHLEHTpauusiMU. Pe3ysbTaThl
MOKa3aJy, 4YTO COZeprKaHHe TKEIbIX META/VIOB HAa TEPPUTOPHHU IOJUTOHA U B NMPUJIETAOIINX
30HaX TMpeBbIIIAeT JONYyCTHMble YPOBHHM, a YPOBEHb JKOJOTHMYECKOHM  OMacHOCTH
KJIaccuPUIUpYyeTCcs KaK «OMacHbIN» U «caaboonacHbli». [loaydeHHble JaHHble NO3BOJIAIOT JaTh
KOMIIJIEKCHYIO OIIeHKY 9KO0JIOTMY€eCKOro BO3/leICTBHSA MOJUT0HA, COCTOSIHUS [T0YB B OKpY>Kalollei
Cpe/ie ¥ MOTeHLUAJBHOI0 Bpejia A5l OKpYy»Kalollel cpe/ibl.

Kawuesble c/108a: TEMHO-KALUTAaHOBbIE MOYBBI, TAXEJble MeTa/l/bl, 3arpsi3HeHUe I0YB,
K03 PUILMEeHT 0NaCHOCTH, TBEPJble GLITOBbIE OTX0/bI, 9KOJOTHYeCKas ONACHOCTb.

SUMMARY
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ASSESSMENT OF SOIL CONTAMINATION WITH HEAVY METALS IN THE AREA OF THE
MUNICIPAL SOLID WASTE LANDFILL IN ASTANA

1Kazakh Agrotechnical Research University named after S.Seifullin, 010000, Astana,
Zhenis Ave., 62, Kazakhstan, *e-mail: kekilbaeva@mail.ru

2Agroecological research center (laboratory),
010000, Astana, Altynsarina str., 2, Kazakhstan, *e-mail: sceco_katu@mail.ru

This article is devoted to assessing the level of soil contamination by heavy metals at the
municipal solid waste landfill located in the city of Astana. During the study, chemical analysis was
conducted on soil samples collected from adjacent areas within the administrative zone of Astana,
6 km along the Alash highway, near the landfill managed by LLP "Eco Polygon Astana". Mobile
forms of heavy metals were identified and environmentally classified by their hazard levels. The
presence of mobile forms of mercury, zinc, and arsenic (hazard class 1), as well as copper, nickel,
cobalt, antimony, chromium, and lead (hazard class II) was established. The degree of soil
contamination was assessed using the hazard coefficient (Ko) and the total pollution coefficient
(Zc), followed by comparison with the maximum permissible concentrations. The results showed
that heavy metal concentrations in the landfill area and surrounding zones exceed acceptable
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levels, with the environmental hazard level classified as "hazardous" and "slightly hazardous". The
obtained data allow for a comprehensive assessment of the landfill's environmental impact, soil
conditions in the surrounding environment, and the potential harm to nature.

Keywords: dark chestnut soils, heavy metals, soil contamination, hazard coefficient,
municipal solid waste, environmental hazard.
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Abstract. The article discusses the results of studies on the degradation of soil and
vegetation in the mountainous areas of Ile Alatau and the Uzynkara Range. The data of
geobotanical studies of high-mountain and mid-mountain pastures of Ile Alatau and the Uzynkara
Range showed the dominance of vegetation degradation over other processes. The soils of the
mountainous areas are characterized by the thickness of the humus horizon, high gross humus
content, large reserves of calcium and magnesium and a small phosphorus content. As our studies
have shown, the thickness of the humus horizon of the studied soils is 40-60 cm, they are
distinguished by a high fertility potential, but this potential is limited by such factors as soil
trampling and the degree of pasture degradation. At the same time, with an increase in pasture
degradation, there is a decrease in the humus layer, a decrease in the content of humus and
nutrients in the soil. The assessment of plant communities as indicators of pasture degradation in
the study area showed that due to excessive and unregulated grazing, the vegetation cover has
been subjected to anthropogenic degradation. There is a transformation of the species
composition of plants, a decrease in the productivity of pasture forages, soils, which in turn leads
to a deterioration in the mechanical properties of soils: an increase in density in the 0-10 cm layer
increases by 0.11%, valuable silt particles are washed away in the upper part of the profile, the
content of water-stable aggregates and their water resistance decreases.

Keywords: degradation, pastures, soils, vegetation, pasture load.

INTRODUCTION This also affects animals that depend

The problem of mountain pasture on a variety of plants. In Kazakhstan,
degradation in Kazakhstan is very urgent, Where pasture livestock farming plays a
it is caused by various factors, such as key role in the economy, the problems of
overgrazing, climate change, improper use overgrazing are  particularly  acute.
of land, and disruption of pasture Research in this area can help develop
ecosystems. All this leads to a decrease in measures to restore pastures, improve the
fertility, soil erosion, loss of organic matter, resilience of mountain ecosystems and
deterioration of soil structure and a ensure sustainable agriculture. Moun-
decrease in its water-holding capacity, and tainous areas that have historically been
loss of biodiversity. As is known, over- used as pastures for grazing livestock are a
grazing can lead to the displacement of degrading factor in the weakening of the
valuable forage plants by less resistant or soil cover of its natural ecological

inedible species, which worsens the quality functions. Mostly degraded pasture areas
of pastures, that is, reduces the species are located near settlements, where most

diversity of pastures, since some plant of the residents have farm animals. At the
species disappear and others become same time, the concentration of livestock
dominant [1-5]. on these lands turns them into barren
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areas, since they are grazed for decades
without any use regime.

Today, in the Republic of Kazakhstan,
the area of mountain pastures (low and
mid-mountain) is 8.9 million hectares, the
forage reserve is 41.155.3 thousand
centners of dry matter, 22.094.5 thousand
centners of forage units. The area of
hayfields is 0.2 million hectares. [6].

Overgrazing as an anthropogenic
factor is the main cause of pasture degra-
dation, which has been studied by many
domestic and foreign researchers [7-10].

The purpose of the research is to
study the degree of degradation of soils of
mountain pastures.

MATERIALS AND METHODS

We conducted research in the
territory of the south-east of Kazakhstan in
[le Alatau (high-mountain plateau Assy,
Enbekshikazakh district) and in high-
mountain and mid-mountain pastures of
the Uzynkara ridge (Kegen, Raimbek and
Uyghur districts). We carried out field work
in the study area in spring (May), summer
(June, July), autumn (September, October).
We studied the territories of the Uzynkara
ridge, Uyghur, Kegen and Raimbek districts.
In Ile Alatau, we studied the pastures of
Assy in the Enbekshikazakh district

(figure 1).

N —— — — ——

SMALKUDYSU PASTURE, SMALL CATTLE

—
eTERsS

SHALKUDYSU PASTURE, SMALL CATTLE

R e

3

P N
i A"

UZVYNKARARIDGE, MEADOW GRASSES
UZVYNKARARIDGE

Figure 1 - Map of the study areas. High-mountain and mid-mountain pastures of the
Uzynkara ridge, (Kegen, Raimbek, Uyghur districts) Shalkudysu pasture, h 2625 m
(43°09'494"N 80°20'180"E). Ile Alatau (Enbekshikazakh district) Pastures of the
Assy plateau, h 2887 m (43°14'364"N 80°20'180"E)

Determination of pasture load. The
pasture period load was determined in the
study areas depending on the number of
livestock per 1 ha of pasture. The normal
pasture load was established based on its
productivity, the duration of the pasture
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period and the amount of pasture feed
required for one head of cattle per day [11].

Determination of pasture yield.
Pasture yield was determined using a
meter (1 m?) that was laid loosely (not
randomly) at 4 locations (points) of the
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pasture plot. The grass on the meters was
cut at a height of 3 cm from the soil surface.
The cut samples from each meter were
weighed separately in grams. The results
were then summed up and divided by 4.
The average yield in grams was obtained,
then the average yield in grams was
multiplied by 10.000 (the number of m?
per 1 hectare) to obtain the pasture yield in
centners/ha. Soil samples were collected
during the dry season at most sites using a
stratified random procedure.

Geobotanical  research  methods.
Geobotanical research was conducted
using generally accepted methods. During
the geobotanical survey of natural forage
pastures, the following were identified:
composition and structure of the
vegetation cover in its relationship with
habitat conditions; seasonality of use, crop
yield. During the field period, a
reconnaissance survey of the territory was
conducted. During the study, a description
of the vegetation, soil, ecological state of
natural pastures, and crop yield were
conducted. The vegetation was described
on plots of approximately 100 m?; for
floristically poor and sparse groups, larger
plots were used. When naming pasture
types by vegetation, the dominant plant
was put first. Samples of all plant species
were included in the description form. All
species of a given description point were
included in the list of plants. The dry mass
weight per 1 m2 was recorded after sorting,
drying, and weighing the mown crop. Soil
characterization was carried out based on
soil survey materials by comparing
geobotanical and soil contours. Plants were
collected for the herbarium throughout the
entire field period [12]. The abundance of
species in phytocenoses was determined
using the Drude abundance scale. The
species composition of plants in plant
communities was determined according to
the relevant botanical guides, such as:
"Flora of Kazakhstan" [13], "Guide to Plants
of Central Asia" [14], "lllustrated Guide to
Plants of Kazakhstan" [15].
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All chemical soil analyses were
performed at the U. Uspanov Kazakh
Research Institute of Soil Science and

Agrochemistry.
RESULTS AND DISCUSSION
According to the climatic zoning, the
studied region of the southeast of

Kazakhstan belongs to the continental
region of the temperate zone. The climate
of the mountainous part of Ile Alatau and
Uzynkar is very different from the climate
of the plains lying at their foot. According
to the diversity of natural and climatic
conditions, according to the conditions of
heat and moisture supply, vegetation
period, the territory of the Almaty region,
to which the studied region belongs, is
divided into the following agroclimatic
regions: 1. A very arid foothill-plain region,
occupying a strip of foothill (submontane)
plains. 2. An arid foothill region, occupying
an even more southern part of the study
area, covering a narrow strip of the foot of
the mountains. It is the foothills or
"counters” of the Uzynkara and Ile Alatau
ridges. 3. A mountainous region, on the
Uzynkara ridge it begins at an altitude of
1200-1600 m. On the Ile Alatau ridge it
begins from 1000 m to 1700 m - garden-
steppe. The average air temperature at the
Chundzha weather station in January is -
11.2 ° C, in July + 24.5 ° C. The average
amount of precipitation in the region is
261-350 mm, more than half (60%) of the
precipitation falls in the spring. The climate
of the piedmont-plain and foothill territory
of the region is sharply continental and
arid, with characteristic large daily and
annual fluctuations in air temperature,
moderately cold winters and long hot and
dry summers. The average annual air tem-
perature is 7.6-8.7°C. The average July tem-
perature varies from +21,3 °C to +24.5 °C.
The average temperature at the Uzynagash
weather station in the warmest month of
July is 18.9 °C, while the maximum is 35 °C.
The coldest month is December, but the
minimum temperature is - 29.3°C. The
climate of the subalpine zone according to
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the temperature regime according to the
meteorological station of the Assy plateau
is a cool zone. The temperature of the
warmest month (June) is + 12.8-18.10, and
the coldest (January) is - 7.3-4.30. The
annual temperature amplitude is 20.3-
22.40, the maximum is +29-35.0, the
minimum drops to - 35-38,0, absolute
amplitudes reach 700C. The duration of the
period with a temperature above 102C is
115-146 days with a temperature sum
during this time of 860-1990C. The last
spring frosts are observed in May, and the
first autumn frosts are observed in late
September and early October. The frost-

free period lasts from 106 to 146 days.

The average annual precipitation is
881-843 mm. The greatest amount of
precipitation falls in spring and summer
(74-68%). Sometimes precipitation is of a
torrential nature, which contributes to the
development of water erosion on the soils
of the slopes. [16]. Table 1 provides annual
comparative data from the meteorological
stations closest to each study area: the
Issyk and Assy meteorological stations for
the Ile Alatau and the Kegen and Narynkol
meteorological stations for the Uzynkara
ridge (table 1).

Table 1 - Annual comparative data of meteorological stations

; Atmospheric pressure,
Name of Temperature, Rela.tu_/e h Pa The of
Temperature, ) humidity e
weather C air average surface soil of the air : precipitation.
station 8 average % attation Aasea per day mm
0 level level
Narynkol -9.0 -14 79 820.3 2250 12.1
Kegen -10.4 -12 82 815.4 1902 7.7
Assy -10.3 -12 68 780.2 2680 2.1
Issyk -1.8 -4 78 911.3 1756 44.7

As can be seen from table 1, in the
Enbekshikazakh district the average air
temperature according to the Assy weather
station is -10.3°C, while in Issyk it is -1.8°C,
in the Kegen and Raimbek districts it is
slightly higher and is -10.4°C and -9.0°C,
respectively. The soil temperature in the
studied districts is approximately the same
- 12°C, only in the Enbekshikazakh district
in Issyk it is significantly lower and is - 4°C.
The average relative humidity is
approximately the same in all districts -
80%. In addition, the daily amount of
precipitation in the Enbekshikazakh
district is significantly higher, it is 44.7 mm,
and in the Kegen and Raimbek districts -
12.1 mm and 7.7 mm, respectively. These
comparative meteorological observations

show that the climate of the study area
corresponds to the climate of the Northern
Tien Shan. Below are data on the total area
of the study districts and the area of
pastures currently grazed by cattle
(pastures dominated by cereals and other
herbaceous plant species, such as forbs
from the families Fabaceae, Poaceae,
Asteraceae, etc.). Studies to assess the
impact of anthropogenic factors on the
degree of degradation of pasture
ecosystems in southeastern Kazakhstan
are provided for the Almaty region in the
territory of the Enbekshikazakh, Uygur,
Kegen and Raiymbek districts. Table 2
contains data on the total area of the
districts and the area ofpastures.
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Table 2 - The share of pastures in the land use structure of the study areas

Area, thousand hectares
Districts Share of pastures in %
total area pasture area
Enbekshikazakh 780.7 530.9 68
Kegen 675.5 472.6 70
Raimbek 1420.0 442.5 31
Uyghur 876.6 386.6 44

From the data in the table it is clear
that the largest percentage of pastures is in
the Kegen district - 70%. The total area of
pastures in the studied areas is given for
the period of 2024 in accordance with
statistical data (figure 2). The figure shows

56%

3

that the largest percentage of pasture area
falls on two areas: Kegen (70%) and
Enbekshikazakh (68%) areas. In the
Uyghur area, the share of pastures is 44%
and the smallest percentage of pastures
falls on the Raimbek area - 31% (figure 2).

59%

4

Figure 2 - Share of pastures from the total territory. 1. Uyghur region;
2. Enbekshikazakh district; 3. Kegen district; 4. Raiymbek district

To analyze the impact of livestock
grazing on pasture degradation in sou-
theastern Kazakhstan, we considered the
numbers of cattle (cows, horses, camels)
and small ruminants (sheep, goats). The
impact of livestock grazing on pasture
degradation depends not only on the
number of farm animals grazing per unit
area, but also on the duration of the
grazing period. The duration of the period
has a negative impact on both the soil and
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the vegetation cover of pastures. The
physical properties of the soil are partially
restored during the 21-week period after
soil damage [17].

As can be seen from table 3, the
comparative characteristics of the livestock
indicators in the 4 studied districts by
heads for 2021-2024 showed different
numbers of livestock, where the Enbekshi-
kazakh and Raimbek districts have a high
indicator forthenumber oflivestock (table 3).
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Table 3 - Comparative characteristics of livestock indicators in the studied areas

Total
Years | number of | Enbekshikazakh Kegen Raimbek Uyghur
livestock

2021 | Sheep.goat | o000, 40.096 | 200 996+18.183 | 236 532+18.183 | 197 774£9.49
population

2022 Horse 86 464+9.639 48 82445271 54 038+2.639 | 65723+6.515
population

2024 Cow 21 061+2.255 28 172+1.475 37007+3.159 | 13 722+1.715
population

2023 Camel 108+18 - - 25+7
population

Below in table 4, the number of small districts is given (table 3, figure 3).
ruminants (sheep, goats) in the 4 studied

Table 4 - Number of sheep in the Enbekshikazakh, Kegen, Raiymbek and Uyghur regions
for 2020-2024, heads

. Pasture area, Years
Regions thousand
hectares 2020 2021 2022 2023 2024
Enbekshikazakh 530.9 813645 | 830416 857047 890869 567799
Kegen 472.6 618916 | 627753 652930 665623 513008
Raimbek 442.5 698096 | 724002 777744 799709 453125
Uigur 386.6 634563 | 646341 | 649 097 630088 484512

Figure 3 shows the annual change in Raimbek and Uyghur districts for 2020-
the number of small ruminants (sheep, 2024 (heads).
goats) in the Enbekshikazakh, Kegen,

300 000
250000
200000 =
150 000
100 000
50 000
0
2020 2021 2022 2023 2024
e FEnbekshikazakh = Kegen
e Raimbek — Uigur

Figure 3 - Population of small ruminants (sheep, goats) in the study areas
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Our studies have revealed that the
vegetation cover of pastures in four
districts (Enbekshikazakh, Kegen, Raimbek
and Uyghur) of the Uzynkara and Ile Alatau
ridges is represented by more than 99
species. Increased grazing leads to a sharp
decrease in the number of species per unit
area, a change in the structure and
depletion of the floristic composition of the
functioning part of the soil, represented by
the cereal-wormwood-forb community,
significantly exceeds the aboveground one.
A study of pastures in four districts (En-
bekshikazakh, Kegen, Raimbek and Uygur)
of the Uzynkara and Ile Alatau ridges
showed that as one approaches the cattle
camp, the aboveground plant mass decrea-
ses, which is especially pronounced in
sheep pastures. A slight increase in plant
mass under heavy grazing pressure due to
sheep is explained by an increase in the
proportion of trampling-resistant, non-
edible weed species in the herbage (Polygo-
num aviculare, Artemisia austriaca, Urtica
cannabina, Berteroa incana, Cirsium arven-
se, Chenopodium album, Artemisia annua,
Urtica cannabina, Carduus nutans, Verbas-
cum blattaria). A sharp decline in plant
mass in the studied areas indicates uneven
grazing of the herbage during sheep gra-
zing, which is due to a surge in the abun-
dance of these non-edible synanthropic spe-
cies. Under the influence of cattle grazing,
the intensity of the process of depletion
and reduction of the species richness of

valuable forage plant species is expressed.

Thus, when studying the pasture
load in all four districts (Enbekshikazakh,
Kegen, Raimbek and Uygur) of the Uzyn-
kara and Ile Alatau ridges, approximately
the same patterns of vegetation dynamics
were identified. To determine the grazing
load, the existing livestock must be divided
by the area of pastures. To determine the
livestock load, it is necessary to take into
account that sheep, cows, horses and
camels do not eat the same amount of feed
per day to maintain their life and produce
products. The proportions of change in
feed consumption are not linear with the
change in animal weight. The smaller the
animal, the more feed it needs per unit of
its weight. Therefore, it is necessary to
convert the existing livestock into a single
standard unit. To convert the existing
livestock into a standard unit, it was
accepted to consider sheep and goats equal
to one conventional sheep. For cows, five
conventional sheep, six horses and eight
conventional sheep for camels were
adopted. As our studies showed, in 2024,
due to the reduction in the number of
animals, the grazing load on the pastures of
the study area decreased significantly. In
general, it should be noted that the lowest
load on pastures is observed in the
Raimbek district, and the highest in the
Uyghur district. Data on the dynamics of
the grazing load in the study area are given
in table 5, figure 4.

Table 5 - Grazing load of cattle in the studied areas, conventional heads/ha

. Years
Regions
2020 2021 2022 2023 2024
Enbekshikazakh 1.53 1.56 1.61 1.68 1.07
Kegen 1.31 1.33 1.38 1.41 1.09
Raimbek 1.58 1.64 1.76 1.81 1.02
Uigur 1.64 1.67 1.68 1,63 1.25

As can be seen from figure 4, in 2024,
compared to 2023, 2022, 2021, the grazing
load on the pastures of the study area has
significantly decreased, which is due to a
decrease in the number of animals.

In general, it should be noted that the
lowest load on pastures is observed in the
Raimbek district, and the highest in the
Uyghur district (table 4).
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Figure 4 - Dynamics of grazing load in the study area, heads/ha

From the data in table 4 and figure 4,
it is clear that from 2020 to 2022, the
number of small ruminants (sheep, goats)
was more or less stable in all 4 study areas.
And starting from 2023, there has been a
gradual decrease in the number of small
ruminants (sheep, goats) in the Kegen and
Uyghur districts. In 2024, there was a
sharp decrease in the number of small ru-
minants (sheep, goats) in all four districts.
The decrease in the number of small
ruminants (sheep, goats) in the studied

districts was due to the rise in the cost of
feed for winter maintenance of animals.

The number of cows and horses in
the study areas is shown in figure 5 and
figure 6. As can be seen from figure 5 from
2020 to 2023, there was an increase in the
number of cows in the Enbekshikazakh and
Uyghur districts, and in figure 6. from 2021
to 2023, there was an increase in the
number of horses in the Enbekshikazakh,
Kegen and Uyghur districts.

120 000
100 000
80 000 \
60 000 ____ﬁ
40 000
20 000
0
2020 2021 2022 2023 2024
=—=Fnbekshikazakh == Kegen e==Raimbek e TUigur

Figure 5 - Cows in Enbekshikazakh, Kegen, Raiymbek
and Uygur regions for 2020-2024
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Figure 6 - Horses in Enbekshikazakh, Kegen, Raiymbek
and Uygur regions for 2020-2024

The increase in the number of horses
was due to an increase in the supply of
kumiss and the treatment of the population
due to the pandemic in the markets of the
city of Almaty, and in 2024 there was a
decrease in the number of animals in all

four districts, which is associated with the
rise in the price of winter feed for keeping
cows and horses. In the study areas, camels
are available in small numbers, mainly in
the Enbekshikazakh and Uyghur districts
(table 6, figure 7).

Table 6 - Number of camels in the Enbekshikazakh and Uyghur regions for 2020-2024,

heads
Districts
Years
Enbekshikazakh Kegen Raimbek Uyghur
2020 97 - - 7
2021 116 - - 28
2022 122 - - 35
2023 132 - - 30
2024 74 - - 24
150
100
50
0 /_
2020 2021 2022 2023 2024
Enbekshikazakh — e=Tyghur

Figure 7 - Number of camels in the Enbekshikazakh and Uyghur regions for 2020-2024
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Figure 8 shows the data on the
chemical composition of the studied soils,
where the characteristic features of
mountain meadow soddy soils are: low
thickness, strong sodding, good structure
and high humus content. Chemical analyses
of the alpine mountain meadow soddy soil

H

Mg

Ca

pH

Hydrolytic acidity

Absorbed hydrogen according to Gedroits
Exchange capacity, m-eq per 100 g of soil
Mg

Ca

C:N

Nitrogen.%

Humus, %

Depth, cm

shown in table 6 showed that the humus
content was more than 15,1%, the pH value
was acidic - 5. The absorption capacity is
about 33 meq per 100 g of soil. Calcium
predominates among the absorbed cations
(Ca - 69%) (figure 8).

20 30 40 50 60 70 80

Figure 8 - Content of gross humus, nitrogen, absorbed bases and hydrogen in
subalpine mountain meadow sod soil

According to the granulometric com-
position, the studied mountain meadow
soddy soil is medium loamy fine sandy. The
upper sod horizons have high moisture
capacity. Despite the high mechanical
strength of the sod, their structure is
relatively poorly expressed. As a result of
the fastening of lumps by fine roots,

fractions >5 mm and microaggregate units
predominate, and there are few granular
fractions. Due to low biogeneity, high
humidity and low temperature throughout
the year, the processes of humification -
mineralization of plant residues proceed
very slowly (table 7).

Table 7 - Granulometric composition of the studied soils

Fraction content, % of absolutely dry soil
. Depth Fraction sizes, mm
Soils cm 0.25- | 0.05- | 0,01- | 0.005-
3 3-1 | 1-0.25 0.05 0.01 0.005 | 0.001 <0.001 | <0.01
Mountain
meadow 0-20 0.9 8.3 0.1 10.1 41.3 14.1 18.0 11.7 43.1
turf alpine
Subalpine 0-15 7.1 5.3 0.8 8.1 42.5 14.7 17.9 13.2 46.0
mountain 15-45 | 16.3 5.1 1.7 7.5 34.2 15.8 20.1 19.4 54.1
meadow
soil 45-75 | 279 | 16.0 2.7 11.5 28.6 12.8 16.8 17.4 45.1
Mountain - - - 14.21 | 37.11 | 12.20 | 18.51 | 24.48 53.25 -
meadow - - - | 1310 | 349 | 1334 | 14.20 | 28.10 | 54.19 -
chernozem-
like soil - - - 14.00 | 30.74 | 17.20 | 14.19 | 28.78 59.10 -
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Chemical analyses of subalpine
mountain meadow soils (Assy pasture)
also showed a high humus content (15.5%)
in the upper horizon, below which its
content drops sharply (8.1%). The total
nitrogen content is quite high (0.70%).
Soils that are not saturated with bases are
acidic, but there are saturated ones with a
neutral reaction. The absorption capacity is
high (33.3% meq per 100 g of soil). Cal-
cium predominates in the composition of
absorbed bases (more than 80% of the
capacity), which, along with a large amount
of organic matter, determines the good

Hydrolytic acidity

Absorbed hydtogen according to Gedroits
Exchange capacity, m-eq per 100 g of sail
Mg

Ca

C:N

Nitrogen.%

Humus, %

Depth. cm

(==

10

“,l,.||.

20

granular structure of the soils (figure 9).
This in turn determines their high water
permeability, which reduces the develop-
ment of erosion processes. However, the
destruction of the turf leads to soil
washouts and erosions. Table 7 shows that,
according to the granulometric composi-
tion, the subalpine mountain meadow soil
is heavy loamy silty-dusty. According to the
soil profile, the coarse dust fraction (0.05-
0.01 mm) predominates, and the silt
fraction (<0.001 mm) increases in the
lower horizons (16.4-19.6 %).

30 40 50 60 70 80 90

Figure 9 - Content of gross humus, nitrogen, absorbed bases and hydrogen in alpine
mountain meadow sod soil

Due to the high biogeneity of moun-
tain-meadow subalpine soils, more humic
acids are formed in them, but due to the
unsaturation of these soils with bases,
most of the humic acids are represented by
mobile forms. Mountain-meadow cherno-
zem-like soils have a well-differentiated
profile. Horizon A is black, with a granular
structure, with a high humus content
(10.5%), subdivided into 2 layers, the
lower layer is distinguished by its stoni-
ness. Further down the profile, the stoni-
ness increases and becomes larger. Figure
10 shows data on the granulometric com-
position of mountain-meadow chernozem-
like soils.

As can be seen from table 7, the
granulometric composition of fine earth is
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heavy loamy silt-coarse-silty. The absorp-
tion capacity iswithin 22-32 meq per 100 g
of soil. Absorbed calcium predominates,
the pH of the environment is slightly acidic,
associated with the presence of absorbed
H +. In mountain-meadow chernozem-like
soils, the energy of biological processes is
increased: mineralization of plant residues,
humus formation, nitrification capacity,
energy of cellulose destruction, etc. Analy-
sis of agrochemical properties showed that
during pasture degradation there is a dec-
rease in humus and nitrogen by 10-15%
with weak degradation, by 25-30% with
average degradation, and by more than
50% with strong degradation. The content
of phosphorus and potassium changes
insignificantly. According to the granulo-
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metric composition of the soil in the upper
horizon 0-15 cm sandy loam with a pre-
dominance of coarse and fine sand, in the
lower horizon 15-30 cm light loam with a
predominance of fractions of coarse and
fine sand. The dispersion coefficient
calculated from their indicators is high,
which indicates the destruction of soil
aggregates, the structure factor is very low,
showing that the soil is not capable of
structuring. The calculated erosion resis-
tance indicator shows that the soil is not
resistant to erosion. During degradation,

H ==
Mg

the soil surface is destroyed and crushed
by animal hooves, and crushed dusty and
silty particles are carried away by wind
and surface water. This leads to a decrease
in physical clay (particles less than
0.01 mm) in the surface layer of the soil
As can be seen, the importance of high-
mountain meadows as summer pastures is
very great, but they require protection by
regulating grazing. With excessive grazing,
mountain meadows are displaced by
inedible and poorly edible plants.

Ca

pH

Hydrollytic acidity

Absorbed hydrogen according to Gedroits
Exchange capacity, m-eq per 100 g of soil

Ca
C:N  —
Aszot, %
Humus, % B
Deepth, o |
0 10 20 30 40 50 60 70 80

Figure 10 - Content of gross humus, nitrogen, absorbed bases and hydrogen in
subalpine mountain meadow sod soil

In the studied areas of subalpine
meadow soils, a progressive decrease in
the above-ground plant mass was found on
pastures with increased load and with an
unregulated grazing regime. Exceeding the
pasture load negatively affects the
properties of the soil. Soils of degraded
pastures are characterized by increased
density and slightly lower indicators of
structure [18]. Studies of pastures in 4
districts (Enbekshikazakh, Kegen, Raim-
bek, Uyghur) showed that the dynamics of
soil properties differ depending on the
type of grazing livestock. As the grazing
load increases, the density of the upper soil
layers increases. In deeper layers, soil
indicators do not depend on the degree of
grazing load. The compaction process is
most pronounced in sheep pastures. In
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cattle and horse pastures, soil compaction
is lower. Overgrazing has a negative effect
on the structural state of the soil. With
increasing grazing load, the proportion of
valuable structural aggregates in the soil
decreases. The study of the assessment of
the development of degradation processes
in the mountainous part of the Northern
Tien Shan, the Uzynkara ridge, the
Shalkudysu pasture and the Ile Alatau on
the Assy plateau, showed that the study
area in botanical and geographical terms is
included in the Dzungar-Northern Tien
Shan group of zonality types. Zailiysko-
Northern Dzungar zonality type and the
Kungey-Terskey-Ketpen zonality type [19].
Changes in the structure - transformation
of the grass stand were assessed according
to 4 degrees of transformation: 1 - not
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changed; 2 moderately modified;
3 - highly modified; 4 - broken.

Each of these degrees was assessed
by the content in the grass stand of - plant
species thinning out due to overgrazing; -
increasing in abundance and - invasive
species. The studies showed that our
studied pastures can be classified as
moderately and intensely degraded
pastures, since the content of weed and
poisonous invasive species in the grass
stand (Alchemilla  sibirica, Aconitum
soongaricum, Ranunculus natans,
Polygonum aviculare, Urtica cannabina,

Echinops chantavicus, Berteroa incana,
Ambrosia artemisiifolia, Ligularia
macrophylla, Chenopodium album, Cynara
scolymus, Taraxacum officinale, Arctium
tomentosum, Marrubium vulgare, Carduus
nutans,  Verbascum  blattaria) with
moderate transformation of grass stand it
is from 5 to 20%, and with intense degree
from 20-40%, this in turn indicates that the
state of our studied pastures is in a state of
intense and moderate degree of
degradation in terms of the grass stand
transformation indicator (table 8).

Table 8 - The degree of ecological condition of the studied agricultural lands in the four

studied areas

The degree of

Degradation of pasture grass

Soil erosion and

ecological
condition of
agricultural
lands

Productivity
medium-long-
term (in %)

Composition of grass stand

deflation
(destruction of
the humus
horizon) (in %)

Tropinity
(in %)

Tense 13.6

a) thinning species (readily
eaten) up to 40%
b) increasing in abundance
up to 40%
c) penetrating species
(weeds and poisonous) up to
20 units.

15-25 10-25

Crisis 25.6

a) thinning species (readily
eaten) up to 20%
b) increasing in abundance
up to 50%
c) penetrating species
(weeds and poisonous) up to
40 units.

25-50 25-50

Destructive less than 25

a) thinning species (readily
eaten) less than 10%
b) increasing in abundance
up to 40%
c) penetrating species
(weeds and poisonous) more
than 60 units.

more

than 50 more than 50

With moderate pasture degradation,
pasture productivity can decrease by 25%,
and with severe pasture degradation, the
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reduction in the edible portion of the grass
stand can reach up to 50% (table 9).
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Table 9 - Degree of degradation intensity of the studied pastures

Degree of pasture degradation Degradation intensity Area, ha
strong 50530.4

Severe medium 54 666.1

weak 67913.3

strong 56 294.6
Moderate medium 101 702.6

weak 35436.8

Total: 366 543.9

Of the surveyed area of 366.543.9
hectares of mountain pastures in four dist-
ricts (Enbekshikazakh, Uygur, Kegen, Raim-
bek) in the southeast of Almaty region, all
pastures are subject to varying degrees of
degradation. The degree and intensity of
degradation was determined by the con-
dition of the grass stand: the content of
edible and non-edible parts. (table 9).

CONCLUSION

Thus, the soil cover of the studied
pastures of Ile Alatau and the Uzynkara
ridge, where soil samples were taken, was
described in the field. Analysis of agroche-
mical properties showed that with pasture
degradation, there is a decrease in humus
and nitrogen with weak degradation by 10-
15%, with an average degradation by 30-
35%, with strong degradation of more than
50%. The content of phosphorus andpotas-
sium changes insignificantly. According to
the granulometric composition of the soil
in the upper horizon of 0-15 cm, sandy
loam with a predominance of course and

fine sand, in the lower horizon of 15-30 cm,
light loam with a predominance of
fractions of coarse and fine sand. The
dispersion coefficient calculated from their
indicators is high, which indicates the
destruction of soil aggregates, the struc-
ture factor is very low, showing that the
soil is not capable of structuring. The
calculated indicator of antierosion resis-
tance shows that the soil is weakly
resistant to erosion. During degradation,
the soil surface is destroyed and crushed,
especially by the hooves of small rumi-
nants, and the crushed dust and silt partic-
les are carried away by the wind and sur-
face waters. This leads to adecrease in phy-
sical clay (particles smaller than 0.01 mm)
in the surface layer of the soil. As can be
seen, the importance of high-mountain
meadows as summer pastures is very
great, but they require protection by
regulating grazing. With excessive grazing,
mountain meadows are displaced by
inedible and poorly edible plants.

The work was carried out with the support and funding of the Science Committee
of the Ministry of Science and Higher Education of the Republic of Kazakhstan within the
framework of the project "Assessment of the impact of natural and anthropogenic factors
on the degree of degradation of pasture ecosystems in the southeast of Kazakhstan for
the implementation of Sustainable Development Goal 15." (IRN grant No. AP23490247).

REFERENCES
1. Esgalhado Catarina et al.,, Sustaining altitude pastures in mountain landscapes-a
fuzzy cognitive model approach// Science of The Total Environment. - 2024. - Ne 931.

-P.172930.

31




JKoJI0TUA NOYB IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

2. Miller M. et al, The relationship between pasture degradation and soil
properties in the Brazilian amazon: a case study// Agriculture, Ecosystems &
Environment. - 2004. - N2 103 (2). -P. 279-288.

3. Vasquez H. V. et al,, Evaluation of pasture degradation through vegetation indices
of the main livestock micro-watersheds in the Amazon region (NW Peru)//
Environmental and Sustainability Indicators. - 2023. - Ne 20.- P. 100315.

4. Cai, Y. Yan Y. et al,, The fertile island effect collapses under extreme overgrazing:
evidence from a shrub-encroached grassland// Plant Soil. - 2020. - T. 448, - P. 201-212.

5. McSherry M.E,, Ritchie M.E,, Effects of grazing on grassland soil carbon: a global
review// Global Change Biology. - 2013. - N2 19 (5).- P. 1347-1357.

6. Idrisov K. Analysis of the state of pastures of the Republic of Kazakhstan and
innovative methods for their improvement [Electronic resource] // National Agrarian
Scientific and Educational Center. - Electronic data. - Astana: 2024. - Access mode to
https://agrardialog-kaz.de/wp-content/uploads/2024/12, free.

7. Gazdanov A.U. Mountain meadow-pasture lands of the North Caucasus and ways
to improve them. - Vladikavkaz, 2006. - 128 p.

8. Alimaev L. 1., Skorintseva I. B., Basova T. A., Krylova V. S. Sustainable management
of pasture resources of Kazakhstan using GIS technologies// Rational use of natural
resources. - Almaty, 2017. - N2 2. - P. 64-74.

9. Baysholanov S. S. State and trends of change in pasture productivity in the
southern half of Kazakhstan// Bulletin of KazNU, «Geographical» Series. - Almaty, 2007.
-Ne 2. - P. 34-42.

10. Rakosy Demetra, Motivans Elena Svara etal, Intensive grazing alters the
diversity, composition and structure of plant-pollinator interaction networks in Central
European grasslands, ResearchGate, 2022, 17(3), p. 0263576.

11. Order of the Minister of Agriculture of the Republic of Kazakhstan. On approval
of the maximum permissible load on the total area of pastures: approved April 14, 2015,
Ne 3-3/332.

12. All-Union instructions for conducting a geobotanical survey of natural forage
lands and compiling large-scale geobotanical maps. USSR Ministry of Agriculture.

- M.: 1984.-105 p.

13. Flora of Kazakhstan. - Alma-Ata, 1956-1966. -P. 1-9.

14. llustrated guide to plants of Kazakhstan. - Alma-Ata, 1962-1975. - P. 1-2.

15. Key to plants of Middle Asia. Tashkent: FAN. 1968-1993. - P. 1-10.

16. Kazhydromet [Electronic resource] //Meteorological data. - Electronic data.

- Astana, 2024. - Access mode to https://www.kazhydromet.kz/ru/, free.

17. Drewry ]. Short term recovery of soil physical after winter grazing in the
Waikato: Implications for environmental monitoring. Conference Paper. 2003. p. 194-204.

18. Stephenson G.R., Veigel A. Recovery of compacted soil on pasture used for
winter cattle feeding. ]. Range Manage, 1987. 40 (1). p. 46-48.

19. Rachkovskaya E.I. Botanical geography of Kazakhstan and Central Asia (with in
the desert region). - St. Petersburg, 2003. - 421 p.

