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KAWBIPBIMABIABIK KOPHI

HALYK

CHARITY FOUNDATION

B 2016 rogy nns pa3BUTHS W YIY4YLIEHHUS KauecTBa JKM3HU Ka3axXCTaHLEB
ObUT co37aH 4acTHbI bnarorBoputenbHbIdl (oHI «Xanblky». 3a TOAbl CBOCH
JeSITeIbHOCTH HAa pealiu3aluio OJIarOTBOPHUTENBHBIX IPOEKTOB B O0JACTIX
o0pa3oBaHusl M HayKW, COLMAIbHOW 3alIMUTBI, KyJIbTYpPBbI, 31paBOOXPAHEHUS U
cnopta, @onj BeIienun Oonee 45 MUIIMAPAOB TEHTE.

Ocoboe BHUMaHHMe bnaroTBopuTeabHBIA (QOHI «XalbIK» yAelseT
o0pa3oBaTesIbHBIM IPOIPAMMaM, CUUTAsl 3TO HAlPABICHUE OJHUM U3 KIIOUEBBIX
B cBoel AestenbHOCTH. OKa3pIBasi MOAACPIKKY OTEUECTBEHHOMY OOpa30BaHMIO,
@®oH/ BHOCHT CBOH MOCHIJIBHBIN BKJIA] B Pa3BUTHE KaY€CTBEHHOTO 00pa30BaHUS
B Kazaxcrane. Tem cambIM CHOCOOCTBYs pOCTy 4YHCJa JIOACH, CIIOCOOHBIX
MEHATH JKM3Hb B CTpaHe K JydliemMy — Opo(ecCHOHaJOoB B pa3iUYHBIX
cthepax, MOTEHIMANBHBIX JHUAEPOB U «BEIHKHUX YMOB». OTHON W3 3HAYNMBIX
nHULOUaTUB QoHna «Xanbslk» B oOpa3zoBaTesnbHON cdepe cran npoekt Ozgeris
powered by Halyk Fund — nepBbiii B cTpane Ou3Hec-uHKYyOaTOp AJS yUYaIIUXCs
9-11 wiraccoB, KOTOPBIM TOMOTAET pa3BHUBATh HEOOXOAUMEBIE B COBPEMEHHOM
MUpE HpeIlpUHUMATEIbCKUE HaBBIKM. Tak, Ha coxelcTBHE MalloMy Ou3HECy
LIKOJIBHUKOB ObUT0 BBIAEIeHO Oosiee 200 rpanTOB. J{J1sl MOAIEPIKKY TaJaHTINBBIX
1 MOTHUBHUPOBAHHBIX JeTeil POH/I HEOAHOKPATHO BBIAEIAT I'PAHTHI HA 00ydeHHE
B MexnyHapoaHo# mkoie «Mupac» u B Astana IT University, a Tak:xe oMor
Ka3aXCTaHCKUM IIKOJIbHUKAM IIPUHATH y4yacTHe BIIpecTHKHOM KoHKypce « USTEM
Robotics» B CILIA. ABTOopckue pabOTHI B paMKax mpoekTa « TomiMrep», KOTOpoOMy
@doHpa oKazajd MOANEPHKKY, JETIIM B OCHOBY y4eOHOM MporpamMmsbl, yUeOHUKOB H
y4eOHO-METOANYECKUX KHUT 10 mpenmMery «OCHOBBI MpeANpUHUMATENECTBA U
ousHecay, mpenomaBaemoro B 10-11 kimaccax ka3aXxCTaHCKHX IITKOJT M KOJIIEKEH.

IToMmuMO MOMOIIYN IIKONBHUKAM, yHalIUMCs KoJemke n crynentam doujg
CYMTAeT BaYKHBIM BHECTH CBOHM BKJIaJ B MOBBIIICHNE KBaTU(PUKAIUN TIEIarOr0OB,
COBEpIICHCTBOBAHNE WX 3HAHWI W HABBIKOB, ITOCKOJBKY HMEHHO OHH SIBISIIOTCS
MPOBOAHMKAMHU 3HAHMM OyZylIMX IMOKOJEHWH KazaxcraHueB. llpu mopnmepikke
®onga «Xaaelk» B IOKHOW CTONHUIE OBLT OPraHM30BaH €KETOMHBIN TOPOACKOM
KOHKypC TiefaroroB «Almaty Digital Ustaz.

BaxHOI MHMUIMATHBOW CTasl peaju3yeMblid MIPOCKT MO OOyYEHHIO OCHOBaM
(huHAHCOBOW TPaMOTHOCTH IpemnojaBareneil u3 BocbMu obnacteir Kazaxcrana,
YTO JOJDKHO OKa3aTh CYIIECTBEHHOE BJIMSHUE Ha BOCHHUTaHHE (DUHAHCOBOI
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CPAaMOTHOCTH U NPEANPUHUMATEIBCKOTO MBIIUICHUS Yy HOBOIO TOKOJICHUS
TrpaXkJlaH CTPaHBL.

Heo6xomumyto momomis @oug «Xaidblk» OKa3blBaeT M T€M, KTO 0COOEHHO
OCTpPO B HEel HyxkjaaeTcs. B pamkax conuanbHON 3aIIUTHI HACEICHUS aKTUBHO
MIPOBOJUTCS pab0Ta 1Mo MOMIEPIKKE AETEH, OCTABIIUXCS 0e3 poauTesei, neTei u
B3pOCIIBIX U3 COLMAIBHO YSI3BUMbIX CI0EB HACEJIEHHUS, JIFOIeH C OrpaHUYEHHBIMU
BO3MOXKHOCTSIMH, 2 TAKXKE 00CCIICUCHUIO0 HYXKIAIONINXCS COIUAIIbHBIM XKHJIbEM,
CTPOUTECIIBCTBY COIMAJIBHO Ba’XHBIX O6'B€KTOB, TaKHX KaK JCTCKHUEC calbl, JCTCKHEC
IJIOIIAIKU U (DU3KYIBTYPHO-03/I0POBUTEITHHBIC KOMILIEKCHI.

B xommmiiky no6psix gaen @onga « Xaabik» MOKHO J00aBUTh OKa3aHHUE ITOMOIIU
JIETCKOMY CIIOPTY, KyZla OTHOCHTCS MOAJIEPKKa B Pa3BUTHHU JIETCKOTO (yTOOIa 1
Kapare B Hamel cTpaHe. JKu3HeHHO BaXKHYIO TOMOIIb baroTBopuTenbHbIN (HOHT
«XaJbIK» oKa3ajl HalllUM COOTEYECTBEHHUKAM BO BpCMs HGHaBHCﬁ IIaHAECMHUHU
COVID-19. Torma, B pa3rap Tsokelol 00pbOBI C KOPOHABUPYCHON HH(pEKIHEH
®ony BeAENHI CBBIIIE |1 MUJIITHAPIOB TEHTe HA TPHOOpPETEHNE HEOOXOAMMOTO
MCIOUIIMHCKOTO OGOPYZ[OBHHI/IS{ U JOpPOrocCToAmurx MCAUIUHCKHUX IIpernaparos,
ABTOMOOMJICH CKOpPON METHUITMHCKOW ITOMOIIMH W CPEACTB 3aIlUTHI, aIpeCHYIO
MaTepHaIbHYyI0 OMOIIb COLUANBHO YSI3BUMBIM CIOSM HACEJICHUS U JCHEKHbIE
BBITIJIAThl MEAUTTMHCKUM pa6OTHI/IKaM.

B 2023 roay Hapsiny ¢ ApYrMMH NPOEKTaMHU, HalleJIEHHBIMU Ha MOBBIILICHHE
0JIarOCOCTOSIHUSL Ka3axXCTaHCKUX rpaxaaH @OoHI pemmw yaenuTh ocoboe
BHUMAHHEC HAYKE, ITIOCKOJIbKY OHa SBJISACTCA 4aCTbhIO O6HI€CTB€HHOI\/’I KYJBTYPBI, a
YPOBEHb €€ pa3BUTHsI OIPEAEIAET YPOBEHb Pa3BUTHUS TOCYIapCTBA.

I[Monnepxka @oHaOM BBINYCKa XypHanoB HanuonanbHON AkaneMuu Hayk
Pecny0Onuku Ka3zaxcran, KOTOpbIe BXOJAT B MEXAYHapOaHbIe (POHIBI Scopus u
Wos U B KOTOPBIX MYOIHKYIOTCS CTaThl OTEYECTBEHHBIX YUCHBIX, TOKTOPAHTOB
Y MarucCTPaHTOB, a TAKXKE HAYUHBIX COTPYIAHHKOB BBICIINX YYSOHBIX 3aBEICHUI
U HAYyYHO-HCCJICAOBATCIbCKUX UHCTUTYTOB Hamen CTpaHbl ABJIACTCA HC MCHEC
3HauYUMBIM BKJIa7 oM DOHA B pa3BUTHE Ka3aXCTAaHCKOTO 00IIecTBa.

C yBaxxenunem, brnarorBoputenabHbiii @oHI «XambIk»!
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KAZAKHSTAN

Onalbek Abraliyev — Doctor of Economic Sciences, professor, Al-Farabi Kazakh National University, Al-
maty, Kazakhstan

E-mail: abraliyevobek@mail.ru. ORCID ID: 0000-0002-4081-6587;

Aigul Baimbetova — PhD Economics, Al-Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: banur-80@mail.ru. ORCID ID: 0009-0004-9862-3587;

Zhazira Kusmoldayeva — teacher, Al-Farabi Kazakh National University, Almaty, Kazakhstan

E-mail: kusmoldaeva@mail.ru. ORCID ID: 0000-0002-6867-3442.

Abstract. This study delves into the wheat production in Kazakhstan for 2023,
a topic of significant relevance due to Kazakhstan’s role as a major wheat exporter. The
research addresses the complexities of wheat cultivation in a region known for its vast
agricultural potential, yet challenged by the need to optimize production efficiency and
sustainability. The study is particularly pertinent given the increasing global demand for
food and the need for sustainable agricultural practices amidst challenges like climate
change and resource depletion. Methodologically, the study employs a combination of
descriptive and inferential statistical techniques to analyze comprehensive data from vari-
ous regions of Kazakhstan. This includes metrics like harvested areas, gross harvests, and
yields of winter and spring wheat. A key method used is regression analysis, specifically
the Ordinary Least Squares (OLS) regression, to explore the relationships between wheat
yield and agricultural factors such as gross harvest on irrigated lands and different types
of fertilizers. The study hypothesizes a complex interplay of factors influencing wheat
yield and tests these through statistical modelling. Key conclusions indicate significant
regional disparities in wheat cultivation, impacted by variables such as climate, soil type,
and agricultural practices. The regression analysis reveals a nuanced relationship between
wheat yield and factors like fertilizer application, underscoring the complexity of agri-
cultural systems. The results have practical implications, offering insights that can guide
agricultural policy-making and strategic planning in Kazakhstan. The study’s findings can
inform targeted strategies for optimizing wheat yield, contributing to more effective and
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sustainable agricultural practices. Additionally, the research identifies potential areas for
future investigation, suggesting that integrating more variables and exploring advanced
technologies could further enhance wheat yield prediction and agricultural efficiency.
Keywords: wheat production, agriculture of Kazakhstan, econometric analysis,
yield optimization, fertilizer application, regional variability, agricultural efficiency
Conflict of interest: the authors declare no conflict of interest in the preparation
and execution of this study.
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Annoramus. byn 3eprrey 2023 sxpurra apHanraH Kaszakcranmarbl Owmait
eHipiciH 3eprreiimi, Oy KasakcTaHHBIH Heri3ri OWmail AKCHOPTTAyIIbICHl PETiHIETI
periHe OalIaHBICTBI MaHBI3ABl ©3€KTI TaKBIPBIN. 3epTTEY OHIIPICTIH THIMAUITT MEH
TYPaKTBUIBIFBIH OHTAMIAHABIPY KAKETTUIITIHEH TYBIH/IaFaH YIKEH aybll [apyanibUTbIFbl
oJieyeTiMEeH TaHbIMaJl alMaKTarbl OWJal ecipyiH KypJen MocelenepiH KapacThIpabl.
3epTTey ocipece a3bIK-TYJIKKe JIeTeH >kahaHJBIK CYPaHBICTBIH apTybl KOHE KIMMATThIH
e3repyi KoHE pecypcTaplblH CapKbLIYbl CHSKTHI KHBIHABIKTAD KaFdaiblHAa TYPaKThI
ayBUIIIAPYaNTbUIBIK, TOXKIPUOEIEPIHIH KaKETTUIIrNH €eCKepe OTHIPBII ©Te MAaHBI3/IbL.
OnicreMenik TYprblaH 3eprrey KazakcTaHHBIH opTYpili alMaKTapblHAH aJIbIHFAH KaH-
KAKTBl AEPEKTEp/i Taljay VIIH CHUMATTaMajblK »OHE KOPBITHIHABI CTATUCTHKAIBIK
o/icTep/liH KOMOWHAIIMSACHIH TMaljanaHajbl. byFaH OpBUTFaH ayMakTap, JKalllbl eriH,
KY3[IK JKOHE Ka3[blK OWMAWABIH IIBIFBIMIBLUIBIFEl CHSIKTBI KOPCETKIIITEp Kipei.
Konnmanemmateid Herisri ofic Ouwmail INBIFBIMIBUIBIFEI MEH CyapMallbl KepJepieri
JKAIMBl OHIM JKOHE THIHAWTKBIIITAPIBIH SPTYPIi TYpJepi CHUSAKTHI aybUIMIAPYaIIbLIBIK
(akTopiapel apachlHAarel OailaHBICTApIBl 3EPTTEY YIIIH PErpecCcHsublK Talaay,
aTam alWTKaHIa KapamaiibiM eH a3 kBagparttap (OLS) perpeccusichl OOJBINT TaOBLIAIBI.
3epTTey Oumail MIBIFBIMIBUIBIFBIHA SCEP €TETiH (PaKTOpJIApAbIH KYPAETi e3apa opeKeTiH
OOJDKalABl JKOHE ONapIbl CTATHUCTHUKANBIK MOJENbICY apKbUIbl Tekcepeni. Herisri
KOPBITBIHABUIAP KIUMAT, TOTBIPAK TYPl KOHE aybUINIAPYalIbUIBIK TXKIPUOECi CHSIKTHI
aifHpIMAJTBLIAP 9cep eTeTiH Omail ecipy/eri eneyii ailMaKThIK TeHCI3AIKTepi KopceTe .
Perpeccusnbik  Tanmpay Owjgail OIBIFBIMIBUIBIFBI MEH TBIHAWTKBIII KOJJAHY CHSIKTHI
(akTopiap apachlHIaFbl HIOAHCTHI OAMJIaHBICTHI KOpCETeli, Oy aybll IIapyallbUIBIFbI
KYWeNepiHiH KypIelimirid kepceremi. HoTwmxkenepiH NpakTHUKANBIK MOHI Oap, omjap
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Kazakcranmarsl aybUIIapyambUIblK — CascaThlH  KAIBIITACTBIPY MEH CTPATETHSIIBIK
JKocnapiay/a 0aclIbUIBIKKA aJlaThIH TYCIHIKTEp/Al YChIHAABL. 3epTTey HOTHXKeIepi Ounai
IIBIFBIM/IBUTBIFBIH OHTAMIaHABIPYABIH MAaKCATThl CTPATETHSsUIApBIH Xabapiap eTe anajsl,
THIMJZIIPEK JKOHE TYPAKThl aybll IMIApyallbUIbIFbl ToXKipuOeciHe biknan ereai. COHbIMEH
Karap, 3epTTey OoJamiak 3epTTeyiH oJeyeTTi OaFbITTapblH aHBIKTANAbI, Oy Kelipex
alfHBIMABUTAP/ABI OIpIKTIpY JKOHE O3BIK TEXHOJIOTHSIIApABI 3epTTey OWmai eHiIMILTITiH
00JKay MEH aybll IIapyallbUIBIFBl THIMJILUTITIH OJJaH 9pi apTThIpyFa MYMKIHJIIK Oepe/ti.