32


https://agrardialog-kaz.de/wp-content/uploads/2024/12
https://www.kazhydromet.kz/ru/

JKoJI0TUA NOYB IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

TYHIH
['A. CagbipoBal®, B.E. [llummukos?, [LA. MykanoBal, K.C. Opaz6ekoBa?, T.A. bazap6aesal,

C.M. IxxamusioBa3, A.K. Tanbi6aeBal
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3A6ali ambiHdarbl Kazak yammbik nedazo2ukaivlk yHUgepcumemi,
050010, Aamamul, [locmbik daHFbiabl, 13, KazakcmaH

Makasiaga Ine Anataybl MeH ¥Y3bIHKapa »KOTACbIHbIH, TayJibl alMaKTapblHJAFbl TOMbIPAK
neH eCiMAIKTepJiH JerpajalUsiCblH 3epTTey HITHXKeJsepi KapacTblpbliFaH. lne AsaTtaybl MeH
Y3bIHKapa KOTAChIHBIH, OWiK TayJibl ’K9HE OpTa TayJibl >KaHbLIBIMAAPBIHBIH Tre060TaHUKAJIBIK
3epTTeyJiepiHiH MaJsiMeTTepi eciMAIKTepAiH JerpajanyscbiHbIH, 0acKa HpolecTep/eH 6achiM
ekeHAiriHn  kepceTti. Tayabl aillMakTapZblH  TONbIpaKTapbl Kapallipik  KeKXHeKTiH
KaJIbIHABbIFBIMEH, JKaJIllbl KAapallipiKTiH >KOFapbl MeJilllepiMeH, KaJblUA MeH MarHuijiiH MoJ
KOpbIMeH >xoHe a3 d¢ocdopMeH cunarrtanajbl. bBi3fiH 3epTTeysiepiMis KepceTkeHeH,
3epTTeJIETIH TONbIpaKTap/AblH Kapallipik KeKXHUEeKTiH KaJblHAbIFbl 40-60 cM KypaWzbl, oJsap
YKOFapbl KYHapJIbLIBIK MOTEHLHAJbIMEH epeKlieseHei, 6ipak Oys MOTeHI[Ua/ TOMbIPAKTHIH,
TanTaly JAdpeXeci XKoHe >XaWbLIBIMAAP/BIH Jerpafanus Aspexeci CUAKTbI (aKTopJiapMeH
mekTesiefi. COHbIMEH KaTap KaWbLIbIM/bIK JerpajalusHblH KylleloiMeH Kapallipik Ka6aTbIHbIH
asaobl, TONbIpAaKTarbl Kapallipik NeH KOpeKTIK 3aTTapJblH MeJillepi a3asdjabl. 3epTTeJeTiH
ayMaKTaFbl  KaWbLIbIMJAApJblH  JAerpajalusiCbIHbIH ~ KepceTKiliTepi  peTiHAe  eciMAik
KaybIMJACTBIFbIH 6aFaJiay 1laMaJlaH ThIC XXoHe peTTeJMereH *KalbLIbIMFa GallJIaHbICThI BCIMAIK
Y)KaMBLIFBICBI aHTPONOTeHJIK JerpajaliUsafa yIIblpaFaHbIH KepceTTi. OCIMAIKTepJiH TypJiik
KYPaMbIHbIH, 63repyi, »alblIbIM/JbIK *KeM-1I6NTepAiH, TONbIPAKTbIH 6HIMJIITiHIH TeMeHAeyi
GaliKasa/bl, 6YJ1 63 Ke3eTiHJe TONbIPAKThIH, IPAaHyJIOMETPHUSJIBIK KAaCUETTEPiHiH Hallap/ayblHa
akeneni: 0-10 cm KabaTTafFbl ThIFBI3ALIKTBIH 0,11% >Xofapbliaybl, KyHAbI Jiail GeJlleKTepi
npodUIBb/iH XKOFapFbl 6eJliriHe LalblIbIN KeTei, oJ1apAblH CyFa Te3iMAiniri ToMeHAeN i

Tyliindi cesdep: perpajanys, }kalblIbIMAAP, TONbIPAK, 6CIMIIKTED, )KalbLJIbIM KbICHIMBL.
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B craTbe paccMaTpuBalOTCA pe3yJbTaThl HCCAeL0BAaHUM 10 H3yYeHUIO Jerpajanuu
MOYBEHHOI'0 U PaCTUTEJbHOTO IMOKPOBA FOPHBIX TeppuTopuil Uie Anatay u xpe6Ta Y3blHKapa.
JlaHHble Teo60TAaHMYECKUX HCCJIeJOBaHUH BBICOKOTOPHBIX W CpeAHEeropHelx mnacrouly Hie
AnaTtay u xpe6Ta Y3blHKapa [0Kas3aJd JOMHHHUpOBaHHe Jerpajjalilid pacTUTEJbHOI0 NMOKpPOBa
HaJ JApYyruMH IponeccaMu. [Io4BBl TOPHBIX TEePPUTOPUH XapaKTepHU3YHTCS MOLIHOCTBIO
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TYMyCOBOIO TOPU30HTA, BBICOKMM BaJIOBbIM COJepKaHUeM TryMyca, OOJIbLIMMM 3amacaMu
KaJIbIIMsl U MarHus U HeGoJIbIIUM cofep:kaHueM ¢ocdopa. Kak nokasasu Hallu uccaef0BaHUS,
MOLHOCTb F'YMYCOBOI'O FCOPU30HTA MccCaeAyeMbIX 0o4YB paBHA 40-60 cM, OTJIMYAOTCH BBICOKUM
NOTEeHI[UAJIOM IJIOZOPOJAHS, OJHAKO 3TOT IMOTEHLHAJ OTpPaHUYEH TaKUMU (aKTOpaMH, Kak
BBIOUTOCTb TMOYBBI U CTeNeHb JlerpaZaunu nactoui. [Ipu 3ToM, ¢ Bo3pacTaHUEM JAerpajanuu
nacToull, NPOUCXOAUT YMeHblLIeHUWe TyYMYCOBOTO CJ0sl, CHWXXeHUe COJepXKaHus TryMyca U
NUTaTeJbHbIX BelllecTB B MouBe. OleHKa pacTUTEJbHBIX COOOLIECTB KaK WHJUKATOPOB
JerpajallMy MacTOML] Ha HCCAelyeMOW TeppUTOpPUM IOKa3aJja, YTO M3-3a 4Ype3MepHOro Hu
HeperyJupyeMoro Bbllaca CKOTa pPaCTUTeJbHbIA IMOKpPOB MOABEPrc aHTPONOTeHHOU
Jerpajauuu. Ilpoucxogut TpaHchopManMs BHAOBOTO COCTAaBa pACTEHUM, CHIKeHHUe
HPOJYKTHBHOCTH NMACTOUIHBIX KOPMOB, II0YB, KOTOPAasi B CBOIO 0O4epe/ib HIPUBOJUT K YXY/ALIEHUIO
rpaHy/JioOMeTpU4YeCKHUX CBOMCTB MOYB: NOBBILIEHUE NMJIOTHOCTHU B cjoe 0-10 cMm yBesiMuuBaeTcs Ha
0,11%, B BepxHel 4YacTU NpPoQUJIA CMBIBAIOTCA ILeHHble WJIMCTble 4YaCTUIbl, CHWXKAeTCs
coJlep>KaHUe arperaToB U UX BOJOMPOYHOCTD.
Knatouesole caosa: ferpajanus, NacTOMILA, MOYBbI, pACTUTENbHOCTD, HArpy3Ka MacTouLl,
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MATHEMATICAL FORECAST OF THE EFFECT OF MINERAL FERTILIZERS ON COTTON
PRODUCTIVITY ON THE GRAY SOILS OF DIFFERENT SALINITY IN CONDITIONS OF
TURKESTAN REGION
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U.U. Uspanova, 050060, Almaty, al-Farabi ave., 75 B, Kazakhstan,
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Abstract. Soil salinization remains a critical constraint for cotton cultivation in the southern
regions of Kazakhstan, particularly in the Turkestan region. This study aimed to develop a model
quantifying the combined influence of soil salinity levels and mineral fertilizer doses on cotton
yield and fiber quality. Field trials were conducted on light gray soils with varying degrees of
salinity on the production fields of the "Sabyr" farm, Maktaaral district. Standard agrochemical
methods assessed soil properties, crop yield, and fiber quality. Results demonstrated that mineral
fertilizers enhanced cotton productivity across all salinity levels, with the most significant yield
response observed on slightly saline soils. The highest yield (6.49 t/ha) was recorded with
N150P100K80 on slightly saline soils, while medium saline soils produced 5.41 t/ha under the
same treatment. Phosphorus-potassium application without nitrogen (P100K80) resulted in the
lowest yield gains. Regression modeling revealed a negative relationship between excessive
nitrogen and potassium application and yield (Y), although their combined interaction partially
offset this effect. Notably, the interaction between nitrogen and salt content (NtS) also negatively
affected yield. The regression model demonstrated high reliability (R = 0.940), confirming its
predictive accuracy. Correlation analysis indicated a moderate to strong relationship between
potassium nutrition and key fiber quality indicators. Increasing potassium doses improved tensile
strength (r = 0.61), maturity factor (r = 0.48), and fiber length (r = 0.62), while negatively
affecting micronaire (r = -0.38), fiber fineness (r = -0.60), and water column resistance (r = -0.60).
Fiber quality also correlated positively with total salt content in the arable layer (r = 0.37-0.61).
Economic analysis showed that N150P100K80 was most profitable on slightly saline soils (1352.5
thousand KZT/ha), whereas N100P150K80 was optimal on medium saline soils (1035.8 thousand
KZT/ha). These findings underline the importance of site-specific nutrient management under
saline conditions.

Keywords: soil salinity; cotton yield; economic efficiency; fiber quality.

INTRODUCTION Kazakhstan, where high salinity negatively

Cotton (Gossypium hirsutum L.) is impacts both yield and fiber quality. Soil
one of the world’s most economically salinization is a critical concern in arid and
significant crops, serving as a primary semi-arid regions where high evapotrans-
source of natural fiber, edible oil, and raw piration rates, improper irrigation practi-
materials for industrial applications. Its ces, and insufficient drainage contribute to
cultivation efficiency is highly dependent salt accumulation in the root zone.
on soil health, salinity levels, and the Consequently, optimizing nutrient manage-
strategic implementation of agronomic ment strategies under saline conditions is
practices, particularly mineral fertilization. ~critical for sustainable production [1, 2].
Soil salinization poses a major challenge to To combat the detrimental effects of
cotton productivity, especially in arid and salinity on cotton, mineral fertilization has
semi-arid regions such as southern emerged as a pivotal agronomic strategy.

35


mailto:bak.amirov@gmail.com

Arpoxummus

IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

Balanced and site-specific fertilization not
only promotes plant resilience to saline
stress but also ensures optimal nutrient
availability, contributing to better yield and
improved fiber parameters [3]. Among the
essential macronutrients, nitrogen (N),
phosphorus (P), and potassium (K) play
key roles in the physiological development
of cotton. Research has demonstrated that
rational fertilization enhances productivity,
with nitrogen promoting vegetative
growth, phosphorus supporting root deve-
lopment and early-stage resilience, and
potassium improving fiber strength and
uniformity [4, 5]. However, excessive or
imbalanced fertilizer application can lead
to nutrient leaching, environmental degra-
dation, and diminished economic returns.
Thus, developing precision-based fertiliza-
tion models is imperative to maximize
efficiency while minimizing ecological
harm [6].

Recent studies have explored inno-
vative approaches to improve nutrient
uptake under adverse conditions. For
instance, foliar application of potassium
has been shown to mitigate salinity stress,
enhancing fiber characteristics even in
suboptimal soils [7]. Similarly, phosphorus
management is crucial in saline environ-
ments, as it aids root elongation and early
crop establishment. Screening for phos-
phorus-efficient cotton cultivars has
further been identified as a viable strategy
for cultivation in low-fertility regions [8, 9].
These findings underscore the need for
targeted fertilization protocols tailored to
specific soil and climatic conditions.

Beyond fertilization, seed quality
plays a pivotal role in determining cotton
productivity. Conventional methods such as
seed priming and scarification remain
effective in improving germination rates,
while emerging technologies - including
plasma treatment and nanotechnology-
based seed coatings - show promise in
enhancing stress tolerance and crop unifor-
mity [10, 11]. Such advancements comple-
ment optimized fertilization regimes,
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offering a holistic approach to yield
improvement.

The complexity of interactions
between soil salinity, fertilization, seed
quality, and environmental factors unders-
cores the need for integrated, data-driven
decision-making tools. Traditional empiri-
cal approaches often fall short in capturing
these nonlinear relationships. In response,
predictive modeling using artificial intelli-
gence (AI) and machine learning (ML) is
increasingly being employed in modern
agronomy. Techniques such as artificial
neural networks (ANNs), support vector
machines (SVM), and random forests are
capable of analyzing large datasets to iden-
tify key yield determinants and generate
accurate predictions [12, 13]. These tools
allow for dynamic decision-making that ac-
counts for seasonal variability, soil hetero-
geneity, and changing climatic conditions.

The current research understanding
emphasizes the importance of integrated
nutrient and salinity management to
ensure cotton productivity in saline-
affected regions. Despite extensive studies
on fertilization and salinity tolerance, there
remains a lack of comprehensive, region-
specific models that account for the unique
agroecological conditions of southern
Kazakhstan. The development of such
models is essential for bridging the gap
between experimental knowledge and
practical field application.

This study is highly relevant due to
the increasing degradation of irrigated
lands and expansion of salinized soils in
Central Asia. There is a growing demand
for sustainable, cost-effective, and science-
based solutions that ensure cotton yield
stability without compromising environ-
mental integrity.

The aim of the research is to develop
mathematical models for predicting the
yield and quality of raw cotton depending
on the level of soil salinity and doses of
applied fertilizers. The results are expected
to provide practical recommendations for
optimizing fertilizer use and improving the
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efficiency of cotton production in salinity-
stressed environments.

The novelty of this research lies in
the creation of a robust mathematical
model that integrates salinity levels,
fertilizer doses, and environmental
variables for the prediction of both yield
and fiber quality under local conditions.
Unlike traditional empirical approaches,
this model leverages predictive analytics to
offer a decision-support tool tailored for

50008
1
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1

precision farming in Kazakhstan’s saline-
affected regions.
MATERIALS AND METHODS

To conduct field experiments to
study the effect of mineral fertilizers on
cotton productivity in conditions of sero-
zems saline to different degrees, plots were
selected in the farm "Sabyr", Maktaaral
district, Turkestan region, at coordinates:
40085'76.52 "N, 68049'10.40 "E (figure 1)
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Figure 1 - Study area map, Atakent settlement, 2022

The soils have low humus content
and high carbonation, the use of mineral
fertilizers on which plays a key role in in-
creasing theyield and quality of cotton [14].

In spring before the experiments and
in the main phases of cotton vegetation,
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soil samples were taken and basic
agrochemical analyses were carried out for
the content of basic nutrients and salt
content in the arable and subsoil horizons.
Table 1 presents the main agroche-
mical parameters - humus content, mobile



Arpoxummus

IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

forms of nitrogen, phosphorus and
potassium, as well as pH and sum of salts.
According to results of water extract
analysis, the selected soil plots were clas-

sified as weakly and medium saline with
salt sum content of 0.14-0.15 and 0.45-
0.51%, respectively.

Table 1 - Agrochemical parameters of soil under cotton, Atakent, spring 2022

Sample Humus, Mobile forms, mg/kg Amount of

depth, cm % nitrogen phos;s)horu potassium pH salts, %
Lightly saline background

0-25 0.78 61.6 78 350 8.8 0.140

25-50 0.70 47.6 70 280 8.8 0.150
Medium saline background

0-25 0.78 53.2 78 380 8.5 0.450

25-50 0.63 39.2 75 360 8.6 0.510

The scheme of field experiments on
both salinity backgrounds included the
same 9 variants with different doses and
ratios of fertilizers: 1. Control (without
fertilizers); 2. N100P100; 3. N100K80;

4, P100K80; 5. N100P100K80;
6. N50P100K80; 7. N150P100K80;
8. N100P150K80; 9. N100P100K120;

Ammonium nitrate (34%), double super-
phosphate (45%) and potassium sulfate
(51%) were used as fertilizers, which were
applied once before sowing the crops by
deep soil loosening.

Yields were counted on a unit-by-
unit basis with data processing using the
method of analysis of variance according
to Dospekhov [15].

Analytical studies of selected
samples were carried out according to
generally accepted methods [16]. The
humus content in soil samples was
determined by the Tyurin method, total
nitrogen - by the Kjeldahl method, hydro-
lyzable nitrogen - by the Tyurin-Kononova
method, and mobile phosphorus and
potassium - by the Machigin method.

Regression analysis with stepwise
exclusion of insignificant variables
(P>0.05) was used to model the effect of
soil nutrients, fertilizers and salinity on
cotton yield, and the consistency of the
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model was assessed by multiple correla-
tion coefficient (R2).

A half regression model was used to
capture the influence and interaction of
factors [17]:

Y = ap + aiN®> + azN¢ + asP05 + asPy
+ asK%5 + agK: + a7S05 + agS + ag(N(P()05 +
a10(NeKi)%> + a11(N:S)05 + a12(P:Ki)o> + as3
(P:S)05 + a14(K:S)05; (1)

here:

Y - is the resulting (dependent)
factor;

ao — free term reflecting the value of
the resulting factor without mineral
fertilizers; ai, az as, .. an - regression
coefficients reflecting the effect and
interaction of factors;

N;, Py, Kt and S - independent factors
studied in the experiment (N - total stock
of nitrogen and nitrogen fertilizers, P; - to-
tal stock of phosphorus and phosphorus
fertilizers,, K - total stockof potassium and
potassium fertilizers, S - sum of salts, %).

RESULTS AND DISCUSSION

Gross yield varies depending on
fertilizers and soil salinity level. On slightly
saline background the average yield is
5.68 t/ha, and on medium saline back-
ground - 4.68 t/ha. This indicates a dec-
rease in yield with increasing soil salinity.
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The average yield increase from ferti-
lizers compared to the control (without
fertilizers) on a slightly saline background
is on average 32.4%, and on a medium
saline background - 37.6%. This shows that
fertilizers are effective on both back-
grounds, but their effect is more pronoun-
ced on medium saline soils.

In slightly saline background, the
maximum yield (6.49 t/ha) was achieved
with application of N150P100K80, which
gave an increase of 51.4% to the control.
The lowest increment (17.5%) was
observed at application of P100K80, which
demonstrates the relatively low efficiency
of phosphorus and potassium without
nitrogen. The complex fertilizer
N100P100K80 gave a gain of 39.0%. On
average, fertilizers increased yield by
32.4% compared to the control (figure 2).

In medium saline background the
maximum yield (5.41 t/ha) was at
N150P100K80, providing 59.1% growth.
The lowest growth (13.8%) was observed
at P100K80, which shows the weak

influence of phosphorus-potassium nutri-
tion without nitrogen. The full combination
of fertilizer N100P100K80 gave an increase
of 51.2%, with a decrease in yield from
salinity by 13.8%.

On average, fertilizer increased yield
by 37.6%, but the yield reduction due to
salinity was 23.2% (figure 2).

Reduction of gross yield on medium
saline background in comparison with
weakly saline background is on average
17.6%.

The regression analysis allowed us to
obtain the following mathematical model:

Y = 58,22 - 3,81IN%5- 1,63 K%+ 0,12
(N:Kt)0> - 0,26NS05; R=0,940 (2)

As can be seen from equation (2), an
increase in total soil N (Nt) and potassium
(Kt) reduces the resulting factor - (Y-

yield), with their combined action partially
compensating for this effect, but the
interaction of total soil N and fertilizer with
salt (S) also reduces (Y), and the high
accuracy of the model (R = 0.940) confirms
its reliability.

70
60

s0 Total yield on

slightly saline soil
40
Total yield on

—medium saline soil

Increase on slightly
saline soil

10 Increase on
medium saline soil

Figure 2 - Gross cotton yield on soil of different salinity levels depending on
fertilizer application, 2022.
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On slightly saline background, at the
maximum dose of fertilizers
(N150P100K80) costs amounted to 919.6
thousand tenge/ha, which allowed to
obtain a gross income of 2272.2 thousand
tenge/ha (table 2). In the control variant
without additional fertilizer application,
these indicators were 502.0 and 1501.0
thousand tenge/ha, respectively. The
highest conditional net income in the
amount of 1352.5 thousand tenge/ha was
obtained with the application of fertilizer
dose N150P100K80. However, the highest
profitability (199%) was recorded in the
control variant without fertilizer appli-
cation. This is due to the absence of

fertilizer costs in the control variant. At the
same time, the cost of production in the
variant with the maximum dose of
fertilizers was 148.9 tg/kg, which is 26.9%
higher than in the control. The highest
economic efficiency was achieved when
applying the dose of (fertilizers
(N150P100K80), which increased income
by 353.5 thousand tenge/ha compared to
the control. In the medium saline back-
ground the maximum economic efficiency
was achieved at the applying of fertilizers
N100P150K80. Gross income in this case
amounted to 1892.1 thousand tenge/ha,
which is 702.6 thousand tenge/ha more
than in the control variant.

Table 2 - Economic indicators of cotton production on different salinity backgrounds
depending on fertilizers, Atakent settlement, 2022.

Gross Economic
Total income from Net Cost . .
, , Profita | efficiency to
. . costs, marketable income, price, .
Fertilizer options . bility, control,
thousand yield, thousand | thousand
% thousand
tenge/ha thousand tenge/ha | tenge/ha
tenge/ha
tenge/ha
Lightly saline soil profile
1. Control 502.0 1501.0 999.0 117.0 199.0 -
2.N100P100 729.0 1920.4 11914 132.9 163.4 192.3
3.N100K80 778.0 2099.7 1321.7 129.7 169.9 322.6
4.P100K80 718.4 1763.6 1045.2 142.6 145.5 46.1
5.N100P100K80 849.8 2085.9 1236.1 142.6 145.5 237.1
6.N50P100K80 798.8 2012.8 12141 138.9 152.0 215.0
7.N150P100K80 919.6 2272.2 1352.5 141.7 147.1 353.5
8.N100P150K80 886.4 2083.3 1197.0 148.9 135.0 197.9
9.N100P100K120 907.1 2150.2 1243.2 147.6 137.1 244.1
Medium saline soil profile
1. Control 450.1 1189.5 739.4 132.4 164.3 -
2.N100P100 686.1 1689.4 1003.2 142.2 146.2 263.8
3.N100K80 708.1 1679.8 971.7 147.5 137.2 232.3
4. P100K80 650.1 1353.2 703.1 168.1 108.2 -36.3
5.N100P100K80 801.8 1798.0 996.2 156.1 124.2 256.8
6. N50P100K80 733.9 1623.5 889.6 158.2 121.2 150.1
7.N150P100K80 856.3 1892.1 1035.8 158.4 121.0 296.4
8.N100P150K80 814.8 1653.5 838.8 172.5 102.9 99.3
9.N100P100K120 857.7 1853.6 995.9 162.0 116.1 256.5
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This heatmap represents the correla-
tionmatrix ofvarious parameters (figure 3).
The color scale indicates the strength and
direction of correlations, with blue shades
representing positive correlations and red
shades representing negative correlations.
NPK shows a strong positive correlation
with N (0.63), P (0.73) and K (0.66),
indicating these nutrients are often applied
together. Yield has a positive correlation
with NPK (0.55) but a negative correlation
with S.S (-0.65), suggesting soil salinity
negatively impacts yield. Dev negatively
correlates with Yield (-0.71) and K (-0.60),
implying higher salinity ~ hinders
development.

Strong positive correlations exist

B

P 015

K -0.10 0.30 p¥el
-
S.S5-0.08 0.05 -0.08 0.03
Yid -0.49 0.15 0.50 ﬁ 1.0

Dev -0.14 -
Str-0.13
M.N -0.13

Mat -0.23 0.12 0.48 0.40

Len -0.12 0.05

& *—égl-o)‘;*\

-0.95/0.98

between Str; on the one side and Mat and
Length (Len) (above 0.9) - on the other
side, indicating that these traits are closely
linked.

Mic has moderate to strong negative
correlations with Str (-0.77), and Mat
(-0.76), meaning higher Mic values are
associated with lower values in these traits.

Extremely strong negative correla-
tion between M.N and Str (-0.99) indicate
that these traits are almost perfectly inver-
sely related.

Overall, the data suggests that nut-
rient management and soil salinity
significantly influence yield and develop-
ment, while structural and maturity traits
are closely related.

1.00
0.75
= 0.50
E 0.25
-0.00
-—0.25
- —0.50

—-0.75

\r

Figure 3 - Correlation matrix of pairwise dependencies of qualitative indicators of
cotton fiber from the studied factors, Atakent settlement, 2022.

Nitrogen-N; Phosphorus-P; Potas-
sium-K; Salt sum, - S.S; gross yield, - Yld;
instrument reading in mm of water
column, - Dev; fiber breaking load, - Str;
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fiber metric number, - M.N; fiber maturity
factor, - Mat; fiber breaking length, - Len;
microneur, Mic.
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CONCLUSION On a slightly saline background, the
The results of the study showed that maximum net income (1352.5 thousand
cotton gross yield depends on the type of tenge/ha) was achieved with the
fertilizers and soil salinity level. The application of N150P100K80. In conditions
average yield on slightly saline background of medium saline background, the most
was 5.88 t/ha, while on medium saline profitable option was the application of
background it decreased to 4.80 t/ha, N100P150K80, which provided gross
which confirms the negative effect of income of 1892.1 thousand tenge/ha and
salinity on plant productivity. conditionally net income of 1035.8 thou-
Fertilizer application increased yield sand tenge/ha. Variant N100P100K80 on
at both salinity levels. On average, the yield medium  saline  background  was
increase compared to the control was economically inexpedient, demonstrating
37.05% on slightly saline background and negative economic efficiency (-36.32
41.15% on medium saline background, thousand tenge/ha to control).
which indicates high efficiency of Correlation analysis revealed a
fertilizers. The highest yield was obtained positive effect of nitrogen and potassium
when fertilizer N150P100K80 was applied on yield, while phosphorus had a less pro-
on both backgrounds, and the lowest yield nounced effect. Soil salinity was negatively
increase was observed when only phos- correlated with yield as well as with the
phorus-potassium fertilizers were used. strength characteristics of cotton fiber,
Regression analysis showed that reducing its breaking load and metric
increasing nitrogen (Nt) and potassium number.
(Kt) stocks decreased yield (Y), partially Thus, the results of the study confirm
offset by their interaction, while nitrogen that the use of complex fertilizers with
combined with salts (S) also decreased (Y), increased content of nitrogen and potas-
with high model accuracy (R = 0.940). sium is the most effective way to increase
Economic efficiency of fertilizers also the yield and economic profitability of
varied depending on their composition. cotton cultivation in saline soils.

REFERENCES

1. Reiter M. S., Reeves D. W,, Burmester C. H. Cotton Nitrogen Management inaHigh-
Residue Conservation System: Source, Rate, Method, and Timing// Soil Science Society of
America Journal. - 2008. - Vol. 72. - N2. 5. - P. 1330-1336.

2. Boquet D. ]., Tubafa B., Mascagni H., Holman M., Hague S. Cotton yield responses
to fertilizer nitrogen rates in a cotton corn rotation// Agronomy Journal. - 2009. - Vol.
101. - Ne 2. - P. 400-407.

3. Ansari M. S., Mahey R. K. Growth and yield of cotton species as affected by sowing
dates and nitrogen levels// Journal of Research, Punjab Agricultural University. - 2003.
-Vol. 40.-Ne 1.-P. 8-11.

4. Nachimuthu G., Schwenke G., Baird ]J., McPherson A., Mercer C., Sargent B.., Hundt
A., Macdonald B. Cotton yield response to fertilizer phosphorus under a range of nitrogen
management tactics// Crop and Environment. - 2022. - Vol. 1. - Ne 3. - P. 214-219.

5. Pettigrew W. T,, Meredith Jr W. R,, Young L. D. Potassium fertilization effects on
cotton lint yield, yield components, and reniform nematode populations// Agronomy
Journal. - 2005. - Vol. 97. - N2 4. - P. 1245-1251.

6. Sharma S. K, Sundar Singh S. S. Yield, yield attributes and quality of cotton as
influenced by foliar application of potassium// Journal of Cotton Research and
Development. - 2007. - Vol. 21.- N2 1. - P. 51-54 .

42


https://www.cabidigitallibrary.org/action/doSearch?do=Journal+of+Cotton+Research+and+Development
https://www.cabidigitallibrary.org/action/doSearch?do=Journal+of+Cotton+Research+and+Development

Arpoxumus IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

7. Hamed F. S. Effect of some cultural practices on growth, flowering, earliness
characters and yield of cotton plant variety Giza 90 (Gossypium barbadense L.)//
Egyptian Journal of Agricultural Research. - 2012. - Vol. 90. - N2 4. - P. 1649-1675.

8. Sun M. Dong H., Han H., Feng W.,, Shao ]., Huo F, Li P, Zheng C. Screening cotton
cultivars for low-phosphorus tolerance: a comparison of hydroponic and field methods//
Journal of Cotton Research. - 2025. - Vol. 8. - N2 1. - P. 10.

9. Kebede M., Balcha M. Cottonseed Production Technology// Cotton Sector
Development in Ethiopia: Challenges and Opportunities. - Singapore: Springer Nature
Singapore, 2024. - P. 351-377.

10. Mylsamy P, Tamilmani E., Venugopal R., Murugaiyan S., Ranganathan U. Cotton
seed management: traditional and emerging treatment approaches for enhanced
productivity// Journal of Cotton Research. - 2025.-Vol. 8.-Ne 1. -P. 7.

11. Maina E. W. Effect of Different Macro-nutrient Combinations on Growth, Yield
and Fibre Quality of Cotton (Gossypium Hirsutum L.) in Machakos County, Kenya: dis.

- University of Nairobi, 2023. - 81 p.

12. Bumguardner A. R. Soil potassium effects on cotton lint yield and fiber quality
on the Texas high plains//Journal of Cotton Science. - 2023. Vol. 27. - P. 12-27 .

13. Thimmegowda M. N., Manjunatha M., Lingaraj H., Soumya D.V,, Jayaramaiah R,
Sathisha G., Nagesha L. Comparative analysis of machine learning and statistical models
for cotton yield prediction in major growing districts of Karnataka, India// Journal of
Cotton Research. - 2025.-Vol.8.-Ne 1. - P. 6.

14. Tagayev A. M. Priyemy uluchsheniya fizicheskogo sostoyaniya pochv// Endless
light in science. - 2024. - Vol. 11. - P. 32-35.

15. Dospekhov B. A. Metodika polevogo opyta. - 1985.

16. Arinushkina Ye. V. Rukovodstvo po khimicheskomu analizu pochv: uchebnoye
posobiye. - MGU, 1970, - 487 s.

17. Peregudov V.N, Ivanova TI. Effektivnost' blochnogo metoda pri utochnenii
dannykh polevykh mnogofaktornykh opytov s udobreniyami. Soobshcheniye 2//
Agrokhimiya. - 1980. - Ne2. - P. 135-140.

TYWIH
B.M. AmupoB!*, 0.C KypmanakpiH?, C.0. bazap6aes?, 0.C. Kan/p16aeB!?

AT. CeittmenbeTtoBal, KT. Tynen6epreHonal

TYPKICTAH OBJIBICBIHBIH 9PTYP/II T¥3IAHY JIEHTEAIH/IETT CYP
TOIIBIPAKTAPBIHAA MUHEPAJIZIbI TBIHAUTKBIIITAPABIH, MAKTA OHIMIJIITTHE
9CEPIH MATEMATHKAJIBIK BOJIDKAY
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KasakcTaHHBIH, OHTYCTIK ©HipJiepiHZe TONBIpaKTblH Ty3JaHy MaceJeci MaKTa eHZAipici
yuiH Herisri mekteymi ¢akTopaapAbly, 6ipi 6o0sbll  TabbLIaAbl. 3epTTeyJiepre COMKeC,
KypaMbIHJa a30T, pocdop KoHe KaJui 6ap MUHEPaIAbl THIHAUTKBIIITAPAbl YTHIM/bI alAaIaHy
MaKTa-Ta/IlUbIK OHIMJIJIrIH apTTBHIPBIN, OHBIH CalaJblK KepCeTKIITEPiH XKakKcapTaZbl.
3epTTeyAiH MakKcaTbhl - TONbIPAKTbIH, TY3/aHy JAeHTeldi MeH eHri3iireH ThbIHAWTKbIIITApAbIH
MeJiiepiHe 6aiJIaHbICTBI MaKTa-TaJlIlIbIK 6HIM/IIJIITi MEH camachlH 60JKay YIIiH MaTeMaTHUKAJbIK,
MoZesbAep 93ipsey. MuHepasAbl ThIHAUTKBILITAPAbIH, JpPTYpJli Ty3JaHy LopexeciHJeri cyp
TONbIpaKTapZa MaKTa 6HIMJiJirine acepiH 3epTTey MaKCaTblHJA KYPTi3iJireH [asasblk
Taxipubesep yuiH TypkicTaH 06.1bickl, MakKTaapas ayaHbl, «CabbIp» apya KoKaJbIF bIHbIH, Kep
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TesiMzepi TayJan ajablHABL. BuoMaccaHbIH KUHAKTaJy AUHAMUKACBIH 3€pPTTEYy MaKCaTbhIHJA
OUMOMEeTPHUSAJIBIK, 3epTTEYJIEeD Kyprisinin, ecimzik yarinepi ansigapl. Taggan ajablHFaH yirijgepre
AHAJIMTHUKAJIBIK 3epTTeyJiep »aJlllbl KAObLJIJaHFaH d/icTeMesiepre colKec Xyprisiizi. Makaaaaa
TypkicTaH 06JIBICBIHBIH, TY3JlaHFaH Cyp TOMNbIpaKTapblHAA CyapMaJibl >KaFJalja KyprisiireH
MUHepa/ibl ThIHAUTKBIIITAPAbBIH MaKTa 6HiMJijiriHe oacepiH 3epTTey OOWbIHINIA JaJaJbIK,
ToxipubesnepAiH HoTWXKesepi KesTipiireH. 3epTTey HOTHXKeJepi ThIHAWUTKBIILITAP/bIH,
TONBIPAKTbIH TY3/JaHy JeHreilliHe KapaMacTaH ©cCiMJIKTepAiH eHIMAIIriH apTThipaTbIHbIH
KepceTTi, ajlaiifja oJlap/iblH, TUIM/IIJIITI 9JICi3 Ty3/laHFAH TONbIPAKTa alKbIHbIpAK GaWKanabl. EH
»KoFaphbl eHIM (6,49 T/ra) aJci3 Ty3ganraH cyp TonbipakTa N150P100K80 eHrizisireH/ie aabiH/bl,
a/J opTala Ty3JaHfaH TomblpakTa (5,41 T/ra) - ocbl TBHIHAWTKBIII KypaMblH KoOJIJaHFaHZa
6alikanapl. EH TeMeHri eHiMfinik eciMmi eki TypJsi Ty3gaHy neHreilinge ae ¢ocdop-kaauit
TeiHaUTKbITapblH (P100K80) KongaHFaHa aHbIKTaAAbl. Koppensanusaablk Tangay KajadilMeH
KOpPEKTeHy MeH TaJILIBbIK camachl apacblH/a ThIFbI3 OakyaHbic 6ap ekeHiH kepcetTi (r = 0,38-
0,62). Anaiiia KaJIM{ MeJIepiHiH apTybl TaJLIBIKThIH MUJJIMMETPJIIK Cy 6GaFaHbIH/A JIIeHeTiH
KepceTkimize (r = -0,60), meTpJiik HeMipiHe (r = -0,60) >xoHe MukpoHeiipiHe (r = -0,38) Tepic acep
eTTi, 6ipak, y3iny xkykteMeciH (r = 0,61), nicy koaddunuenTin (r = 0,48) xoHe TaJLIBIKTbIH, Y3ij1y
y3bIHABIFBIH (r = 0,62) >xakcapTThbl. Ta/lIbIK canacblHbIH, ©3repicTepi TONbIPAKTbIH, KbIPTY
KabaThIHJaFbl TY3/apAblH >XKaJ/lbl MeJillepiMeH Je OH, 6ailnaHbicKa ve 60sabl (r = 0,37-0,61).
3epTTey HoTHXKeJlepi MUHepasibl ThIHAUTKBIIITAPAb] KOJIJAHY TONbIPAKTbIH TY3/aHy AeHreliHe
KapaMacTaH MakTa eHIMZIriH apTThIpaThIHBIH KepceTTi, 6ipak oJlapJblH THiMZAiairi ascis
TY3/laHFaH CYp ToNbIpaKTapAa »Kofapbl 60sbl. EH kofapbl enimMzinik (6,49 t/ra) N150P100K80
THIHAWTKBIIIbIH €Hri3y Ke3iHAe TipKeJJi, aJ opTalla Ty3[aHFaH TOMbIpaKTa [d3J1 OCbl HYCKa
5,41 T/ra eHiM GepAi. JKOHOMUKAJBIK >XaFblHAH €H TUIMJi HYCKa a30T NeH KajJuil MeJuiepi
»)KOFapbl ThIHANUTKBIIITAP/AbI KOJIJAHY GO0JIbIN TaObLIAbI, 6yJ 0JapAblH TY3/aHFaH TONbIpaKTapAa
MaKTa eHiMJiJIiriH apTThIpyAaFbl MaHbI3/bl POJIiH pacTalabl.

TyliiHdi ce3dep: TONBIPAKTBIH TY3/aHybl, MAaKTa, OHIMAIJIIK, SKOHOMUKAIBIK THIMAIIIK,
TaJIILIbIK, Canachl.

PE3IOME
B.M. Amupos?’, 0.C Kypmanakpin?, C.0. bazap6aes?, 0.C. Kanzpi6aen!?

AT. Ceittmen6eTtoBal, KT. Tynen6epreHoBal

MATEMATHUYECKHWK ITPOTHO3 BJIMAAHUA MHWHEPAJIbBHBIX VIIOBPEHUH HA
ITPOAYKTUBHOCTDb X/JIOITMYATHHUKA HA CEPO3EMAX PASBHOU CTEIIEHH 3ACOJIEHHA
B YCJIOBUAX TYPKECTAHCKOU OBJIACTH

1Kazaxckuli HAy4HO- UCCAed08amenbCKUll UHCMUMmMym nouyg8ogedeHus U azpoxumMuu
umenu YY. Yenanosa, 050060, Aamamui, np. ano-Dapabu, 75 B, Kazaxcmar,
*e-mail: bak.amirov@gmail.com

[Ipo6sieMa 3acoJieHHs MTOYB B I03KHBIX pernoHax KasaxcraHa siB/sieTCsl 0OJHOM U3 OCHOBHBIX
JIMMUATHUPYIOIIUX GAaKTOPOB JJis IPOU3BOJCTBA XJI0IKA, IPY 3TOM pallMOHAJIbHOE UCII0Ib30BaHUE
YAOOPEeHUH CIoCOGCTBYEeT MOBBILIEHHI0 YPOXKAHHOCTH M YJIYYIIEHHI0 KayeCTBEHHBIX
nokasaTeJied XJonkKa-ceipua. Lesplo paGoThl sBJseTCs pa3paboTKa MOJEJUPOBAHHUs BJIHUSHUS
YPOBHS 3aCOJIEHUS MOYBBI U /103 BHECEHHBIX Y/I00pPEHUHM Ha YPO’KalHOCTh M Ka4ecTBO XJIOTIKA-
ceipua. [losieBble OMBITBI C XJIOMYAaTHUKOM IPOBEAEHBI HAa Cepo3eMax, 3aCOJIEeHHbIX B Pa3HOU
CTeIleHH, Ha NPOU3BOACTBEHHBIX MOJIAX KPeCTbIHCKOro xo3sicTBa «Cabblp», MakTaapaibCKOro
paiioHa, TypkecTaHckoi ob6sacTu. MaTeMaTuyeckass 06paboTKa ypoXKallHbIX JAHHBIX U aHAJU3
HOYBEHHBIX 06Pa3L0B NPOBEAEHbl COIJIACHO OOLIENPUHATHIM METOAMKAM. JKCIIepUMEHTAIbHO
YCTAaHOBJIEHO, YTO yJAOOGpEHHsS MOBBILIAIT NPOAYKTUBHOCTb XJIOMYaTHHKA HE3aBUCHUMO OT
YPOBHA 3acoJ/IeHUs NO0YBBI, OJHAKO UX 3PPeKTUBHOCTb Gojiee BbIpa)keHa Ha CJ1ab03acoJIeHHOH
noyse. MakcuMaJ/IbHbIN ypoxkail (6,49 T/ra) Ha cja603acoJIeHHOM cepo3eMe JOCTUTHYT NpH
BHeceHnn N150P100K80, a Ha cpenHe3acosieHHoW moyBe (5,41 T/ra) - mpu Tex e Ao3ax
yAoOpeHUH. HaMMeHbIIMH NpPUpPOCT ypokallHOCTH Ha 060MxX ¢(OHAx 3acOJIeHHOCTH MOYBbI
HabJro4alncs npu npuMeHeHUU GochopHO-KaMUMHbIX yaobpeHuil - P100K80. PerpeccruonHbIi
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aHa/M3 BBISIBWJ, UYTO YBeJWYEeHHEe CyMMapHbIX 3amacoB a3ota (Ni) u kamusa (K¢ cHmxaer
pe3ysnbTupytomui ¢akrop (Y), 0JHAKO UX COBMeCTHOE JIeHCTBHE YaCTUYHO KOMIIEHCUPYET 3TOT
3ddeKT, B TO BpeMs KakK B3auMo/ieiicTBUe a3oTa ¢ consiMu (N:S) Takke yMeHbIIaeT Y, a BbICOKast
ToyHoCcTh MoJenu (R = 0,940) moATBepkJaeT ee HaAEKHOCTb. KoppessMOHHBIA aHa/IU3
MoKa3aJl JOCTaTOYHO TECHYI 3aBUCUMOCTb MEX/Y KaJUHHbIM MUTAHUEM U Ka4eCTBOM BOJIOKHA
(r = 0,38-0,62), npu 3TOM yBeJUYeHHE KaJUs YXYZAIINUJIO [TOKa3aHHe MPUOopa B MUJIMMETPAX
BoJIHOTO cToJ16a (r = -0,60), HOMep MeTpHUYeCKUH BosioKHa (r = -0,60) u MuKpoHeiip (r =-0,38), HoO
YJAY4IIWIO pa3pbiBHYIO Harpysky (r = 0,61), koadodunuent 3pesnoctu (r = 0,48) u paspbIBHYIO
JIMHY BoJsiokHa (r = 0,62). M3MeHeHus1 moKa3aTesied KauecTBAa BOJIOKHA TaKXe MMeJIU J0C-
TAaTOYHO MOJIOKUTEJBHYI0 KPENKYyI0 CBA3b C CYMMOU COJIEH C MaXOTHOTO cjiosl mo4Bkl (r = 0,37-
0,61). PesysbTaThl HCCIeJ0OBaHUSA NOKa3aJik, YTO Ha BBICOKOOOECHEYEHHOM MOJBHXHBIM
dochopoM cepo3eMe a30T U KaJUU HUTPAKOT KJKYEBYIO pPOJiIb B MOBBIIMIEHUH YPOKAWHOCTH
XJIOMMYaTHUKA, obecneyrBasi ero BeJMYUHY Ha cjJab03acosieHHbIX cepo3eMax Ao 6,49 T/ra
(N150P100K80), a Ha cpenHe3acoJieHHbIX - J0 541 T/ra. JkoHoMHYecKass 3$PeKTUBHOCTb
yA00peHUI BapbUpOBasiach: Ha cj1abo3aco/ieHHOM $oHe MaKCMMaJbHbIN YCJIOBHO-YUCTBIN JOX0/
coctaBus 1352,5 Teic. TeHre/ra npu BHeceHnn N150P100K80, a B yc/10BUAX cpeiHE3ACOTEHHOTO
¢doHa HauboJiee 3¢ deKTUBHBIM OKasasock npuMeHeHne N100P150K80, o6ecneunBiiee ycjaoBHO-
yucThId goxox B 1035,8 TeIc. TeHre/Ta.