Ty#in ce3mep: Owumaii eHpipici, Ka3akcTaHHBIH aybll  IIApyalIbUIBIFEI,
OKOHOMETPUKAIIBIK ~ TaJIay, MIBIFBIMIBUIBIKTEI  OHTAMJIaHABIPY, THIHAUTKBIIITAPIBI
KOJIJIaHY, alfMaKTBIK ©3TePTillITIK, Ayl MIAPyaIlbUTGIFBIHBIH THIMITIT]

Myooenep Kakmoizbicol: agmopiap ocvl 3epmmeyoi 0ablHOAy MeH OpblHOAYOd
Myooenep KakmulebiCbl HCOK, Oen Manimoemelol.
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AHHoOTanmusa. B HacTosAmeM WCCIEIOBaHUM pPAacCMATPUBACTCS TPOU3BOJICTBO
nueHunsl B Kazaxcrane B 2023 rogy, 4to sBISETCS TEMOM, UMEIOUIEH 3HAUUTEIBHYIO
aKTyaJIbHOCTh B CBsI3M C poibio KaszaxcTaHa Kak KPYIHOTO 3KCIOpTEpa TMIICHHUIIBL.
HccnenoBanre MOCBAIIEHO CIIOKHOCTSM BEIPAIIMBAHUS MIICHUIBI B PETHOHE, N3BECTHOM
CBOMM OTPOMHBIM CEIIbCKOXO3SWCTBEHHBIM IOTCHIIMAIOM, HO CTAJKHBAIOIIAMCS C
HEOOXOAMMOCTBIO ONTUMHU3AIUN 3PPEKTUBHOCTH ¥ YCTOWYMBOCTH TIPOU3BOJICTBA.
HccrnenoBanne o0COOEHHO aKTyalbHO, YYWTHIBasS PACTyIIUH TIIOOAJIbHBIA  CITPOC
Ha TIPOJIOBOJBCTBHE W TOTPEOHOCTh B YCTOMYMBBIX METOAAX BEACHHUS CEIIbCKOTO
X03siicTBa Ha (poHE TakuX MpoOIsieM, Kak M3MEHEHHE KIIMMaTa M MCTOIEHUE PECypPCOB.
MeTo107I0THYECKH UCCIIEIOBAHUE HMCIIONIB3YET COYETaHUE OMHCATEIbHBIX U JIOTHYECKHIX
CTaTHCTUYECKUX METOJIOB JIJISl aHaTN3a KOMIICKCHBIX JaHHBIX W3 PAa3INYHBIX PETHOHOB
Kazaxcrana. Croga BXOAAT TakHe IMOKa3aTelH, Kak yOpaHHbIEe TUIOIIAIH, BAJIOBBIE COOPHI
U ypOKaWHOCTh O3UMOW W SPOBOHM TIICHUIBL. KITFOYEBBIM HCHOIB3yEMBIM METOIOM
SIBIIIETCSl PErPECCHOHHBIA aHallM3, B YaCTHOCTH PErpeccHs M0 METOAY HAMMEHBIITHX
kBagpaToB (OLS), mis u3ydeHUs B3aUMOCBS3CH MEXAy YPOKaHOCTBIO MIIEHUIBI
U CeIIbCKOXO3AWCTBEHHBIMU (DaKTOpaMH, TaKHMMH KaK BaJOBOW cOOp Ha OpOIIaeMbIX
3eMJISIX M pa3iIMyHbIe BH/BI yI00peHuit. VcciemoBanne BEIIBUTACT TUTIOTE3Y O CIOXKHOM
B3aMMOJICUCTBUU (DaKTOPOB, BIHSIOIMINX HA YPOXKAWMHOCTH MIIEHUIIB, U TIPOBEPSET €e
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MOCPE/ICTBOM CTaTUCTHYECKOTO MOJETHpoBaHus. KiroueBble BBIBOJIBI YKa3bIBAlOT Ha
3HAYUTENBHBIC PErHOHABHBIC PA3JINYMsl B BEIPALIMBAHHUY ITIICHUIIBI, HA KOTOPHIE BIHUSIOT
TaKHe TIepeMEeHHbIe, KaK KIIMMAT, THII TIOYBBl © METOJIbI BEJCHUS CEIILCKOTO XO3SHCTBA.
PerpeccroHHbBI aHamM3 BBLBISET TOHKYIO B3aHMMOCBSI3b MEXKIY YpPOKAHHOCTBIO
MIICHUIIBI ¥ TAKUMH (PaKTOpaMH, KaK BHECEHHE yJOOPESHUIA, 4TO TTOYEPKHBACT CIIOKHOCTh
CeIbCKOX03IHCTBEHHBIX CHCTEM. Pe3ylibTaThl IMEIOT IPaKTHYECKOEe 3HAUCHHUE, TIpeiarast
UJieH, KOTOPhIE MOTYT CITy)KHTh OPHUEHTHPOM Ul pa3pabOTKU CEIbCKOXO3SHCTBEHHON
MOJINTHKN M CTpAaTerMYecKoro ruianupoBanus B Kazaxcrane. PesynbraTsl nccienoBanus
MOTYT CTaTh OCHOBOH JUISl IIEJEBBIX CTPATETMH ONTUMH3ALMH yPOKAHHOCTH IIICHHIBI,
criocoOcTByst 6osee 3 PEeKTHBHBIM U yCTOHYMBBIM METO1aM BE/ICHHUS CEITLCKOTO XO3SHCTBA.
Kpome TOro, mcciemoBanue ompenenseT NOTEHIMANbHBIE 00NacTH s OyayIIux
UCCIICZIOBAHUM, MpeArnoiaras, yTo MHTErpalys OOJIBIIET0 KOJMYECTBA TEPEMEHHBIX U
U3y4deHHUE TEepeOBBIX TEXHOJOTHIl MOTYT emie OOJbIe YIYYIIMTh MPOTHO3MPOBAHME
YPOXKaWHOCTH MIIEHHUIBI ¥ 9P )EKTHBHOCTH CEITLCKOTO XO3SHCTBA.