Kawouegble csn108a: 3acO/IEHHOCTb MOYBBI, YPOXKAWHOCTb XJIOMYATHHUKA, 3KOHOMHUYECKast
3pPEeKTUBHOCTB, KA4ECTBO BOJIOKHA.
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INTEGRATION OF FERTIGATION AND DIGITAL TECHNOLOGIES FOR SUSTAINABLE
APPLE PRODUCTION IN SEMI-ARID CONDITIONS

1"Kazakh Research Institute of Soil Science and Agrochemistry named after
U.U. Uspanova" LLP, 050060, Almaty, al-Farabi ave., 75B, Kazakhstan,
e-mail: mr.orken@yandex.kz, e-mail: bak.amirov@gmail.com
2”V. Dokuchaev Soil Science Institute’, FRC, 119017, Moscow, Pyzhevskiy lane,7, Russia,
e-mail: ibragim-1991@mail.ru

Abstract. Kazakhstan’s apple industry, despite favorable semi-arid conditions in Southern
Kazakhstan, depends on 57% imports. This study, conducted from 2019 to 2022 at the “Kentau”
LLP orchard in Turkestan, assessed the efficacy of fertigation integrated with the “FertiSmart”
mobile application to enhance apple production on gray-brown soils. Utilizing “FertiSmart™s
comprehensive 16-factor soil analysis, unmanned aerial vehicle (UAV) imagery, tensiometer data,
and the Dynamic Immobilization and Mineralization Adjustment (DIMA) coefficient, the
fertigation approach yielded significant improvements. Results demonstrated a gross yield of 30.6
t/ha, 93.9% marketability, 24.1% Brix sugar content, and 78.5 N fruit firmness, outperforming soil
incorporation (24.7 t/ha, 81.5% marketability) and control treatments (13.6 t/ha, 62.2%
marketability). Additionally, fertigation reduced nutrient leaching by 20-30% (3.24 kg/ha N
compared to 7.82 kg/ha for soil incorporation), increased water use efficiency by 5-10% (50.8
kg/m? vs. 39.4 kg/m?), and maintained humus content at 2.12%. The “FertiSmart” application
further optimized resource use, cutting fertilizer costs by 15-20% and enhancing nutrient uptake
efficiencies (92.3% N, 48.6% P, 87.4% K). This scalable, technology-driven model promotes
productivity, soil health, and environmental sustainability, aligning with Kazakhstan’s objectives
for food security and sustainable agriculture.

Keywords: fertigation, precision agriculture, “FertiSmart,” apple yield, nutrient leaching.

INTRODUCTION 24.1% sugar content) [5, 6]. Yet, its
Kazakhstan’s agricultural sector adoption is limited by complex dose cal-
struggles to meet domestic apple demand, culations. The “FertiSmart” mobile appli-
with over 57% of consumption met cation, integrating 16-factor soil analysis,
through imports despite favorable agrocli- multispectral UAV imagery, and a Dynamic
maticconditions inSouthern Kazakhstan [1]. Immobilization =~ and  Mineralization
The region’s continental climate (3900- Adjustment (DIMA) coefficient, addresses
5100°C active temperatures, 190-420 mm this by enabling precision agriculture [7].
precipitation) supports intensive orchards This study evaluates fertigation with
(2500-3000 trees/ha) [2]. However, tradi- “FertiSmart” to optimize yield, quality, and
tional fertilization, like soil incorporation sustainability in Southern Kazakhstan’s
of nitrogen, phosphorus, and potassium orchards, offering a scalable model for food
(NPK), causes nutrient leaching in gray- security and environmental protection.
brown soils, reducing productivity and Intensive apple orchards in Southern
polluting groundwater [3, 4]. Fertigation, Kazakhstan (2500-3000 trees/ha, M9
delivering fertilizers via drip irrigation, rootstocks) could reduce the 57% import
enhances nutrient uptake and boosts apple dependency, but traditional NPK soil
yields by up to 112.5% and marketability incorporation leads to nutrient losses in
by 271%, improving fruit quality (e.g, gray-brown soils (40% N, 20% P, 50% K
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uptake efficiency), causing soil degradation
and groundwater contamination [8-11].
The region’s climate (190-420 mm precipi-
tation, 3900-5100°C active temperatures)
exacerbates leaching, conflicting with
sustainable agriculture goals [12, 13].
Fertigation improves uptake (95% N, 45%
P 80% K) and yields by 112.5%, but
determining optimal doses is complex [14].
Existing strategies lack site-specific
precision, necessitating digital tools like
“FertiSmart,” which uses UAV imagery, soil
analysis, and DIMA to tailor recommen-

dations. This study investigates how
fertigation with “FertiSmart” can enhance
productivity, reduce environmental

impacts, and ensure sustainability.

This study aims to assess the
integration of fertigation with the “Ferti-
Smart” mobile application to optimize
mineral nutrition in Southern Kazakhstan'’s
apple orchards. It evaluates impacts on
yield, fruit quality, nutrient leaching, water
use, and soil fertility in gray-brown soils,
using localized soil data, UAV imagery, and
the DIMA coefficient to develop a scalable
precision agriculture model for sustainable
orchard management.

This research  pioneers  the
integration of fertigation with “FertiSmart,”
leveraging 16-factor soil analysis, UAV
monitoring, and the DIMA coefficient to
optimize nutrient management in Southern

Kazakhstan’s orchards. Unlike prior
studies focusing on yield, this work
emphasizes soil health and scalability,
offering a data-driven framework for
precision agriculture tailored to gray-
brown soils and variable climates [7].
MATERIALS AND METHODS

Field experiments were conducted
from 2019 to 2022 at the “Kentau” LLP
orchard located in Shakpak-baba village,
Tulkubas district, Turkestan region,
Kazakhstan, at coordinates 42°29'57.8"N,
70°29'47.2"E, with an elevation of 940-
1028 meters above sea level. The regional
climate was continental, characterized by
hot, dry summers with approximately 240-
300 days experiencing air temperatures
above 10°C, and an annual heat
accumulation index of 120-135 kcal/cm?
The experimental plots were established
on gray-brown soils exhibiting vertical
zonation typical of mountainous regions.
These soils featured a dark gray upper A
horizon, transitioning to A+B horizons with
low humus content (1.5-2.5%) and a
clumpy-granular structure, underlain by
gravelly and pebbly deposits. Initial soil
fertility characteristics, including humus
content, pH, nitrate and ammonium
nitrogen, available phosphorus, and mobile
potassium, were determined in August
2018 using standard laboratory methods
and are presented in table 1.

Table 1 - Initial Soil Fertility Characteristics Under the Apple Orchard Plots

Parameter Value Method of Determination
Humus Content (%) 1.5-2.5 Tyurin method
pH 7.4-8.1 Potentiometric method
Nitrate Nitrogen (mg/kg) 10.2-15.4 Ion-selective electrode method
Ammonium Nitrogen (mg/kg) 8.5-12.3 Colorimetric method
Available Phosphorus (mg/kg) 18.0-25.5 Machigin method
Mobile Potassium (mg/kg) 150-220 Flame photometry
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The experiment was conducted using
Jerominee apple trees (Malus pumila Mill.)
grafted on M9 dwarf rootstocks, planted in
2015 at a density of 2857 trees per hectare
in a 3.5 x 1 m spacing configuration. The
experimental plots, located at the “Kentau”
LLP orchard in Shakpak-baba village,

Tulkubas district, Turkestan region,
Kazakhstan, covered a total area of 210
hectares. Three treatments were

established to evaluate nutrient manage-
ment strategies: (1) fertigation, involving
the application of nitrogen, phosphorus,
and potassium (NPK) fertilizers through
drip irrigation; (2) soil incorporation,
where NPK fertilizers were manually
applied to the soil surface and
incorporated to a depth of 15-20 cm; and
(3) control, with no NPK application. Each
treatment was replicated four times in a
randomized complete block design, with
individual plots measuring 0.084 hectares
(240 trees per plot).

Fertigation treatments utilized a drip
irrigation system delivering NPK fertilizers
(ammonium nitrate, ammo phosphate, and
potassium sulfate) at a rate of 52 kg/ha
nitrogen, 36 kg/ha phosphorus, and 91 kg/
ha potassium annually, adjusted based on
phenological stages and soil test results.
Soil incorporation treatments applied the
same NPK rates wusing traditional
broadcasting methods in early spring and
late autumn. The control plots relied solely
on natural soil fertility without sup-
plemental fertilization. The experimental
scheme, including treatment specifications
and nutrient application rates, is
summarized in table 2. All plots were
maintained under standard agronomic
practices, including pruning, pest control,
and irrigation at 840 m?3/ha annually,
adjusted based on tensiometer readings to
maintain soil moisture at 70-80% field

capacity.

Table 2 - Experimental Scheme for Nutrient Management Treatments

Fertilizer Plot Size
Treatment Application N (kg/ha) | P (kg/ha) | K (kg/ha) Replications
(ha)
Method
Fertigation Drip irrigation 52 36 91 0.028 4
Soil | Manual 82 54 97 0.028 4
Incorporation | broadcasting
Control No NPK 0 0 0 0.028 4
application
Digital Tools. The “FertiSmart” methods (e.g., Tyurin for humus, Machigin

mobile application, developed in Python
3.8 for Android, optimized fertigation by
integrating real-time data from 2019 to
2022 at the “Kentau” LLP orchard,
Turkestan, Kazakhstan. Designed for
farmer accessibility, it used four inputs: (1)
16-factor soil analysis, (2) multispectral
UAV data, (3) tensiometer readings, and (4)
climate data. Soil analysis, conducted
biannually (0-30 cm depth), assessed pH,
humus, nitrate and ammonium nitrogen,
available phosphorus, mobile potassium,
and other parameters using standardized

48

for phosphorus) at the Ilaborotory.
Multispectral UAV data, collected monthly
(April-September) via eBee SQ senseFly
drone (1.2 cm/pixel resolution), generated
Normalized Difference Vegetation Index
(NDVI) and Chlorophyll Index (CI) using
Pix4Dfields software to monitor canopy
health and nutrient stress. Tensiometer
readings, taken weekly at 15 and 30 cm
depths, maintained soil moisture at 70-
80% field capacity for irrigation
scheduling. Climate data (temperature,
precipitation, humidity, radiation) from a
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nearby Davis Vantage Pro2 station adjusted

fertigation via the Penman-Monteith
equation.

The Dynamic Immobilization and
Mineralization Adjustment (DIMA)

coefficient, calculated as:
[DIMA = \frac{0.85 \cdot SOM \cdot
MA}MT_s \cdot M_s} |

(where SOM is soil organic matter
(%), MA is microbial activity (mg CO,/kg
soil/day), T_s is soil temperature (°C), M_s
is soil moisture (% field capacity)), ranged
from 0.5 to 1.5 to adjust fertilizer doses
based on mineralization rates. “FertiSmart”
generated weekly NPK recommendations
(kg/ha), validated biweekly against soil
tests, ensuring precision for Jerominee
apple trees.

Data Collection. Data were collected
annually (2019-2022) at the “Kentau” LLP
orchard to assess fertigation, soil
incorporation, and control treatments on
yield, fruit quality, nutrient uptake, and soil
fertility. Analyses followed standardized
protocols at the Kazakh National Agrarian
Research University.

Yield: Gross yield (t/ha) was
measured by harvesting 250 Jerominee
trees per 0.1-ha plot in September, weighed
with an Ohaus Defender 3000 scale (+0.01
kg). Marketable yield (%) included fruits
260 mm without defects, assessed visually.

Fruit Quality. Fifty apples per plot
were sampled at harvest maturity (starch-
iodine test). Sugar content (% Brix) was
measured with an  Atago  PAL-1
refractometer (£0.2%), and firmness (N)
with an FT-327 penetrometer (+0.1 N).

Nutrient Uptake. Leaf (100 mid-
canopy) and fruit (20 apples) samples,
collected in July and September, were
dried, ground, and analyzed for nitrogen
(Kjeldahl, #0.1%), phosphorus (Bray-1,
#0.01 mg/kg), and potassium (flame
photometry, #1 mg/kg). Uptake (kg/ha)
was calculated from nutrient concentration
and dry biomass.

Soil Fertility. Biannual soil samples
(0-30 cm, 500 g) were analyzed for humus
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(Tyurin, #0.1%), pH (potentiometer,
+0.01), nitrate and ammonium nitrogen
(ion-selective electrode, +0.1 mg/kg;
colorimetric, +#0.05 mg/kg), phosphorus
(Kirsanov, *0.01 mg/kg), and potassium
(flame photometry, +1 mg/kg).

Statistical ~ Analysis. Statistical
analyses evaluated treatment effects
(fertigation, soil incorporation, control)
with “FertiSmart” on yield, nutrient uptake,
leaching, and water use efficiency (kg fruit/
m?) from 2019 to 2022. ANOVA assessed
treatment and year effects, with Tukey’s
HSD test (« 0.05) for post-hoc
comparisons. Regression models (linear,
quadratic) analyzed “FertiSmart” fertilizer
inputs (DIMA-adjusted) against yield,
uptake, and leaching, using R? and RMSE
for fit. Pearson’s correlation (r, «
0.05/0.01) explored relationships between
inputs (NDVI, soil moisture, DIMA) and
outcomes. Analyses used R 4.2.1 (ggplot2,
car packages), with Shapiro-Wilk and
Levene’s tests ensuring normality and
homoscedasticity. Errors (SEM, regression
coefficients) were reported with two
significant digits.

RESULTS AND DISCUSSION

Yield and Quality Improvements.
Fertigation significantly outperformed soil
incorporation and control treatments in
terms of apple yield and fruit quality across
the 2019-2022 experimental period at the
“Kentau” LLP orchard in Turkestan,
Kazakhstan. Gross yield under fertigation
averaged 30.58 t/ha, compared to 24.67 t/
ha for soil incorporation and 13.62 t/ha for
the control (ANOVA, F = 142.3, p < 0.001).
Marketable yield, defined as the percentage
of fruits meeting commercial standards
(diameter =60 mm, free of defects),
reached 93.92% under fertigation,
significantly higher than 81.45% for soil
incorporation and 62.17% for the control
(Tukey’s HSD, p < 0.01). Fruit quality
metrics also showed superior performance
with fertigation: sugar content averaged
24.1% Brix, compared to 21.8% for soil
incorporation and 19.2% for the control,
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while firmness was 78.5 N under fertiga-
tion, 723N for soilincorporation, and 657 N
for the control (ANOVA, F = 89.7, p < 0.001
for sugar; F = 76.4, p < 0.001 for firmness).

Integration of the “FertiSmart”
mobile application, which utilized 16-
factor soil analysis, multispectral UAV data,
tensiometer readings, and the Dynamic
Immobilization and Mineralization
Adjustment (DIMA) coefficient, enabled
refined fertilizer dosing in the final year
(2022). Regression analyses revealed a
quadratic relationship between “Ferti-
Smart”-adjusted fertilizer inputs and gross
yield (R* = 0.92, RMSE = 1.12 t/ha), pro-
jecting yields of 34.0-36.0 t/ha under opti-
mized fertigation regimes (120-140 kg/ha
N, 60-70 kg/ha P, 100-120 kg/ha K). These
projections were supported by significant
correlations between “Ferti-Smart” input
variables and yield outcomes: Normalized
Difference Vegetation Index (NDVI) from
UAV data showed a strong positive
correlation with gross yield (r = 0.87,
p < 0.01), and the DIMA coefficient was

negatively correlated with nutrient excess
(r = -0.79, p < 0.01), indicating improved
nutrient use efficiency.

Nutrient uptake under fertigation
was markedly higher, averaging 26.9 kg/ha
nitrogen, 8.7 kg/ha phosphorus, and 31.4
kg/ha potassium, compared to 18.4 kg/ha
N, 5.2 kg/ha P, and 22.6 kg/ha K for soil
incorporation, and 10.3 kg/ha N, 2.8 kg/ha
P, and 12.9 kg/ha K for the control (ANOVA,
F =103.5 p < 0.001 for N; F =95.2, p <
0.001 for P; F = 112.7, p < 0.001 for K).
Environmental metrics further highlighted
fertigation’s benefits: nutrient leaching was
reduced by 20-30% compared to soil
incorporation, with losses of 3.2 kg/ha N,
1.1 kg/ha P and 2.4 kg/ha K under
fertigation versus 7.8 kg/ha N, 2.9 kg/ha P,
and 5.6 kg/ha K for soil incorporation
(Tukey’s HSD, p < 0.01). Water use efficien-
cy reached 50.8 kg fruit/m*® water under
fertigation, compared to 39.4 kg/m? for soil
incorporation and 21.6 kg/m?® for the
control (ANOVA, F = 1349, p < 0.001)
(table 3).

Table 3 - Yield, Fruit Quality, and Environmental Metrics Across Treatments (2019-2022

Average)
Ne Treatment Fertigation Soil Incorporation Control
1. | Gross Yield (t/ha) 30.58 + 1.12 24.67 +0.98 13.62 + 0.75
2. Marketable Yield (%) 93.92 +1.45 81.45 +1.82 62.17 +2.10
3. Sugar Content (% Brix) 24.1+0.3 21.8+0.4 19.2+0.5
4. | Firmness (N) 785+ 1.2 723+ 1.0 65.7+1.3
5. N Uptake (kg/ha) 269+09 18.4+0.7 10.3+0.5
6. P Uptake (kg/ha) 8.7+0.3 52+0.2 28+0.1
7. K Uptake (kg/ha 314+1.1 22608 129+ 0.6
8. N Leaching (kg/ha) 3.2+0.2 7.8+0.4 1.5+0.1
9. | Water Use Efficiency (kg/m®) | 50.8+1.8 39.4+15 21.6+1.2

Fertigation’s performance, enhanced
by “FertiSmart,” aligns with global studies,
with digital optimization adding novelty. In
India, fertigation yielded 28.5 t/ha and
90.1% marketability, compared t022.3 t/ha
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for soil application [15], similar to this
study’s 30.58 t/ha and 93.92%, with “Ferti-
Smart” projecting 34.0-36.0 t/ha. Polish
research reported 23.8% Brix and 76.2 N
firmness under fertigation, close to 24.1%
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Brix and 78.5 N here, without digital tools
[16]. A Chilean study achieved 25.8 kg/ha
N and 8.3 kg/ha P uptake, slightly below
26.9 kg/ha N and 8.7 kg/ha P in this study
[17]. The 20-30% leaching reduction
exceeds Brazil's 15-20% [18]. “Ferti-
Smart”s UAV-based NDVI, soil moisture,
and DIMA coefficient enabled precise
nutrient management, surpassing manual
fertigation schedules.

Environmental Benefits. Fertigation
with “FertiSmart” reduced environmental
impacts at the“Kentau” LLP orchard (2019-
2022). Nutrient leaching (N, P, K below 30
cm) decreased by 20-30%, with fertigation
losses at 3.24 kg/ha N, 1.08 kg/ha P, and
2.37 kg/ha K, versus 7.82 kg/ha N,

291 kg/ha P, and 5.61 kg/ha K for soil
incorporation (ANOVA, F = 97.4, 88.6,
105.2, p < 0.001 for N, P, K; Tukey’s HSD,
p < 0.01). Control losses were minimal
(1.52 kg/ha N, 0.47 kg/ha P, 1.13 kg/ha K).
“FertiSmart”s DIMA coefficient optimized
doses, reducing leaching (R? = 0.89,RMSE =
0.34 kg/ha for N; r =-0.82, p < 0.01). Water
use efficiency was 5-10% higher under
fertigation (50.8 kg/m? vs. 39.4 kg/m? for
soil incorporation, 21.6 kg/m? for control;
ANOVA, F = 134.9, p < 0.001; Tukey’s HSD,
p < 0.01). Fertigation used 602 m?3/ha
water annually, 5-10% less than 658 m3/ha
for soil incorporation, guided by
tensiometer data (r=0.76, p <0.01) (table 4).

Table 4 - Environmental Metrics Across Treatments (2019-2022 Average)

N Leaching P Leaching K Leaching Wa_t er Use Water .
Treatment (kg/ha) (kg /ha) (kg /ha) Efficiency Consumption
(kg/m?) (m*/ha)
Fertigation 3.24+0.21 1.08 £ 0.09 2.37+0.15 50.8+1.8 602 +12
Soil . 7.82+038 | 291+017 | 561+029 | 394+15 658 + 15
Incorporation
Control 1.52+0.12 0.47 £ 0.05 1.13+0.08 21.6+1.2 672 +18

The 20-30% reduction in nutrient
leaching and 5-10% lower water use under
fertigation compared to soil incorporation
observed in this study align with findings
from other recent investigations, though
the integration of the “FertiSmart” mobile
application adds a novel dimension to
nutrient and water management. A study
on tomato production in Chinese solar
greenhouses reported that drip fertigation
reduced nitrogen leaching by approxima-
tely 90% (from 863 kg/ha to 83.6 kg/ha
annually) compared to conventional flood
irrigation with over-fertilization, far excee-
ding the 20-30% reduction (7.82 kg/ha to
3.24 kg/ha N) observed here [19].
However, the Chinese study applied
extremely high baseline fertilizer rates
(2000 kg N/ha/yr), suggesting that the
more modest leaching reductions in this

study reflect the already optimized fertili-
zer doses in the “Kentau” LLP orchard.
Similarly, a study on bell pepper in Florida
found that fertigation with high-frequency
drip irrigation reduced nitrate leaching by
25-30% compared to conventional fertili-
zation, closely matching this study’s
results, though it lacked digital tools for
real-time adjustments [20].

Regarding water use efficiency, a trial
on tomato fertigation in a Mediterranean
climate reported a 36% reduction in water
consumption and a 46% increase in water
use efficiency (kg fruit/m® water) compa-
red to traditional irrigation, surpassing the
5-10% water savings (602 m3/ha vs.
658 m3/ha) and 29% efficiency gain
(50.8 kg/m? vs. 39.4 kg/m?) observed in
this study [21]. The smaller water savings
here may be attributed to the semi-arid
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climate of Turkestan, where baseline
irrigation was already minimized. Another
study on corn under micro-irrigation
optimized fertigation scheduling using the
HYDRUS-2D model, achieving a 20-40%
reduction in nitrate leaching with no
significant water use reduction, highligh-
ting the challenge of simultaneously
optimizing nutrient and water efficiency
without advanced digital tools like “Ferti-
Smart” [22]. Unlike these studies, which
relied on fixed or manually adjusted
fertigation schedules, the use of “Ferti-
Smart”s real-time data (e.g., UAV-based
NDVI, tensiometer readings, DIMA
coefficient) enabled precise, site-specific
management, contributing to consistent
environmental benefits across varying
seasonal conditions.

Soil Health. Fertigation, supported by
the “FertiSmart” mobile application,
maintained long-term soil fertility in the
gray-brown soils of the “Kentau” LLP
orchard in Turkestan, Kazakhstan, over the
2019-2022 experimental period.
Laboratory analyses conducted biannually
(April and October) revealed that humus
content under fertigation remained stable,
averaging 2.12% (£0.07) across the study
period, compared to a slight decline under
soil incorporation (from 2.08% in 2019 to
1.94% in 2022) and a significant decrease
under the control (from 2.05% to 1.78%)
(ANOVA, F =45.6,p < 0.001; Tukey’s HSD, p
< 0.01). The stability of humus content
under fertigation was attributed to
reduced soil disturbance and optimized
nutrient inputs guided by “FertiSmart™s
Dynamic Immobilization and Minerali-
zation Adjustment (DIMA) coefficient,
which minimized organic matter depletion.

Soil pH showed no significant
variation across treatments, remaining
within the optimal range of 6.82-7.15
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(ANOVA, F = 2.3, p = 0.12), indicating that
fertigation did not lead to soil acidification
despite regular fertilizer applications.
Nitrate nitrogen levels under fertigation
averaged 13.8 mg/kg, significantly higher
than 10.2 mg/kg for soil incorporation and
7.4 mg/kg for the control (ANOVA, F = 67.8,
p < 0.001; Tukey’s HSD, p < 0.01), reflecting
improved nitrogen availability. Ammonium
nitrogen followed a similar trend, with
fertigation maintaining 11.5 mg/kg compa-
red to 9.3 mg/kg for soil incorporation and
6.8 mg/kg for the control (ANOVA, F = 54.2,
p < 0.001). Available phosphorus under
fertigation averaged 22.4 mg/kg, compared
to 19.7 mg/kg for soil incorporation and
15.3 mg/kg for the control (ANOVA, F =
48.9, p < 0.001), while mobile potassium
reached 198 mg/kg under fertigation,
significantly higher than 174 mg/kg for soil
incorporation and 142 mg/kg for the
control (ANOVA, F 62.7, p < 0.001;
Tukey’s HSD, p < 0.01 for both P and K).

Regression analyses demonstrated a
positive relationship between “Ferti-
Smart”s DIMA-adjusted fertilizer inputs
and soil fertility parameters, with humus
content stability strongly correlated with
optimized nitrogen inputs (R®* = 0.85,
RMSE = 0.04%; r = 0.79, p < 0.01). Simi-
larly, available phosphorus and mobile
potassium levels were positively correlated
with UAV-based Normalized Difference
Vegetation Index (NDVI) data (r = 0.73, p <
0.01 for P; r 0.76, p < 0.01 for K),
indicating that “FertiSmart”s real-time
monitoring enhanced nutrient retention in
the soil. These results suggest that ferti-
gation, guided by digital tools, supported
long-term soil fertility by maintaining
organic matter and nutrient availability
without compromising soil chemical
balance.
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Table 5 - Soil Fertility Parameters Across Treatments (2019-2022 Average)

Humus Nitrate Ammonium Available Mobile

Treatment Content pH Nitrogen Nitrogen Phosphorus | Potassium
(%) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Fertigation | 2.12+0.07 | 7.42+0.08 | 13.8+0.5 | 11.5+0.4 224 +0.7 198+5
Soil
Incorpora- | 1.94+0.08 | 7.98+0.09 | 10.2+0.4 | 9.3%0.3 19.7 £ 0.6 174+ 4
tion
Control 1.78+0.09 | 795£0.10 | 74 £ 0.3 6.8+0.3 15.3+0.5 142 + 4

The stable humus content (2.12% =*
0.07) and enhanced soil nutrient
availability (13.8 mg/kg nitrate nitrogen,
22.4 mg/kg available phosphorus, 198 mg/
kg mobile potassium) under fertigation in
this study align with findings from other
studies on fertigation and integrated
nutrient management, though the use of
“FertiSmart” for real-time optimization
distinguishes this work. A study on
fertigation in Mediterranean vineyards
reported stable soil organic matter (SOM)
levels at 2.15% over five years, compared
to a 0.12% decline under traditional
fertilization, closely mirroring the humus
stability observed here [23]. However, that
study relied on fixed fertigation schedules,
whereas “FertiSmart”s Dynamic Immobili-
zation and Mineralization Adjustment
(DIMA) coefficient enabled dynamic
nutrient adjustments, likely contributing to
the consistent 2.12% humus content.
Similarly, a study on drip fertigation in
Indian citrus orchards found nitrate
nitrogen levels of 14.2 mg/kg and available
phosphorus of 21.8 mg/kg, comparable to
the 13.8 mg/kg and 22.4 mg/kg in this
study, with stable pH (7.4-8.1) [24]. The
Indian study noted improved microbial
activity but lacked digital tools for
precision management, unlike the UAV-
based NDVI and tensiometer integration in
this work (table 5).

A trial on integrated nutrient
management in Chinese maize systems
reported mobile potassium levels of
190 mg/kg under fertigation, slightly
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below the 198 mg/kg observed here, and a
0.08% increase in SOM over three years,
contrasting with the stable but not
increasing humus content in this study
[25]. The Chinese study’s SOM gains were
attributed to organic amendments, which
were not used here, suggesting that
fertigation alone, optimized by “Ferti-
Smart,” sufficiently maintained soil fertility.
Another study on fertigation in Brazilian
sugarcane fields found humus content
stability at 2.10% and enhanced microbial
biomass, but reported slight soil acidifi-
cation (pH 6.5) due to high nitrogen inputs,
unlike the stable pH (7.42 % 0.08) in this
study, likely due to “FertiSmart”s precise
dosing [26]. These comparisons highlight
that while fertigation consistently supports
soil fertility across contexts, the integration
of real-time digital tools in this study
enhanced nutrient retention and prevented
adverse effects like acidification, offering a
scalable model for semi-arid regions.
Digital Tool Efficacy. Preliminary
simulations conducted using the “Ferti-
Smart” mobile application in 2022
demonstrated significant improvements in
fertilizer cost efficiency and nutrient
uptake in the fertigation treatment at the
“Kentau” LLP orchard in Turkestan, Kazakh-
stan. The “FertiSmart” app, integrating 16-
factor soil analysis, multispectral UAV data,
tensiometer readings, and the Dynamic
Immobilization and Mineralization
Adjustment (DIMA) coefficient, generated
optimized fertilizer recommendations that
reduced input costs by 15-20% compared
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to standard fertigation schedules. Standard
fertigation required 120 kg/ha nitrogen
(N), 60 kg/ha phosphorus (P), and 100 kg/
ha potassium (K) annually, costing
approximately 245,000 KZT/ha (based on
2022 market prices: 1,200 KZT/kg N, 1,500
KZT/kg P, 1,100 KZT/kg K). In contrast,
“FertiSmart” simulations recommended
reduced doses of 96-102 kg/ha N, 48-
51 kg/ha P, and 80-85 kg/ha K, lowering
costs to 196,000-208,250 KZT /ha (ANOVA,
F =52.4, p <0.001 for cost differences).

Nutrient uptake efficiency, calculated
as the percentage of applied nutrients
absorbed by Jerominee apple trees,
improved significantly under “FertiSmart”-
guided fertigation. Nitrogen uptake
efficiency reached 92.3% (+2.1), compared
to 81.7% (+2.4) for standard fertigation
and 61.2% (#3.0) for soil incorporation
(ANOVA, F = 78.6, p < 0.001; Tukey’s HSD, p
< 0.01). Phosphorus uptake efficiency was
48.6% (+1.8) with “FertiSmart”, versus
41.3% (*2.0) for standard fertigation and
28.5% (#2.2) for soil incorporation
(ANOVA, F = 65.9, p < 0.001). Potassium
uptake efficiency averaged 87.4% (*2.3)
under “FertiSmart”, compared to 79.5%
(£2.5) for standard fertigation and 58.7%
(¥2.8) for soil incorporation (ANOVA, F =
723, p < 0.001). Regression analyses
showed a strong positive relationship
between “FertiSmart”s DIMA coefficient
and nutrient uptake efficiency (R* = 0.90,
RMSE = 1.9% for N; R* = 0.87, RMSE =
1.6% for P; R? = 0.89, RMSE = 2.0% for K),
with significant correlations between UAV-
based Normalized Difference Vegetation
Index (NDVI) and uptake efficiencies (r =
0.84, p < 0.01 for N; r = 0.79, p < 0.01 for P;
r=0.82, p <0.01 for K).

The cost savings and uptake
improvements were consistent across
simulation scenarios, with “FertiSmart”’s
real-time adjustments preventing over-
fertilization while maintaining yield levels
(34.0-36.0 t/ha projected, as noted in Yield
and Quality Improvements). These
outcomes highlight the efficacy of digital
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tools in enhancing the economic and
agronomic performance of fertigation in
semi-arid orchard systems.

The 15-20% fertilizer cost savings
and enhanced nutrient uptake efficiencies
(92.3% + 2.1 for nitrogen, 48.6% + 1.8 for
phosphorus, 87.4% * 2.3 for potassium)
achieved through “FertiSmart” simulations
in this study align with findings from other

recent studies on digital tools for
fertigation and nutrient management,
though “FertiSmart”s integration of

multiple real-time data streams sets it
apart. A study on a decision-support
system (DSS) for fertigation in Spanish
olive orchards reported a 17% reduction in
fertilizer costs (from 180,000 EUR/ha to
149,400 EUR/ha) by optimizing nitrogen
and potassium inputs based on soil
moisture and leaf nutrient sensors, closely
matching the 15-20% savings (245,000
KZT/ha to 196,000-208,250 KZT/ha)
observed here [27]. However, the Spanish
DSS relied on fewer input parameters and
lacked UAV-based monitoring, limiting its
adaptability compared to “FertiSmart”’s 16-
factor soil analysis and NDVI integration.
Similarly, a trial using the Crop-
Manage platform for lettuce fertigation in
California achieved nitrogen uptake effi-
ciencies of 88.5% and cost savings of 12-
15% by adjusting fertilizer rates via soil
nitrate tests and weather data, slightly
below the efficiencies and savings in this
study [28]. CropManage’s reliance on
periodic sampling contrasts with “Ferti-
Smart”s continuous monitoring via tensio-
meters and DIMA coefficient adjustments,
which likely contributed to the higher
nitrogen uptake (92.3% vs. 88.5%).
Another study on a mobile app for maize
fertigation in China reported phosphorus
uptake efficiencies of 45.2% and potassium
efficiencies of 85.6%, comparable to the
48.6% and 87.4% in this study, with cost
reductions of 10-14% through model-
based scheduling [29]. The Chinese app
used static growth models, whereas
“FertiSmart”’s dynamic adjustments based
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on real-time UAV and soil data enhanced 2019 to 2022. Fertigation achieved a gross
precision across variable seasonal yield of 30.58 t/ha, 93.92% marketability,
conditions. and projected yields of 34.0-36.0 t/ha with
A study on the DSSAT model for “FertiSmart” optimization, alongside 20-
tomato fertigation in Italy achieved a 20% 30% reduced nutrient leaching, 5-10%
reduction in fertilizer use but reported lower water use, stable humus content
lower phosphorus uptake efficiency (2.12%), and 15-20% fertilizer cost
(42.8%) due to limited real-time data savings. These outcomes address Kazakh-
integration, underscoring “FertiSmart”s stan’s environmental challenges, including
advantage in combining multiple sensor water scarcity and soil degradation,
inputs [30]. These comparisons indicate aligning with sustainable agriculture goals
that while digital tools for fertigation and the 2050 Strategy. “FertiSmart™s
consistently reduce costs and improve scalability to other crops (e.g, grapes,
nutrient uptake, “FertiSmart”’s comprehen- vegetables) and regions (e.g., Central Asia)
sive data integration and real-time is promising, leveraging its adaptability to
adaptability offer superior performance in local conditions, but challenges in data
semi-arid orchard systems, particularly for integration and farmer adoption neces-
dynamic nutrient management. sitate solutions like offline functionality
CONCLUSION and training programs. Future research

The integration of fertigation with should validate “FertiSmart™’s efficacy ac-

the “FertiSmart” mobile application signi- r'oss diverse agroecosystems and quantify
ficantly enhanced apple orchard producti- long-term soil health impacts, ensuring its
vity and sustainability at the “Kentau” LLP role in advancing precision agriculture in
orchard in Turkestan, Kazakhstan, from Semi-arid regions.
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TYHIH
0. XKangpi6aes*, . Amupos?, U. BamaToB?

®EPTUTALIMA MEH LIU®PJIBIK, TEXHOJIOTUAJIAP/IBI YKAPTBIJIAW KYPFAK
YKAFIAUJIAPZIA AJIMA OH/IIPICIHIH, TYPAKTBIJIBIFHI YIIIH BIPIKTIPY
1«6.0. Ocnanos amviHOarbl Kazak monvipakmaHy xcaHe a2poxumusl FulAbLMU-3epmmey
uHcmumymoi» XKIIC, 050060, Aamambl, aa-@apabu daHFviabl, 75 B, Kasakcmat,

*e-mail: mr.orken@yandex.kz, e-mail: bak.amirov@gmail.com
2«B. [lokyuaes amviHdarbl Tonsipakmary uHcmumymoi», PF0, 119017, Mackey,
IIbiscesckuli keweci, 7, Peceli, e-mail: ibragim-1991@mail.ru

OHTycTik KaszakcTaHblH a/iMa ecipyre OHTailJibl »KaFAaljapblHa KapaMacTaH eJsiMi3jiy
asMa cekTopbl 57% umMnopTka Tayesazni. 2019-2022 xpijapsel KapTbulall Kyprak, «KeHTay»
JKIIC (Typkicran) 6aybiHJa Cyp-KOHbBIp TONbIpaKTapZa ajiMa eHZipiciH oHTalslaHAbIpYy YIIiH
«FertiSmart» Mo6bunbai KocbiMIIacbiMeH Geltimfenren ¢eprturanus 3eprrensi. «FertiSmart» 16
daKTopJibl TONBIPAK, TajJaybl, VIIKBIIICHI3 YIIy allapaTbIHbIH CypeTTepi, TeH3HOMeTp
KepceTkilTepi xaHe [lMHaMUKaJIbIK UMMOOUJIN3ALUS MeH MUHepaausanusHbl TyseTy (DIMA)
ko3 PurenTi apKpLIbl pepTUralUsAHbI OHTalJIaHAbIpaAbl. HaTmxkecinge xannbl enimai 30.6 T/
ra, CaTbUIBIMIBUIBIK 93.9%, Brix kaHT Mesmepi 24.1% >xoHe 78.5 KaTTBLIBIKKA KETTi, GYJI
TOINbIpaKKa eHrisyzeH (24.7 t/ra, 81.5%) xoHe 6akpuiayaaH (13.6 T/ra, 62.2%) alTap/bIKTal
apThIK, 60aabl. KopekTik 3aTTapabiy wakbliysl 20-30% TemeHzeni (3.24 kr/ra N, Tonbipakka
eHrisygieri 7.82 Kr/ra-ra Kapchl), Cy naiijanany TMiMziairi 5-10% sxorapbLiagel (50.8 kr/m3, 39.4
Kr/M>-Fa  Kapcebl), rymyc MeJumepi 2.12%-ga TypakraHibl. «FertiSmart» TbhIHaWTKbILI
MIBIFBIHAPBIH 15-20% a3aiThiN, KOPEKTiK 3aTTapAbIH CiHY THIMALIriH apTThipAbl (92.3% N,
48.6% P, 87.4% K). Bys1 MacmtTa6TasnaTelH MOZie/ib ©HIMAIIKTI, TONBIPAK AeHCAYJIBIFbIH KOHE
3KOJIOTUSIJIBIK, TYPAKTBLIBIKTHI apTTHIPHIN, Ka3aKcTaHHBIH, a3bIK-TYJIIK Kayinci3ziri MeH TypakThbl
ayblI MIapyallbIBIFbl MAKCATTAPbIH KOJIAANbI.

Tyliindi ce3dep: depTurauus, A2/ aybll LapyamblibiFbl, «FertiSmart», anama eHiMmi,
KOPEeKTiK 3aTTap/AblH LaNbLIYbI.
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PE3IOME
0. Xaunzni6aes™, B. Amupos?, M. BamaToB?

WHTETPALIUA ®EPTUTALIMUA U IM®POBBIX TEXHOJIOTUH /1 YCTOMYHUBOI'O
[TPOU3BO/ACTBA ABJIOK B [TOJIYAPUJHBIX YCJIOBUAX

ITO0 «Kazaxckuil HayuHO-uccaedo8amenbcKull UHCMUMym no4606edeHus u
azpoxumuu um. Y.y Yenanosa», 050060, Aamamui, np. anv-Papabu, 75 B, Kazaxcmad,

*e-mail: mr.orken@yandex.kz, e-mail: bak.amirov@gmail.com
2I'BHY «IlouseHHbill uHcmumym um. B.B. [lokyuaeea», ®HUI], 119017, Mocksa,
Iviicesckuil nepeyaok, 7, Poccusi, e-mail: ibragim-1991@mail.ru

HecmoTps Ha 6aronpusiTHble ycioBus H0kHoro KasaxcraHa, UMIOPT si6JI0K MOKPBIBAET
57% BHyTpeHHero cnpoca. B 2019-2022 rr. B TOO «Kenrtay» (TypkecraHckas o06J1acTb)
HCcCIe/oBaJlaCh TEXHOJIOTUS ¢epTUranuy, WHTErpupoOBaHHAsA C MOOWJIbHBIM NPUJIOKEHHEM
«FertiSmart», Ha cepo-KopU4HeBbIX No4YBax. CHcTeMa OCHOBbIBasJach Ha 16-paKTOpPHOM aHaIHU3e
no4uBbl, AaHHbIX BIIJIA, TeH3uoMeTpoB U Ko3ddullMeHTa AUHAMHUYECKOH HMMOOWJIHU3ALUU U
KOpPPEeKTUPOBKH MHUHepanudauuu (DIMA). I[IpuMeHeHHe MUHepaJbHbIX VJOOpeHUH IO
npunoxkeHuto «FertiSmart» moBbicusio ypoxaiiHocTe Ao 30.6 T/ra (mpotuB 24.7 T/ra mnpu
IIOYBEHHOM BHeCeHHUHU U 13.6 T/ra B KOHTpPOJIE), TOBAPHOCTb — 710 93.9%, cozep>kaHue caxapa —
o 24.1% Brix, TBépmocte miaogoB — a0 78.5 H. BrelmesnaynBaHuWe NUTaTebHBIX BeIIeCTB
cHususock Ha 20-30%, 3dpdeKTUBHOCTD UCNOJIb30BaHUSA BOABI Bo3poca Ha 5-10%, comepxkaHue
ryMyca cTabU/Inu3MpoBaoch Ha ypoBHe 2.12%. 3aTpaThl Ha y406peHUs COKpaTU/IuCh Ha 15-20%,
a ycoenne N, P u K pacreHusamu cocraBuso 92.3%, 48.6% u 87.4% cOOTBETCTBEHHO.
[IpensioxxeHHast MoJeJjib TOBBbILIAET HPOAYKTUBHOCTb, YCTOWYUBOCTb M 3KOJOTHYECKYIO
3pPEeKTUBHOCTh NPOU3BOJACTBA f6JIOK, CHOCOGCTBYS MHPOAOBOJBLCTBEHHOW 0€30MacCHOCTH U
YCTOMYHMBOMY Pa3BUTHIO CeJbCKOTro Xo34aKicTBa KasaxcTtaHa

Kawuesvle caosa: deprturanus, ToyHoe 3emienenue, «FertiSmart», ypoxai s6J10K,
BbIlIleJITAYMBaHUE TUTATENbHBIX BEIECTB.
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NMOBBIIEHUE YPOXKAMHOCTH COPTOB O3UMOMU NIIEHUIIBI HA IOT'0-BOCTOKE
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3HAO «Cesepo-KazaxcmaHckull yHusepcumem umeHu M. Ko3vi6aesa»,
150000, [lemponasnosck, ya. [lywkuHa, 86, Kasaxcmax

AnHomayus. HoBble U pecypcocbeperarolive TEXHOJOTHUH 06paboOTKH MOYBBI B 60JIbLIEN
CTelleHW, 4YeM TpaJULMUOHHbIE, OTBEYAIOT TPEOOBAaHUSAM I[OYBO- M HPUPOJOO0XPAHHOIO
3emJyiefiesivsi (MCK/IIOYAETCs HapylleHHe CTPYKTYpbl MOYBbI, NMPOLECChl JerpaJaliiy, 3pO3UH U
Ip.). KyabTypa 3emiiefienivsa, B TOM 4uC/e B OpolllaeMblX pernoHax KasaxcTaHa TpeOyeT HOBBIX,
HeTpaJULMOHHBIX NOJX0J0B Ha OCHOBE BO3/eJibIBaHUA MOJIEBBIX KYJbTYp, 00eclneuynBaloLUX
JIOCTHKEHHWe TIOTeHIMaJbHbIX BO3MOXHOCTEH [JJ COPTOB U THUOPHUOB BO3/esbIBA€MbIX
KYJIbTYP, pPaljiOHaJbHOE UCII0Jb30BaHME 3eMEJIbHBIX U BOJHBIX PECYPCOB, @ TAKXKe COXPaHEHUE U
MOBBbILIEHHE MOTEHIIMAJbHOTO IJIOAOPOJUsS MOYBbI. B cTaTbe NPUBOAATCA MHOTOJIETHHE
3KCIepUMEHTaJbHble JIaHHblE O IPEUMYLIEeCTBE pecypcocbeperamiiux TEXHOJOTMH M UX
MOJIOXKUTEJIbHOM BJIMSIHUM Ha KayecTBO M Ceb6ecTOMMOCTb IOJydyaeMOM pacTeHHeBOJ4eCKOoH
NPOAYKIMY,  TPaJULHOHHBIMM TeXHOJOrUsAMH. llesplo HalIUX UCCAeLOBaHUM ABJsETCA
onpepeaeHre 3¢PeKTUBHOCTH 06pabOTKH MOYBbI, HOPMBbI BbICEBA CEMSAH Pa3HbIX COPTOB 03UMOH
NIIeHUbl U 03 BHEeCEHUsS yA0OpeHUH [/ MOoJydyeHHUs] BbICOKOI'O YpoKas 3epHa C XOPOIUUMHU
nokasaTeJIIMM KayecTBa. B ycoBUAX noJiyobecniedeHHOM 6orapsl 10ro-BocToka Kasaxcrana npu
BCIAlIKe Ha TJIyouHy 20-22 cM MU MHHUMAaJbHOM 06pabOTKe MOYBbI ONTHMAJIbHBIM OKa3aJsCs
cpok moceBa 15 ceHTAOps, ¢ HOPMOW BbICEBA CeMsIH 3 MJIH BCXOXKMX CEMsH Ha TeKTap U C
BHeceHueM 60 Kr J.B. a30THbIXx U ¢ocdopHbIX yAo6peHU. ONTUMaJbHBIM NpPU HYJIEBOU
06paboTKe NOUYBBI ObIJI CPOK NOCceBa 31 OKTAGPSA ¢ HOPMOM BbICEBA CeEMAH 3 MJIH BCXOXHUX CEMSH
Ha rekTap u ¢ BHeceHUeM 60 Kr [I.B. a30THBIX U pocPopHBIX Y100 peHUH.

Karouegwle c08a: 06paboTKa NMOYBLI, 03UMasi MILEHUIA, TPSMOU NMOCEB, MJIOTHOCTb NMOYBHI,
NPOAYyKTHUBHASA BJIAra, yA06peHue, ypoxkau.

BBEJJEHUE Hble BHU/Ibl C HEOJWHAKOBOH NPOJOJLKH-

PecypcocGeperamomie TexHOJoruyM TEJIbBHOCTHIO BEreTalMOHHOTO neproja [1].
TOJIOKUTENbHO BJIMAIOT Ha KadecTBo u Hampumep, B Nepuoj paHHeBeCeHHeH |
ce6eCTOMMOCTb NPOAYKUMM M KOHKypH- NO3AHEJETHeH 3acyX, 6e3 ypomaiHOCTH
PYIOT IO IIepeYUCJeHHbIM XapaKTepucTyu- CEMAH He OCTaBAT IIPOCO, COPro, KyKypysa.
KaM C TPaJUIMOHHBIMU TEXHOJIOTUSIMHU. Yae/nbHOE COOTHOIIEHHE O3UMBIX KYyJIbTYP
Jlaxke MUHMMaJIbHBIMHY BO3IeICTBUAMM Ha K PaHHEAPOBBIM W IMO3AHUM BJHAET HaA
T0YBY MOXHO 0GecIeylTh pacTylue not- YCTOHYHUBOCTb U yBeJHIEHHE YPOXKAEB.
pebHOCTH JII0/iel B IPOAYKTaX MUTAHUS. HyneBas o6pabGoTka MO4YBBI CTaja

PalroHa bHO HaKalIMBaTb W AKTUBHO pacnpoCTpPaHAThCS U3-3a addek-
WCI0J1b30BaTh BJIATY B I04YBe BO3MOXxHO, THBHOCTH DE3yJbTaTOB BO MHOTMX CTpa-
BO3/le/IbIBasi, pasHOOGpasHble pacTHTeNb- HaX MHpa. B KasaxcTaHe HeT yBepeHHbIX
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BbIBOJOB IO ee IpPHUMEHEHHUI0, TaK Kak
Hay4Hble MCC/Ae[0BaHUsl eLé NpoJoJ-
YKAKTCA.

Bei6op Mexay 06pabaThIBAIOIIMMU
TeXHOJIOTUSIMA OCHOBBIBA€TC Ha MHEHHU-
ax uccaegoBareneil. B.U. IBypedyeHCKu
[2] oTMeTun oTpuLaTENbHOE BJHSHUE
IJIyDOKOM 06pabOTKMU IOYBbI Ha BCe ee
CBOMCTBa OT QU3UYECKUX 10 BUOJIOTHYEC-
kux. Ilocse  HysneBOM  TEeXHOJIOTHH
IJIOTHOCTb NAXOTHOTO IOPU30HTA YBeJH-
yuBaeTca Jo 1,3 r/cMm3, yeM mo Tpaju-
LUOHHOM - 1,21 [3].

MuHMUMa/NbHble  TEXHOJIOTHUU  HC-
M0JIb3YOTCS] B 3aBUCUMOCTH OT UCXOZHOT0
YPOBHAl NUTaTeJbHBIX BelLleCTB B IIOYBeE,
006ecre4eHHOCTH pacTeHUH BJIarou, Croco-
6a BHeceHUs 703 U GopM yrobpeHUi [4].
BHeceHueM yno6peHUM, MOJ, TPALULMOH-
HyI0 U pecypcocbeperaroiiue o6paboTKu
MOYBbl, YPOXXKaMHOCTb 3€pHA yBEJUYHJIU
ot 37 10 58% [5].

3a nepuoJ UCNOJIb30BaHUS HYJIEBOU
TexHos0TUU ¢ 2007 o 2013 rr. mpousBoj-
CTBO 3epHa yBesanuuaoch ¢ 8,3 o 10,21/ra
Ha 36% [6].

®AO mnojgJep:KMBaeT HYyJIEBble TeX-
HOJIOTUM U3-3a [VI06AJIbHOTO NOTeNJeHUs
KJIUMaTa JJid COXpaHeHUs yrjepoja B
nouse [7].

JlugepamMu Mo NPHMEHEHHUIO TEXHO-
JIOTUH cOeperamoliiero 3emJjeenus sBJs-

rorca  CHIA, AprentuHa, bpasunus,
AcTtpanus, Kanaza [8].
JKOHOMMUYEeCKasd 3o PeKTUBHOCTD

NOATBepXJaeT BJHUAHME pecypcochepe-
raiux ob6pabotok mnouBbl Ha 28% B
CeJIbCKOXO3SMCTBEHHOM  NPOU3BO/CTBE.
JlaHHble pe3ynbTaThl NoJay4YeHbl B KpacHo-
Japckom HUUCX no o3umoit nuenune [9].

MuHuMasibHasg 06paboTKa C pasyn-
JIOTHEHUEM TaK)Ke [M0Ka3bIBaeT 3KOHOMHUIO

3aTpaT Ha 9% U yBeJMYEeHUE YUCTOrO
Jfoxoza Ha 6% [10].
TakuM  06pasoM, HCCIeJ0BaHUS

BJMSIHUIO 006paboOTOK TNOYBbI W HOPM
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BHECEHUs1 YJ00peHHM Ha YpOoXKalHOCTb
COPTOB 03WMOH IIIEHUIbI SABJSETCH
aKTyaJbHBIM.

MATEPHAJIBI U METO/IbI

[losieBble Mccef0BaHUSA IPOBEEHDI
Ha 3KcnepuMeHTajsbHOM 6aze TOO
«KasHUU3uP», pacnoJioKeHHOH! B
npeJropHou 3oHe Uie Anatay.

OnbIT 3aJ0XKWIM OCEHbI TMOCJe
yOOpKK COM MO TpeM BHJAM 06pabOTKHU
No4Bbl (BCHALIKA, MUHHWMaJbHas1 IJIOCKO-
pe3Hasg o6paboTka U HyJsieBas 06pabOTKa
MOYBbI) U TPEM COPTAM O3UMOU MILIEHHUIIbI
6orapHoro HamnpaJieHUs1 - CTeKJIOBU/Has-
24; Mepeke-70 u Ha3 c usy4yeHueM: AByX
HOpM BbIceBa - 2,5 MuH. (100 kr) u
3,0 myH. (125 Kr) BCXOXKHUX CeMsH Ha
reKTap, Tpex CpokoB noceBa: 30 ceHTS6pS,
15 okTa6psa, 31 okTabpas U ABYyX [03
azoTHo-dochopHbIX yrobpeHuit: NzoPso,
NeoPeo.

[IoyBa OMBITHOrO y4yacTKa CBETJIO-
KalllTAHOBas C BBICOKOU Kap6o-
HaTHOCTblO. 06ecrneyeHHOCTb  MOYBBI
JIETKOTUPOJIU3YEMbIM a30TOM — CPeJHsS,
noABWKHBIM  pocdopom HU3Kaf,
0O6MeHHBIM KaJIueM - BbICOKasl. B BepxHeM
ropusoHTe cogepxutcs Ao 2,02% rymyca,
0,12-0,14% BaJsioBOTO a30Ta.

ArpoTexHuKa B OMbITe: NepeJ mnoce-
BOM CeMEeHa O3MMOM MIIeHUIlbl MPOTpPaB-
JuBasu mnpenaparoM /JuBuzeHg cTap
MPOTHUB I'OJIOBHEBBIX O0JIe3HEN U3 pacyeTa
1,0 n/Tt 3a 1-2 gHa po noceBa. [loces
COPTOB O03WMOM HIIEHUIbl MPOBOJAUJICS,
corjlacHo cxeMe onbita. [log o3uMylo
MIIeHUNy BHeceH aMMo¢oc, COrJacHO
CcxXeMe OMbITa. YX0J| 32 MOCEBAMH 03UMOH
MUIEHUIB] BKJIOYaJ] MOAKOPMKY aMMHa4d-
HOU cesiMTpol B dase KyleHHUsl pa3sHbIMU
Jl03aMHd B 3aBUCUMOCTH OT H3y4aeMbIX
BapUaHTOB ONBITOB M ONpPbICKUBaHUE
OCEBOB B  KOHIEe asbl  KYIIEeHUs
repbunngomMm /JlpaneH cymnep. YdeT U
ybopKa ypoxkasi IpoBeJieHbl KoM6aliHaMU
«CaMno» u «Xere».
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B omnblTe 1npoBefeHbl MOJIEBbIE
HabJIO/leHUs, y4eTbl 10  METOJHKe
B.A. JlocnexoBa [11]. BogHo-dusuyeckue
CBOMCTBA MOYBHI no MeToAuKaM
C.A. Bopo6beBa u H.A. KauwmHckoro c
omnpe/jiesieHieM 06'bEMHOM MacChl U BJIAXK-
HOCTU N04BHI [12]. YueT 1 y6opKa ypoxas
03MMOM TNIIEeHUIbl MPOBEJEHbI, COTJIACHO
MeTOAUKU ['ocynapCcTBEHHOTO COPTOHUCIIBI-
TaHUs1 CeJIbCKOX035IMCTBEHHBIX KyJAbTYD [13].

JlabopaTopHble UCCIeJ0BaHUS, aHA-
JIU3bI TIOYB MPOBe/IEHbl B aKKpPeJUTOBAH-
HOM JlabopaTOpHMU MOYBOBEAEHHUS U
arpoxumuu Kazaxckoro HUU zemnenenus
Y pacTeHHEeBO/ICTBA.

Kaumam. BivsgHvMe MeTeOopoJIOrU-
YeCKHUX YCJIOBUH Ha U3ydyaeMble GaKTOPbI
onblTa B TOJAbl MCCJAEJOBAaHUM ObLIO
pPa3/JIUYHbBIM.

B nmepBbiil rof ucciaefoBaHUs Ocaj-
KOB BBITNAJIO 60JIbIllE CPeTHEMHOTr0JIETHEN
HopMbl Ha 10,1 mm. OgHako mo ce3oHaM
rojla KOJIMYeCTBO BbINABUIUX OCaJKOB
CWJIBHO OTJMYaJOCh OT CpeJHEeMHOro-
JIeTHUX 3HadyeHUH. Tak, eclu 3a OCeHb U
3UMy BBINAJIO 6oJiblie HOPMBI
COOTBETCTBEHHO Ha 86,5 u 52,2 MM, TO 3a
BECHY U JIETO — MeHblle HOpMbI Ha 98,4 u
30,2 MM cooTBeTCTBeHHO. BecHa 6bL1a
6osiee 3acyUlJIMBOM U OC3JIKOB BbINAJO
MeHblIle HOPpMBI B 5 ¥ 3,7 pa3a 3a anpeJib U
Mal COOTBETCTBEHHO.

B 1nesoM, HecMOTpA Ha Xopolliue
YCJOBUSL  YBJQXKHEHHUS,  CJIOXKHUBLINECS
oceHblo npeabiayiero (2011) roga ucciue-
JIOBAHUSI, PaCTEHUST UCIBITBIBAJIN OCTPBIN
HEeJJOCTAaTOK BJIATM B IEPUOJ, aKTHBHOH
BereTallud BeCHOW U JIETOM IepBOTo

61

(2012) roma ucciegoBaHUH, YTO HE MOTJIO
He OTPa3UThCS Ha pe3y/IbTaTax.

Bo BTopoMm (2013) rogy wuccaemo-
BaHHUH BJIAXKHOCTDb ObljIa JOCTATOYHOM, TaK
KaK 31Ma ObljIa CHEXXHOU 1 0CaIKOB B BH/I€
cHera Bbinajsio 165,4 MM, uto B 2,1 pasa
GoJibllle CpeJjHEMHOToJieTHEH HOpMBbI. Ha
dbopMHUpoOBaHUE  JIOCTAaTOYHO  BBICOKOU
YPOXKaHUHOCTU BO3/IeJILIBAEMBIX KYJIbTYP
6/IaronpUsITHOE BIUSHUE 0KA3aJd OCAKH,
BbINIABIIME B TMepUOJ, HaJMBa 3epHa
HIOHb, KOJIMYECTBO KOTOPBIX COCTaBUJIO
77,0 MM, 4yTO GoJibllle HOpMBI Ha 23,1 MM. B
1[eJIOM 2Ke, IepBbIX U BTopoi (2012-2013)

ro/ibl HccaeJ0BaHUN cienyert
XapaKTepu30BaTh, KaK 6JIaronpUSTHbBIE O
YCJIOBUSAM YBJIQKHEHUS: roioBoe

KOJIMYECTBO 0CaJKOB cocTaBuJo 590 mm,
yTo Ha 175,5 MM Bblllle CpeJHEMHOrO-
JIETHETO MoKa3aTeJsl.

B Tpetbem (2014) romy wuccaepno-
BaHUM BereTalMOHHbIN mNepuos  Obla
3aCyLJIMBbIM, TaK KaK OCEHBI0 BbINAJIO
0CaZIkOB OKo0JI0o 12 MM, 4yTO B TpH pasa
MeHbllle CpeJJHeMHOT0JIETHEN HOPMBI.

PE3VJIBTATBI U UX OBCYKEHUE

BaaxcHocmb nougbl. 3amac npoayk-
TUBHOM BJIarM B T10YBE B YCJIOBHUSX
nojyobecrnedyeHHOM 6orapbl Ha IoceBax
03MMOH MNIleHULbl B (ase KyLleHUus NpHU
BCIAllIKe Ha [1epBOM CpPOKe IOocCeBa COCTa-
BUJI 58 MM, Ha BTOpOM Cpoke — 88 MM, 1 Ha
TpeTbeM CpoKe 96 MM, IpU MUHUMaJIbHOMN
00paboTKe TMOYBbl Ha IIePBOM CpOKe
nocesa cocraBuwiau: 60; 93; 106 MM, npu
NpSMOM I10CEBE, COOTBETCTBEHHO: 66; 96;
111 MM (pucyHok 1).
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Pucynok 1 - /luHamuKa 3anacoB IpOAYKTUBHOM BJIary noj 03UMOM MNIIeHUIeN B
MEeTPOBOM CJIOe MOYBbI B 3aBUCUMOCTH OT CPOKOB IT0CEBA U CIOCOO60B 06pabOTKU
MOYBbBI

K ¢a3e ybopku Hab/I0[a/MI0Ch
CHW)XKeHHe MPOAYKTUBHOM BJIaTM 3a CYET
BbINaJIeHUs1 aTMOCHEpPHBbIX OCAJKOB, IO
06paboTKaM TMOYBbI BJIAKHOCTH IOYBBI

COCTaBMWJIA, COOTBeTCTBeHHO: 9,23,31;
16,26,33; 27,34,40 wmm. Ilpy 3ToM Ha
BapuaHTe 6e3  00pabOTKH  MOYBHI

HabJiI0a/0Cck HauboJIblilee COXpaHeHHue
NpOAYKTUBHON Bjaru. B meTpoBoM cioe
NMOYBbl HA BapuhaHTe CO BCHAUIKOHN
coiep)kaHue JOCTYNMHOM BJaru ObLIO
3HAYMTEJIbHO HIKE.

OgHMM U3 BakHeHIHUX ¢GAKTOPOB
MOBBILUIEHUS] ~ YPOXKAWHOCTU  CEJIbCKO-
X03SICTBEHHBIX KYJIBTYp SIBJSIETCS IJIOT-
HOCTb IIOYBbI B Te4YeHHe BereTtamuu. B
BepXHeU U cpelHeN YacTH MaxOTHOTO CJI0s
o BCeM BaphaHTaM 0OpabOTKU IMOYBa
OblJIa PBIXJION. B HIDKHUX e TOPU30HTAX,
rje He MPOBOAWJACH 06pabOTKa MOYBHI,
OTMEYEHO €€ MJIOTHOE CJI0KEHUE.

[Ipu BeceHHel BcHalllKe MJIOTHOCThb
B INaxOTHOM cJioe cocTtaBujaa 1,29-
1,31 r/cm3, npy MUHUMaJIbHON 06paboTKe
1 npsmoMm mnoceBe 1,30-1,32; 1,31-
1,33 r/cm3cooTBeTcTBEHHO. K y6opke mo
BCEM BapuaHTaM 06pabOTKU MOYBHI
Ha6JII0/1a/I0Ch ee YIJIOTHEHHE /10 YPOBHS
1,31-1,33 r/cM3 (puUcyHOK 2).

B cpenHem 3a Tpu rojla ucciaefo-
BaHUN YCTAHOBJIEHO, YTO BECHOH HabJIt0-
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JlaeTcl MaKCUMaJlbHOe VBJIQXXHEHUEe U
oTMevaeTcs 6oJiee PhIXJoe CI0KEeHHEe T0Y-
Bbl. K 0oceHUM mouBa CUJIBHO HCCYLIAETCH,
YTO MNPUBOJUT K YIUIOTHEHUIO BhIlle-
ykazaHHoro cjio4 Ha 0,03-0,04 r/cM3.

Ha OGorapHbix 3eMJ51X CHU3UTH
OTpULATeJbHOE BJIUSHUE 3aCYXU MOXKHO B
pe3ysibTaTe NPUMEHEHUs] KOMILJIEKCA Mep,
TaKUX Kak: JlaHAmapTHOe 06yCTPOHCTBO
TEPpPUTOPUHN, BHeJpeHHUEe HAyYHO-0OOCHO-
BaHHbIX  TEXHOJIOTUM  BO3/eJbIBaHUS
3aCyXOyCTOMYMUBBIX, MPHUCIOCOOJEHHBIX K
MECTHBIM YCJIOBUSAM, KYJIbTYP.

Ha 3emuisx 1oro-Boctoka KasaxcraHa
M3 3€pPHOBBIX KYJbTYpP BO3/e/IbIBAaeTCs B
ocHOBHOM nuieHuna. Ha ¢opmupoBanue
ypoXasi 3epHa O03UMOH MNUIEHUIBI B
OCHOBHOM BJIMSIIOT BU/Ibl 06pabOTOK, /103bI
yA06peHUH, CPOKH, HOPMbI BbICEBA U COPTA
(Tabsauna 1).

Hau6osbimuii ypoxKaun 3epHa
(25,2 1/ra) o3uMoil MilIeHUIIbI OTMEYEH Yy
copta Has npu Bcnamike Ha riy6uny 20-
22 cM Ha BTOpPOM CpOKe MoCeBa C BHece-
HHueM 60 Kr J.B. a30THBIX U POCHOpPHBIX
yrobpeHnuil. ¥ copta Mepeke-70 Haub60Jb-
MM ypoxkal 3epHa OTMeuYeH NMPU NPSIMOM
noceBe ¢ HOpMO# BbiceBa 3,0 MJIH BCXOXKUX
ceMsH Ha rekrtap. [Ipu Hy/neBoi 06paboTke
HauboJIbIIMM ypoXkall 3epHa MoJiydyeH Ha
TpeTbeM CpPOKe IoceBa y COpTa 03UMOU
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nueHullbl Mepeke-70 ¢ HopMoi#l BbiceBa 3
MJIH. BCXOXHX CEMSTH Ha FeKTap.

B yciaoBusix  mosiyobecriedyeHHOH
6orapel B CpejHeM 3a TpU Troja Ha
BapHUaHTaX CO BCHAUIKOW Ha riaybuHy 20-
22 M W MUHUMaJbHOH 006pPabGOTKOU
MOYBbI, ONTHUMaJbHBIM CPOKOM I[OCEBa

0KasaJicsl BTOpOU ¢ HOpMo# BbiceBa 3 MJIH
ceMsH/ra ¥ BHeceHUeM 60 KT J.B. a30THBIX
u docdopHbix ynobpeHuil. TpeTulh cpok
[I0CeBa OKas3aJ/ICsl ONTHUMaJIbHbIM IpPU HY-
JIeBO# 06paboTKe C HOPMOU BbICEBA 3 MJIH
ceMsH Ha rektap U BHeceHHeM 60 Kr A.B.
a30THBIX U pocPOopHBIX Y06 pEeHUI.

1,33 1

1.3
B EECHA

1 | yHopka

TTN0THOCTE MM04BLY, TfeM?
=
w
[=]

MinnmameHan
obpabotka

Bcenanmxa ITpsmoii mocer

PucyHok 2 - [IJ1I0THOCTh MOYBBI Ha NOCEBAX 03MMOM MUIEHUIb] B IAXOTHOM CJI0€
(0-30 cM) B 3aBUCUMOCTH OT 06PaBOTOK MOYBHI, I'/cM3

Tabauna 1 - YpoKalHOCTh 3€pHA O3WUMOW IMIIEHUIbl B 3aBUCUMOCTH OT BHJOB
06pabOTKH MOYBbI, CDOKOB MOCEBA U /103 BHECEHUS] MUHEPATbHbBIX y/I00pEHUH, 11/Ta

Hopwma BriceBa, J103b1 Benamka MuHUMaJIbHasA Mpsvoii moces
MJIH. MUHepaIbHBIX 06paboTka
CrekysioBUAHaAsA-24

2,5 1 KonTtposb 14,4 13,0 13,9

2,5 2 N3oPso 18,0 15,9 16,0

2,5 3 NeoPso 21,7 20,3 18,5

3 1 KonTposb 14,8 14,7 15,1

3 2 N3oPeo 18,7 18,6 19,0

3 3 NeoPso 21,7 21,2 22,0

HCPos 3,6 4,8 4,6
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[IpomoskeHre TaGauIbl 1

1 \ 2 3 4 \ 5
Has
2,5 1 KoHTpoJsb 13,6 12,8 13,1
2,5 2 N30Peo 16,4 15,1 15,6
2,5 3 NeoPeo 19,1 16,9 17,9
3 1 KonTposb 10,8 9,9 9,9
3 2 N30Peo 20,0 16,1 16,2
3 3 NeoPeo 22,6 18,7 19,3
HCPys 4,9 4,2 3,7
Mepexke -70

2,5 1 KoHTpoJb 13,5 12,3 13,2
2,5 2 N30Peo 16,1 14,7 16,2
2,5 3 NeoPeo 20,3 18,2 18,6
3 1 KoHTposb 14,1 11,5 13,2
3 2 N3oPso 17,4 14,0 16,0
3 3 NeoPeo 20,4 17,9 18,9
HCPos 4,5 3,9 3,5

MareMaTnyeckas 06paboTKa IoJy- [0Jyobecne4eHHoH 6orapbl COCTaBuUIIa: 110

YeHHbIX JaHHBIX MeTOoJ0M MHorodaktop- 06paboTkaMm noussl - 3,17-15,2%, cpokam
HOTO JIMCIIEPCUOHHOrO aHa/sM3a nokasasa, mnocesa - 0,2-21,3, copram - 3,0-34,7%,
9TO [0 y4yacTus GakTopoB B ¢opmu- yAobpenuam - 14,1-17,1% (pucyHoxk 3).
pOBaHHUM ypoXasi 3epHa B YCJIOBHSAX

-

YpomanHOCTb 3epHa, u/ra

=R NN W W
Lo v o v o owu

o

obpaboTka HOpMa CPOKU copT yaobpeHue
A B C D E

PucyHok 3 - JloJsist ydyacTusi pakTopoB B GOPMHUPOBAHUM YpOXKasi 3epHa
03UMOH MIeHUIbI, %
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CrnemoBaresibHO, Ha opMUpoBaHMe BapbHupoBasa y copTa CTeK/JOBUJHbIN-24,
ypokass 3epHa oOKasasud BuusHue Bce Has u Mepeke-70 B npegenax 21-29; 12-
u3ydyeHHble QaKTOpbl B pasHoil cremeHu. 31;14-31 WITyK COOTBETCTBEHHO.

[Io cpokaM moceBa U cOpTaM ypoOKallHOCTb Ha 6Gorape Jy4ymiui cpok mocepa -
B OCHOBHOM 3aBHCeJla OT YCJIOBHMH rojga, mnepBbld (o 10 okTaA6Gps), onTUMasbHas
HOpMa BbICEBA CeMsIH cJabo MOBJMANA HA HOpPMa BbiceBa 2,5 MJIH/Ta, IPU 3TOM Hau-
BeJIMUMHY  ypoXKasd  3epHa  03UMOM OoJsibliasg ypokaHOCTh 3epHa 31,6 11/ra
MILIEeHUbI. oTMeveHa y copra CTekysoBuaHasg-24, a y

CTpyKTypa ypoxkast 03MMOM mumieHd- copta Has - 15,8 1/ra, copta Mepeke-70 -

bl B 3aBMCUMOCTH OT CIOCO60B 06pa6or- 16,5 1j/ra.

KU T0YBBI, CPOKOB [10CEBA U BJUSHUSA /103 TakuM o6pa3oM, B cCpefjHEM Hau-
MUHEpaJbHbIX YA0OpPEeHUH B YCJAOBUSAX OoJbllasg ypOXXaWHOCTb 3€pHAa O3UMOU
6orapsl puBe/ieHa B Tabuie 2. MIIEHUIBI OTMEYEHA MPU IPSIMOM TOCEBE Y

B ycioBusix 6orapbl mocse 3epHo- coprta Crek/joBuaHasg-24, 0pU MNEpPBOM
6060BbIX KyJAbTYp (pejlleCTBEHHHMK Cos1) CPOKe C HOPMOM BbICeBa 2,5 MJIH IUT Ha
JIyYLIUM CPOKOM ceBa sIBJISIeTCsl MepBblid TeKTap Ha BapuaHTe NeoPeo.

cpok (mo 10 okTabps). 3AKJIIOYEHUE

[logcueT KoJiMduecTBa NPOAYKTUB- B ycnoBusix 6orapbl Ha BapUaHTax co
HbIX CTeOGJied TMOKasaJ, 4YTO M0 BCEM BCHAlIKoM Ha TmayouHy 20-22 cM u
crnoco6aM 06pabOTKU MOYB KOJUYECTBO MHHUMAaJbHOU 06paboTKOU HOYBBI

pacTeHU KoJsiebasoch mo copTy CTek/10- ONTHMaJbHBIM CPOKOM IOCEBA OKasaJCsd
BUJIHasA-24 ot 103 fo 324, no copty Haz oT BTOpoH ¢ HOPMOU BbiceBa CeMsSIH 3 MJIH.
94 no 291, a no copty Mepeke-70 oTr 91 10 BCxOXKMX ceMsiH/ra U BHeceHUeM 60 Kr [1.B.
288 wTyk Ha 1 MZ BbICOTA pacTeHUH a30THbIX U  (ochOpHBIX yLOOPEHUH.
KoJsiebasach 1o copty CTek/noBHUAHBIN-24 OnTHMajJbHBIM CPOKOM IIOCeBa IpH
ot 50-68, no copry Ha3 or 42-70, a no Hy/J1eBoil 06paboTKe ObLI TPETHUH CPOK C

copty Mepeke-70 ot 35-80 cm. HOPMOM BbICEBA CEMSIH 3 MJIH. BCXOXKHUX
dopMupoBaHHe 3epHa KoJsioca cop- CeMsiH/ra u BHeceHHneM NeoPeo .
TOB O03UMOH NIeHUunbl IIOKa3bIBAET, 4YTO JKOHOMMUYECKasI 3(1)(1)6KTI/IBHOCTb

IpyM BCHallKe O3epPHEHHOCTb KOJIOCA MHWHUMAJbHBIX W HYJEBBIX TeXHOJOTUH
BapbupoBasia y copTa CTek/JOBHAHAA-24, 3aK/JHO4YaeTcd B CyLIeCTBEHHOM IOBBIIIe-
Ha3z u Mepexke-70 B npezenax 16-31; 17- HHUM NPOU3BOAUTENBHOCTU TPYAQ, yBeJH-
31; 17-31 WTYK COOTBETCTBEHHO, NpPHW YEHUMU [JOXOLHOCTU ero IMpOU3BOJCTBA.
MUHUMaJbHON 06paboTKe BapbHpoBasa y MuHUMU3anus 06pabOTOK COKpaljaeT
copra CrekyioBu/HbIIA-24, Haz 1 Mepeke- [AJUTE/NbHOCTb NMPOBeJeHUs PaboT, 4TO B
70 B npenenax 19-28; 15-35; 15-24 wTyk CcBOI0 oYepeAb MOJIOKUTEJNBHO BJAUSET Ha
COOTBETCTBEHHO, MpHU MNPSAMOM I[0CEBE YPOXKAaHWHOCTM 3€PHOBBIX KYJIBTYP.

duHaHCUpPOBaHME HCCAEIOBAaHUK MPOBOAWJIOCHE B paMkax mnporpammbl WPH
BR22885719 «Pa3paboTtaTb W BHEAPUTb YCTOWYUBBIE CHUCTEMBbl 3eMJeJeaus [Jis
peHTabe/lbHOr0 NPOM3BOACTBA CEJbCKOXO3WCTBEHHOW MPOAYKLUM B YCJIAOBHUAX
U3MEeHsIUlerocs  KJMMaTa [Jd  pas/IMYHbIX  IOYBEHHO-KJMMATHU4YeCKUX  30H
Kasaxctana».
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A.A. Kannapoga?, H.B. Manuukas3, b.b. JlockeHoBa3
KA3AKCTAHHbBIH OHTYCTIK-IIBIFbICBIHAAFBI KY3/IIK BU/IAW COPTTAPBIHbBIH

OHIM/IIJIITTH APTTBIPYFA TOIBIPAK OHJIEY/IIH, XKOHE ThIHAUTKBIILITAP/bI EHTI3Y
HOPMAJIAPBLIHBIH, ©CEPI
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JKUIC, 040909, Aamambl 06.abicbl, Kapacaii aydaHbl, Aamanwvlbak ayslasl, Epaenecos
kewecl, 1, Kazakcman, *e-mail: kunypiyaeva_gulya@mail.ru, mukhtar_agro@mail.ru

2«Ka3ak yammblk azpapvlk 3epmmey yHusepcumemi» KeAK, 050010, Aamamui,
Ab6as dayrbLibl, 8, KazakcmaH

3«M. Ko3vibaes ambiHdarbl Conmycmik Kazakcmau yHusepcumemi» KeAK, 150000,
Conmycmik Kazakcmat o6.bickl, [lemponaea kaaacel, [lywkuH keweci, 86, Kazakcmax

TonblpaKThl 6HAEYAiH KaHa XoHe pecypcTapAbl YHEMEUTIH TeXHOJOTUsJIApbl ASCTYpJIi
TEXHOJIOTHsIJIapFa KapaFaH[a eriHIIJIIKTIH ToNbIpaK MeH TaOUFaTTbhl KOpFay TaJsanTapbliHa
caliKec KeJseJi (TonbIpak KypblIbIMBIHBIH, OY3blLIYbI, leTpaZaliis, 3p03Usl KoHe T.6. poliecTepre
Kapcel). EriHminik MazeHuetriHfe, oHbIH imiHfge KasakcTaHHBIH CcyapMaJbl eHipJepiHferi
eTiHIIIJIIKTe 2Kep KoHe Cy pecypCcTapblH YThIMAbI NaifanaHy, COHIal-aK TONbIPAKTbIH 9J1eyeTTi
KYHapJIbLJIBIFbIH CaKTay »XoHe apTThIPy MaKCaTblH/JA ©CipiJIeTiH AaKblLIJapAblH COPTTapbl MeH
OymaHZapbl VIOiH oJieyeTTi MYMKIHJIKTepre KOJI JKeTKi3yZi KaMTaMachl3 eTeTiH ericTik
JaKbLIapAbl ecipy HerisiHAe »XaHa, A9CTYypJi eMec Taciagepai Tansan etefi. Makanazga
pecypcTapibl YHEMJEWTIH TEXHOJIOTUSJIAPAbIH apThIKUIBLIBIFBI JKOHE O0JIapAblH OYpbIH
KOJIAHbLIFAH AICTYPJli TEXHOJIOTUSIIapMeH GaceKesieceTiH 6CiMAiK LapyaulbLIbIFbl 6HIM/epiHiH
camacel MeH 63iHZIK KyHblHa OH acepi TypaJibl KOIDKbUIJBIK 3KCIEPUMEHTTIK JepeKTep
KenTipisreH. bi3aiH 3epTTeysnepiMisziiH MaKcaTbl — KOFapbl canaJjibl aCTHIKTbIH MOJI OHIMIH any
YIIiH TONBIPAKThl 6HAEYAiH THIM/IJIIriH, Ky3A4ik 6UaaiablH 9PTYpPJii COPTTapPbIHBIH, TYKbIM CEOY
HOpPMAachlH KoHe TbIHAUTKBILIITAP/Abl KOJAAHY/bIH 9CEPTy A03aCblH aHbIKTay. KazakKcTaHHbBIH
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OHTYCTIK-LIBIFbICBIH/AFbl bLIFaJIMEH apTblIad KaMTaMachbl3 eTijreH auWMakrappaa 20-22 cm
TEpPeHAIKKe JXep >KbIPTy >KOHe TOMbIPAaKThl MHUHUMAJ/bl OHJEY aFJalblHAA [[9H CeOY/iH
OHTaMJibl Mep3iMi rektapblHa 3 MUWJIJIMOH JlaHA OHTIll TYKbIM ceby HOpMachbIMeH *K9He ap
rektapfa 60 Kr a.3. HOpMaza a3oT *dHe PocPop ThIHAUTKBILITAPBIH E€HTi3yMeH epeKlleseH .
TonbipaKThbl HEJIJIK 6HAEYMeH [9H ceOyAiH OHTalIbl Mep3iMi reKTapblHa 3 MUJIJIMOH JlaHa OHTilI
TYKbIM ce0y HOpMacbIMeH 9He ap rekTapra 60 Kr 2.3. a30T dHe ¢ochop MHUHEpaIbI
TBIHAUTKBIIITAPBIH €HTi3yMeH epekKIie 60JI/bl.