KioueBble ciioBa: MpoM3BOJICTBO MIICHUIIBI, CENbCKOe X03sicTBO KazaxcraHa,
IKOHOMETPHYECKUH aHadHM3, ONTHUMHU3AIMSA YPOKAHHOCTH, BHECEHHE YIOOpEHHH,
perroHanbHas U3MEHUYUBOCTD, 9(P(PEKTUBHOCTD CEILCKOT0 X035 CTBa

Kongnukm unmepecos: asmopvl 3aa61ii0m 006 OMCYMCMEUU KOHDAUKMA
UHmMepecos npu NOO20MOBKe U NPOBEOCHUU HACIOAULe20 UCCAeO08AHUS.

Introduction

The introduction to the study of wheat production in Kazakhstan in 2023 presents
an in-depth analysis of the agricultural sector, focusing on a critical crop that plays a sig-
nificant role in both national and global food security. This research was prompted by the
need to understand the dynamics and complexities of wheat cultivation in a country known
for its vast agricultural potential, yet facing numerous challenges in optimizing production
efficiency and output (Ni, Lan, Qiu, Zhang & Yuen, 2023).

The choice of this topic is justified by several factors. Kazakhstan is among the
world’s top wheat exporters, and its agricultural practices and yields have a considerable
impact on global wheat markets. However, the efficiency and sustainability of wheat pro-
duction in Kazakhstan are influenced by diverse factors, including regional variability in
climate, soil types, and farming techniques. This research aims to address a critical gap in
understanding how these variables interact and affect overall wheat production (Postigli-
one, 2021).

The relevance of the problem is evident in the context of growing global food de-
mand and the need for sustainable agricultural practices. As the world grapples with issues
like climate change, resource depletion, and population growth, enhancing the efficiency
of key food crops like wheat becomes increasingly crucial. Kazakhstan’s wheat produc-
tion, given its scale, is a significant player in this scenario. Understanding and improving
wheat yield and harvesting practices in Kazakhstan can offer insights applicable to other
regions and contribute to global food security.

The purpose of the study is multi-fold. Primarily, it seeks to analyze the intricate
interplay of factors affecting wheat yield, such as harvested areas, gross harvests, and the
application of various types of fertilizers. This analysis is not limited to merely quantify-
ing these factors but extends to understanding their correlations and combined impact on
wheat yield. By doing so, the study aims to uncover insights that can lead to more effective
agricultural policies, targeted interventions, and improved farming practices in
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Kazakhstan.

This research is based on comprehensive data collection from various regions of
Kazakhstan, encompassing key metrics such as harvested areas, gross harvests, and yields
of winter and spring wheat. The study employs a combination of descriptive and inferen-
tial statistical techniques to interpret this data, including regression analysis to explore the
relationships between different agricultural factors and wheat yield. This methodological
approach allows for a nuanced understanding of the factors influencing wheat production
in Kazakhstan (Kumar, Shelake & Singh, 2023).

However, there exists a problematic situation in justifying the choice of this topic,
mainly because the agricultural sector in Kazakhstan is influenced by a myriad of factors
beyond the scope of immediate agricultural practices. These include broader economic
policies, global market trends, and the impacts of climate change. The study, therefore,
faces the challenge of isolating the effects of the identified agricultural factors from these
external influences.

In summary, this research provides a detailed examination of wheat production
in Kazakhstan, highlighting the significance of both regional differences and common
agricultural practices. By exploring the complex relationships among various factors in-
fluencing wheat yield, the study contributes valuable insights towards optimizing wheat
production, which is essential for strategic planning and policy-making in the context of
Kazakhstan’s agriculture and beyond.

Materials and methods

In the research on wheat production in Kazakhstan in 2023, the methodology in-
volved a comprehensive approach encompassing data collection, analysis, and interpreta-
tion, focusing on nine critical factors affecting wheat yield and productivity. The primary
materials for the study were agricultural data from various regions of Kazakhstan for the
year 2023, sourced from official agricultural reports and databases to ensure accuracy and
reliability.

The data encompassed key metrics like harvested areas for winter and spring
wheat, gross harvests of both types of wheat, and the yield measurements in centners per
hectare. This encompassing dataset allowed for a detailed analysis of regional variations
in wheat production, highlighting differences in agricultural practices, soil types, climatic
conditions, and technological advancements in farming across Kazakhstan.

The statistical methodology employed in the study was multifaceted. Initially,
descriptive statistics were used to summarize the data, providing a clear understanding
of the central tendencies, dispersion, and distribution of the variables. Quartile analyses
were performed to understand the distribution range of harvested areas, gross harvests, and
yields, which revealed significant regional disparities in wheat cultivation.

Further, a regression analysis was conducted to explore the relationships between
the yield of winter and spring wheat and various agricultural factors such as gross wheat
harvest on irrigated lands, and the application of different types of fertilizers. The regres-
sion model was formulated using Ordinary Least Squares (OLS) regression, a method
well-suited for exploring linear relationships between a dependent variable and one or
more independent variables (Heij, de Boer, Franses, Kloek & Van Dijk, 2004).

In the regression model, each independent variable’s coefficient indicated its re-
lationship with the wheat yield. Special attention was paid to multicollinearity among
independent variables, ensuring the validity of the regression coefficients. The model’s
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R-squared and adjusted R-squared values were used to assess the overall fit and explana-
tory power of the model.