TyliiHOi ce3dep: TONbIpaKThl BHJAeEY, Tikesel cebGy, TONbIPAK ThIFbI3/JbIFbl, OHIM/I bLIFaJ,
KY3/iK 6UJal/IbIH COPTTAPBI, TEIHANUTKDIII, ACTHIK, dKUHAY.

SUMMARY
G.T. Kunypiyaeva'*, R.K. Zhapaev?, S.S. Abayev?, M.ZH. Ashirbekov*,

R.Zh. Kushanova?, A.A. Zhapparova?, N.V. Malitskaya3, B.B. Doskenova3

THE IMPACT OF SOIL TREATMENTS AND FERTILIZER APPLICATION RATES ON
INCREASING THE YIELD OF WINTER WHEAT VARIETIES IN SOUTHEASTERN
KAZAKHSTAN

1«Kazakh Scientific Research Institute of Agriculture and Crop Production» LLP,
040909, Almaty region, Karasai district, Almalybak village, Yerlepesova street, 1,
Kazakhstan, *e-mail: kunypiyaeva_gulya@mail.ru, mukhtar_agro@mail.ru

2«Kazakh National Agrarian Research University» Non-profit Joint stock Company,
050010, Almaty, Abaya ave., 8, Kazakhstan.
3M. Kozybaev Nortn-Kazakhstan University, 150000, North Kazakhstan region,
Petropavl city, Pushkin Street, 86, Kazakhstan

New and resource-saving tillage technologies meet the requirements of soil and
environmental agriculture to a greater extent than traditional ones (soil structure disturbance,
degradation, erosion, etc. are excluded). In agricultural culture, including in irrigated agriculture
of irrigated regions of Kazakhstan, new, non-traditional approaches based on the cultivation of
field crops are required, ensuring the achievement of potential opportunities for varieties and
hybrids of cultivated crops, with the aim of rational use of land and water resources, as well as
preserving and increasing potential soil fertility. The article provides long-term experimental data
on the advantages of resource-saving technologies and their positive impact on the quality and
cost of crop production, which compete with previously used traditional technologies. The
purpose of our research is to determine the effectiveness of tillage, the seeding rate of different
varieties of winter wheat and the dose of fertilizers to obtain a high yield of grain with the best
qualities. In the conditions of semi-secured bogara in the south-east of Kazakhstan, plowing to a
depth of 20-22 cm and minimal tillage turned out to be the optimal sowing period for the second
with a seed sowing rate of 3 million. germinated seeds per hectare and with the addition of 60 kg
of nitrogen and phosphorus fertilizers. The optimal sowing period with zero tillage was the third
with a seed sowing rate of 3 million. germinated seeds per hectare and with the addition of 60 kg
of nitrogen and phosphorus fertilizers.

Keywords: tillage, direct seeding, soil density, productive moisture, winter wheat varieties,
fertilizer, grain yield.
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A.J.Manum6aeBal*, .M. Amanrasiuesl, E.K. )Kycyn6ekos!, M. BaTbip6ekl,
A.M. ConranaeBa?l, A.M. Carum6aeBa?, K.Y. PycremoBa?, 2K.0. Omak6aeBaZ,

I.O. basaunioBa3

BJIMAHUE TPAJULIMOHHBIX U UHHOBALIMOHHBIX YIOBPEHUI HA
NMPOAYKTHUBHOCTbD JIbHA MAC/IMYHOI'O B YC/IOBUAX BOTAPBI I0OI'0-BOCTOKA
KA3AXCTAHA

1Kazaxckuli HQyuYHO-uccae008ameabCKUll UHCmumym 3emJiedenus u
pacmeHuesodcmea, 040909, AamamuHckas o6aacmy, Kapacatickuli patioH, ceso
Aamanvibak, ya. Epaenecosa, 1, Kazaxcmatn, *e-mail: malimbaeval 903 @yandex.ru

2KocmaHatickuli UHM#CeHepHO-IKOHOMUYeCKUll yHugepcumem umenu M. /[Jynamoaa,
110000, Kocmanatii, ya. YepHviwesckozo, 59, Kazaxcman

3Kazaxckuli HAYUOHANbHbBIL azpapHblli ucciedosamenbcKull yHugepcumem,
050006, Aamamel, np. A6as, 8, KazaxcmaH

AnHomayus.  HccnepoBaHuit 1o  u3y4eHHIO 3PQPEKTHUBHOCTH  MHUKPOYAOOpEHHUH,
KOMIIJIEKCHBIX Y[ 0OpeHUH C XeJaTHbIMU (GOPMaMHM MHKPO3JIEMEHTOB, OHOYZOOpEeHHMH U HX
COYETaHHUU B [TOCEBAX MOJIEBBIX KYJbTYP B I0Or0-BOCTOYHOM PETHOHE NIPOBEIEHO 0YeHb MaJlo, a 10
JIbHY MAacJA4YHOMY TMOYTH OTCYTCTBYIOT. MX uCHO/Nb30BaHHE B CEJbCKOXO3SHCTBEHHOM
IPOM3BO/CTBE PErMOHA pacCMaTPUBAETCS KaK JONOJHUTEbHBIN pe3epB B MOJyYEHUH BbICOKHX
U YCTOWYHMBBIX YPOXKaeB CEJbCKOXO3SHUCTBEHHBIX KYJbTYp. B CBSI3M € 3TUM HaMU NpPOBEJEHBI
3KCIIepUMEHTa/IbHblEe HCCAEA0BAaHUS Ha CBETJ/IO-KALITAHOBOM GorapHod I04YBe, B 30HE
HEJI0OCTaTOYHOrO0 YBJIXKHEHUs AJIMAaTUHCKOM o6JsacTd. lenplo ucciefoBaHUN SBJIAJIOCH
M3y4yeHHe JeWCTBUS TPAaJULMOHHBIX U HHHOBAIIMOHHBIX yZI06pEHUH U UX COUeTaHUH B 6aKOBOH
CMeCH; KOMIJIEKCHBIX YJ0OpPEeHHUH € xesaTHbIMH PopMaMH MHUKpPO3JeMeHTOB Mapku 13-40-13;
12-12-36; 3-11-38, u 6uoyno6penus Teppa Cop6 Kommiekc Ajsa mpeAnoceBHOH 06pabOTKHU
CeMSIH M HEKOPHEBBIX MOJKOPMOK Ha MPOAYKTUBHOCTb JIbHA MAacJAU4HOro. Pe3ysbTaThl
UCCJIe[JOBaHUH MT0Ka3aJd, YTO KOJIMYECTBO CEMSIH B KOPOGOUYKe ObLJIO HAWIYYIIMM B BapHaHTe
$oH + 4 sucToBble 06paboTKU 6akoBasg cMecb ¢ MAKPO+M3 u BapuaHTe $oH + 4 JIMCTOBbIE
obpaborku NPK ¢ M3J (mapku: 13-40-13; 12-12-36; 3-11-38) u npeBbllajgo BapHaHT 6e3
NpUMeHeHHUs yAoOpeHUH (kKoHTpoJsib) Ha 2,1 wT. Cpean M3ydaeMbIx BUZOB, $OpPM, CIOCOGOB,
CPOKOB U COYeTaHMUH yAoOpeHU Hanbosbinyto Maccy 1000 ceMsiH o6Gecneynsio mpuMeHeHHe 3-X
U 4-X TUCTOBBIX 06pabOTOK GAKOBOW CMeChI0 MaKpOyAOOGPEHUH C MHUKPOYAOOpEeHUsIMU U 3-4-X
JINCTOBBIX 06pabOTOK KOMIJIEKCHBIM YJOOpEeHHEeM C XeJaTHbIMU (OpMaMU MHKPO3JIEMEHTOB
Mapku: 13-40-13; 12-12-36 u mapku: 13-40-13; 12-12-36; 3-11-38 no ¢oHy MUHepasbHBIX
yAoOpeHUN U mpejnoceBHOW o6paboTku 6uoymobpeHueM Teppa Cop6 Kommsiekc mo 7.2 T.
Haubosbmuii c6op ceMsiH JTbHa Macan4yHoro copta Kapa6asnblkckuil 7 mosy4yeH Ha BapuaHTe GoH
+ 4 nuctoBble 06paboTKu 6akoBast cmecb ¢ MAKPO+M3, BapuaHTe QoH + 4 JIMCTOBBIE 06PAGOTKH
NPK ¢ M3 (mapku: 40-13-40; 12-12-36; 3-11-38), Bapuante ¢oH + 3 JHCTOBble 06paGOTKH
MAKPO+M3+BUO ypobpenue, BapuaHT ¢poH + 4 sucToBble ob6bpaboTku NPK ¢ M3+ BHO
ynobpenue 0,89 T/ra, a mpub6aBKa OTHOCHUTEJNbHO KOHTpOJA cocTtaBuaa 0,17 T/ra win 19,2 %.
[Ipu onpesesieHNH KavyecTBa ypoxKas JbHA MAacCJWYHOTO YCTAaHOBJIEHO, UTO JIyYlLIMe NMOKa3aTeau
»KHpa NOoJy4YeHbl IPU NPUMEHEHUU 4-KPATHOM JIMCTOBOU 06pabOTKU KOMIJIEKCHBIM yA00peHUEM
C XeJIaTHbIMU GoOpMaMH MHUKpO3JieMeHTOB Mapku: 40-13-40; 12-12-36; 3-11-38 mo ¢oHy
ynobpenunit - 42,0 %, a mpoTerMHa - MPU HCHOJIb30BAaHUHU 4-X JINCTOBBIX 06pPabOTOK OGAKOBOU
CMeCbI0 C MaKpo- U MUKpPOYA06peHUsIMH Ha y100peHHOM dpoHe — 28,4 %.

Kamwouesvle cnosa: neH MacAU4YHbIH, TPaAULMOHHblIE M HMHHOBAaLMOHHbIE YAOOpEHMS,
MUKPO3JIEMEHThI, 6H0Y06peHHE, YPOKAUHOCTD.
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BBEJIEHUE
B coBpeMeHHOM 3eMJyefeNud [
MOJIydeHUsI BBICOKHUX U  YCTOWYUBBIX

ypOXKaeB CeNbCKOX03HCTBEHHBIX KYJIBTYP
HeJJ0CTaTOYHO NPUMEeHEeHHEe TOJIbKO O HUX
MUHEepPaJbHBIX yJI06peHUH, HO U TpebyeT-
c  HCNOJIb30BaHHE  MUKPOYLOOpPEeHUH,
KOMILJIEKCHBIX yJJOOpeHUH C XeJAaTHbIMHU
dbopmMaMU MHUKpO3JIEMEHTOB, 6GUOYyAOGpe-
HUH W gp. OgHuUM U3 3QPeKTUBHBIX U
MNPOCTBIX CNOCOGOB NpPHUMEHEHUsI MHUKpO-
y06peHUil ABseTCs peJoceBHast obpa-
6oTka ceMsH. OHa o6ecrnieyrBaeT pacTeHUs
MUKpPO3JIeMEHTAaMH B CaMOM HauyaJle poc-
Ta, CHOCOOGCTBYeT aKTHUBU3aLMHU (U3HO-
JIOTUYECKUX U GMOXMMHUUYECKHUX MPOLEeCCOB
B NpopacTamplieM ceMeHu. [lis 3TOH 1eu
HCII0JIb3YIOT COJIM MUKpPO3JieMeHTOB [1-5].

CoBpeMeHHBIE MUKPOYA06peHUst
XOpOLIO pacTBOPUMBI B BoJie, 06J1aal0T
NPOJIOHTMPOBAHHBIM JleliCTBUEM, MOTYT
NPUMEHSTBHCS COBMECTHO CO CpeZCcTBaMU
3auuThel pacreHud. ObecneyuBasi pacre-
HUsSI HeoOXOJMMBIMHU 3JIeMEHTaMU NUTa-
HUsl, TMOBbIIA WX HWMMYHUTET, OHH
6e3omacHbl [JJIsl OKpy:Kawlled cpeabl MU
NPOCTHI B IPUMeHEeHUH [6, 7].

B HacTosllee BpeMsi MUKpPO3JIEMEH-
Tbl NPUMEHSAIOT B  3eMJeJleJIMM B
OCHOBHOM B ¢dopMe xesaToB. XeJjlaTHble
coelMHEeHUSs yIPOILAIT nporecc
YCBOEHUSl PACTEHUSIMHU MHUKPO3JIEMEHTA,
IOTOMY 4YTO OHHU IO CBOEMY YCTPOUCTBY U
CBOWMCTBaM OGJIM3KU K €CTEeCTBEHHbIM [JIs
’KMBBIX OPraHU3MOB coefuHeHHUsIM. Opra-
HUYecKass 000JI04Ka XeJslaTa CIOCOOHA
NPOHUKATh CKBO3b BOCKOBOE IOKPbITHE
JIUCTa BHYTPb, TAe XejJaT OTAAeT
NUATaTeJbHbIE 3JIEMEHTHI PACTEHHIO, HEOD-
raHUYEeCKUM 3JIeMeHT He MOXXeT B TaKOH
)K€ Mepe TMPOUTH CKBO3b 3alUTHYIO
0060Js104KYy [8, 9].

Wccne0BaHUAMY yYeHBIX U IPAKTH-
KOH 3eMJie[leJiusl  YCTAHOBJIEHO, YTO
KOMILJIEKCHbIE BO/IOPAaCTBOPUMBIE
yI06peHUs1 U OUOJIOTUYECKHE YI0OpeHUs:
OKa3bIBaIOT IOJIOKUTEJbHOE BJIMSIHHE Ha
ypOKalHOCTb CeJIbCKOX035MCTBEHHBIX
KyAbTyp. B co3fjaHuu [JJigd  pacTeHUH
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ONTUMAJbHBIX  YCJOBUHA MUTAHUA B
TeyeHHe BCEro BereTalMOHHOTO Mepuojia
HeoOXOAMMO  NpaBUJIbHOE  COYeTaHHe
OCHOBHOT'0 y106peHUs U moAKopMok [10].

JleficTBue JIUCTOBBIX YAO0OPEHHUU B
HEKOpPHEBBIX MOJKOPMKaxX 6a3upyeTcss Ha

OBICTPOM BKJIIOYEHHH B MeTaboJIU3M
OCHOBHBIX 3JIEMEHTOB MHWTAaHUA U UX
BJUSHUM HAa  OCHOBHble  OOMeHHble
IpoLeccbl, HEe3aBUCHMO OT KOPHEBOW

cucteMbl. IGPEKT CylLeCTBEHHOIO INOBBI-
IIeHUs1 YPOXKalHOCTHU CBsI3aH C MOBbILIe-
HUEM KOPHEBOIO YCBOEHUSl 3JIEMEHTOB
nutanud Ha 10-15% [11-13].

BakoBble cMecH U3 BOAOPACTBOPU-
MBbIX IPOCTBIX U KOMILJIEKCHBIX y100peHu
rOTOBAIT C Y4Y€TOM NOTPEeOGHOCTU 3JIeMeH-
TOB IMUTaHUs KYJbTYp B OIlpeJesieHHble
sTanbl opraHoreHe3a. Ha6op mnuTaTesib-
HBIX 3JIEMEHTOB DPETYJHUpYeTCsl B 3aBUCH-
MOCTH OT OHOJIOTHUYECKHX MOTPeOGHOCTEH
KYJIBTypbl B OTBETCTBEHHble [EPUOJbI
pocTa ¥ pa3BUTHUA. OHU MOTYT NPUMEHSAThb-
Csl COBMECTHO C MeCTULMJAaMU U CHUXKAThb
HX CTPECCOBOEe BO3JeMCTBUE HA pacTeHus,
He BJMAS Ha HUX 3OPEeKTUBHOCTD.
CmemuBass pas/jiMyHble BUAbl U GOpPMBbI
yAoOpeHUN B OaKOBBIX CMECSIX, MOXHO
BO3/IeMICTBOBAaTh Ha COZiep:KaHUe OeJIKOB,
CcaxapoB W (KHPOB B TeHEepPaTUBHBIX
opraHax pacteHuii [14, 15].

BuoynobpeHuss uiau GuolnpenapaThl
OpraHUYecKOW mOpUpoAbl (HA OCHOBe
MOPCKHUX BOJIOpPOC/IEHN, 6UOTYyMyca T.A.) 3TO
crelyajJbHble aHTHUCTPECCOBbIE YA0Ope-
HUS C BBICOKMM COJlepXKaHHeM pasHbIX
aMHUHOKHUCJIOT. [I[puMeHeHre WX MOMOraeT
pacTeHUsIM TPeoJi0JIeBaTh CTPECCOBbIE
CUTYyalluy, CTUMYJUPYET MeTabosu3M U
yCBOEHHE MUTATEJbHbIX BeLIECTB, MNpPHU
3TOM CyIeCTBEHHO TMOBBIAS YpOXKaul-
HOCTb M KayecTBO CeJIbXO3NMPOAYKIUHU
Jlaxke B HeGJAronpuUsTHBIX YCJIOBUSX
OKpy»Karlei cpeabl [16].

[IpotacoBa H. A., lllep6akor A. I
CYMTAIOT, YTO BHEKOPHEeBasl NOJKOPMKa He
3aMeHsieT OCHOBHOTO BHeCEeHHs YyHob6pe-
HUH, HO B psijie CJy4yaeB OHA BBICTYMAeT
KaK eJJMHCTBEHHO BO3MOXHBIH JIOIIOJIHU-
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TeJbHbIA HCTOYHUK 3JIEMEHTOB MHHe-
pasbHOro mnuTaHusA. JIMCTbA  OBICTPO
noromarT a3oT, pocdop, Kaaui, MarHuy,
a Tak)Xe MUKpPO3JIeMeHTbI, KOTOpble JIM60
HEIOCPeCTBEHHO BKJIIOYAIOTCS B CHHTE3
OpraHUYecKHX BeLeCTB, JIU60 MepeHoCsaT-
c1 B Jpyrue oOpraHbl pacTeHUH H
UCIOJIb3YIOTCA  BO  BHYTPUKJIETOYHOM
oOMeHe, OKa3blBasl MOJIOKUTEJbHOE BJIUS-
HUe Ha BaxkHeMline ¢H3HOIOIHYECKHE
nporeccol [17].

JlucToBasi MOJKOPMKAa HalllJla NPHU-
MeHeHUe B NMPOU3BOJCTBEHHON NMpPaKTHKe
Ha MHOTHUX KYJIbTYpax U B Pa3HbIX KJWMa-
TUYeCKUX ycJoBUAX EBpomnbl, ABcTpanuy,
Amvepuku, lOxHoti Adpuku u Poccum.
Pe3y/IbTaTUBHOCTb JIMCTOBOM MOAKOPMKHU
B 3aBUCMMOCTH OT TOYHOCTH NONAaJaHUs B
KpUTHYecKylo a3y TMoJIeBbIX KYJIBTYP
N03BOJISIET YBEJUYUTDh ypoxkaid Ha 11-18 %
v 6oJee [18].

[lepcieKTHBHBIM HalpaBJIeHUEM B
WHTEHCMBHOM 3eMJieJileJIMd BO3JesbIBa-
HUS  CeJIbCKOXO3IUCTBEHHBIX  KYJIBTYP
CTAaHOBUTCSI BHeJpeHHE B IPOU3BOJCTBO
HOBBIX  MHHOBALMOHHBIX  yAOOpeHU:
KOMIIJIEKCHBIX YA0OpeHHUH € XesJaTHbIMU
dbopMaMU MHKpPO3JIEMEHTOB, INPUTOTOB-
JieHWe CcOaJIaHCUPOBAaHHOW MO Habopy
NUTATEJbHBIX 3JIEMEHTOB 6aKOBOUM cMecH
C BOJOPACTBOPHUMBIMMU YAOOPEHUAMH, a
Takke OUOYJOOpeHHS  OpraHUYECKOU
npupoApl. B cBsI3u ¢ 3THM BHepBble B
yCJOBUSIX OT0-BOCTOKa KasaxcraHa Ha
CBETJIO-KAIITAaHOBOM OOTrapHOl MNOYBe B
N0JIEBOM 3KCIHEPUMEHTE Ppa3paboTaHbI
3dpdexTUBHBIE TPHUEMBI U CIOCOOBI (06pa-
60TKa ceMsiH, JIMCTOBAsl MOJKOPMKa) NpHU-
MeHeHUsl TpaJuLHOoHHbIX (amMModoc, Mo-
YyeBHHA, KaJMi CEPHOKHCJBIA) U UHHOBA-
[MOHHBIX  yZ06peHud  (KOMILJIEKCHbIE
yA06peHus ¢ XxeJaTaMU MUKPO3JIEMEHTOB,
Mapku: 13-40-13; 12-12-36; 3-11-38;
cbaslaHCUpOBaHHble 10 NUTaTeJbHBIM
3JleMeHTaM GaKoBble CMECH C y00peHus-
MU (kapbamuj + cynbdaT MarHus +
MOHOKa/iui ¢ocdatr + 6Goprtpak 150 +
nuHTpak 700 u 6uoygoopenue Teppa Copb
KomMmmiekc) A1 ibHa MacJUYHOTO.
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MATEPHAJIbI U METO/IbI

JKcrepUMeHTabHbIE UCCJIEJOBAHUS
NPOBOJMJIMCh HA ONBITHOM I0JIE ILJIOILA-
Aibl0 5,5 ra Ha moceBax JibHa MacCJU4HOTO.
[louBeHHBI MOKPOB GOrapHOro y4acTka
MpeJiCTaBJeH CBET/I0-KAalITAHOBOW MOYBOM
CPeJHECYTJIMHUCTOTO COCTaBa M Cpej-
HEMOIIHBIM I'YMYCOBBIM I'OPU30HTOM (46-
52 cM), cbopMHUpPOBAHHOH W3 MOYBOOGpa-
3YIOILHUX IOPOJ, — JIECCOBUJHBIX CYTJIMHKOB
Y [JIVH.

[ToyuBa ONBITHOTO y4YacTKa COAEPHUT
B IaXOTHOM cJioe obilero rymyca - 1,60-
1,90%. CopepkaHue o006Ilero asora
coctasaser 0,15%, obmero docdopa -
0,21 %, obmero kanuga - 1,67%. Peakuusa
IIOYBEHHOM CpeJibl NAaXOTHOTO IOPHU30HTA
cnabollesoyHass U CpejHellesouyHast OT
7,8 no 8,2%. llpenmecTBEHHUKOM JibHaA
MacJM4YHOro Obl1 sApoBoi suMeHb. [loceB
MPOBOAMJIN B ONTHMaJibHble Cpoku (1-5
anpesisi) cesiJIKOW ArpoMacTep ¢ HOpMOH
BbIceBa 40 kr/ra. [ny6uHa 3aieJIKU CeMSIH -
2-3 cM.

B omnbiTe NpuUMeHsJNUCh pasUYHble
BUAb, GOpMBI, CHOCOGBI M CPOKHU
yAOOpeHUsi: MUHepasbHble yA0OpeHUs], B
yacTHocTU Mo4deBHHa (N-46%), ammodoc
(N-12%, P-52%) u cepHOKHUCJBIA Kaaui
(K-50%) BHOCH/IMCh BECHOMH [J10 OCEBA MO/,
KyJabTHBanuw, ammodoc (N-12%, P-52%)
U cepHokucabid kanuit (K-50%) oceHbio
0  OCHOBHYH0  00pabGOTKy  IOYBBI
(Bcmamka Ha 20-22 cM) nmo 60 kr
JIeACTBYIOLIEr0 BelleCTBa y,06peHusl.

[ 06paboTKU ceMsiH MPUMEHSIN
o6uoygoopenue Teppa Cop6 Kommiekc,
coJiepKaluil cB0O60Hble aMHUHOKHUCJIOTHI -
20,0 %, opr. a3oT - 5%, 0o6mMMK a30T -
55 %, B-1,5 %, Mn - 0,1 %, Cu - 0,25 %,
Zn - 0,1 %, Fe - 1%, Mg - 0.8 %, Mo -
0,001 %, o611ree opraHU4YeCcKOe BeIeCTBO —
25 % B HOpMe 4,5 J1/T U A1 HEKOpHEBOU
MOJIKOPMKH B J103€e 2 J1/Ta.

Jl/is1 BHeKOpHeBOW 06pabOTKU CEMSH
roTOBUWJIACh 6aKoBasl CMeCh, COCTOAALASA U3
CleAyI0IINX MaKpo- U MHUKpPOYJ0OpeHuH:
MouyeBHHA Kapb6amuj (N - 46,2%) B nmo3e
5 kr/ra, cynbdat marnusa (Mg -16%, SOsz-
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32%) B gose - 1 kr/ra, MoHOKanui pocdart
(P20s- 52%, K20 - 34%) - 1 kr/ra uau
cyabdaTt kanusa (K20 - 51%, SO4- 45%),
ooptpak 150 (B -11%, N 4,7% +
agbioBaHThl), uMHTpaK 700 (Zn - 40%, N -
1% + agbroBaHThI) B 103e 0,1 Kr/ra.

Tak>ke 111 BHEKOPHEBOM 06pabOTKHU
pacTeHHMH  TNPUMEHSJU  KOMILJIEKCHbIE
yI0OPEHUST C XeJaTHbIMU GOpMaMU MUK-
poasieMeHTOB Mapku 13-40-13; 12-12-36;
3-11-38 B f03e 2 kr/ra.

BapuaHThI onbiTa:

1. KonTpoJb (6e3 yro6peHuit)

2. N60P60K60

3. N60P60K60 +06paboTka ceMsiH - GoH

4. ®oH + 3 aucToBble 06paboTKH bakoBoi

cMecbtlo ¢ MAKPO+M3  (®ou+3.J10
MAKPO+M3)
5. ®oH + 4 nucTtoBbie 06pa 60TKU bakoBoi
cmecblo ¢ MAKPO+M3  (Pou+4.J10
MAKPO+M3)
6. ®oH + 3 uCcTOBble 06pPabOTKHU

BUOyno6penue (Pou+0C+3.J10 BHO)

7. ®oH + 4 oucTtoBble 06paboOTKH
BUOyno6penue (Pou+0C+4.J10 BHO)

8. ®oH + 3 nucrtoBble 06paboTku NPK ¢ M3
(Mapku: 13-40-13; 12-12-36)

9. ®oH + 4 nuctoBble 06paboTku NPK ¢ M3
(Mapku: 13-40-13; 12-12-36; 3-11-38)

10. ®on + 3 .JMcTOBble 006pPabOTKHU
MAKPO+M3+BUOyno6peHue
11. ®on + 4 suctoBble 006pabOTKHU

MAKPO+M3+BUOyno6peHue
12. ®oH + 3 nuctoBble 06paboTku NPK c
M3+ BN Oyno6penue
13. ®oH + 4 auctoBbie 06paboTku NPK c
M3+ BUOyno6peHue

OnbIT pa3BepHYT B NPOCTPAHCTBE U
BO BpeMeHM, NOBTOPHOCTb TpexKpaTHas,
pacnoJioKeHHe [eJITHOK CHCTeMaThyec-
KOe, BapUaHTbl B MOBTOPEHUSAX pasMe-
1leHbl  peHJoMu3upoBaHo. [liowanb
ONBITHOH JeJHKHU cocTaBjsgeT 25 M2, B
OTBeTCTBeHHble (asbl pocTa U Pa3BUTHUSA
pacteHut  (5-6  sucTbeB),  Haudalo
«eJIOYKU» (8-9 JINCTHEB), «eJioy-
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Ka» (OyToHU3alMs, IIBETEHHE) MpPUMeEHs-
JIUCh JINCTOBbIE MOJAKOPMKH.

AHanu3 OT[OeNbHBIX arpoxuMuyec-
KHUX NOKa3aTesiell pacTeHUH, COAepKaHUSs
OCHOBHBIX 3JIEMEHTOB MUTAHUSI B IMOYBE
MPOBOJUIIH o COOTBETCTBYOLUM
[OCTaMm u OOIIENPUHATHIM METOJUKAM
[19] B akkpeauTOBaHHOU JiabopaTOpUU
Ne KZ.T.04.1405 ot 29 Hos16ps1 2023 ).

B JsabopaTopyuu TeXHOJIOTUYeCKOU
OIIEHKH 3epHa B pacTUTEJbHbIX 06pasnax
ompejiesisiid  CAefylOIlMe  IoKasaTeau
KauyecTBa: CoJepaHue MpPOTeHHa
MetonoM Kvenbpansa (IT'OCT 10846-91) u
UK - cnekrtpockonuyecku (FOSS), kupa -
HK-cnekTpockonus.

CraTdcTyUyeckass U MaTeMaTH4ecKast
06pabOTKH MOJyYeHHbIX 3KCIEPUMEHTAJb-
HbIX JIaHHBIX MpPOBeJieHa 10 NporpaMMe
STATISTICA-6 u o [loctiexoBy B.A. [20].

JJis 3alIUTHl JIbHA MACJAM4YHOrO OT
COPHOHM pacTUTEeJbHOCTU B dase esouKH
NpPOBOJMJIM  ONPbICKUBAaHHWE  6GAKOBOM
cMecblo Camypaii cynep B HopMe 540 r/ra
u l'epbuTtokc c HopMoit 0,54 Ji/ra.

CTpyKTypy ypoxad JibHa MacJH4-
HOrO ONpeJleJiiii B COOTBETCTBHUU C
MEeTOJUKON TpPOBEJIeHUsI TOJIeBbIX arpo-

TEXHUYECKUX ONBbITOB C MaCJAUYHbIMH
Ky/abTypamu [21].
Y6opky U ydyeT Yypoxas JibHa

MAacJHUYHOTO TPOBOJAWIM MO JeJITHKaM
CeJIEKIIMOHHBIM  KoMb6aiHoM «Winters-
teiger Delta».
PE3VYJIBTATBI U UX OBCYKJIEHUE

Pe3ysibTaThl JIaGOpaTOPHBIX aHAIH-
30B  CBUJIETEJILCTBYIOT, 4YTO CBETJIO-
KalITaHOBasi MO4YBa OMNBITHOTO Yy4acTKa
OT/IMYaJIaChb HU3KUM HCXOJHBIM COZepKa-
HueM rymyca B 0-30 cm cioe ot 1,53 % n0
1,86 %. Ilepen moceBoM JibHA MacCJU4YHOTO
HauboJIblIee ero KOJNYeCTBO OTMEYEHO B
BapuaHTe 13 (4-X JINCTOBBIX 06pabOTOK C
Makpo+M3+ BUOyno6peHre) u BapuaHTe
12 (3-x JucTOBBIX  06paboToOK C
MAKPO+M3+bUOyno6penne) mno ¢oHy
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MHUHEpPaJbHbIX y0OpEHUH W MpeJIoceB-
HOU 06paboTKU ceMsH 6uOyA0OpeHneM
Teppa Cop6 Kommiekc.

CpenHye 3HavyeHUs1 HabJIIOJANNCh B
Bapuadte 8 (PoH + 3 JsHCTOBBIE
o6pabotku NPK ¢ M3) - 1,69%, BapuaHTe
10 (®Pou + 3 nucroBblie o6paboTku NPK c
M3+ BUOyno6penue) - 1,68%, BapuaHTe
10 (Pon + 3 sucToBBIe 06pPabGOTKHU
BUOyno6penue), Bapuante 4 (PoH + 3

T'ymyc, MI/KT
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JuctoBble 06paboTku ¢ MAKPO+M3) wu
BapHUaAHTE 1 (N60P60K60) - II0 1,64 %.
Huskoe copepkaHve ryMmyca O6bLIO Ha
Bapuante 9 (PoH + 4 sHCTOBBIE
o6pabotku NPK c M3), BapuanTte 5 (PoH +
4 nucrtoBble o6paboTku ¢ MAKPO+M3),
BapuaHTe 13 (PoH + 4 1ucTOBBIE 06PAGOT-
k1 B Oyno6penue), GoOHOBOM BapuaHTe 2
Y BapuaHTe 1 6e3 BHeceHUs yA0OpeHUN U
BapbupoBasu or 1,52 10 1,54 % (pucyHok 1).

HutpaTHsIif a30T, MI/KT

120
100
80
60
40
20

3 BapHanT NN
4 papHaHT EEEEETEEE
5 papHanT NN

6 BapHaHT I
7 BapHaHT IS
8 BapHaHT HEEEITNEE

9 papHanT HEEEENNE
10 BapHanT TN
11 BapHanT EEEEEE
12 BapHanT IEEEETEE
13 BapHanT EEEEETNEN

Konrponr HEEE

N60P6OK 60 I

B Bcxone! M Gyronnsanus Mmepen ySopkoH

PucyHnok 1 - UcxonHoe copepkaHue 0611ero U JIabUIbHOr0 r'yMyca U JJUHaMHUKa
coZiepxkaHust HUTpaTHOro a3ota B 0-30 cM cJioe OYBBI B [IepUO/, BETeTaLUU JIbHA
MacCJIM4YHOTr0 B 3aBUCUMOCTH OT NPUMEHEHHUs Pa3/IMYHbIX BU/I0B U COUeTaHUHN
yAOOpEeHUH, Mr /KI

JlabopaTopHble vccae,0BaHUA
NOKasa/, YTO COJep:KaHue JIaOUJIBHOIO
ryMyca B IOUB€ He 3aBHUCEJI0 OT BHECEHUS
MHUHepa/JbHbIX yJOOpeHUH U HCIO0JIb30-
BaHMUA JINCTOBBIX NOAKOPMOK MHUKpPOYA06-
pPEHUSIMH, KOMILJIEKCHBIMH yI06PEHUSIMHU C
XeJaTHbIMH $OopMaMH MHKPO3JIEMEHTOB,
O6UOyJ0OpEHUSMU U HX COYeTaHUH B
Iepyuo/, BereTalluu JibHa MacjauyHoro. Ero
KOJIMYECTBO B [104YBe B TeYEHUU BCel Bere-
Tal U KyJbTYpPbl ObLJIO HU3KKUM U U3MEHS-
Jock oT 1120 mr/xr go 1730 Mr/xr.

Haubosibliee cojfiepkaHue JabUJIb-
HOI'0 FyMyca B [TI0YBe OTMedya/IMCh B Haya-
Jie BereTalMy JIbHA MacJA4YHOTO B Ipejie-
jax 1330-1730 mr/kr no BceM BapuaHTaM

onbiTa. K cepesiHe Beretanuu KyJabTyphl,
B a3y 6yTOHH3AIUM JibHA MaCJIAYHOTO
€ro KOJIMYeCTBO B MOYBe 6OJIbLllEe CHU3U-
JIOCh Ha KOHTpoJIe Ha 295 Mr/Kr, BBapyaH-
Tax 2-3 ¢ OpMMeHEeHHWEeM MHHepPaJbHBIX
ynoopenuit Ha 120-140 mr/kr, BapuaHTax
4-13 JMcTOBBIX 06pabOTOK C HOpHUMe-
HeHHEeM OAKOBOHM cMeCH MaKpoyAoOpeHUui
C MHMKDPOYAOOPEHHUAMH, KOMILJIEKCHBIX
yA0OpeHUH ¢ xeJaTHbIMU pOpMaMU MHK-
P03JIeEMEHTOB, KOMILJIEKCHBIX y/J0OpeHUH C
MUKPOYAOOPEHUAMU U OUOYI06pEHUEM HA
doHe  MHUHepaJbHBIX  yAOOpEeHUH C
npeanoceBHOM 06paboTKON ceMsH Ha 25-
170 mr/kr. K yb6opke cofepkaHue 1abUIb-
HOTO ryMyca B INOYBe yMEHbIIWJIOCh Ha
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KOHTPOJIbHOM BapuaHTe a0 1250 mr/kr,
Ha BapWaHTaX BHeCEHUs MUHePaTbHbBIX
ynobpenu 1-2 - mo 1250-1350 Mr/kr u

BapuaHTax 4-13 ¢ WcHnoJib30BaHUEM
JIMCTOBBIX MOJAKOPMOK TIOCEBOB JibHA
MacJau4yHOro Ha  ¢GOHe  MOYBEHHOTO

NpYMeHEeHHs] MUHEPa/lbHbIX YI0OpEeHUN U
ouoyno6penust no 1120-1480 mr/kr.
CrnenoBaTeslbHO, 3a BereTaTHBHBIN
Ce30H JibHA Mac/JMYHOTO HauboJblive
yMeHbIIeHUs] HaO0J/l0Jlaluch B BapHaHTe
6e3 BHeceHUs ya06peHU 1- Ha 480 Mr/kr
M B OCHOBHOM HeCYIeCTBEHHbIMH pa3HU-
[laMd B BapuaHTax 2-3 C NpUMeHeHHeM
MUHepaJbHbIX Y406 peHnit Ha 160-230 Mr/kr,
BapuaHTax 4-13 ¢ HcHoJib30BaHUEM
JILCTOBBIX MOJKOPMOK JIbHA Mac/JU4YHOI0
no ¢oHy MHUHepaJbHbIX YyJ00pEeHUN U
6uoyno6penus Ha80-340 mr/kr (prucyHok 1).
CopepkaHMe HUTpATHOrO a3oTa B
NOoYBe OT HayaJja BereTanud K yOOpKe
JIbHa MacCJMYHOr0 CHHXKaJlacb IO BCEM
M3y4yaeMblM arpomnpueMaM. I[lpu 3ToM
06ecrne4yeHHOCTh OYBbI 3TUM 3JIEMEHTOM
B TE€YEHUH BereTalyyd KyJbTypbl ObLIa Ha
ypOBHe O4YeHb HU3KOW W HU3KOHU obecre-
yeHHOCTU 11-41 Mr/Kr u3s-3a ero BbIMbI-
BaHUs B IVIybOKOJIeXKalllue CJI0U B pe3yJib-
TaTe BblINaJleHUs1 aTMOCePHBIX 0CaJJKOB B
BeCeHHe-jleTHUH nepuoAa. Haumenbline
KOJIMYeCcTBa HUTPATHOTO a30Ta B IOYBE
HabOJI0JJa/lMCb Ha KOHTpoJie U B a3y
BCXOJIOB, KOTOpble COCTAaBUJIU 23 MI/KT,
¢dasy OyToHusauuu - 16 Mr/Kr, nepef
yOOpKOHN ypoxasi JibHAa MacjiuyHoro - 11
Mr/kr. JlonoceBHOe BHeCeHHWE MOYEBHHBI
60 kr/ra [OelCTByWINEro BellecTBa
o6ecreynBalio MOBBIIIEHUE COJlePXKaHUSA
MaKpo3JleMEHTA B MOYBE MO0 CPAaBHEHUIO C
KOHTpPOJIEM B HauyaJjie Beretauud Ha 12-
18 mr/kr. B ¢pasy 6yToHHU3aLUK KOJIUYECT-
BO HHUTPATHOTO a30Ta B TIOYBEe Ha
y10OpEeHHBIX BAPUAHTAX YMEHBIIUJIOCH 10
20-32 Mr/kr u kK yoopke g0 14-23 Mr/xkr,
HO MpEeBBINIAJI0 KOHTPOJb COOTBETCTBEH-
HOHa4-16 mMr/kr u 3-12mr/kr (pucyHok 1).
JKclepuMeHTa/bHbIE JIaHHbIE, IPE]i-
CTaBJIeHHble Ha PUCYHKe 2 CBUJETEJb-
CTBYIOT, 4YTO JHWHaMHKa TOJABWKHOIO
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docdopa B BereTarMoHHbIN Mepuo/, JbHA
MacC/JMYHOr0 6blJa aHAJIOTUYHOM JUHAMU-
Ke HUTpaTHoro asorta. CozepxxkaHue
JJAaHHOT0 3JleMeHTa B ¢a3y BCXOJ0B Ha
KOHTPOJIbHOM BapuaHTe 6blLIa MO rpaja-
uuu b. [I. MauuruHa cpefjHell o YpPOBHIO
00ecIe4eHHOCTH 23 wMr/kr, ¢a3sy
OyTOHM3aLMU CHU3MJACh, HO OCTaBaJach
cpefHell - 16 Mr/Kr U K yOOpKe KyJbTYpPbl
YMEHBLINJIOCh [0 HU3KOr0 3HadyeHUs

11 Mr/kr.
BHecenue oceHblo ammodoca B
HOopMe Pgo  DNOBBICMJIO  KOJIMYECTBO

noABmwHOro ¢ocdopa B Mo4YBe B Hayase
BereTalyy B BapuaHTax 2-3 ¢ MUHepaJb-
HbIMM YAOOpPEHUSMH [0 TOBBILIEHHOIO
ypoBHs 34-35 Mr/kr u BapuaHTax 4-13 c
JILCTOBBIMM 06pabOTKaMH MOCEBOB JibHA
MacJM4HOro Ha ¢GoHe MHUHepaJbHBIX
yA0OpeHUN U MpeAnoceBHOW 06pabOTKHU
ceMsaH Ouoygo6penuem a0 33-40 mr/kr
TaK)Ke MOBBILIEHHOTO cogepxanus. K pase
OyTOHM3aLMM  KYJbTypbl  IOKa3aTeJu
3TOr0 3/1IeMeHTa NUTAaHUA YMEeHBLINJINUCh B
BapuaHTe 06e3 NpUMeHeHHUs YA00peHus [0
20 Mr/Kr, ocTaBasiCch B CpeJJHEM KOJIMYECT-
Be, B BapuaHTe € NeoPsoKso, yMeHbIIMINCH
o 29 Mr/kr 1 GoHOBOM BapuaHTe [0
28 Mr/kr, nepexojsi M3 rPYyIIbl MOYBbI C
NOBBIIIEHHON 00eclie4eHHOCTU [0 Cpej-
Hell.

3a MexdasHbIi Nepuoj; BCXOJbI-
OyTOHM3aLUsl COJEPKAHUE TOABHKHOTO
¢dochopa B moyBe B BapuaHTax 4-13 ¢
JINCTOBBIMM MOJAKOPMKAaMH IOCEBOB JIbHA
MacJIMYHOTO Ha poHEe MUHEPaTbHbIX y106-
peHull U GUOYA0OpeHHUs [Jisl MpPesoceB-
HOW TNOJKOPMKHU CeMsIH COKPaTHJIOCH [0
29-36 MT /KT YpOBHS CpeiHell U MOBBIlIEH-
HOM o6ecnieueHHOCTH. Ko BpeMeHH yOOpKU
JIbHA MacJU4YHOTO COJEPKAHUE MOABIK-
Horo ¢ochopa B NouBe yMEHBLINUJIOCH IO
BCEM M3y4yaeMbIM arponpuemMam, Npy 3TOM
B BapuMaHTax C YAOOpPeHUAMU ero
0CTaBaJIOCh 00Jibllle, YeM B KOHTPOJIbHOM
BapuaHTe Ha 7-15 Mr/Kr. (pUcyHok 2).

N3yyeHrne KaJMWHOTO COCTOSIHUA
NOYBBl  TIOKasajJgo, YTO COJAep:KaHHe
0OMEHHOro Ka/usl IOJ TO0CEBOM JIbHA
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MacJUYHOrO TPU OCEHHEeM BHeECEHUU
CepHOKUCJIOrO Kaiausd B HopMme 60 Kr
JleMCTBYIOILEr0 BellecTBa Ha reKTap ObLI0
HauboJsiee 3HAYUTEbHBIM B pa3y BCXOZ0B
M COCTaBUJIO B BapHUaHTe C y40OpeHUSIMU
302-328 mr/kr npu KoHTpoJie 271 Mr/KrL.
K ¢ase 6yToHHM3auMM JIbHA MaCJUYHOTO
HauboJibllee CHMXKEHHE ero KoJMYecTBa B
NOo4YBe OTMeyYya/oCh B BapuaHTe C MHUHe-
pasIbHBIMM y00peHUusiMMU Ha 37 Mr/KT,
3aTeM Ha GOHOBOM BapuaHTe Ha 30 Mr/Kr
M HauMeHbllee BapHaHTe KOHTpPOJA Ha
28 wMr/kr. 3HaudTesJbHOE yMeHbLIEHUE
0OMEHHOro Kajiusi B MO4YBE B YKa3aHHYIO
da3y pa3BUTHUSA pacTeHMH HabJl0Jjan0ch
IPYU HUCHOJb30BaHUU 3-X U 4-X JIUCTOBBIX
06paboTOK 6aKOBOW CMECbI0 C MaKpo U
MHUKPOYZOOpEeHUAMH COOTBETCTBEHHO Ha
49 mr/kr u 31 Mr/Kr u 3-x ¥ 4-X KpaTHbIX
ONPBICKUBAaHUN  OGUOYAOOpEHUSAMU MO

Tonapwxwsl Gocdop . MI/KT
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13 BapHaHT
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$OHY BHeCEHUSI MUHEPAJIbHBIX Y00 peHUH
M [OpeAnoceBHOM 06pabOTKH  CEMSIH
6uoynobpeHrueM Ha 52 Mr/kr u 31 Mr/Kr.
B BapuanTe ¢ 3-MA U 4-MSA JIMCTOBBIMH
06paboTKaMU C MakKpo- U MHUKpOyAob6pe-
HUSIMU U C OUOYJ0OpEeHHUEeM ero KoJiu-
4YecTBO B NM0YBE CHU3WJIOChH HAa 38 MI/Kr u
29 mr/kr u Ha 41 Mr/kr u 36 Mr/Kr Ha
dboHe  MHUHepaJbHbIX YA0OpeHUH U
6uoynobpenus. K y6opke JibHa Macjauy-
HOT'0 BEJIMYMHBI 3TOTO MOKa3aTesisi ObLIU
MUHUMaJIbHBIMHA M Ha KOHTPOJbHOM
BapuaHTe cocTaBwia 212 Mr/kr u B
BapHaHTax C y00peHUsIMU U3MEHSJIOCh B
AuanasoHe 241-280 wr/kr. O6ecrnedyeH-
HOCTb MOYBbl OOMEHHBbIM KaJUeM B Teye-
HUMU BCeW BereTaluyd JibHA MacJW4YHOIO
ObLJI0O HA YPOBHE CpeJHEel U MOBBILIEHHOU
cTeneHu (PUCYHOK 2).

OOMEHHEI KalHil, MI/KT

1000
800
600
400
200
0
ESEEEEEEEREEEE
SEEEEESEEEEE S
3
E@LEccce2siia
S A A @M MA@ AM@M @A A A
Mgmﬂ-va\omwc\g:ﬁﬂ

B BcXoJpl M OyToHH3anmusA M mepen yOopKoi

PucyHok 2 - [luHaMuKa cofiep>kaHus NogBHKHOTO pochopa 1 06MEHHOTO KalIHs B
0-30 cM cJ10e moYBHBI B IEPUO/L BereTalMy JIbHa MaCJIMYHOT0 B 3aBUCUMOCTH OT
NpUMeHeHHs Pa3/IMYHbIX BUJIOB U COYETAHUN yI0OpeHUH, MT /KT

CnoxuBIIKecs 6/1arONpUSATHBIE YCIO-
BUSA YBJIQXKHEHMS IOYBBI B IepHUOJ, Bere-
TallMy JIbHA MacJUYHOrO M NpPHUMeHeHHue
06aKoBOUM cMecH U3 MaKpo- U MHUKPOY/06-
peHUl, KOMILJIEKCHBIX YA0OpEHUH C XesaT-
HbIMU GOpMaMU MUKpPO3JIeMEHTOB, 6H0JI0-
rudeckoro ygobpenus Teppa Cop6 Komm-

JIEKC, MUHepaJIbHbIX yJ00peHUl MOJI0XKHU-
TeJIbHO TMOBJUAJM Ha GOpMHUpPOBaHUE
OCHOBHBIX [T0Ka3aTeJiell 3JIEMEHTOB CTPYK-
Typbl ypoxas. HccienoBaHusi moKasasw,
YTO OHM MNOBBILIAIU TYCTOTY CTe6JIecTos
pacTeHUM JIbHa Mac/JM4YHOIO IO CpaBHe-
HUIO C BAPUAHTOM 6€e3 UX BHECEHHUs (KOHT-
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poJib). 3HauyuTeJibHas TYCTOTA CTOSHUS
pacTeHUH HabJ04a1ach IPU IPUMEHEHUU
3-X U 4-X JIMCTOBBIX 00Pa6OTOK GaKOBOMU
CMEeCbI0 U3 MakKpo- U MUKpOYJOOpeHUH U
3-X ¥ 4-X JIUCTOBBIX 06PAabOTOK KOMILJIEKC-
HbIM yA0O6peHUeM C XeJaTHbIMU popMamMu
MHUKpPO3JIeMeHTOB (Mapku: 13-40-13; 12-
12-36) u (mapku:13-40-13; 12-12-36; 3-
11-38) Ha ¢doHe npeAnIOCEBHOM 06PabOTKHU
ceMsH U 06pabOTKU MOCEBOB 6HOymo6pe-
HueM Teppa Cop6 Kommiekc B mpepesax
292-296 wT./M2 B BapuaHTax ¢ 3-Mq U 4-
Msl JIMCTOBBIMU 06pabOTKaMU C MpUMeHe-
HUEM MaKpoyJLoOpeHUH C MUKpoynLobpe-
HUEeM U c 6uoyo6peHueM Ha QoHe mpej-
NOCEBHOUN 06pabOTKHU ceMsiH U 06paboTKU
MoCeBOB 6HOYyAOOpEHHEM TyCTOTa pacTe-
HUM yMeHbIlIA/Jach TaKXe He3HAYMTeJIbHO
Y OBIJIO CYLIeCTBEHHO BbIlLIE KOHTPOJIA Ha
40-41 wrt./M2 He3HauuTeNbHO MOBJIUSIU
Ha COXpPaHHOCTb pacTeHUuHh 3-x U 4-x
KpaTHble BHeCeHU: JaHHOro 6uoynobpe-
HUsA 10 GOHY MUHEpPaJbHbIX YA0OPEHUHN U
6uoyn06peHus], MUHEPAJIbHBIX YA0OpeHUN
C TpeANoCeBHOW 0OpabOTKOW CeMsH
o6uoynobpenrvem Teppa Cop6 Kommiekc,
TOJIBKO Ha BapUMaHTax MUHepaJbHbBIX
yAoOpeHui mpeBbllliaja KOHTPOJIb Ha 6-
13 wt. /M2

Ha yno6peHHBIX BapuaHTax KOJIU-
4yeCcTBO KOpOOOYEK Ha OJHOM pacTeHHUU
naMmensiyiocb or 10,2 mrt. go 17,9 T
HauMeHbllee UX KOJIMYECTBO HaOG/I0Aa-
JIOCh B KOHTpPOJIbHOM BapuaHTe 9,1 wmT. B
BapUaHTaX C HEKOPHEBbIMU 06pabOTKaMU
3aMeTHO ObLJI0O NPEUMYLIECTBO KOJTHUYECT-
Ba KOpO6OYEK Ha OJHOM paCTEeHHH, C
KoJsiebaHuaMH 12,5-17,9 T, Torga Kak Ha
KOHTposie 6b10 9,1 T B BapuaHTe
TOJIbKO OJJHUX MHHEpPAJIbHbIX YA0OpeHUuH
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Y BapUaHTe MUHEPAJbHbIX YAOGPEHUH C
npesnoceBHOU 06paboTKOM CEMSIH
6uoynobpennem Teppa Cop6 Kommiekc
O0TMeYa/ioCh He3HAyuTesIbHOe IpeBblllie-
HUe KOHTPOJISI 0 KOJIMYEeCTBY KOPOOOYeK
Ha OJJHO pacTeHHE.

BoJsiee 3aMeTHOe [JeHWCTBHE JIMCTO-
BBbIX 06pabOTOK C NMpUMeHeHHeM GaKOBOU
CMecu MaKpoyAobpeHUN C MUKpoyAobpe-
HUSIMM, KOMILJIEKCHBIX YA,00peHUi ¢ XesaT-
HbIMU $OpMaMU MUKpPO3JIEMEHTOB, KOMII-
JIEKCHBIX yI0OpeHUNl C MUKPOYL0OpeHHUs-
MU U OuoynsobpeHveM Ha ¢QoHe MHHe-
paIbHBIX YAO0OpPEHUM C MpejoceBHOMN
06paboTKON ceMsiH yKa3aHHbIM 0HO0Y/00-
peHHeM NPOSBUJIOCH HA KOJIMYECTBO 06pa-
30BaBLIMXCSl CeMSH B KOpPOOO4YKe U OBLIO
6os1bllie KOHTPOJIS HAa1,1-2,2 T. (pUCyHOK 3).

B BapuaHTe ¢ HCHOJB30BaHUEM
MaKpoyA0OpeHUN C MUKPOYJ0OPEHUSIMU U
6uoyq00peHueM W BapuaHTe C OUOY/00-
peHueM 1O yA06GpeHHbIM ¢GOHAM KOJIHU-
4YeCcTBO CeMsIH B KOpOOGOYKe OBbLIO Hecy-
L1eCTBEHHO BbIlle KOHTpoJid Ha 0,6-0,9 mT.
B BapuaHTe C BHECEHHEM MHUHEPAJbHbIX
yaobpeHuid U (QOHOBOM BapHaHTe UX
KOJINYECTBO OblJIO 3HAYUTEJbHO MeHblIe
10 CPAaBHEHUIO C KOHTPOJIEM.

BapuaHTbl JIMCTOBBIX IOJKOPMOK
JIbHA MacJM4YHOro Ha QoHe BHeCeHHUSs
MUHEpaJbHbIX VAOOpPEHHH B NOYBY H
npeznoceBHOU 06paboTKH CeMSIH
ouoygoopenuem Teppa Cop6 Komrmiekc
dbopMUpOBaNH TKEJTOBECHbIE CEMEHa IO
OTHOILEHUIO C BapUaHTOM 6e3 NMpUMeHe-
HUsA yaob6peHui. [lo BapuaHTaM MHHe-
pasbHBIX ymobpeHud macca 1000 cemsH
Obl1a OAMHAKOBOM W MpeBbIIala BAPUAHT
6e3 ynobpeHuit (koHTposb) Ha 1,0 T
(pucyHok 3).
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® ['ycTOTa pacTeHHi, mT./M2
B KomH4uecTBO ceMAH

B KommgecTBO KOpoGodek
mnMmacca 1000 3epen, T

PucyHok 3 - I[lokasaTesiv 3/1eMeHTOB CTPYKTYPhI YpOKasi JibHa MacJAUYHOTO COPTA
Kapa6anbIkcKHi 7 B 3aBUCUMOCTH OT IPUMEHEHHUS pa3JIndHbIX BUA0B, GOPM, CIOCOOOB,
CPOKOB M COYETaHUU yi06peHU

Uccnepyemble mnokasaTead CTPYK-
TYpbl ypoxasi OKasa/d peLialoliee BJIHS-
HUE Ha YypPOBEeHb YPOXKAWHOCTU JibHA
MacJM4YHOro B ycCJOBUSX Gorapbl. Hau-
MeHbIIMK COOp CeMfAH 3TOH KYJAbTYpbl
copra KapabGanbikckuii 7 mnoJjydeH MOpH
BO3/le/IbIBAaHUU ee 0e3 yAo6peHUN
0,72 T/ra, a mnpuMeHeHUE YAOOPEHUH
noBeimano ero ao 0,75-0,89 T/ra. Jlen
MacJHUYHbIN XOpOILO pearupyeT Ha MpoBe-
JleHHe JIUCTOBBIX 06paboTok. [I[puMeHeHue
KOMIIJIEKCHBIX YA0OpeHHUH ¢ XesJaTHbIMU
dbopMaMu MHUKpPO3JIEMEHTOB, KOMILJIEKC-
HbIX yAOOpEeHUH C MHUKpPOYAOOpeHHeM U
6uoynobpeHreM, 4-KpaTHOHW JIMCTOBOU
06paboTkax 6aKOBOU CMecbl0 W3 MaKpo-
yAoOpeHui 1 MUKpoyaobpeHui Ha ¢oHe
MUHEpa/JbHbIX YAOOPEHUW W NpeJnoceB-
HOU 06paboTKU ceMsH 6uUOyAOOpeHUeM
Teppa Cop6 Kommiekc yBesnuuBaiu c6op
cemsaH no 0,86-0,89 T/ra, a npubaBKa 1o
CpaBHEHHIO C KOHTpoJieM cocTtaBuia 0,14-
0,17 t/ra uan 16,3-19,2 % (pucyHok 3).
BapuaHThI 3-x U 4-X JINCTOBBIX 06PabOTOK
TOJBKO JAHHBIM OuolpenapaToM H 3-
KpaTHOU JIMCTOBOM 06pabOTKONW GakKoBOMU
CMeCbl0 MaKpOyAoOpeHUH € MHUKPOY/J06-
peHUH Ha poHe MUHepaIbHBIX YA06peHUI
M TpeanoceBHOW 00pabOTKM  CeMsH
6uoy/060peHreM o6ecredyuii HeGOoMbIION
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c6op cemsaH B mpenesax 0,81-0,83 T1/ra.
Cpeznu yno6peHHbIX BapUaHTOB MpPUMeHe-
HUe MUHepa/bHbIX yJJ0OpeHUH OTAeJbHO
Y B COYETAHUU C NMpeANnoCceBHON 06paboT-
KOU ceMsiH 6Moyao6peHueM obecneyrnBasia
MUHHMaJIbHbIE COOPBI CEMSIH U COCTaBUJIA
0,75 t/ra u 0,78 T/ra, a npubaBKUu coc-
taBuiau 0,03 t/ra u 0,06 T/ra uau 4,0 % u
7,7 % 10 OTHOLIEHHIO K KOHTPOJIIO (PHUCY-
HOK 4).

[lofkOopMKa IOCEBOB pa3JMYHbIMU
yAoOpeHUsIMU Ha QoHe MpPUMeEHeHUs
MUHEpaJbHbIX YAOOPEHHUH W MpeANoceB-
HOW 06paboTKON ceMsiH O6MOyAOOpeHHEeM
Teppa Cop6 Kommsiekc moBhllaja cofep-
»KaHMe KUpa B cEMeHax JIbHa MacJU4YHOTO
110 CpaBHEHHUIO ¢ KOoHTpoJsieM Ha 0,9-2,2 %.
Haubosbluive KoIM4ecTBa )KUpa B CEMeHax
obecrne4ynBa/ii BApUaHT QOH + 3 JIUCTOBbIE
o6pabotku NPK ¢ M3J (mapku: 40-13-40;
12-12-36) u BapuaHT ¢OH + 4 JIMCTOBBIE
o6pabotku NPK ¢ M3 (mapku: 40-13-40;
12-12-36; 3-11-38) COOTBETCTBEHHO
41,5 % u 42,0 %. Takke CyleCTBEHHO
coZiep>KaHue KUpa B CeMeHaX BO3pacTalio
B BapuaHTe QOoH + 3 JIMCTOBbIe 06pabGOTKHU
MAKPO+M3+BUOyno6peHre 1 BapuaHTe
doH + 4 snucroBbie o6paboTku MAKPO+
M3+BUOyno6penne nmo 41,2 % u 41,3
(pucyHok 4).
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PucyHok 4 - [IpolyKTUBHOCTb JibHA MacJU4YHOro copTa Kapabanbikckuii 7 B
3aBUCUMOCTH OT MPUMEHEHUS PA3IUYHBIX BU0B, popM, CIOCOBOB, CPOKOB U
coyeTaHUH y106peHUi

OcTasibHble BapUaHTbl JIMCTOBBIX
06paboTok Ha $oHe BHECEHHUS] MUHEDPaJIb-
HbIX yJOOpeHUH W NpejnoceBHON obpa-
O60TKOM ceMsIH JJaHHbIM OHOyAOOpeHueM
yBeJWYMBaAJd KOJUYECTBO KHUpa B ceMe-
HaX OTHOCHUTEeNbHO KOHTpoJs1 Ha 0,9-1,3 %.
He3HauuTe/ibHble MOBBILIEHUS >KHUpa B
ceMeHax OTMe4YaJMCb [0 CPaBHEHUID C
KOHTposieM B BapuaHTe NgoPeoKeo U
BapuaHTe NeoPsoKso+ 06paboTka ceMsiH Ha
0,3-0,4 %.

JluctoBbple 06pabOTKH MOCEBOB CIIO-
COGCTBOBA/IM HAKOIJIEHUIO MPOTEHMHA B
ceMeHax JIbHa MacJUYHOIo U HauboJibliee
UX coJiep>KaHre HabJI1101aoCh NPU NpUMe-
HeHUH 3-Xx U 4-X 00paboTOK 6GaKOBOU
CMeChI0, COCTOSIAsI U3 MAaKPOyJ0OpEeHUH U
MUKpPOYA0OpeHUN HA pOHEe MUHepaJbHbIX
yAoOpeHUN U 0O6pPabOTKU CeMSH JaHHbIM
O6uoy/I00peHreM COOTBeTCTBeHHO 28,3 %
nu 28,4 %. 3HauuTesbHOE COJep:KaHue
IpOTEMHA B CeMeHaX JibHA MaCJAU4YHOTO
obecrnieunBa/iv BapuaHTbl GOH + 3 JUCTO-
Bble o00paboTku MAKPO+M3+BUOyn06-
peHue U GoH + 4 JaUCTOBbIE 06PAGOTKHU
MAKPO+M3+BUOyno6peHue, mnpubaBKU
ero Mo CPaBHEHHUIO C KOHTPOJIEM COCTa-
Buau 1,1 % u 1,2 %. BapuanT ¢oH + 3 siuc-
ToBble 06paboTku NPK ¢ M3 (mapku: 40-
13-40; 12-12-36), BapuaHT ¢oH + 4 juc-
ToBble 06pa6boTku NPK ¢ M3 (mapku: 40-
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13-40; 12-12-36; 3-11-38), BapuaHT ¢oH +
3 nucroBble o6paboTkn NPK ¢ M3+
BUOyno6penue u BapuaHT $oH + 4 JIUCTO-
Bble 06paboTku NPK ¢ M3+ BUOymoGpe-
HUe 00ecreYrBaJy MOBbIIIEHUE TPOTENHA
B ceMeHax MeHblie g0 27,7 %, 27,9 %,
27,6 % u 27,7 % v npubaBKHU OT AAHHOH
MOAKOPMKU TPEBBbIMIAJM KOHTPOJIb Ha
0,7 %, 0,9 %, 0,6 % u 0,7 %. Hebosb110e
KOJIMYECTBO MPOTEHWHA B ceMeHaxX HabJIIo-
Jlasoch B BapuaHTe GOH + 3 JIMCTOBBIE
o6pabotku BUOypmobpeHue W BapuaHTe
¢doH + 4 nucroBble 06paboTku BUOyn06-
peHue no 27,5 %, a npubaBKa OTHOCH-
TeJIbHO KOHTpoJisg coctaBusia mno 0,5 %.
MuHMMaNbHOE COJlep>KaHue TNPOTEeUHA B
ceMeHax Obwio B BapuaHTe NeoPsoKeo 1
BapuaHTe NeoPsoKeso+ 06paboTka ceMsiH 10
27,3 % u 27,4 %, 4T0 GOJIbIIIE KOHTPOJIS HA
0,3%wu 0,4% cooTBeTCTBEHHO (PUCYHOK 4).
3AKJ/IOYEHHUE

BereTanMoHHBIM Ce30H JibHA Mac-
JINYHOTO XapaKTepHU30BaJicd 0OGUJIbHBIMU U
YacTbIMM  BBINAJIEHUEM  JOXKJEeH B
MOCJIENNOCEBHOW TMepHoJi W HadyasbHbIX
dazax BereTanuu C HeGO/IbIIUM
TEMIIEPAaTYPHbBIM PEXHUMOM, TEIJIOH |
JOKAJIMBOM IIOroZloM B Mae Mecsle,
HapacTaHUeM TeMIlepaTypod BoO3/yxa, B
OT/Ae/IbHbIE JHU JKApPKUM JIETOM W
HEe3HAYUTEJbHbIM BbINIaJ[eHUEM aTMOC-
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depHBIX 0CaZIKOB B HIOHE U B NEPBOH U
BTOPOH JieKaZle HI0JIsl, U 3aCyLIIMBBIMU
YyCJIOBHUAMU B TpeTbel JeKkase MI0JIA B
1epuo/ Co3peBaHus JIbHa MAaCJUYHOTO.

JKCllepUMeHTa/lIbHBIMU K CC/Ie/loBa-
HUSMHU YCTAHOBJIEHO, YTO JINCTOBBIE MOJ-
KOPMKH pas/IMYHbIMU BUAAMH, GopMaMHy U
cnocobaMM B TedyeHUMe BereTaluu JibHa
Mac/JM4YHOTO0 OKa3blBalOT MOJIOXKHUTENbHOE
BJMSIHME Ha I[oKasaTeJd 3JIeMEHTOB
CTPYKTYPbl ypoxas JibHa MacJU4YHOTO, €ro
YPOXKalHOCTb U T€XHOJIOTUYECKHEe KavyecT-
Ba CeMSH.

CaMble Jiydlive MoKasaTeJd TYCTO-
Tbl CTOSIHUSI pacTeHUH obecrneuynBaIu
BapuaHT GOH + 4 JIMCTOBblE 0OPAGOTKU
b6akoBasi cMecb ¢ MAKPO+M3 u BapuaHT
¢oH + 4 nucrosele o6paboTku NPK ¢ M3
(Mapku: 13-40-13; 12-12-36; 3-11-38) no
296 wT./M% 1 6bLIO GOJIbIIE BapuaHTa 6e3
yroopenuit Ha 52 wT./M2 [lo BapuaHTam
yAoOpeHU HHU3Kas COXPaHHOCTb pacTe-
HUH Ha MoJsie HabJloJjasack B BapuaHTe C
IpUMEHEeHHWEM TOJIbKO OJJHUX MHHepaJb-
HbIx yaobpeHuid B HopMe NeoPeoKso u
coctaBuJio 250 wT./M2.

Cpenun BapUaHTOB JIMCTOBBIX 06pa-
60TOK HauboJsbllee JelCTBUE HA KOJIU-
4YeCcTBO KOpo6oYeK Ha OJHOM pacTeHUH
(17,9 wT.) okasajno npuMeHeHHe 4-KpaT-
HOM MOJKOPMKHM B Te4YeHHe BereTalUH
JIbHA MacJU4YHOro OGaKOBOW CMecH U3
MaKpoyAobpeHU U MHUKpPOyZOOpeHUH Ha
¢$oHe BHeceHUs] MUHEPAJIbHBIX YA0OpEeHUN
M TOpeAnoceBHOW 00paboOTKM  ceMsH
6uoynobpenvem Teppa Cop6 Kommiekc u
NpeBbIIaJI0 KOHTPOJIb Ha 8,8 wT. BapuaHTt
C NpUMEHEHHWEM TOJIbKO MHUHEepaJbHbIX
yiobpeHuit U (POHOBBIK  BapUaHT
chopMHUpOBaIM HaWMeHblIee KOJUYeCTBa
KOpOoOOYeK Ha OJAHOM pPACTeHHUHU U ObLIO
Bblllle KOHTPOJIbHOTO BapyaHTa Ha 1,1 wT.
¥ 1,5 IIT. COOTBETCTBEHHO.

MakcrMasibHble KOJIMYeCcTBa CeMsIH
B KOp0O6OYKe HabJ/10Aa/uCh B BapyuaHTe 9
Py NPUMEHeHUHU 4-X JINCTOBBIX 06pabo-
TOK 6AKOBOM CMechbl0 C MaKpoyJ0OpeHHs -
MU U MHUKPOYZOOPEHUSMU U 4-X JIUCTO-
BbIX 06paboTok NPK ¢ M3 (mapku: 13-40-
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13; 12-12-36; 3-11-38) Ha d¢oHe
HCII0JIb30BaHUSI MUHEPAJIbHBIX YA06pEeHUH
M TpeANoCeBHOM 00pabOTKH  CeMsH
JIaHHBIM GHUOyIO6peHUEM JI0 7,2 WIT. MpH
koHTposie 51 wT. Ha ocranbHbIX
BapUaHTaX yJJ0OpPeHUH KOJUYECTBO CEMSH
B KOpOOOuKe jgocturaia 5,5-7,0 mT, 4TO
6osbliie KOHTpPOJIs Ha 0,4-1,9 T

JlucTtoBble TOAKOPMKHA Ha ¢oHe
NpUMeHeHHUS] MUHEPAbHBIX yI0OpeHUN U
npe/InoceBHOMN 06paboTKHU CceMsiH
6uoygob6peHueM obecnedynBaJd — MaccCy
1000 cemsiH Ha ypoBHe 7,0-7,2 1, 4TO 6bLIO
OJVHAKOBBIM WJMU OoJibllle, YeM B
BapHaHTaX MHHEpPAJbHBIX YAOOpEeHU u
Bblllle KOHTpoJsdA HA 1,0-1,2 1.

[IpuMmeHeHHUe 4-X JIMCTOBBIX 06pa-
60TOK 0aKOBOM CMeChbi0 C MaKpoyao00-
pPEHUSIMHU U MUKPOYAOOPEHUSAMU, 4-X JIUC-
TOBbIX 00pabOTOK KOMILJIEKCHBIX yA06pe-
HHUEM C XeJJaTHbIMHU GOpPMaMHU MHUKpO3Jie-
MeHTOB Mapku: 40-13-40; 12-12-36; 3-11-
38, 3-x JUCTOBBIX 06pPabOTOK C CoyeTa-
HUEM MaKpOyJ06peHU#, MUKPOYA006peHu
U OuoymobpeHUd U 4-X  JIMCTOBBIX
06paboOTOK KOMIIJIEKCHBIM Y0OpEHHEM C
MUKpOYyA0OpeHUEM U OGUOYyAOOpEHUEM IO
¢$oHy mpuUMeHEHUS] MHUHEpPATbHBIX Y/06-
peHUl U npeAnoceBHON 06pabOTKHU CeMsH
6uoyg006peHrueM obecrnedrBau HaubOJIb-
MK cO0p CeMSH JibHA MACJUYHOTO COPTa
Kapab6asnbikckuii 7 - 0,89 T/ra, a npubaBka
OTHOCHUTEJNbHO  KOHTPOJISI  COCTaBUJIA
0,17 t/ra, unu 19,2 %.

JlucTtoBble TOAKOPMKH Ha ¢oHe
npUMeHeHHe MUHepPaJbHbIX YI0OpEeHUN U
npeAnoceBHOU 06paboTKu CeMsH
ouoygoopenuem Teppa Cop6 Komrmiekc
yJAydIIaJM  TEeXHOJOTUYEeCKHe KadecTBa
ceMsH JibHA MacJau4yHoro copra Kapa6a-
JBIKCKUH 7. CofepaHue Kupa B ceMeHax
0 BapuaHTaM JIUCTOBbIX 06pPaboOTOK
pocturano go 40,7-42,0 %, 4yTo npeBbl-
11aJiI0 BapuaHT 6e3 MpUMeHeHUs yj00pe-
HUM Ha 0,9-2,2 % u BapuaHThI C MHUHe-
pasibHBIMHU yi06peHusiMu Ha 0,5-1,9 %.

Haubosiblnee cosiep>kaHue nNpoTernHa
cbopMupoBasoch  Opd  MpPUMEHEHUH
4-KpaTHOM JIMCTOBOU 06pabOTKHU GAKOBOU
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CMecbl0 MakpoyAo6peHHH M MUKpoyAo6- 28,4 %. Ha ocTajbHBIX BapUaHTax MpHMe-
peHUI Ha $oOHe BHECEHUs] MUHepPa/JbHbIX HEHUS YA0OpPeHHWH KOJMYeCTBO MpOTeHHa
yoOpeHUN U MpoOBeJleHUs NMPEJINOCeBHON B ceMeHaX H3MeHsJock oT 27,3-28,3 %,
06paboTKU ceMsIH O6HUOYJOOGpPEHUEM [0 UTO Bblillie KOHTpPOJs Ha 0,3-1,3 %.

JlaHHas cTaThs ony6GJMKOBaHA B paMkax npoekta NeAP23486266 «PaspaboTarthb
3¢ dekTHUBHBIE NpUEMbl NPUMEHEHUS TPAJULMOHHbIX U MHHOBAILMOHHBIX yJ06peHUi
JUI  JIbHA MacJW4YHOrO B YyCJOBUAX 6orapel Ha 10ro-Boctoke KasaxcTtaHa»,
¢uHaHcupyemoro KomureToM Haykd MUHUCTEPCTBOM HAayKU U BBICIIEr0 06pa3oBaHUs
Pecny6sinku Kazaxcras.
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0. bassgunosa3
KA3AKCTAHHBIH OHTYCTIK IIBIFbIC AFIM/}F bl TOJIIMI XKEP )KAUFZ[APII)IHL[A
JOCTYPJII 2 KOHE MHHOBAIUAJIBIK, TBIHAUTKBIIITAP/IBIH, MAWJIbI 3bIFBIP
JAKBIJIBIHBIHBIH, OHIMIIJIITTHE 9CEPI

1Ka3ak e2iHWIiNIK HcaHe 6CIMOIK WapyaublLIbIFbl FbLAbIMU-3epmmey UHCMUmMymbl,
040909, Aamameol 06abicel, Kapacali aydanul, Aamanvibak, Epaenecos k., 1, Kasakcmat,

*e-mail: malimbaeval903@yandex.ru
2M./[ynamos amwviHdarbl KocmaHatl uHxiceHepAIK-3KOHOMUKA/IbIK YHUBEpcumemi,
110000, KocmaHati, Yepuviweeckutl keuteci, 59, Kazakcma
3Kasak ya1mmulk azpap/1blK 3epmmey yHugepcumemi,
050006, Aamamubi, Abas dauFbslabl, 8, Kazakcman

OHTYCTiK-IIBIFBIC aWMaKTaFbl ericTiK JaKblIJapblHAAFbl MHUKPOTbIHAWUTKBIIITAP/bIH,
MUKpO3JIeMEeHTTepP/iH xejaTTalfaH ¢opMajapbl 6ap KelleHAi GUOTHIHAUTKBIIITAPAbIH KoHe
oJIap/iblH, KOMOWHAIUAJIAPbIHBIH, THIMALIIriHEe 3epTTey/ep eTe a3, ajJl Malbl 3bIFbIP OOMBIHINIA
XYPri3iireH 3epTTeyJsiep KOKThIH Kackl. OJlap/bl 06JIBICTA ayblLI IIAPyalIbLIBIFBI OHJipiciHAe
naijlaaHy aybll LIapyallblIbIFbl JaKblIJapblHAH >KOFapbl K9HE TYPaKThl 6HIM aJslyJAblH
KOChbIMIlIa pe3epBi peTiHZAe KapacTblpbliaZbl. OcblFaH GailslaHBICTBI 6i3 AJMaTbl 06JIbICBIHBIH
BUIFAJABIJIBIFBl KETKiNiKCi3 alMaKTa OpHaJacKaH allblK Kapa KOHBIp TaJiMi TombIpak
KaFJalblHAA Toaxipubesik 3epTTeyJsiep »Kyprisgik. 3epTTeyAiH MakcaTbl J3CTYpJii >KoHe
MHHOBALMSJIbIK TBIHAWUTKBIIITAPAbIH, K9He oOJapAblH KocnacblHblH, 13-40-13 copTThl
MUKPO3JIEMEHTTEP/IiH XeJlaTTaJfaH ¢opManapbl 6ap KypJesi ThIHAUTKBIIITAPAbIH 9cepiH
3eprTey; 12-12-36; 3-11-38, 6MOTBIHAUTKBIIITap Maiibl 3bIFBIP OHIMALIIT] YITIH TYKbIMApPAbI
>)KOHEe >KaNbIPaKTbl TBHIHAWUTKBIIITAP/bl KOHE OJIapJblH KOMOWHANMsJIApbIH Ce0y aJiIblHAA
eHJeyre apHaJfraH Terra Sorb keueni. Mailsibl 3bIFBIP 6CIpYy MayCbIMbIHAAFbl OUBLIFBI aya-paibl
TONBIPAKTbIH, bUIFAJAbLIBIFEI MeH aTMocdepasblK TeMIepaTypaHblH, TOMEHJIri »afJailblHAa
KoJ1albl 60/4b1. KopanTarbl TYKbIMAAp caHbl GOHABIK, ONLUAAA €H kaKcbl 60sabl + MACRO +
ME 6ap 4 napak eHJiey pe3epByap Kocrnachkl xkoHe GOoH/BIK oniusa + ME 6ap 4 napak eqgey NPK
(6pena;: 13-40-13; 12-12-36) 3-11-38) >x0He THIHAUTKBIIITAPAbI KOJIAAHO6ANH HYCKaHbI (6aKbLIay)
2,1 nmaHa aceIpApbl. eKi kaFmadja Aa. 3epTTeJeTiH ThIHAUTKBIIITAPABIH, TypJiepi, dopMasaphl,
dictepi, Mep3iMepi MeH KoMOUHanusIapbIHbIH inriHAe 1000 TYKbIMHBIH €H, YJIKEH Maccachbl
MaKpOTBhIHANUTKbBIIITAP/IbIH, MUKPOTBIHAUTKBIIITApbl 6ap pe3epByapJ/ibl KocCMacbiMeH XdHe 3
>K9He 4 KalbIPaKThl 6HJey/epMeH 3 KoHe 4 KalbIpaKThl 6HA eyl KoJJJaHy apKblJbl KAMTaMachl3
eTisi. MapKaJibl MUKPO3JEMEHTTEPAiH XenaTTaaraH ¢opmasiapbl 6ap Kyp/esi ThIHAWUTKBIIIIEH:
13 -40-13; 12-12-36 >xoHe Mapkajsap: 13-40-13; 12-12-36; 3-11-38 ¢oHBIHAA MUHEPAIIBI
THIHAUTKBIIITApP >K9He eric ajabIiHAarbl eHAaey Terra Sorb Complex, apkaWchicbl 7,2 T MauJIbl
JaKbLIZAp COPTBHIHBIH, 3bIFbIP TYKBIMAAPBIHBIH, €H YVJKEH KOJJIEKIUsAChl GOHAbIK onmus + 4
JKanblpaKThl eHJey pe3epByap KocmnacbiMeH KaMmTaMachbi3 eTisgi. MACRO + ME kemerimes,
¢boHabiK onnus + ME 6ap NPK 4 xanblpakTbl eHzey (6aranap: 40-13-40; 12-12-36; 3-11-38),
boHAbIK onuus + 3 xkanbipakThl eHAey MACRO + ME + BUOThiHaWTKbILI, GOHABIK onuus + ME +
BHUO teiHakTKpeIbI 6ap NPK 0,89 T/ra, *oHe 6aKbliayFa KaTbICTbI 6ciM 60161 0,17 T/ra HEMece
19,2%. Maiabl 3bIFbIP [JAKbLIbIHBIH, CalacblH aHbIKTAy Ke3iHJe eH JKaKCbl MaMWJbLIbIK
KepceTKillTepi MapKajbl MHKPO3JIEMEHTTEPAIH XeJaTTaJfaH d¢opMasiapel 6ap KypJaesni
THIHAWTKBIIIIEH KaNbIpaKThl 4 eceslik eHJAey/i Ko/JaHFaH/a ajJblHFaHbl aHbIKTa bl 40-13-40;
12-12-36; 3-11-38 TeiHaUTKbIITAp PoHbIHAA - 42,0%, as aKybI3 — ypbIKTaHAbIpbLIFaH GoHJA
MaKpoO- X9He MHUKPOTBIHAUTKBILITApPhl 6ap pe3epByap Kocmackl 6ap 4 »XamnblpaKTbl eHAEYAi
KoJiZaHFaHaa - 28,4%.