Furthermore, the study involved a critical interpretation of the regression out-
comes, particularly examining the implications of the coefficients and intercepts obtained
from the model. This involved a careful consideration of agricultural practices, soil health,
and environmental conditions that could impact the relationships observed in the regres-
sion analysis.

In summary, the research employed a robust combination of descriptive and in-
ferential statistical techniques to analyze a comprehensive dataset on wheat production in
Kazakhstan. The findings offer valuable insights into regional agricultural practices and
highlight the potential for optimizing wheat yield through targeted strategies, making sig-
nificant contributions to policy-making and strategic agricultural planning. The method-
ological approach also suggests areas for future research, particularly in integrating more
variables and exploring advanced technologies in agriculture to enhance understanding
and effectiveness in the face of changing environmental conditions and global market dy-
namics (Bryant, 2022).

Research results

In the context of wheat production in Kazakhstan in 2023, the intricate interplay of
nine key factors - yield of winter and spring wheat, yield of winter wheat, yield of spring
wheat, gross harvest of winter and spring wheat, gross harvest of winter wheat, gross har-
vest of spring wheat, harvested area of winter and spring wheat, harvested area of winter
wheat, and harvested area of spring wheat — reveals a complex picture of agricultural
dynamics and productivity. Therefore, these factors were shown by the table below.

The yield of both winter and spring wheat, measured in centners per hectare, di-
rectly influences the total gross harvest in centners. Higher yields typically result in greater
gross harvests, assuming other factors like harvested area remain constant. This correlation
suggests that regions with advanced farming techniques and favorable climatic conditions
tend to have both high yields and substantial total harvests.

However, yield is not the only determinant of the gross harvest; the size of the har-
vested area also plays a critical role. Even regions with moderate yields can achieve signif-
icant gross harvests if the area under cultivation is large. Conversely, a high yield in a small
area may not contribute significantly to the total harvest. This dynamic underscores the
importance of balancing yield improvements with expansions in the area under cultivation.

The distinction between winter and spring wheat is also critical. Different regions
may favor one over the other due to climatic conditions, soil types, and farming practices.
The yields of winter and spring wheat can vary significantly within a region, reflecting
these differing agricultural conditions and crop preferences.

Examining the harvested areas for winter and spring wheat separately reveals fur-
ther insights. Some regions may have a large area devoted to one type of wheat but not
the other, which can be attributed to regional climatic suitability and historical farming
practices. The harvested area, in conjunction with yield data, can provide a comprehensive
understanding of a region’s agricultural focus and capacity.

The relationship between the harvested area and the yield of a specific type of
wheat (winter or spring) is also noteworthy. A region may have a large harvested area for
a particular type of wheat but a lower yield, or vice versa. This could indicate potential
areas for improvement, either by increasing yield through better farming practices and
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technology or by optimizing the allocation of land to different types of wheat based on
their suitability and market demand.

The interplay of these factors also reveals broader trends and commonalities across
the agricultural sector in Kazakhstan. Regions with well-developed agricultural infrastruc-
ture and technology tend to have higher yields and gross harvests, demonstrating the im-
pact of investment and innovation in agriculture. In contrast, regions with less developed
agricultural sectors might have lower yields, indicating potential areas for development
and growth.

The correlations and relationships among these nine factors are also influenced by
external variables such as climate change, economic policies, and global market trends.
For instance, shifts in global wheat demand can influence the focus on either winter or
spring wheat cultivation. Similarly, climate change can alter regional growing conditions,
thereby impacting yields and the choice of crop type.

Therefore, the analysis of these nine factors provides a multi-dimensional view of
wheat agriculture in Kazakhstan. It highlights the importance of considering both yield and
area under cultivation, the significance of distinguishing between winter and spring wheat,
and the role of regional conditions and practices in shaping agricultural outputs. Under-
standing these interrelationships is crucial for policy-making, strategic planning, and the
advancement of agricultural practices in Kazakhstan, aiming to optimize wheat production
in response to both domestic needs and global market demands.

Table 1 — Harvested area, gross harvest and yield of grain in the Republic of Kazakhstan in 2023 (Bureau of
National Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan, 2024a,
2024b, 2024c)
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In the Republic of Kazakhstan in 2023 as shown in Table 1, the harvested areas
of winter and spring wheat varied significantly across different regions. The Akmola re-
gion had the largest combined harvested area of winter and spring wheat, covering a vast
4,031,170.5 hectares. In stark contrast, the City of Astana had the smallest area, with only
626 hectares dedicated to wheat cultivation. Analyzing the quartiles, the lower quartile
(Q1) indicates that at least 25 % of the regions have a harvested area less than 21330.0
hectares. The median (Q2), which divides the data into two equal halves, shows that half
of the regions have less than 183136.8 hectares. The upper quartile (Q3) reveals that 75 %
of the regions have a harvested area below 771891.1 hectares, leaving the top 25 % with
larger areas.

Focusing specifically on the harvested area of winter wheat, Zhambyl region tops
the chart with 170,516.3 hectares, while the Akmola region, despite its overall dominance,
has a surprisingly low winter wheat area of only 72.0 hectares. Quartile-wise, the low-
er quartile (Q1) is at 662.0 hectares, suggesting that 25 % of the regions have winter
wheat areas smaller than this. The median (Q2) is 7,674.0 hectares, meaning half of the
regions have less than this area under winter wheat cultivation. The upper quartile (Q3)
is at 9,430.7 hectares, indicating that 75 % of the regions have harvested areas of winter
wheat less than this figure.

The harvested area of spring wheat shows North Kazakhstan region as the leader
with 2,567,603.6 hectares, which is significantly higher than other regions. On the other
end, the City of Astana has the smallest spring wheat area, with only 626 hectares. The low-
er quartile (Q1) for spring wheat is at 12,800.8 hectares, the median (Q2) is at 175,801.9
hectares, and the upper quartile (Q3) is considerably higher at 646,640.9 hectares.

In summary, the data from Kazakhstan in 2023 presents a diverse picture of wheat
cultivation. Akmola region, while having the largest combined area for winter and spring
wheat, has one of the smallest areas dedicated specifically to winter wheat. In contrast,
regions like North Kazakhstan region and Zhambyl region show significant skew towards
either spring or winter wheat cultivation. These differences in regional cultivation patterns
could be influenced by a variety of factors including climate, soil type, and agricultural
practices specific to each region.
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In the Republic of Kazakhstan in 2023, the gross harvest of winter and spring
wheat, as well as the separate categories of winter wheat and spring wheat, displayed no-
table variations across different regions.

The Kostanay region reported the highest gross harvest of winter and spring wheat
combined, with a staggering 38,001,684.7 centners. Conversely, the City of Astana had the
smallest gross harvest in this category, with just 3,467.0 centners. When analyzing the quar-
tiles, the lower quartile (Q1) for the gross harvest of winter and spring wheat is 180,781.0
centners, indicating that at least 25% of the regions have a harvest smaller than this figure.
The median (Q2) is at 2,235,046.3 centners, showing that half of the regions have a gross
harvest below this amount. The upper quartile (Q3) is much higher at 5,250,289.7 centners,
suggesting that the top 25% of regions have a significantly larger harvest.