Tyliindi ce3dep: MaWJbl 3bIFbIP, [JOCTYPJi >KOHE HWHHOBAIUAJIBIK ThIHAUTKBIIITAP,
MUKPO3JIeMEHTTEP, OMOThIHAUTKBIII, BHIM/IiJIK.
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SUMMARY
A.D. Malimbayeva'*, B.M. Amangaliev?, E.K. Zhusupbekov?!, M. Batyrbek!
AM. Soltanayeval, A.M. Sagimbayeva?, K.U. Rustemoval, Z.0. Oshakbayeva?,
G.0. Bayadilova3

INFLUENCE OF TRADITIONAL AND INNOVATIVE FERTILIZERS ON THE PRODUCTIVITY
OF OIL FLAX UNDER DRAINED CONDITIONS OF SOUTHEAST KAZAKHSTAN

1Kazakh Research Institute of Agriculture and Plant Growing, 040909, Almaty region,
Karasai district, Almalybak v., Erlepesov, 1, Kazakhstan,

*e-mail: malimbaeval903@yandex.ru,
2Kostanay Engineerin g and Economics University named after M. Dulatov,
110000, Kostanay, Chernyshevsky, 59, Kazakhstan
3Kazakh National Agrarian Research University, 050006, Almaty, Abai, 8, Kazakhstan

Very few studies have been conducted on the effectiveness of micronutrient fertilizers,
complex fertilizers with chelated forms of microelements, biofertilizers and their combinations in
field crops in the south-eastern region, and almost none on oil flax. Their use in agricultural
production of the region is considered as an additional reserve in obtaining high and stable yields
of agricultural crops. In this regard, we conducted experimental studies on light-chestnut rainfed
soil, located in the zone of insufficient moisture of the Almaty region. The purpose of the research
was to study the effect of a tank mixture of traditional and innovative fertilizers with chelated
forms of microelements of the brand 13-40-13; 12-12-36; 3-11-38, biofertilizer Terra Sorb
Complex for pre-sowing seed treatment and foliar feeding and their combinations on the
productivity of oil flax. The weather conditions of this year during the vegetation period of oil flax
were favorable in terms of soil moisture and with low temperature conditions of the atmospheric
air. The number of seeds per capsule was the best in the variant with background + 4 foliar
treatments with tank mixture with MACRO+ME and in the variant with background + 4 foliar
treatments with NPK with ME (brands: 13-40-13; 12-12-36; 3-11-38) and exceeded the variant
without fertilizers (control) by 2.1 pcs. in both cases. Among the studied types, forms, methods,
terms and combinations of fertilizers, the greatest weight of 1000 seeds was ensured by the use of
3 and 4 foliar treatments with tank mixture of macrofertilizers with microfertilizers and 3 and 4
foliar treatments with complex fertilizer with chelated forms of microelements of the brand: 13-
40-13; 12-12-36 and brand: 13-40-13; 12-12-36; 3-11-38 against the background of mineral
fertilizers and pre-sowing treatment with biofertilizer Terra Sorb Complex at 7.2 g. The highest
yield of flax seeds of the Karabalyk 7 oilseed variety was provided by the background option + 4
foliar treatments with a tank mixture with MACRO + ME, the background option + 4 foliar
treatments with NPK with ME (brands: 40-13-40; 12-12-36; 3-11-38), the background option + 3
foliar treatments with MACRO + ME + BlOfertilizer, the background option + 4 foliar treatments
with NPK with ME + BlOfertilizer at 0.89 t/ha, and the increase relative to the control was
0.17 t/ha or 19.2%. When determining the quality of the oil flax crop, it was found that the best fat
indicators were obtained with the use of 4-fold foliar treatment with complex fertilizer with
chelated forms of microelements of the brand: 40-13-40; 12-12-36; 3-11-38 against the
background of fertilizers - 42.0%, and protein - when using 4 foliar treatments with a tank
mixture with macro- and microfertilizers against a fertilized background - 28.4%.

Keywords: oil flax, traditional and innovative fertilizers, microelements, biofertilizer, yield.

87


mailto:malimbaeva1903@yandex.ru

Arpoxumus IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

CBEJEHHA Ob ABTOPAX

1. ManumbaeBa Asamaryn J>)kymabekoBHa - 3aBejywolasg JabopaTopuei
MOYBOBEJEHUS WU arpoxuMHH{, KaHJAUJAT CeJbCKOX03ducTBeHHbIXx Hayk, ORCID ID:
https://orcid.org/0000-0002-3117-042X, e-mail: malimbaeval903@yandex.ru

2. AmadranueB bartbiprasuii MypsabaeBWd4 - CTapUIMid HAyYHbIH COTPYAHUK
JlabopaTopuU MOYBOBEeJEHUSI U arpOXUMHUHU, KAHAUJAT CeJbCKOX03SMCTBEHHBIX HayK,
ORCID ID: https://orcid.org/0000-0003-2621-6427, e-mail batyr110365@mail.ru

3. XKycynbekoB Ep6os1 KanapoBuy - cTapliuidi Hay4YHbIA COTPYHUK J1abopaToOpUU
NMOYBOBEJEHUS U arpoxXvMMHUHM, KaHAUJAT CeJIbCKOX03sWcTBeHHbIx Hayk, ORCID ID:
https://orcid.org/0000-0001-9177-8982, e-mail: erbol.zhusupbekov@mail.ru

4. Barpip6ek MakcaT baTblp6ekoBUY - HaAy4YHbIH COTPYAHUK JaboOpaTOpPHUU
noyBoBezieHus u arpoxumuu, PhD, ORCID ID: https://orcid.org/0000-0002-0081-2602,
e-mail: batyrbek-maksat@bk.ru

5. CosnraHaeBa Axepke Mpbip3abaeBHa - MJIAAIIUHA HaydHbIM COTPYLHHK,
JIabopaTOpUU NOYBOBEJEHHUS W arpOXUMHM, MarucCTp CeJbCKOXO3MCTBEHHBIX HayK,
ORCID ID: https://orcid.org/0009-0007-8205-3438, e-mail: soltanayeva@gmail.com

6. CarumbaeBa, AWHa MypaToBHa - Hay4YHbIH COTPYAHUK JiabopaTopuu
MOYBOBEJIEHUS M arpOXUMHUH, MarucTp CeJbCKoxX03s1icTBeHHbIX HayK, ORCID ID: https://
orcid.org/0000-0002-1481-2187, e-mail: ainasagimbaeva_78@mail.ru

7. PycremoBa Kapsibira YceHraiveBHa - MJIQ[UIMA Hay4dHbIA COTPYAHUK
JlabopaTopuUd MOYBOBEJEHUS M arpPOXUMHM, MATrUCTP CeJbCKOXO3SHMCTBEHHBIX HayK,
ORCID ID: https://orcid.org/0000-0001-5086-2790, e-mail: karligaw_91@bk.ru

8. Omak6aeBa Mysnapi3 OpbIHTAUKbI3bI - HPOPEKTOP MO aKaZeMUYeCKOMY
pasBuUTHIO, K.0.H., AccounupoBaHHbiii [Ipodeccop, ORCID ID: https://orcid.org/ 0000-
0002-4409-7444, e-mail: Zh.oryntaevna@gmail.com

9. BasgunoBa ['ynbcyn OHrapoBHa - AccouuupoBaHHbIN [Ipodeccop kadeapsi
arpOHOMMUH, CeJIEKI[MM M OGUOTEXHOJIOTUH, KaHAuaT 6uosiorndeckux Hayk, ORCID ID:
https://orcid.org/ 0000-0003-2858-4047, e-mail: zhalaiirka_kushik@mail.ru

88


https://orcid.org/0000-0002-3117-042X
mailto:malimbaeva1903@yandex.ru
mailto:batyr110365@mail.ru
mailto:erbol.zhusupbekov@mail.ru
mailto:batyrbek-maksat@bk.ru
mailto:soltanayeva@gmail.com
mailto:ainasagimbaeva_78@mail.ru
mailto:Zh.oryntaevna@gmail.com

Arpoxumus IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

MITAP 68.33.29
DOI: 10.51886/1999-740X_2025_2_89

A.3. Xuaupos?, A./l. Maamm6aeBal*, b.M. Amanraauen?, E.K. ’Kycyn6ekos!,
M.B. BaTbip6ek!, A.M. Carum6aeBal, K.Y. PycremoBal, A.M. CosTtaHaeBal,
A.M. llIn6ukeeBa?

BOP »KOHE MbIPBIII MUKPOTBIHAUTKBIIITAPBIHBIH, KAHT KbI3BI/IIIACHI
OHIMALIITTHE 9CEPI

1Ka3ak e2iHwinIK JcaHe 6CiMOIK WapyawblabIFbl FblAbIMU-3epMIMey UHCMUmMymbi,
040909, Aamameol 06abicwl, Aamanvibak, KazakcmaH, *e-mail: malimbaeval 903 @yandex.ru
2Kasak yammblk a2pap/iblK 3epmmey yHugepcumemi,
050006, Aamamel, Abaii daHFblabl, 8, KazakcmaHx

AnHomayusi. KazakcTaHHBIH, OHTYCTIK-LIBIFbIC 6HipiHAE cyapMaJjibl allblK Kapa-KOHbIP
TONBbIpAK  JKaFAalblHJA  MHUKPOTBIHAWTKBIIITAPABIH, acipece  60p  >dHe  MBIPbBIII
TBIHAUTKBIIITAPBIHBIH, OTAaHJBIK KAPKbIHABI TYpZAeri KaHT KbI3bLILIackl OyJaHAapbIHbIH
eHIM/iJliriHe oacepiHiH TUIMAiNIri KeTkisnikTi 3epTTesMereH. KaHT KbI3blLILIACBIH OCIpyAiH
3aMaHayd arpoTexXHOJIOTMAJApbIHAA MAaKpO3JeMeHTTepAIH asCblHJA »KalblpaK apKbLJIbI
KOpeKTeHJipy/Jie MUKpO3JieMeHTTep/Al Ko1AaHOakl, xoFapbl api cana/ibl ®HIM ajyFa MYMKIH eMec.
3epTTeyAiH MakcaTbl 60p MeH  MBIPbIII  ThIHAWTKBIIUTApbIHBIH,  K9He  OJIapAblH
KOMOHHaIUsapbIHbIH, KaHT KbI3blJILIACBIHBIH, KaHa OTaHJBIK OyJaHAapblHbIH ©HIMAiniriHe
acepiH 3epTTey 601/bl. BopAbIH eH Ken KUHa/Nybl KAHT KbI3bLILIACBIHBIH boJlamak 6y/JaHbIHbIH,
KaTap apaJbIFbIH/A KallbIpaKTap/blH TYHicy Ke3eHiHze 6aikanzbl. bysn fpaButa Boptpak 150
60p TBHIHAWTKBIWBIH koHe fpaBurta LluHTpak 700 MBIpBII TBIHAWTKBIIBIH 6ipre KoJIJaHFaH
ke3ge 47,0 Mr/kr pgeHreiiHfie aHbIKTaJaAbl. AJl MBIPBIITHIH €H >OFapbl MeJiepi Bosamak
Oy aHbIHbIH, KaTapJaFbl XKalblpaKTapAblH Tydicy ke3eHiHje 6aiikaubin, ApaBurta BopTpak 150
*koHe fpaButa uHTpak 700 ThIHAUTKbIIITApPbIH Gipre eHrisreH kesze 37,0 Mr/kr Kypazgbl. bop
Heri3iHeH MBIpBIIIKA KapaFaHJa Kell WIbIFApbLIAbl, al bosaliak OyZaHbIHBIH, TaMbIpXKeMicTepi
oHbI AGy/IXalbIp Oy/jlaHbIHA KapaFaH/a Kebipek »kuHaKTazAbl. EH xofFapbl kepceTkim ®oH+B+Zn1o
HYCKacblHZa GadKaubln, 647,5 r/ra Kypazbpl. MBIpBILITBIH €H KOl IIbIFapblIybl AGYJXalbIp
OyZaHbIHBIH, KallblpaKTapbIHAA 6aiKaaael *)kaHe fpaButa boptpak 150 xoHe flpaBuTa LlunTpak
700 TBIHAUTKBIIITApbIH KoJsjaHFaH Ke3je 384,3 r/ra xeTTi. bosamak 6yJaHbiHbIH 1 TOHHA
TaMbIpXKeMici MeH »KalbIpaFblH KaJbIITACThIPY YIUiH 1256,3 r/ra 60p *kaHe 727,2 r/ra MbIphILI
XyMcaiJbl, an A6ynxadblp OyAaHbl yuriH caiikeciHme 1153,9 r/ra xoHe 751,2 r/ra TYTbIHY
a"bIKTaAbL. Ochbl HYycKaia bostamak 6yiaHbIHBIH €H, KOFapbl TaMbIpXkeMic eHiMiiri — 82,0 T/ra,
KaHTTBUIBIFEI — 18,1%, ay KaHT *KHUHAY KepceTKimi - 14,8 T/ra meHreiiHae KaMTaMachbi3 eTiJi.
AGynxaiiblp OyZaHBIHBIH €H K0oFaphl eHiMAiiri fipaButa BopTpak 150 oHe flpaButa LluHTpak
700 TBIHAUTKBIIITAPBIH KoJiZJaHFaH Ke3ze 80,9 T/ra Kypaasl. Kant mesmepi @ou+B+Zn10 xoHe
®on+B+Zn5 HyckanapeiHga 17,9%, an KaHT >xuHay KepceTkimi @PoH+B+Znl0 HycKacblHAa
14,4 T/ra KypaJbl.

TyliiHOi ce30ep: KAHT KpI3blalIackl, 6yAaH, 60p, MbIPbILI, KalblpaK, apKbLJIbl KOPeKTeHAIPY,
OHIM/JIIK, KAHTThIJIbIK.

KIPICIIE KaHT KbI3bLIIIaChIHbIH, 6HIMAIIITIH KoHe

KaHT KpI3bUlIIAckl - OHTYCTik- KAHT JKMHAy MeJIIepiH apTTeIpy -
LWIBIFBIC ©HipAeri cyapMmasbl eriHwiaik OTaHABIK  KbI3blIIIA  HIAPYyallbLIbIFBI
YIIiH MaHbI3/Ibl, )KOFApbl 6HIM X9He Tabbic CaJAChIHbIH GacTel MiHAeTTepiHIH O6ipi.
GepeTiH TeXHUKaJbIK AaKpLl. OHBIH Ta- Kasipri karpaija ThIHAUTKBILITAPABL,
MbIpkeMiciHge 16-20% KaHT »KuMHajafbl, MHKPO3JIEMEHTTEpPAl, OFapbl  ©HIMAI
al KaHT 3aybITTapblHJA 6HJey Ke3iHje OYAAHJApAbl K9HE OCIMAIKTI  KopFay
OHBIH IIBIFBIMBI 12-15% Kypaiabl [1]. KYPaJjapblH KosAaHOal KaHT KbI3bUILIA-
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CbIH ecipy TuiMAi emec. OciMmfikTephiH
KOpeKTeHyi yuiH KaxeTTi 20-22 sjieMeHT
aHBIKTAJIFaH, OJIap MaKpo- 9He MHUK-
poasieMeHTTepre GeJsiHexi. Kemiprek, ot-
TeK K9He CyTeK ecCiMAiKTepre KOMipKbIll-
KbLJI Fa3bl MEH Cy apKblLibl TyceAi. by ane-
MEHTTep dJeTTe MUHepaIJbIK KOPEeKTeHY
TYPFBICBIHAH KApacThIpbLIMaisI [2, 3].
MukpossieMeHTTEp  ©CIMJIKTepAe
dbepMeHTTEPAiH TOJIBIK CIIEKTPIHIH CUHTE-
3iH KaMTaMacbl3 eTeJi, Oy 3HEeprusHbI,
Cy[bl >KOHe MaKpO3JeMeHTTepAi THiMAi-
pek nmaijasaHyfa MYMKiHAik 6epegi. Onap
oCiMAIKTepAiH, MMMYHUTETIH apTThIphII,
aypy/aapfa Te3iMAiIIriH KyueiTesi, Tabu-
FU-KJIUMATTBIK CTpeccTep MeH NeCTULUZ-
TepAiH acepiHeH TYbIHAAWUTBIH u3Ho0JI0-
TUAJIBIK, JeNpeCcCUdHblH, a/[blH aJjajpbl.
CoHpali-ak, TypJi ¢&epMeHTTIK mpolec-
Tep/liH 6eJICeH/II/IITiH apTTHIPFbIII HeMece
TeXeTil peTiHJe acep eTim, 3aT aJMacyZbl
KaKcapTazbl XoHe OeCIMAIKTIH eHiMziliri
MeH canacblHa OH, acep eTeAi [4-7].
CoHbIMEH KaTap, MUKpPO3JIEMEHTTepP
apTypJsi ¢epMeHTTepiH KodaKTopJapbl
peTiHze opekeT eTin, POTOCUHTE3 MpO-
necingeri  cyablH ~ ¢$oToau3i  Ke3iHAe
KYPeTiH TOTBIFY-TOTBIKChI3ZJaHy peaKLus-
JlapblHa KaTbIcaJbl. Mblicasibl, GOp/bIH
TO3aH, Ty3iJayi, T'yJAep MeH >XeMiCTepAiH
KaJ/IbIIITACYbIHAAFbl epeKlle peJli >KoHe
OHBIH, 6CIMAIKTep/iH ocyi MeH Kebeloi
yuriH MaHbI3bl Genrini [8, 9]. Kenrteren
3epTTeysiep KOpCeTKeHJel, KaHT KbI3bl-
IIACbIHBIH, GHJIPICTIK ericTepiHe MUK-
pO3JieMeHTTEpPMEH JKamnblpaK, apKblJbl
KOPEKTeHJipy 6apJiblK OHOXUMUSJIBIK,
*koHe (U3UOJIOTUSIJIBIK MPOIeCTepre OH
acep ereni. byn ecimaikrepniy mec-
TULUATEp MeH KopulaFaH OpTaHbIH
abMOTHUKAJIBIK (aKTOPJIApPbIHBIH CTpecc
acepiHe TO3IMJAINIrIH apTThBIpyFa bIKNAJ
eteni [10-14]. CoHbiMeH Karap, 9pbip
JIaKbLIFa GeJriii 6ip 3/IeMeHTTep KaKeT
[15-17]. MukpoasieMeHTTEP OCIMIiKTepre
eTe a3 MeJllepAe KaXeT oJIapAblH,
MeJIllepi eCiMAIK MaccacblHbIH, MbIHHaH
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)KoHe OH MbIHHaH 6ip 6eJiiriHe TeH.
Anaiifja, onlap/iblH 9pPKaMChIChI 3aT aJMacy
MeH 6CiMJIKTep/iH KOpPEKTeHYiHJe KaTaH,
6eJriJii 6ip GYHKLIMSHBI OPbIHAANbI 2KOHE
6acka 23JIeMEHTTepMEH  aJMaCThIPbLI-
Maibl [18, 19].

KaHT KbI3bLIIIAChIHBIH, TOJIBIKKAH-
bl KOpEeKTeHyiH KaMTaMachbl3 eTYAiH
Herisri 1mapThl TONbIPAaKTa HeETI3Ti
MaKpo3JieMeHTTep/liH (a30T, dpocdop kaHe
KaJIui) FaHa eMec, COHJIai-aK, MUKpO3Jie-
MeHTTep/iH (60p, MbIC, MbIpbILI, Mapra-
Hell, KOOAJIbT, TeMip, MOJIUOJEeH KoHe T.0.)
OHTaWJbl  MeJiuiepZie  OOJIybl  >K9He
onapAblH, eciMaikke Tycyi [20]. KaHT
KbI3bL/IIIAChIHbIH, KOPEKTIK 3JIeMEHTTepre
JereH KaKeTTiliriHig 6ackiM  6eJiiriH
KY3/ie Heri3ri TbIHaUTKbIII €HTi3y apKblbl
KaMTaMacbkl3 eTyre 6oJiazabl [21], anaiiga
a30T [eH MUKPO3JEMEHTTEP/IH, XKeTicney-
IIIJITIH JaKblIbIH BereTanusa Ke3eHiHze
Ko  THiMZipek. Kamblpak  apKbLibl
KOPEeKTeHJipy Ke3iH/le MUKPO3JIeMEHTTEP
90%-Fra pmeliH ciHipisice, TaMbIp apKblJbl
KOPEeKTeHJipy Ke3iHJe Oy KepCeTKill
20%-pab1 Kypaiapl [22]. Bop MeH MbIpbILI
KaHT KbI3bLIIIACKHI YIIiH 6acKa MUKpO3Jie-
MeHTTepre KaparaH/a MaHbI3AbIpaK. KaHT
KbI3bL/IIIAChl OGOPJbIH, JKeTicneyumiirine
cesiMTan JlaKbLIJapAbIH, KaTapblHa
»KaTaJibl. bop TammbLIBIFBl Ke3iHJEe ©63eK
mipyi 6alKa/bll, KAHTTBUIBIFBI ~MEH
eHiMZLIiri TeMmeHaenai [23]. Ocipece,
O60pAbIH KeTicmeyuiijiri »kac, ecin kese
Y)KaTKaH Myllejiepre KaTTbl 3cep eTei.
AnppiMeH eCy HYKTeJsiepi 3aKbIM/AHBIII,
6ipTiHZen eJemi.

BopjlaH 6acka, KaHT KbI3bLIIIAChI
MbIpBIITHl (lamameH 600 r/ra), mapra-
Henti (1000 r/ra mamacblHAQ) 3>K9He
mosinoaenai (30 r/ra mamacelHZA) Kell
MeJllllepZe CiHipin, TONbIpaKTaH LIbIFapa-
Zbl. OciMAiKTepAiH ecyi YIIiH MBIPbIIITHIH
MaHbI3bl OHBIH, @30T aJIMacyblHa KaTbICYbI-
MeH ThbIFbI3 6alJaHbICTBl. MBIPBIITHIH
dcepiHeH KaHTTap MeH KpaxMaJi/iblH,
CHHTe3i  ’KaKcapblll, KeMipcyJap/iblH,
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aKybI3JIbIK, 3aTTap/iblH, ACKOPOUH KbIIII-
KbLJIBI MeH XJ0POQU/IAIH >Kaalbl MeJi-
uepi aprazbl, ©CiMAIKTEPAiIH KypFfaKllbI-
JIBIKKA, BICTBIK I€H CYbIKKA TO3iMJiIiri
Kyluere/i. MbIpbIll KeTicriereH arfanaa
eciMIiKTepae TOTBIKCbI3JJaHFaH KaHTTap
)KMHAJIBII, Caxapo3a MeH KpaxMaJlJblH
MeJiiepi azaapl, OpraHUKa/bIK, KbIIIKbIJI-
Jap/iblH >XUHaJybl apTajibl, ayKCUH JeH-
refli TeMeHJEeWJi >KoHe aKybl3 CUHTEe3I
6y3bL1a/ibl. MBIPBIII TaNllbLIBIFBI Ke3iHJe
eciMIiKTep/ie aKybI3 KypaMblHa KipMeUTIH
A30TThIH, epirill KoCblIbICTAPhI — aMUATEP
MEeH aMUHKBIIIKbLIAAPbl KeINTel >WHa-
Jajbl [24].

Bop ThIHAWTKBILITAPbIHBIH, KAHTTHI-
JIBIKTBl apTTbIpyFa bIKNAJ €TeTiHI aHBbIK-
TaJIFaH: OJIapAbl Heri3ri eHrisy kesinge -
0,7-1,4%, >»xanblpakK apKplJbl KOpPEKTEH-
Jipy kesinzge - 0,3-0,9%, an TYKbIMZBI
eHaey 6apwichiHaa - 0,5-0,8%-ra geitin
KaHTTBUIBIK, KOFapblIan/bl [25].

Anmartsl xaHe XKeTicy 06/1bICTapbIH-
Jla KaHT KbI3bLJILIAChI ericTepiHje »KOoFaphl
MeJillep/ie MUHEPa/JbIK, ThIHAUTKbILITAP-
bl €eHri3y asiCblHJJa MUKPOTBIHAUTKBILI-
TapAbl KOPEKTeHAipril peTiHAe KoJija-
HYAbIH, THUIMJUIIrIH 3epTTey »KYMbICTaphl
a3 xkyprizinred. OcbiFaH 6aNJIaHBICTHI,
OHTYCTIK-IIBIFbIC OHIpiHIH KaFJalbIHAQ,
alllbIK-KOHBIP CyapMaJibl TONBIPAKTa, KAHT
KbI3bLIIIACBIHBIH, KaHa boJsamak xoHe
Abynxaliplp OymaHAapblHAA OOp JKoHE
MBIPbIII ThIHAUTKBIITAPbIH TUIMAI KOJI-
JaHY[bIH djicTepi MeH TaciaZepi ajifail
peT a3ipJeH/|.

MATEPUAJIIAP MEH SJICTEP

FeuieiMu 3eprreynep 2024 Kbliabl
«Kasak eriHuwijik »xeHe eciMjik 1iapya-
LIBLJIBIFBl FBUJIBIMU-3€PTTEY WHCTUTYThI»
JKUIC cyapmasibl Toxipubesik y4ackeci-
Ze, 0,6 ra anaHza eriireH KaHT KbI3bLI-
machl ankKabbiHAA Kyprisiagi. Toxipube
ajJlaHbl MeJIieKTepre OGeJiiHim, ym KailTa-
JIaHbIMHAaH TyYpAbl, TaHamTap XKy#esui
TYPZA€ OPHAJIaCTBHIPbUIABL. Op MOJJEKTIiH
aypanbsl 30 M2 Kypahabl. KaHT KbI3bLI-
LIACbIHBbIH,  aJIIIHFbl  JAKbLIbl  KY3JiK
ougan 60J1/bl.
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Taxcipube coi36acwl:

1. BakpLiay

2. N300oP150K300 - pon-1

3.0oH1+Bs

4.pon1+B o

5.poH1+7Zns

6.poH1+7Zn1o

7.poH1+B+7Zns

8.pon1+B+Zn1o

Tonbipak KyHapJblJIBIFbIHBIH, HETi3ri
KOpCETKIIUTEPIH »K9HE OHIM camnacbiH
Ta/llay, OHBbIH IWiHJAe Heri3ri KopekTik
ajsieMeHTTepAiH, (a3oT, ¢ocdop, Kajauii)
)KoHe MHKpo3JjeMeHTTepAiH, (6op MeH
MBIpbILI)  MeJillepiH aHBbIKTAy THICTI
MeMJieKeTTiKk craHgaptrapra (MEMCT
26205-91) xoHe Kaimbl KaObLIJaHFaH
dJlicTeMesiepre colKeC aKKpeJUTTe/reH
depTxaHaga (Ne KZ.T.04.1405, 2023
XKBUIFBI 29 Kapallia) xyprisinezi.

Taxipubesik anaHHbIH TONbIPaFbl —
opTallla TYMYCTbIK, KabaTbl 6ap alllbIK, Kapa-
KOHBIP TombIpaK. OHbIH KypaMbIH/a F'yMyC
MeJiiepi a3, rpaHy/JI0MeTPUSIIBIK, KypaMbl
opTalla ca3JaKTbl, (GU3UKaAJBIK Ca3/blH
MmeJiiepi 35-43%, an PU3UKAIBIK KyMbl
57-65% Kypanpl.

TonblpakThlH, ericTik KabaTbIHAA
»Kaanbl rymMycThiH, MeJuiepi 1,60-1,90%
apaJibIFbIH/IA, KA/l a30TThIH, MeJIIepi —
0,15%, >xanmbl dochopAblH MeJiepi -
0,21%, »xannbl kKaaunaig Mesiuepi - 1,67%
Kypaiabl.  TomnbIpakTblH  MHUHepaJs/bl
a30THeH KaMTaMachl3 eTijyi - eTe TeMeH
J)KOHEe TeMeH, >XbLDKbIMasibl ¢ocdop
TeMeH, ajJ ajJMaclajbl KajJui - opTalla
JleHreiie. KemipTek neH a3oTTbIH apaka-
TeiHacel (C:N) - 9,8, an CO:z (keMipkpILI-
Kbl rasel) meumepi — 3,1%. CiHipinren
KaTUOHJAp KypaMblHJa Kaablui (Ca) ken
- 12,0 mr/3kB 100 r, an marHuit (Mg)
alTapJsblKTak a3 - 2,5 mr/3kB 100 1, an
»kannbl keseMi — 14,5 mr/3ke 100 r TeH.
Tonblpak, epiTiHAICIHIH, peaKLUsChbl 3JICi3
cintini (pH = 7,8), Tonbipak Ty3/aHbaFaH,
1,5 M TepeHJiKTeri TBIFbI3 KaJJBIKTBIH
Meuiepi 0,1%-aaH acnaibl.
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TonbIpaKTbIH ericTik KabaThl aJici3
TBIFbI3JJAJIFAH, ThIFbI3AbIFBI — 1,21 r/CM3.
KeyekTisiri KaHafaTTaHapJIbIK — KeJieMi
53,4%. 0-20 cM KaGaTblHAA AHUCIEPCTi
dpaknusanapabig Mesepi 11-15%, ycak
mas, (0,005-0,001 mm) - 13-20%. 20-40 cm
KabaTbhIH/a Jiail dpakiusiap MeJepi 16-
22% neliH apThll, ycaK LIAHHBIH, MeJilepi
17-22% 6oJsagbl. ATPOHOMUSIJIBIK, TYPFbI-
JlaH GaFaJlaHaThIH arperaTTap/blH, Kypa-
MbIHA 6aiJIaHBICThI OYJ1 TONbIPAKTAP KaK-
ChI KOHE OTe XKaKChl Jlen 6aFasaHajpl — 54-
78%, an cy 39po3usiCblHa Te3iMAiJiK
OOMBbIHIIA KaHAaFaTTaHAPJIBIKCHI3 10-
20%. Cy epityre TesiMAi arperaTTap/blH
MeJillepi  KaHafFaTTaHapJIbIKCbI3  KOHeE
JKeTKinikci3 KaHaraTTaHapJblK — 10-30%.
TonbIpaKTblH, Cy OTKI3TIWITIri Kakcel, 76
MM/cafF Kypanabl. Kep acTbl CyJapbIHbIH,
TepeHJiri 5 M-JleH acajbl *KoHe oJiap
TOMbIPAK, TY3i/ly IpoueciHe acep eTNeN .

Jananeik, Toxipubene QuU3UKAJIBIK,
nicin >KeTiJlyi MeH TONBIPaKThIH TeMIle-
patypacel 8°C GosraH ke3fge, 12-14
coyipze Bosamak >xoHe AGy/nxaWblp KaHT
KbI3bLJIILIACHIHbIH, »KaHa OTaH/IbIK
6ynanaapsel eringi. Ery tepengiri 2-3 cwm,
as ceby meJepi rekrapra 1,2-1,3 ericTik
6ipsik, AFHU Gip MeTpre 6 J9H OOJIABIL
Herisri ThIHAUTKbIII peTiHAE KOKTeMJe
aMMuakTel ceautpa 300 kr/ra weJ-
nepiHjie KoJAaHbLIAbI, Ky3/e — aMmModoc
150 kr/ra »oHe xJsopJibl Kaui 300 kr/ra.
KaHT  KbI3bLIIIACBIHBIH, ~ OyJaHJapbiH
TaMbIpZlaH TbIC KOPEeKTeHAipy YiluiH 4-8
»Kanblpak Ke3eHiHzae, 10-12 xamnbipak
Ke3eHiHJe,  KaTapjafbl  »KaIlblpaKTap
Kabbl1y ¢asacblHJa K9HE apasibIKTaFbl
»KanbIpaKTap »Kabbl1y Ke3eHiH/Je 60pJibl
fApaButa BopTpak150 KoHe MBIPBIIIIEH
KopekTeHAipy yiiH ApaBura Lluntpak700
KoJIIaHbLI/bl. HycKanap 6oibIHIIIA €HTi3y
HopMaunapsl: Bs 1,5 si/ra (0,75% epitingi),
Bio 3 a/ra (1,5% epitingi), Zns 0,5 s1/ra
(0,25% epitingi), Znio 1 a/ra (0,5%
epitingi), B+Zns boptpak 150 - 0,75 Js/ra
+ Iluntpak 700 0,25 a/ra (0,5%
epitingi), B+Znio Boptpak 150 - 1,5 s1/ra +
[MunaTtpak 700 - 0,5 s/ra (1% epiTinai). Cy
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mwbIFbIHBL - 200 s/ra. AdpaButa BopTpak
150 6opJibl ThIHAWTKBIMIBIHAA 150 /71 6Op
»oHe 65 r/n azoT, an fApaButa LluHTpak
700 MBIPBIITHI TEIHAATKBIIBIHAA 700 T/01
MbIpBIII koHe 18 r/n aszoT 6Gap. byxa
MUKpPOTBIHAWUTKBIIITAPAbBl  €Hri3y YIIiH
TpakTopfa TipkesareHn OI-2000 Gypikkim
KOJIJAHBUIJABL, OJ1 KAHT  KbI3bLILIACHI
aJKabblH apaMIueNTepAeH Kopfay YLIiH
repOUIUATEPMEH Gipre nanaa aHbLI/AbI.

KaHT KpI3bLImachl OyAaHJApbIHBIH,
»KanblpaKTapbIH/A, TaMbIpXXeMicCiHJeri
60p MeH MbIpbII MeJillepi aToMAbI-ab-
COpOLUSAIBIK dJiC GOMBbIHILIA aHbIKTaJ/bl
(MEMCT 30178-96, MEMCT 50686-94).

KaHT KbI3bLILIACBIHBIH, €Ki O0yJaHbI-
HbIH, OHIMIH >KHHAy >KoHe ecellKe any
TaHaNTApPbIHJA TEXHUKAJIBIK [ICy Ke3eHiH-
Jle Kyprisingi, aFHu, Ty6ipsep eH Kofaphbl
Macca MeH KaHT KypaMblHa ue 060JFaH
ke3ne (12-15 kazad). KaHT KbI3bLIIIachI-
HBbIH, OHIMJiJIIri TaHanThIK Tapasbliaap-
Jlarpl  eceNTiK TaHANTBIK TOMbIPAaKTaH
TaMbIpJIbl  JAKbLIJApAbl Ta3apTKaHHaH
KeWiH eJilley apKblJbl aHBIKTaJI /b

KaHT KpbI3bLIIIACBIHBIH TYO6ipJepiH-
Jeri KaHT KypaMbIH aHBIKTAy Kasipri
NOJIAPUMETPUAJIBIK, aFbIHJbl CaXapUMeTp
AIl-05 KypanblHJa XKYprisinzi.

KaHT KpbI3bLIIIACBIHBIH TYO6ipJepiH-
JleTl Ka/qMii MeH HaTpud MeJilepi 3epT-
xaHaJsblK HoHOMeTp U-160MU KypasbiHza
aHbIKTaJ /bl

0-aMUH a30Tbl MeH KYKIPTTiH
MmeJiiepi I[13-5300B cnektpodoToMeTpsl
apKbl/Ibl aHBIKTAJI/bI.

3epTTey HOTHXKeJlepiH CTaTHUCTHKA-

JIBIK ~ ©HJey  JAUCIEPCHUSJIBIK  Tajajay
aficimen xyprisingi [26].
3EPTTEY HOTUKEJIEPI MEH

TAJJAY
MUKpPOTBIHAUTKBIIITAP MUHEpPaJ/ibl
ThIHAUTKbIIITAP N300P150K300 oHBIHA
9pTypJsi acep eTTi. MHUKpPOTBIHAWTKMbIIII-

Tap/bl KOJIJaHy BoJamak JKoHe
AbysxalbIp OyJaHJapbIHbIH,  TaMbIp
»KeMicTepiHzeri 60p MeH MBbIPbBIIITHIH,

MeJILIEepiH apTThIpAbl. bopablH, MeJepi
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BoJamak »xaHe AGy/sxailiblp Gy/aH/apbIH-
Jla KanblpaKTapAafbl TYHWisly Ke3eHiHJe
GaKblIayMeH CaJIbICThIPFaH/A COMKeciHLIe
2,4-6,2 Mr/kr xoHe 2,2-7,2 Mr/Kr apTThl.
KaTapapasblK KanblpaKTapAafbl TYyHiIy
Ke3eHiHe 6yJ1 KepceTKiulTep TuiciHie 3,5
-11,7 mr/kr xoaHne 10,0-15,5 Mr/kr 608l
MuIpbIIITHIH MeJIepi bosamak 6ygaHbIH-
Jla >KanblpaKTapZafrbl TYHUiJy Ke3eHiH[e
¢ou+Bs Hyckaceinza 0,8 mr/kr asaiira-
HbIMEH, KaTapapaJjblKTapZa Oy KepceT-
Kim 4,2 Mr/kr apTThl. KajafaH MHKpoO-
THIHAWTKbILITapMeH bosaiiak 6yaHbIH/A
MBIPBIIII ~ MeJIIIepi  KanblpaKTapAarbl
Tyiiny keseninzge 0,7-5,0 Mr/kr xaHe
KaTtapapasbiktapaa 1,7-7,0 Mr/kr ecti.
A6ynxailblp  GyJaHbIHJA  MBIPBILITHIH,
MeJilepi 6apJblK MUKPOTBIHAUTKBILITAP-
MeH KalblpaKTapAaFbl TYHily Ke3eHiHJe
1,7-9,0 Mr/kr >xoHe KaTapapaJibIKTapAaa
3,7-9,0 wmr/kr apTtTel. MuHepasgbl
TBIHAWTKBILITAP N300P150K300 Je
MUKpPO3JIEMEHTTEP/IIH, MeJIlIepiH YIFaiT-
Thl, 6ipaK O6apJibIK 3epTTeJreH OyJaH-
Jlapaa, eciMAik JaMybIHbIH 6apJiIbIK, Ke3eH-
JepiHZie, MUKpPO3JIeMeHTTepAiH MeJepi
1,0-4,0 mr/kr aptThl. [lerenMeH, bosamak
OyZaHBIHBIH, KaTapapaJiblK >KalblpaKTap-
JlaFbl TYHIJiCy Ke3eHiHJle OHbIH MeJepi
6aKpliayMeH caJjbIcTbipFaHia 0,8 Mr/kr,
aJl KaTapZaFbl Kanblpak, TyHiaicy ke3iHze
0,8 Mr/Kr TeMeHiereH.

3epTTey HOTWXKeJsiepi  GOMBIHINA,
Boslamak »xoHe AGysixaWblp OyAaHAApbI-
HbIH JKambIpaKTapbl MeH 6cCiMJIKTep
JlaMybIHbIH, 9p TYpJi Ke3eHjepiHae 6op
MeH MbIPBIIITBIH MeJilepi OaKbliayMeH
casbicTbipFaHga 0,4-18,0 mr/kr apTkaH.
EH xofapel 6op wMesuepi bosamak
OyZaHBIHBIH JKallbIpaFbIHAA 6AaWKAIbI, 0J1
»KanbIpakTap apacbIH/IaFbl TyUiny
ke3eHiHae 1,5 sa/ra menmepae fApaBurta
Boptpak 150 60p TBHIHAWTKBILMIBIH K9HE
0,5 n/ra mesmepae fpaButa luHTpak
700 MbIpBIII THIHAUTKBIIIBIH KOJJAAHY
asiCblHJ@ MMHepa/ibl THIHAWTKBILITAP
N300P150K300 KoCblIFaHaa 47 Mr/KT JKeTTi.
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Abysxaliblp 6yAaHbIHBIH, KalblpaFbIHAA
MBIPBIII MeJilllepi KanblpaKTap apachiH-
JlaFbl  TyHuIy Ke3eHiHae ¢GoH+B+Znio
HyckacbiHAa 41,0 mr/kr Gosazapl. EH a3
MeJllliepJiep >KalblpaKTapAarbl boJsamiak
O6ynaHbiHbIH, 10-12 kambIpak Ke3eHiH/e
7,0  Mr/Kr IKoHe JKamnblpaFbIHAAFbl
AGynxaiiblp  OyAaHBIHBIH  >KalbIpaKTap
apacblHZaFbl TyHiny keseninge 32,0 Mr/kr
6os1ibl. MUKpOKypaM/ibl ThIHAHTKbBIIITAP
6apJibIK, 3epTTeJNreH Ke3eHJepae 60p MeH
MBIPBIIITH] >KalblpaKTap/a, »KalblpaFblH-
Jla ’)KoHe TaMbIpXKeMicTepiHJe MUHepas bl
ThIHAUTKBILITAPDMEH CaJIBICTBIpFAaH/JA K6-
6inece 4,0-11,7 mr/kr >xaHe 6,0-15,0 Mr/kr
apTThIpAbl, ajJ OGaKbllayMeH CaJjbICThIp-
raHga 1,0-17,0 mr/kr xkaue 0,7-18,0 mr/kr
ecim oThIpAp! (cypeT 1).

3epTTeysiep HaTUKeCiHZAe bosamak
)KoHe AOyJxaWblp KAHT KbI3bLJILIAChI
OylaHJapbIHbIH TaMbIpXKeMicTepi apKbLIbl
60pabiH ciHipinyi N3ooP150K300 MUHEpaIABI
TBIHAWTKBILITApbl KOJAAHbLIFAH KaF[ail-
Jla apTKaHbl aHbIKTaJ/Jbl. ATan alWTKaH/a
Bs 6op TBIHAUTKBIMBIH 1,5 Ji/ra MeJie-
piHAe KoJJaHy OaKblIayMeH CasbICThIp-
faHga 355,0 r/ra xoHe 251,6 r/ra-ra
apTThipAbl. B1g 60p ThIHAUTKBILIBIH 3 J1/Ta
MeJlIepiHJe KoJiJaHFaH1a 6y/1 KepceTKi
360,1 r/ra »xoaHe 259,1 r/ra-fa ecTi. Zns
MBIPBIII ThIHAUTKBIIBIH 0,5 j1/ra MeJiile-
pinge enrizy 258,7 r/ra xaHe 296,5 r/ra
eciM 6ep/li. Znip MBIPBII ThIHAWTKBIIIBIH
1 »n/ra w™eJuiepiH/ie €eHri3y apKblibl
249,8 r/ra xanHe 313,0 r/ra-ra apTThl. B
(0,75 n/ra) + Zn (0,25 s/ra) Gipre Ko.J-
JlaHbLIFaHAa, 60pablH CiHipinyi 387,1 r/ra
»kaHe 360,0 r/ra-ra ecti. B (1,5 s/ra) +
Znio (0,5 n1/ra) 6ipre KoJ/JaHbLIFAH/AQ, €H,
JKOFaphbl eciM GalKaJblll, THiciHIIe
420,7 r/ra xoHe 385,0 r/ra geHreiine
)eTTi. Byl HaTMXKesiep GOpP MeH MBIPHII
THIHAWTKBIWITApPbIH YWJECIMAI KOJJaHy
KAaHT KbI3bLILIACH OyZaHAapbIHbIH, 060p
CiHipy Kabi/sieTiH apTThIpaTbIHBIH Kepce-

Tefi (cyper 2).
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Cypet 1 - Bosnaimak KaHT KbI3bLILIACKHI 6y/JaHbIHbIH, MUKPO3JIEMEHTTED
MeJILepiHiH AMHAMHUKAChlHA MUKPOTbIHAUTKBILITAPAbl KOJIJAHY/bIH 9Cepi, MI' /KT
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CypeT 2 - AGynxallbIp KaHT KbI3bL/IIIACh]I OY/IaHbIHBIH MUKPO3JIEMEHTTED
MeJllepiHiH IUHAMHUKAaChlHA MUKPOTBIHAUTKBIIITAPAbI KOJIJJAHY/IbIH 9Cepi, MT' /KT
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Bosamak »koHe AGyJxXaHblp KaHT
KbI3bLIIIACkl OyAaHAAPbIHBIH TaMbIpKe-
MicTepi apKbLibl  GopJblH,  CiHipinyi
N300P150K300 MUHEpangbl TbIHAWUTKBILITA-
PBIH KOJIIaHY HOTIXKeCiHJAe 6GakbliayMeH
casbIcThipFaH/ia Tuicinie 302,4 r/ra xaHe
203,0 r/ra-ra ecTi. Coa1 CUAKTBI, GOP/bIH
CiHipinyi »kambIpakK Maccacbl (KambIpak)
apKbLJIbl Jla apTKaHbl 6GalKaJbl, Oipak
TaMbIPXKEMICIIEH CaJIbICTBIPFaH/Ia 6y Kep-
ceTKill TeMeHipek 60Jiabl. Tek MuUHepaJ-

Jbl TBIHAWTKBILUITAD KOJIIAHbLIFAH Kaf-
JMaiifa bBosamak  OGyA@aHbIHBIH,  JKalbl-
paKTapbl apKbLJIbl OGOPABIH LIBIFAPBLIYEI
153,8 r/ra, an A6ynxaiblp O6yJaHbIHJIA
170,6 r/ra-ra ecTi. MUKpO3/IEMEHTTEPMEH
O6albIThIIFAH HYCKaJapZila ThIHAUTKBIII
KOJIJAHY asiCblHAA OOpAbIH JKalbIpak
apKbLJIbI MIBbIFAPbLIYybl boJamak 6y1aHbIH-
na  221,1-406,4 r/ra, an A6ysaxaWbip
oymaubiHaa 301,7-453,1 r/ra peHredide
Jleiin apTThI (cypet 3).

Herizri (1) xoHe Kocanksl (2) eHiMMeH Oipre KOPeKTiK JIeMeHTTePAiH
INBIFAPELTY B
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Cypet 3 - KaHT KbI3bLiLIachl 6y/JaHAapbIHbIH 6HIMMEH 6ipre MUKpO3JieMEHTTepA]
HIBIFApYHI, T'/Ta

Boslamak »xaHe AOy/IXallblp KaHT
KbI3bLIIACHI OyZaHAApbIHbIH, TaMbIpKe-
MicTepi MeH KambIpakKTapbl apKblibl
MBIPBIIITBIH, CiHipiayi 60pfa KapafaHja
TeMeH 60Js/ibl. MUHepaabl ThIHAWTKBbIII-
Tap asCbIHAA KamnbIpaKKa OYPKY apKblibl
eHJley >Kyprisinrenzae, boJsamak GymaHbI-
HbIH TaMbIpXKEMiCTepi apKbljibl MbIPbIIII-
ThIH, IIbIFapbuiybl 99,1-245,2 r/ra, an
Abynxaiiblp 6yganbinaa 123,0-284,3 r/ra
apasbIFbiHJa 604461 N30oP150K300 MesIIIE-
piHZle MUHepaJ/ibl THIHAWUTKBILITADP €HTi-
3iJIreH Karganga 6yJ1 KepceTKill THiciHIIe
83,2 r/ra xoHe 81,5 r/ra Kypanbl
Bosiamak »xoHe A6ysixaWblp OyAaHAApbI-
HbIH, KaNbIpaKTapbl apKblJbl MbIPBIIIThIH,
HIBIFAPbIIYbl MHUHEpasAbl TbhIHAWTKBIII-
Tap/ibl €Hri3yMeH CaJbICTbIPFaH/Aa Kalbl-
pakKa OYpKy TOCUIiH KoJIIaHFaH/a >KOfa-
pbIpak 60Ji/1bl. MUHepabl ThIHAUTKbIIII-
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Tap asAChIHJAA TaMbIPpMeH KOPEeKTeHJipy
XKYprizijireH  HyYcKasiapZla MBbIPBIIITHIH,
ciHipinyi 156,1-281,8 r/ra apanblfblHAA
e3Tep/ii, ajJl TeK MUHEepai/ibl ThIHAWUT-
KbIIITAp  EHri3UIreH  HycKajga  OyJ
kepceTkim 92,9 r/ra geHrenine 605l
KosjaHbLIFaH ThIHAWTKBIIITAP KAHT
KbI3bLIIIAChl  Oy/IaHJIAPbIHBIH,  KaJIIbl
MUKpPO3JIEMEHT CiHipyiH apTTBIpABI, aJj
GOpABIH MeJIIepi MbIPBIIINEH CaJbICTbIP-
FaHJa 1 TOHHA TaMbIPXKEMICTi KaJsbImTac-
ThIPY GapbIChbIH/A KOFapbl 606l Bosa-
makK OyJaHblHAA MHUHepaJpl ThIHAWUT-
KbIIITAP asCbIHAA MHUKPOTBIHANUTKBIII
KOJIIaHBLJIFAH KaFAalia GOPJIbIH, KaJIlbl
ci”ipinyi 900,1-1256,3 r/ra apajabIfblHJa
6osabl.  N3ooP150K300 eHrisisireHme Oy
kepceTkim 885,5 r/ra Kypaca, ThIHAWT-
KBIIITAp KOJIJJaHbIIMaFaH 6aKbliay HYCKa-
CbIH/A eH TeMeHTi 429,3 r/ra 6allKaajbl.



Arpoxummus

IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

Abysxalblp KAHT KbI3bLIIIAChl OYaHbIHAA
6opablH CciHipinyi Bosaimmak 6ynaHbIMeH
CaJILICTBIPFaHJa TeMeH 6o0Jijbl. Mukpo-
THIHAWTKBILITAp €HTi3iAreH karfaiija
869,0-1153,9 r/ra, NzooPi50K300 eHrisis-
regge 689,3 r/ra, an TBHIHAWUTKbILITAP
KOJIJaHbLJIMaFaH 0aKpljay HYCKACbIH/A
315,7 r/ra 6oJ/bl.

Bosamak »x9He AOy/IXaillblp KaHT
KbI3bLJIIIAChl  OyJaHJApbIHbIH  >KaJIIlbl
MBIPBIIITHIH, CiHipisnyi 60MbIHIIA albIpMa-
HIbLJIBIKTAP ~ aWTapJblKTalk  60JIMajbl.
MuHepangbl TbIHAWTKbBIIITAD apKbLIbl
MHKpO3JieMeHTTepMeH KOPEeKTeHipy
HyCKasJlapblHAA OyJ KepcCeTKilll THiciHIe
Bosamak 6yganbiHAa 489,5-727,2 r/ra,
Abynxaiiblp 6ymanbiHga 469,1-751,2 r/ra.
al TeK MHUHepaJbl TbIHAUTKBIIITAP
eHrisifireH HycKanapfa: bosamak 6yna-
HbiH/a 380,3 r/ra, AGysixaiiblp 6y/jaHbIH/A
359,6 r/ra. bakbuiay HycKacblH/J]a ColKe-
cinme Bosawak 6yzaHbiHAa 229,6 r/ra
Abynxalplp OymaHbiHAa 185,2 r/ra.
ConbiMeH, 1 ToHHa bosanak KaHT KbI3blJI-
macel OyAaHJapbIHbIH TaMbIpKeMicTepiH
KaJIbIITACThIPY VIUiH >KanblpaKneH Oipre
MUHepaibl TBIHAWUTKBILITAD asCbIHJA
MHUKpPO3JIEMEHTTEepAI  €eHrisy  KesiHje
TonbipakTaH 900,1-1256,3 r 6Gop xaHe
489,5-727,2 r wMblpblll CiHipineni, an
N300P150K300 MHHepanapl ThIHAWTKBILIbI
KOJIJ@HbLIFAaHa Oy KepceTKilTep
TuiciHnme 885,5 r xoHe 380,3 T 60J/bI
ThIHANUTKpBIIITAP KOJIIaHbIIMAFaH XaFJai-
Jla 6opablH ciHipinyi 429,3 r/ra 60JApbl.
AbynxaWiplp  OygaHbIHBIH 1  TOHHa
TaMbIPXKEMICTepiH KaJIbINTACThIpy YLIiH
»KanbIpakKneH 6ipre MHKpO3JieMeHTTepAi
eHri3y KesiHJle MUHepaJJibl ThIHANWTKBIIII-
Tap asgcbiHJA TonbipakTaH 869,0-11539 r
60p xoHe 469,1-751,2 r MbIpbILI CiHipi-
Jeni, aa MuHepadJbl TbIHAUTKBIILITAP
eHri3isireH/ie 6y/1 KOPCETKIIITEpP CONKeCiH-
e 689,3 r xxoHe 359,6 T 606l bakbliay
HYCKacblHAa 60pAbIH, ciHipinyi 315,7 r/ra,
MBIPBIIITHIH, CiHipinyi 185,2 r/ra 6o0u/bl
(cypet 3).

Boslamak KaHT KbI3bLILIAChl Oyaa-
HBIHBIH, 6HIMIiJTiTi AGYy/IXaiiblp OyZaHbIHAH
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THIHAWTKBILITAP KOJIJJaHbLIMaFaH HYCKa/la
4,0 T/Fa KOFaphbl 6OJIL[bI, N300P150K300
THIHAWTKBIIIBI €HTi3inreH Hyckaza 5,2 T/
ra J»Kofapbl, ajJl MHUKpPO3JeMeHTTEPMEH
KOopeKTeHAipy HaTwxkeciHge 1,1-4,5 T/ra
oFapbl 60Jbl. N3ooP150K300 MUHEpasiib
THIHAWTKBILITAPbIHBIH, KOFapbl MeJIIlepiH
KoJJaHy bBosamak koHe AOy/IXaibIp
OymaHAApbIHbIH, OHIMAIIIriH apTThIPAbI,
Tuicinme 75,0 T/ra xoHe 69,8 T/ra
Kypaabl, Oy/a 6GakKbliayMeH CasbICThIp-
rauga 30,0 T/ra xoHe 28,8 T/ra apThIK,
AzoT-docdop-kanuit HeriziHgeri MHUKpoO-
3JIeMeHTTEPMEH KOPEKTeHJipy HycKasa-
pbiHAa bosamak  koHe — AGy/Xailblp
OymaHaapblHbIH eHiMaiairi 78,1-82,0 T/ra
KoHe 74,2-79,2 T/ra apajbIFbIHAA GOJIbI,
oya 6aKblI1ayMeH CaJIbICTBIpFaH/a
TuiciHme 33,1-37,0 T/raxkaHe 33,2-39,9 T/
ra apTThl. bBop  TBIHAUTKBIIIBIHBIH
MeJiiepiH 1,5 sa/ra-gan 3 s/ra-ra geitin
apTTeipy bBosamak xeHe AOGyJxaibIp
O6yAaHAapbIHbIH, 6HIMJiIIrIH THiciHIIe 0,7
T/ra »x9He 1,3 T/ra apTThipAbl. MbIpbILI
THIHAWTKBIBIHBIH, MeJmepin 0,5 Jji/ra-
JaH 1,0 s/ra-Fa AediH apTThIpy THiciHLIe
0,7 T/ra xoHe 0,6 T/ra ecim 6epai. bipre
KOJIZIAHY *KaFJalblHJAa 60p MeH MbIPbIII
THIHAWTKBIIITAPbIHBIH, MeJmepin 0,75 Ji/
ra flpaButa BopTtpak 150 xane 0,25 s/ra
fApaBura Uuntpak 700-men 1,5 u/ra
fApaBurta Boprtpak 150 xane 0,5 s/ra
ApaButa LuuTpak 700-re feliH apTThIpy
eHIMALIIKTI calikecinue 0,8 T/ra »xxaHe 1,7
T/ra apTTeipAbl. EH KoFapel 6HIM
Bosamiak KaHT KpI3bLIIIAChl  OyaHbI
6oibiHIIa 1,5 s/ra flpaButa Boptpak 150
xkoHe 0,5 si/ra fApaBurta Luntpak 700
6ipre KoJsimaHbUIFAaH Hyckaga 82,0 T/ra
Kypaznbl (kecte 1).

Bop ’oHe MbIPhIII ThIHAWTKBILI-
Tapbl, BereTalusl Ke3eHiH/le MUKpO3Jie-
MEHTTEepMeH KOpeKTeH/ipy 6apbICbIHAA
Bosamak »xoHe AGyJaxallblp KaHT KbI3bLI-
macbl Oy/JaHAapbIHbIH TaMbIpXKeMicTe-
piHAe eH DJKOofapbl KaHT MeJlllepiH
KaMTaMachl3 eTTi, THiciHme 17,7-18,1%
»koHe 17,5-17,9% apasbifblHAQ, aa oJiap-
JIbIH, apTybl Gipaeit 60b1, aFHU 0,5-0,9%.



Arpoxummus

IlouBoBeaeHue u arpoxumus, Ne2(70) 2025

Tex MUHepa/ibl THIHAUTKBILITAPMEH KO-
pekTeHzipisireH HycKadapza NsooP150Kso0
TBIHAWTKBILIbIHBIH, KOJIJ@aHbLIybI bosamak
*KoHe AOy/xalblp OyAaHAApbIHBIH TaMbIp-
KeMicTepiHZeri KaHT MeJillepiH TeMeHi-
peK apTThipAbl, THiciHme 17,5% xoHe
17,3%, 6ys1 6aKplIayMeH CalbICThIpFaHAA
0,3% apThIK 60Jiabl. KAHTTBIH, eH >KoFapbl
>KMHaKTa/1ybl bosialllak KaHT KbI3bLJILIACHI
OyZaHbIHbIH TaMblpxeMicTepinge ApaBu-
TabopTpak 150 60p ThIHAUTKpIMIBLI 1,5 J1/Ta
koHe fpaButa LuHTpak 700 MbIpBIII
THIHAUTKbIWBI 0,5 Ji/Ta 6ipre KoJsAaHbLI-
FaH HYCKaJa 6alKa//bl, OHbIH KepceTKilii
18,1% kypazbl. An A6ynxaielp Oyza-
HBIHBIH, TaMbIpXKeMiCTepiHJe eH >XOFaphbl
KaHT  MeJepi  doH+B+Zns  xoHe
doH+B+Zn1o HYCKasapblHJa aHBIKTa/IbI,
6ys1 kepceTkimn 17,9 % 6osabl.

KaHT ’kuHaybl TbIHAUTKBIIITAP
KOJIJAHbIIMaFaH HYCKaJa eKi O6yaaH yuIiH

€H, TOMEeHTIi KepCeTKILITi KepceTTi, 0J1 6,9-
7,7 T/ra apaJblFbIH/A 60J1/1bl. MUHEpAIAbI
TBHIHAWTKBIIITApAbl KOFapbl MeJllepje
N300P150K300 Kosnmany Bosamak 6ygaHbi-
HbIH KAHT »HWHayblH 13,1 T/ra-ra, an
Abysxaliblp OylaHbIHBIH, KAHT >XUHAybIH
12,0 T/ra aWTapJbIKTal apTThIpAbL. bop
J)K9HEe MBIPBII TBHIHAWTKBILITAPbIH KOJI-
JlaHy >KoHe oJIapJblH MeJIlepiH apTThIpy
MHUHepaJiibl ThHIHAUTKBIIITAPMEH KOpeEK-
TeHAipiNreH JKaFfailla KaHT >KUHAybIH
Bosamak 6yganbl ymiH 13,8-14,8 T/ra
JiediH, an A6ynxaiblp 6yganbl ywid 13,0-
14,4 T/ra pedtin apTThipAbl. EH »oFaphl
KaHT XWHay boJialiak KaHT KbI3bLILIACHI
oyzanbiHaa fpaButa Boptpak 150 6op
TBIHAWTKbIBL 1,5 Ji/ra xoHe fpaBurta
Huutpak 700 MbIpbI TbhIHAWUTKbIIIbI
0,5 Js/ra 6ipre KoJiAaHbLIFAaH HYCKajaa
Tipkenni, Oyn kepcerkim 14,8 T/ra
Kypaznbl (kecte 1).

Kecte 1 - MukKpoajeMeHTTep ThIHAUTKBIIITAPbIH KOJIJJAHYABIH KAHT KbI3bLIIIACHI

OyJaHJapbIHbIH 6HIMIiTiriHE 9cepi

Bosamak, T/ra A6ynxaup, T/ra
S 3
T T
= O\ = O\ = o — N
5 | % 5 | 5 2 | & 3| =
A =i = = = A - = = =
=} | = = =) o = =) = =)
o} =} I [ % O @ Q o QO P S
T = = < < < I = = < g <
Hyckanap = = 35 T g =3 = = E = g
bS] E E o [ o) I E o) T =t =
= ot = © 5 © =) ot = © 4 ©
S| 2| E | §] | S| F| g|E |§| B¢
=5 5 < 5 2 | o 5 < 5
> | & |z o | & | &
> v 5 | g S | ¢ 5| g
S~ S~
| =
s8] o)
Bakpbliay 45,0 - 17,2 - 7,7 - 41,0 - 17,0 - 6,9 -
N300P150K300-
¢3°° O 7501300175 03 | 131 | 54 | 698|288 | 173 | 03 | 120 | 51
OH
dou +Bs 78,7 | 33,7 | 17,8 | 0,6 | 14,0 6,3 |742 | 332|176 | 0,6 | 13,0 | 6,1
dou +B1o 79,4 | 344 | 179 | 0,7 | 14,2 6,5 |7551|345 | 17,7 | 0,7 | 13,3 6,4
dou +Zns 78,1 (33,1 1|17,7 | 0,5 | 13,8 6,1 | 7541|344 | 175 | 0,5 | 13,1 6,2
®oH +Zn1o 788|338 |178| 06 | 140 | 63 | 76,0 | 350 | 17,6 | 0,6 | 13,3 | 6,4
dou+B+Zns 81,2 (36,2 | 18,0 | 0,8 | 14,6 69 (79213821179 | 09 | 141 7,2
®ou+B +
7 82,0 (3701181 | 0,9 | 14,8 71 18091399 (179 |09 | 144 | 75
Nio
HCPos 5,5 6,9
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KaHTThIH KypaMblHaH 6acka, KaHT
KbI3bLJILIAChl TaMbIPKEMICTEpPiHIH camna-
CbIH GaFajiayZa Heri3ri KQaHT eMec 3aTTap-
bl Jla ecKepy KaxeT, eMTKeHi oJiap/blH
MeJILepiHiy, apTybl KAaHTTBLIH MeJlaccara
©TyiHe 9KeJIill COFapbl.

3epTTeynep KepceTkeHJel, boua-
aK OyZlaHbIHbIH, TaMbIpXeMicTepiHze eH
TOMEHIT Ka/Iu¥, HaTpUHW >KoHe «-aMHUH
a30ThI MeJiiepi TBIHAWTKBILITAP
KOJIJaHbLJIMaFaH HyCKaJjlapfa CaUKeciHIle
550 wmMmonbp/100 r mwuki wmacca, 0,60
MMoJib/100 r wuki Macca, xoHe 1,25
MMmoJib/100 r mMKi Macca TipKeJreH.
MuHepangbl ThIHAUTKbIIITAP N3ooP150K300
YKOFaphl MeJillepAe KOJIaHbLIFaH KaFau-
Ja GakblIayMeH Ca/bICThIpFaHAA KaJui
Meuepi 0,37 mmouab/100 r muki Macca,
HaTtpuit 0,16 Mmosb/100 r muki Macca,
o-amuH asoTbl 0,13 mMmosab/100 r mwuki
Maccara apTTbl. bop K9He MbIpbIII
TBIHAWTKBILITApPbIH JXEKe XoHe bipre Mu-
HepaJ/iJibl ThIHAUTKBILITAP asiCbIHJAA KOJI-
JlaHy Ke3iHJe GaKblIayMeH CaJIbICThIPFaH-
Ja kanuit mesuepi 0,26-0,31 mMoab/100 r
ki Macca, Hatpuit 0,12-0,20 Mmmosab/100 1
muki Macca, anbda-amuH aszotbl 0,07-
0,14 mmosb/100 r muki Maccara apTThI.

A6ysnxaliplp OyZaHbl OOHBIHIIA [Ja
KaJIMi, HaTpU#, o-aMUH a30TbIHbIH
KYpaMbIH/Ia YKCacC 3aHJAbLIbIK OalKaJ/ibl,
6ipak *kasnbl ajfaH/Aa KepCETKIllTep Te-
MeH 60J1bl. MuHepa/Jibl THIHAUTKBIIITAP
MeH MUKPOTBIHAUTKBILITADP KOJIJAHbIJIFaH
»KaFai1a 6y 6ylaHHBIH cebinreH XxepJie-
piHJle 0GaKblIayMeH CaJIbICThIpFaH/Ja Ka-
aut mesmiepi 0,70-0,90 mmosb/100 r mu-
ki Maccacsbl, HaTpuit 0,04-0,09 mmosib/100
muki Maccacel, anb¢a-aMuH asotel 0,10-
0,18 mmosib/100 r mwuki Maccacel JeH-
reilinie apTThl. AOynxalblp OyJaHbIHBIH,
TaMbIpXKEMiCTepiHJe eH TeMeHri KaJuH,
HaTPUW, O-aMUH a30TbIHBIH MeuJlepi
6aKblilay HyCKacblHAA TipKesai, calike-
cinme 4,90 mmosib/100 r mHMKiI Maccachl,
0,54 mMosb/100 r muki Maccacel KoHe
1,20Mmoub /100 rimumKi Maccacbl 6alKaJI/ibl.

BoJiamak GyJaHbIHBIH TaMbIpKeMic-
TepiHJe TbIHAUTKBIIITAP KOJIAAHbLIFaH
HYCKaJlapZa KyJAiH MeJllepi 6akbliayMeH
caspicThipranga 0,1% kem 6oJabl, aJ
AGynxailblp OyZaHbIHBIH TaMbIpKeMic-
TepiHJe ToXipubeHiH OapJsblK HYCKa-
JIapbIHAA KYJZiH MeJepi 6ipaed 60Jblil,
0,7% kypaabl (kecre 2).

Kecte 2 - KaHT KbI3bLIIachl 6yZaHAapbIHbIH, TEXHOJIOTHUSAJIBIK, calla KepceTKillTepiHe

MUKPOTBIHAUTKBIIITAP/IbIH, 3Cepi

Bousaak, Abynxaup,

MMoJib/100 r KypFak Macca MMo0J1b/100 r KypFak Macca

Ky, KYJI,
Hyckasap o- % a- %
KaJUi | HAaTpUH | aMHHO KaJUi | HaTpuu aMHUHO
asoT asoT

BakpLiay 5,50 0,60 1,25 0,6 4,90 0,54 1,20 0,7
N300P150K300-$pon 5,87 0,76 1,38 0,7 5,60 0,58 1,30 0,7
@®oH+B 5 5,85 0,78 1,35 0,7 5,70 0,61 1,35 0,7
®oH+B 10 576 0,78 1,32 0,7 5,74 0,63 1,30 0,7
®oH+Zns 5,80 0,72 1,36 0,7 5,70 0,60 1,38 0,7
®oH+Zn 10 577 0,75 1,38 0,7 5,76 0,61 1,35 0,7
®oH+B+Zn s 579 0,72 1,39 0,7 5,78 0,62 1,36 0,7
®oH+B+Zn 10 5,81 0,80 1,36 0,7 5,80 0,62 1,32 0,7
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KOPBITBIH/IbI

KaHT Kbi3buiiiacel Bosamiak 6yaa-
HBIHBIH, KallbIpaFbIHJA GOPABIH, MeJiepi
6apJibIK TaKipube HyCKaJapblHAA TaMbIp-
)emictepre Kaparadga 0,3-29,0 wr/kr
»KOFapbl 6osbl. EH Kenm 60pAbIH *KUHAK-
Tasybl AGyJaxallblp OGyAaHBIHBIH >KambIpa-
FbIHJ]a Ke3eH 6oiibiHma 25,0-41,0 Mr/kr
KypajZibl, aj TaMbIpXXeMicTepinae Oy
KepceTkim a3 6oubin, 14,0-29,5 ™r/kr
Kypa/pl.

Mpipblll Heri3iHeH bBoJsaiak aHe
Abynxaliblp OymaHAapblHAA GOpFa Kapa-
FaH/a a3 MeJillep/e >XKUHAKTaJ1Jbl, 0J1apAbl
ecipy kesiHAe »amlblpaKTapja, >Xalblpa-
FBIH/IA X0HE TaMbIpXKeMicTepze MeJiliepi
Taxkipube HyckanapbiHZa 7,0 Mr/kr-geH
37,0 Mr/kr-ke aeliH esrepin oTbipAbl. EH
ken MeJilepi bosamak  OyZaHBIHBIH
»KanbIpaFbIHAa GalKaIAbl, OYJ1 Kalblpak-
Tap/blH KaTapJapblH/a KOCbLIY Ke3eHiH/e
ApaButa BopTpak 150 60pJibl ThIHAUTKDI-
mbiH 1,5 j1/ra MesepimeH xoaHe fpaButa
Huutpak 700 MbIpbIll THIHAUTKBILIbIH
0,5 Jsi/ra mesepiMeH Gipre KoJiJaHFaH
ke3ge 37,0 Mr/Kr fileiiiH xOFapblIalThIHBI
JlaJ1eJIIEHTEeH.

MUKpPOTBIHAUTKDBIII NaijasaHy Ke-
3iH/le KOFapbl MUHepPaIJbl ThIHAWTKBIIII-
TapAblH, HopMackl N3ooP150K300 PoHBIHAA
Boslamak »xoHe AG6ysxaWblp OyAaHAApbI-
MeH TONbIPAKTAaH 6GOp MeH MbIPBIIITHIH,
Herisri oHe KOCbIMIIA ©HIMJEepMeH
HIBIFBIMbI OaKbljayFa KapaFaH/a >KOFaphbl
6osaapbl, Tuicinime 470,8-827,0 r/ra xaHe
259,9-497,6 mr/xr, xoHe 553,3-838,2 Mr/kr
koHe 283,9-566,0 wmr/kr. MuHepanabl
ThIHAUTKbIIITAP N300P150K300 HOpMackiHIa
KoszaHy bBosamak koHe A6ysnxalbip
OynaHAapbIMeH TONbIpAaKTaH 6o0p MeH
MBIPBIUITBIH, KaJ/Mbl HIBIFBIMbIH 6aKbLIay-
MeH CaJIbICThIpFaH/la a3alTThl, COMKeCiH-
e 456,2 r/raxoHe 150,7 r/ra, coHal-aK
373,6 r/ra>kaHe 174,4 r/ra.

Bosilamak 6yzmaHbl yimmiH 1 TOHHa
TaMbIp >KEMICiHIH KaJbIITacybl Ke3iHJe
TONBIPAaKTaH GOp MeH MbIPbILI IIbIFbIHbI
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Ttuicti Typae 885,5-1256,3 r/ra koHe
380,3-727,2 r/ra Kypazabl, aJ oJiapAbl
KoJilaHOaFaH  JKaFgaMja  MHHHMaJbl
mbIFbIHAAp 429,3 r/ra xoHe 229,6 r/ra
oosapl.  AGysxadblp OyAdaHbIHAA  OCHI
MeJiliep/ie TYWHeKTep/i TaMblp eMiCiHiH
KaJIbINTAaCThIpy YUIIH TONbIpakKTaH 6o0p
MeH MbIPBIII IIBbIFBIHBI a3  OOJIABI,
coiikecinie 373,6-838,2 r/ra xxoHe 174,4-
566,0 r/ra, aJ ThIHAUTKBIIITAP KOJIAAHBLI-
MaFaH »Kafgadpaa osap 315,7 r/ra xoHe
185,2 r/ra Kypazbl.

MuHepangbl TbIHAUTKbIIITAPp ¢O-
HbIHAA 60p »K9He MbIPbIL ThIHAWTKHIIII-
TapbiMeH TaMbIPJAH TbhIC KOpPEeKTeHJipy-
Jiep bosamak *koHe AGysxalblp GygaH/a-
PBbIHBIH, TaMbIp JKEeMICiHiH, ©HIMJIiriH
alTapJsblKTail apTThIpAbl. OHiMAiAIK Bo-
jqamakTa 78,1-82,0 T/ra, an Abynxaibipje
74,2-80,9 T/ra xetti. KaHTTBIH Meuepi
Bonawakra 17,7-18,1%  apanblfbIH/a,
Aobynxaibipae 17,5-17,9% 60.pbl, al KaHT
»KUHaybl covikeciHme 13,8-14,8 T/ra xoHe
13,0-14,4 T/ra Kypazel. bakpliaymeH ca-
JIBICTBIPFaH/Jla OHIMJJiK 6GOWbIHIIA KO-
chIMIa apThIKWbLIBIKTAp 33,1-37,0 T/ra
)koHe 33,2-399 T/ra, KaHT MeJepi
oovbiHma 0,5-0,9 % :xoHe 0,5-0,9 %, an
KaHT >KWHaybl 60MbIHIIA 6,1-7,1 T/ra *oHe
6,1-7,5 T/ra »kofapbLiajbl.

KosnganbLiraH TBIHAUTKBILITAP
Boslamak »xoHe AG6ysixailblp OGyAaHJapbl-
HBIH TaMbIp KeMICiHiH, KaHT eMecC 3aTTap-
JIblH, MeJillepiH apTThipAbl. MaceJieH,
KaJuiig, wMeJiepi coikeciHnme 0,26-
0,37 Mmosib/100 r muKi MaccacblHa >XK9HE
0,70-0,90 Mmosab/100 T mKKI MaccacblHa,
HaTtpuiziyg memaumepi 0,12-0,20 mmosb/100 T

MUK MaccacblHa JKoHe 0,04-
0,09 mMosb/100 r muKi MaccacblHa, aab-
da-aMmuH a3oTbiHbIH, Meuiepi  0,07-

0,14 Mmmosib/100 r mKKi MaccacbliHa >K9HE
0,10-0,18 mmosp/100 r muKi MaccacblHa
Jlertin apTThl. Ocbl OyAaHAAp/IbIH, TaMbIp
XeMiciHiH, KyJjiH MeJiiepiHje aiTtap-
JIBIKTal e3repic 6adKa/JfaH oK, oJ 0,6-
0,7% apasbIFbIHAA GaRKaIABI.
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PE3IOME
A.D. Xupupos!?, AJl. Manumb6aeBa *, b.M. Amanranues?, E.K. XKycyn6ekos?,
M.B. BaTbip6ek?, A.M. CarumbaeBal, K.Y. Pyctemonal, A.M. ContaHaeBal, AM. lllu6rkeeBa?
BJUAHUE BOPHBIX U TUHKOBBIX MI/IKUPOY,ZLOBPEHI/IVI HA ITPOAYKTUBHOCTb
CAXAPHOU CBEKJIBI

1Kazaxckutl Hay4Ho-uccaed08ameabCKuli UHcmumym semaedenus u
pacmeHuesodcmea, 040909, AamamuHckas o6aacmy, Kapacatickuii patioH,

Aamansibak, Kazaxcmat, *e-mail: malimbaeval903@yandex.ru
2Kazaxckuli HQYUOHAIbHBIU azpapHblll UcciedosamebCKull yHugepcumem,
050006, Aamamel, np. A6as, 8, KazaxcmaH

B ycioBHAX oOpollaeMbIX CBETJIO-KAIUTAHOBBIX II0YB IOro-BOCTOKAa KasaxcraHa
HeJOCTaTOYHO u3yyeHa 35QPeKTUBHOCTb BJUSHUS MHUKpPOYAOOpeHHH, ocobeHHO 6opa U
IIMHKOBBIX yAOOpEeHUH Ha YpOXKAWHOCTb OTEYEeCTBEHHbIX THOPHUJOB CaXapHOW CBEKJIBI
MHTEHCHBHOrO THINA. B cOBpeMeHHBIX arpoTeXHOJIOTHAX BbIpallMBaHUs CaXapHOW CBEKJIbl Ha
dboHe MaKpO3JIeMEHTOB HEBO3MOXXHO IIOJYYHUTb BBICOKMM M KayeCTBEHHBIM ypokail 6e3
MCI0JIb30BaHUsI MHUKPO3JIEMEHTOB B BHEKOPHEBOH MNoAkopMKe. llesblo ncciaefoBaHuUs GbLIO
M3y4yeHUe BJIHMSHUSA 60pa U IMHKOBBIX yZ0OpPEHUH U MX KOMOMHALMHU Ha YPOXKalHOCTb HOBBIX
OTe4YeCTBEHHBbIX TMOPHU/IOB caxapHOU cBekJ/bl. Hambosibllee HakomseHWe 6opa HabJII0Jal0Ch B
IEePUOJ, CMbIKaHUSA JIUCTbEB MEXJY psAKaMU rubpuja bosamak caxapHO#l CBeKJbl. ITO ObLIO
o6HapyeHO Ha ypoBHe 47,0 Mr/Kr mpu coBMecTHOM npuMeHeHuu fApaButbel Boptpak 150
ynobpenuit bopa (1,5 ia/ra) u fpaButei Luntpak 700 ypo6penuid nusuka (0,5 u/ra).
MakcuMasibHOe coZiep’KaHHe LMHKa HabJl0Jasioch B INEepPHUOJ, CMbIKAHHS JIUCTbEB B PsAAKax
rubpuza bosamak u cocrasisisio 37,0 Mr/Kr mpy COBMECTHOM BHeCEHHUH yJo6peHui fpaBura
Boptpak 150 (1,5 si/ra) u fApaBurta Lunrpak 700 (0,5 s1/ra). Bop HakamiuBajaci B OCHOBHOM
GoJiblile, YeM LIMHK, a KOpHeIUIoAbl rubpuja bosamak HakanivBajiu ero 6oJiblie, 4eM THOPUJ
AGynxaupa. CaMblil BBICOKMH NOKa3aTesb HabJwogasjcsd B BapuaHTe PoH+B+Znio UM cocTaBui
647,5 r/ra. Hau6osbliiee BbICBOOOXKAEHHE LIMHKA HA0/10/1a/10Ch B JIUCThSIX TMOpUa AGyixaupa u
Jocturjo 384,3 r/ra npu BHeceHuU ynobpenuit flpaButa BopTtpak 150 (1,5 si/ra) u fIpaBurta
3untpak 700 (0,5 s/ra). [ua dopmupoBaHuss 1 TOHHBI KOPHEIJIOZOB M JIMCTbEB rubpuja
Bosamak uspacxomoBaHo 1256,3 r/ra 6opa u 727,2 r/ra yuHKa, a Ajas rubpujaa A6yiaxaup -
1153,9 r/ra u 751,2 r/ra cooTBeTCTBEHHO. B JaHHOM BapuaHTe o6ecleyeHa MaKCHUMaJbHas
Macca KopHemioza rubpuza bosamak - 82,0 T/ra, caxapuctoctb - 18,1%, a BasoBU# c60p caxa-
pa - 14,8 T/ra. MakcuMa/jibHasi ypoKalHOCTb rubpuga Abysaxaup coctaBuia 80,9 T/ra npu
BHeceHUHU ypobpeHuit fApaButa BopTtpak 150 (1,5 sn/ra) u fApaBurta 3unTpak 700 (0,5 s1/ra).
Copep:kaHue caxapa B BapuaHTax ®oH+B+Znio 1 ®oH+B+Zns cocraBusio 17,9%, a BasoBui c60p
caxapa B BapuaHTe ®oH+B+Zn10-14,4 T/ra.

Kawuesvle cs08a: caxapHas CBekJia, rubpuj, 60p, IUHK, JKCTOBas MOJAKOPMKa,
YPOKaNHOCTb, CAXapUCTOCTh.

SUMMARY
A.E. Khidirov?, A.D. Malimbayeval*, B.M. Amangaliev?, E.K. Zhusupbekov?, M.B. Batyrbek?,
A.M. Sagimbayeva?, K.U. Rustemova?, A.M. Soltanayeva! A.M. Shibikeyeva2
INFLUENCE OF BORON AND ZINC MICROFERTILIZERS ON SUGAR BEET PRODUCTIVITY
1Kazakh Scientific Research Institute of Agriculture and Plant Crowing,
040909, Almaty region, Karasai district, Almalybak, Kazakhstan,
*e-mail: malimbaeval903@yandex.ru
2Kazakh National Agrarian Research University, 050006, Abai, 8, Almaty, Kazakhstan

The efficiency of micronutrient fertilizers, particularly boron and zinc, on the productivity
of domestic intensive sugar beet hybrids in the southeastern region has not been sufficiently
studied. In modern agronomic technologies for sugar beet cultivation, achieving high yields is
impossible without the application of micronutrients through foliar feeding alongside
macronutrients. The objective of this study was to examine the impact of boron and zinc
fertilizers, as well as their combinations, on the productivity of new domestic sugar beet hybrids.
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The highest accumulation of boron was observed in the Bolashak hybrid at the row closure stage.
This was recorded at 47.0 mg/kg when YaraVita Bortrac 150 (1.5 L/ha) and YaraVita Zintrac 700
(0.5 L/ha) were applied together. The maximum zinc concentration was also observed in the
Bolashak hybrid at the same growth stage, reaching 37.0 mg/kg under the same fertilization
conditions. Boron was excreted in greater quantities compared to zinc, and the root crops of the
Bolashak hybrid accumulated more boron than those of the Abulkhair hybrid. The highest
recorded value was observed in the Background+B+Zn1o treatment, reaching 647.5 g/ha. Zinc
excretion was most pronounced in the leaves of the Abulkhair hybrid, reaching 384.3 g/ha under
the application of YaraVita Bortrac 150 (1.5 L/ha) and YaraVita Zintrac 700 (0.5 L/ha). For the
formation of 1 ton of root crops and leaves, the Bolashak hybrid required 1256.3 g/ha of boron
and 727.2 g/ha of zinc, while the Abulkhair hybrid required 1153.9 g/ha and 751.2 g/ha,
respectively. In this variant, the highest root yield of the Bolashak hybrid was 82.0 t/ha, with a
sugar content of 18.1% and a sugar yield of 14.8 t/ha. The highest yield of the Abulkhair hybrid
was 80.9 t/ha when YaraVita Bortrac 150 (1.5 L/ha) and YaraVita Zintrac 700 (0.5 L/ha) were
applied. The sugar content in the Background+B+Znio and Background+B+Zns treatments was
17.9%, while the highest sugar yield (14.4 t/ha) was recorded in the Background+B+Znio
treatment.
Keywords: sugar beet, hybrid, boron, zing, foliar feeding, yield, sugar content.
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