In the specific category of winter wheat, the Zhambyl region leads with a gross
harvest of 1,697,587.3 centners. This is in stark contrast to the Akmola region, which,
despite its large total wheat harvest, has a relatively small gross harvest of winter wheat
at only 1,330.6 centners. The lower quartile (Q1) for the gross harvest of winter wheat is
7,700.0 centners, the median (Q2) is 11,2810.2 centners, and the upper quartile (Q3) is at
114,788.8 centners.

For spring wheat, the North Kazakhstan region tops the list with a gross harvest
of 29,247,856.9 centners, while the City of Astana, similar to its overall wheat harvest,
has the smallest harvest in this category with 3,467.0 centners. The lower quartile (Q1) for
the gross harvest of spring wheat is at 17,3081.0 centners, the median (Q2) at 2,120,236.1
centners, and the upper quartile (Q3) at 5,252,428.9 centners.

This data demonstrates the vast differences in wheat harvests across Kazakhstan’s
regions in 2023. Regions like Kostanay and North Kazakhstan significantly contribute to
the country’s total wheat production, particularly in the spring wheat category. The varied
figures across regions could be attributed to factors such as regional climate conditions,
soil fertility, agricultural practices, and the specific types of wheat grown. These differ-
ences underscore the importance of regional agricultural strategies in optimizing wheat
production in Kazakhstan.

In Kazakhstan during 2023, the yield of winter and spring wheat, as well as the
yields for winter wheat and spring wheat separately, exhibited significant regional varia-
tions.

The highest yield for combined winter and spring wheat was found in the Turke-
stan region, boasting 17.5 centners per hectare. In contrast, the Pavlodar region had the
lowest yield, with only 4.1 centners per hectare. When examining the quartile distribution,
the lower quartile (Q1) for combined winter and spring wheat yield is 8.5 centners per
hectare, indicating that 25% of the regions have a yield lower than this. The median yield
(Q2)is 10.5 centners per hectare, suggesting that half of the regions have a yield below this
level. The upper quartile (Q3) is at 12.2 centners per hectare, showing that 75% of regions
have yields less than this figure.

In the specific category of winter wheat yield, the highest is found in the Akmola
region with 18.5 centners per hectare, while the lowest is in the Pavlodar region with only
4.9 centners per hectare. The lower quartile (Q1) for winter wheat yield is 8.6 centners per
hectare, the median (Q2) is 12.2 centners per hectare, and the upper quartile (Q3) is 15.1
centners per hectare.

For spring wheat yield, Turkestan again leads with a yield of 17.0 centners per
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hectare, while the lowest yield is in the Kyzylorda region with 7.1 centners per hectare.
The lower quartile (Q1) for spring wheat yield is 6.9 centners per hectare, the median (Q2)
is 10.2 centners per hectare, and the upper quartile (Q3) is 12.1 centners per hectare.

These variations in yield across different regions of Kazakhstan reflect the diversi-
ty in agricultural conditions, such as soil quality, climate, and farming practices. Regions
like Turkestan demonstrate high productivity in both winter and spring wheat, whereas
areas like Pavlodar show comparatively lower yields. Understanding these regional dif-
ferences is crucial for developing targeted agricultural policies and practices to enhance
wheat production efficiency in Kazakhstan.

In Kazakhstan’s agricultural landscape, the yield of winter and spring wheat col-
lectively stands as a crucial indicator of efficiency, more so than the growth of harvest area
and gross harvest. This preference for yield as a metric is rooted in its direct reflection of
the efficiency of agricultural practices, as opposed to mere expansion in cultivation or total
production.

Yield, measured in centners per hectare, encapsulates how effectively the land is
utilized and the productivity achieved per unit area. This is in stark contrast to increasing
the harvested area, which might lead to a higher gross harvest but doesn’t necessarily indi-
cate improved efficiency. Expanding the harvest area can often be a less feasible approach
due to limitations in available land and the additional resources required. In contrast, en-
hancing yield through better farming practices and technology is a more sustainable ap-
proach towards intensifying agriculture.

Focusing on the collective yield of winter and spring wheat is particularly relevant
in Kazakhstan due to the comprehensive nature of the available data. While data for gross
wheat harvest on irrigated lands, application of mineral fertilizers, nitrogen, phosphorus,
potassium mineral fertilizers, and microfertilizers is available for wheat in general, and not
separated for winter and spring wheat, it makes sense to consider the combined yield. This
approach allows for a holistic understanding of wheat production efficiency, incorporating
both types of wheat and aligning with the data on fertilizer application, which is crucial for
yield enhancement.

The application of mineral fertilizers and specific nutrients like nitrogen, phos-
phorus, potassium, and microfertilizers is one of the primary factors within the control of
Kazakhstani farmers to improve grain yield (Lewu, Volova, Thomas, & Rakhimol, 2020).
These fertilizers play a pivotal role in supplying essential nutrients to the soil, thereby en-
hancing its fertility and productivity. Nitrogen is critical for plant growth and development,
directly influencing crop yield. Phosphorus contributes to the development of roots, flow-
ers, and seeds, while potassium is vital for the overall health of the plant. Microfertilizers
provide trace elements necessary for various physiological processes in plants.

Kazakhstan’s diverse climatic and soil conditions mean that the effective use of
fertilizers can vary significantly across regions. Understanding regional soil composition
and climate patterns is crucial in determining the right type and amount of fertilizer to
use. Overuse of fertilizers can lead to soil degradation and environmental issues, whereas
underuse can result in suboptimal yields.

The interplay between yield and fertilizer use is also influenced by other factors
like irrigation practices, seed quality, pest control, and climate change. Innovations in
farming techniques, such as precision agriculture, can help optimize fertilizer use, there-
by enhancing yield without adverse environmental impacts (Annosi, Appio, & Brunetta,
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2023).

In conclusion, while harvested area and gross harvest are important metrics, they
do not provide a complete picture of agricultural efficiency in Kazakhstan. Yield, espe-
cially the combined yield of winter and spring wheat, serves as a more telling indicator of
how effectively resources are being used and how productive the agricultural practices are.
The application of fertilizers, tailored to regional needs and environmental considerations,
stands as a key controllable factor for Kazakhstani farmers in their quest to improve wheat
yields. This approach, focusing on yield optimization through efficient resource use, aligns

well with sustainable agricultural practices, ensuring long-term productivity and environ-
mental health.

Table 2 — Application of various fertilizers and gross harvest from irrigated lands for wheat in the Republic of
Kazakhstan in 2023 (Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the
Republic of Kazakhstan, 2024a, 2024b, 2024c).

. Applica- | Applica-
Aé?élg?_ tion of tion of
Application nitrogen phos- potas- Application
Regions of of mineral 08 phorus sium of micro-
Gross wheat fertili mineral . | . | fertili
harvest on irri- ertilizers fertilizers minera minera ertilizers
Kazakhstan ted land for wheat in for wheat fertilizers | fertilizers | for wheat in
gated 1ands, | . ms of 100 | OF Whea for wheat | for wheat | terms of 100
centners Y . 1n terms . . o .
o nutrients, of 100 % 1n terms 1n terms % nutrients,
centners 270 of 100 % | of 100 % centners
nutrients, . .
nutrients, | nutrients,
centners
centners centners
Abai 4000.0 535.5 78.2 4574 - -
Akmola 1876.0 153668.9 56,530.9 90157.9 2814.2 4165.8
Aktobe 18194.0 482.2 133.3 235.0 74.7 39.1
Almaty 106484.1 380.7 271.6 109.1 - -

West Kazakhstan - 42932 4129.7 140.0 - 235
Zhambyl 11154.0 730.7 580.6 150.1 - -
Zhetysu 24603.0 1315.9 1315.9 - - -

Karaganda 162286.6 36400.6 13089.7 23111.8 194.7 4.4
Kostanay 39078.0 71908.8 33596.4 37518.9 96.3 697.3
Kyzylorda 2300.7 442.2 422.0 20.3 - -
Pavlodar 95955.0 4014.1 1029.7 2984 .4 - -
North Kazakhstan 28562.0 222712.5 106592.2 | 112599.1 2892.3 629.0
Turkestan 17550.0 24484.9 23266.1 1218.8 - -
Ulytau 210125.9 - - - - -
East Kazakhstan 1363.0 33086.6 26182.1 6719.0 179.4 6.2
City of Astana - - - - - -

City of Shymkent 435.0 61.9 61.9 - - -

Total for Kazakhstan 723967.2 554518.9 267280.4 | 275421.8 6251.5 5565.2

Table 2 in the document showcases the gross wheat harvest on irrigated lands
across different regions of Kazakhstan in 2023. The Karaganda region recorded the highest
gross wheat harvest on irrigated lands, with an impressive 162,286.6 centners. In sharp
contrast, the City of Shymkent had the lowest harvest in this category, yielding only 435.0
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centners. When analyzing the quartile distribution, the lower quartile (Q1) for the gross
wheat harvest on irrigated lands is approximately 2,300.7 centners, indicating that 25% of
the regions have a harvest smaller than this figure. The median (Q2), which is the midpoint
of the dataset, is at 11,154.0 centners, showing that half of the regions have a gross harvest
below this amount. The upper quartile (Q3) is significantly higher at 24,603.0 centners,
suggesting that 75 % of the regions have a gross harvest of less than this, leaving the top
25 % with larger harvests.

In Kazakhstan in 2023, the application of various fertilizers for wheat cultivation,
as detailed in Table 2 of the document, reveals significant regional differences and high-
lights the diverse agricultural practices across the country.

The use of mineral fertilizers, vital for providing essential nutrients to wheat crops,
varied widely among regions. The highest application was recorded in the Akmola region
(153668.9 centners), signifying a robust approach to fertilizer use, potentially driven by
larger agricultural areas or a focus on intensive wheat production. In contrast, regions with
lower application rates might have smaller agricultural sectors or rely more on organic
farming practices or less nutrient-demanding crops. The distribution of mineral fertilizer
application across regions, from highest to lowest, also reflects regional disparities in agri-
cultural infrastructure, soil fertility needs, and access to agricultural inputs.

Nitrogen, a key component for plant growth and yield, saw its highest application
in the North Kazakhstan region (106592.2 centners). This aligns with the region’s likely
focus on maximizing wheat yields, as nitrogen is essential for vegetative growth and is a
common limiting factor in crop production (Barker, 2010). The varying application rates
of nitrogen across regions can be linked to differing soil nitrogen levels, crop rotation prac-
tices, and local farming strategies aimed at balancing crop nutrition with environmental
considerations.

Phosphorus fertilizer application, essential for root development and seed for-
mation, was also unevenly distributed, with the Akmola region (90157.9 centners) again
leading. Phosphorus application is often influenced by soil test results and specific crop
requirements (Barker, 2010). Regions applying less phosphorus might have soils naturally
rich in phosphorus or employ crop rotations that help maintain soil phosphorus levels.

Potassium, crucial for plant health and resistance to diseases and stress, had its
highest application in the North Kazakhstan region (2892.3 centners). Potassium applica-
tion strategies vary based on soil potassium levels, crop needs, and historical yield data.
Regions with lower potassium application might have adequate natural potassium in their
soils or focus on crops that are less demanding in potassium (Barker, 2010).

The application of microfertilizers, which provide trace elements needed in smaller
quantities but are nonetheless critical for plant health and productivity, showed significant
variations (Prasad & Zhang, 2022). The highest application in the Akmola region (4165.8)
indicates a focus on comprehensive crop nutrition management, ensuring that all nutrient
needs of the wheat are met. Lower application rates in other regions could be due to limited
availability, cost considerations, or lack of awareness about the benefits of microfertilizers.

This wide range in fertilizer application across Kazakhstan’s regions highlights
several key points. Firstly, it reflects the diverse soil types and climatic conditions in Ka-
zakhstan, necessitating tailored fertilizer strategies. Secondly, it suggests varying levels
of agricultural development and resource availability, with some regions possibly having
more access to agricultural inputs and knowledge. Thirdly, it points to the potential for
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improving wheat yields through optimized fertilizer use, especially in regions where ap-
plication rates are lower. Lastly, the data underscores the importance of soil testing and
crop-specific nutrient management to ensure that fertilizer application is both efficient and
environmentally sustainable.

In summary, the application of various fertilizers in Kazakhstan’s wheat cultiva-
tion presents a complex picture of regional differences, resource allocation, and agricul-
tural strategies. Understanding these variations is crucial for developing targeted inter-
ventions to enhance wheat production, optimize resource use, and ensure the sustainable
development of the agricultural sector in Kazakhstan.

Discussion

The regression equation defining the yield of winter and spring wheat in Kazakh-

stan can be formed using the coefficients obtained from the model:
Y = 10.5494 — 9,247 % 107% » GH + 3.8466 % MF — 3.8463 x NF — 3.8468 x PHF —

—3.8464 x POF — 3.8461 x MIF (1)

In this equation:

1.Y - yield of winter and spring wheat, centners per ha.

2. GH - gross wheat harvest on irrigated lands, centners.

3. MF - application of mineral fertilizers for wheat in terms of 100 % nutrients,
centners.

4. NF - application of nitrogen mineral fertilizers for wheat in terms of 100 %
nutrients, centners.

5. PHF - application of phosphorus mineral fertilizers for wheat in terms of 100
% nutrients, centners.

6. POF - application of potassium mineral fertilizers for wheat in terms of 100 %
nutrients, centners.

7. MIF - application of microfertilizers for wheat in terms of 100 % nutrients,
centners.

8. The coefficients (like 10.5494, -9.247x107, etc.) represent the estimated im-
pact of each variable on the wheat yield.

The regression equation you provided allows us to interpret the relationship be-
tween the yield of winter and spring wheat in Kazakhstan (Y) and the various agricultural
factors (GH, MF, NF, PHF, POF, MIF) based on their coefficients:

1. Yield (Y) and gross wheat harvest on irrigated lands (GH): the coefficient for
GH is “-9.247x10°”, indicating a very slight negative relationship. This suggests that as
the gross wheat harvest on irrigated lands increases, the yield of winter and spring wheat
decreases marginally. However, the impact is minimal due to the small size of the coeffi-
cient.

2. Yield (Y) and application of fertilizers (MF, NF, PHF, POF, MIF): the coeffi-
cients for the application of mineral fertilizers (MF), nitrogen fertilizers (NF), phosphorus
fertilizers (PHF), potassium fertilizers (POF), and microfertilizers (MIF) are all negative
(“-3.8466”, “-3.8463”, “-3.8468”, “-3.8464”, and “-3.8461”, respectively). These negative
coefficients suggest that an increase in the application of these fertilizers is associated with
a decrease in yield. This might seem counterintuitive, as fertilizers are generally used to
increase yield. However, these results could be due to over-fertilization, imbalances in
nutrient application, or other unmeasured factors impacting the yield.

3. Intercept (10.5494): The intercept value of 10.5494 in the equation is signifi-
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cant. It represents the expected yield of winter and spring wheat (in centners per hectare)
when all the independent variables (GH, MF, NF, PHF, POF, MIF) are zero. Essentially,
this is the baseline yield without considering the effects of these specific factors. This
baseline is particularly useful in understanding the underlying yield in the absence of the
specific influences measured in this study.

Overall, the relationships indicated by the coefficients should be interpreted with
caution (Zaman, 2023). The negative coefficients for fertilizer applications, in particular,
may seem counterintuitive and could indicate issues such as overuse of fertilizers, other
unaccounted variables affecting yield, or complex interactions in the agricultural system
not fully captured by the model. This highlights the importance of considering the broader
context, including agricultural practices, soil health, and environmental conditions, in un-
derstanding and applying these results.

The regression analysis examining the influence of various agricultural factors on
the yield of winter and spring wheat in Kazakhstan reveals a nuanced and complex rela-
tionship. The model’s R-squared value is 0.380, indicating that about 38% of the variabili-
ty in wheat yield is explained by the independent variables included. However, the adjust-
ed R-squared, which accounts for the number of predictors, drops to 0.041, suggesting the
model’s explanatory power is relatively low when the number of variables is considered
(Westfall & Arias, 2020).

Each of the independent variables - gross wheat harvest on irrigated lands, appli-
cation of mineral, nitrogen, phosphorus, potassium, and microfertilizers - shows a specific
coefficient in the model. However, the coefficients’ standard errors and the corresponding
t-values and P-values suggest that the individual contributions of these variables to the
yield are not statistically significant within this model. This outcome could be due to the
complex nature of agricultural systems where multiple interacting factors influence yield,
and the limited dataset might not capture all relevant variables or nuances.

Moreover, the condition number being large indicates potential multicollinearity,
where independent variables are highly correlated with each other. This correlation can
distort the individual coefficients’ interpretation, suggesting that the variables might not be
providing unique information about the dependent variable.

Despite these statistical challenges, the model provides valuable insights. The fact
that 38% of the yield variability is explained by these factors highlights their importance
in wheat production. However, the low adjusted R-squared value and the lack of statisti-
cal significance of individual factors suggest that wheat yield is influenced by a complex
interplay of many variables, some of which might not have been included in the model.

Factors like soil quality, weather conditions, irrigation practices, and even so-
cio-economic factors like market access and farming technology could also play crucial
roles in determining yield and are not captured in this model. This analysis underscores
the complexity of agricultural production and the need for comprehensive approaches that
consider a wide range of factors to understand and improve crop yields.

In summary, while the regression model provides some understanding of the fac-
tors influencing wheat yield in Kazakhstan, it also highlights the complexity and multi-
faceted nature of agricultural systems. The results suggest that a more detailed model or
additional data might be necessary to fully capture the dynamics affecting wheat yield in
the region.
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Conclusion

The extensive research analysis of wheat production in Kazakhstan in 2023 not
only provide a deeper understanding of the current agricultural dynamics but also suggest
avenues for practical application and future research.

1. Regional variability and its implications: the research data reveals a pronounced
variability in wheat production across different regions of Kazakhstan. This variability is
evident in the harvested areas, yields, and gross harvests of both winter and spring wheat.
Such regional differences underscore the need for region-specific agricultural policies and
practices (Haj-Amor, Kim & Bouri, 2024). Understanding and addressing the unique chal-
lenges and opportunities in each region, such as climate, soil type, and resource availabil-
ity, could lead to more efficient and sustainable agricultural practices. This approach can
enhance overall productivity and support regional agricultural development.

2. Grain yield optimization versus harvested area expansion: the research analysis
highlights that yield (centners per hectare) is a more critical indicator of agricultural effi-
ciency than merely increasing the harvested area. Focusing on yield optimization through
advanced farming techniques and technology can lead to more sustainable agricultural
growth. This strategy is especially relevant in scenarios where expanding the harvest area
is limited due to land availability or environmental concerns. Investments in agricultural
research, development, and extension services that focus on yield improvement can thus
be a key driver for enhancing wheat production in Kazakhstan.

3. Role of fertilizer application in yield: the regression equation and its coefficients
indicate a complex relationship between fertilizer application and wheat yield. While in-
tuitively fertilizers are expected to enhance yield, the analysis suggests a potential issue
of over-fertilization or imbalances in nutrient application. This finding calls for a more
nuanced approach to fertilizer use, emphasizing the importance of balanced and judicious
fertilizer application tailored to regional soil and crop requirements. Soil testing, precision
agriculture, and farmer education could play significant roles in optimizing fertilizer use
for sustainable yield improvement.

4. Potential for future research and development: the research highlights several
areas for future investigation. The complex interplay of factors influencing wheat yield,
as evidenced by the regression analysis, suggests that additional variables, possibly un-
accounted for in the current model, could significantly impact wheat production. Future
research could focus on integrating more variables, such as specific farming practices,
climate change impacts, water use efficiency, and socio-economic factors, to develop a
more holistic model of wheat yield prediction. Additionally, the exploration of advanced
technologies in precision agriculture, crop breeding, and resource management could pro-
vide new insights into improving wheat production in Kazakhstan.

In conclusion, the study of wheat production in Kazakhstan offers valuable in-
sights into agricultural practices and efficiency. The findings have practical applications
in guiding policy-making, strategic agricultural planning, and resource allocation. More-
over, the identified gaps and challenges present opportunities for further research, aiming
to enhance the understanding and effectiveness of agricultural practices in the context of
changing environmental conditions and evolving global market dynamics.
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