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Abstract. The study examines and substantiates innovative solutions for the
sustainable development of Kazakhstan's grain sector and identifies key areas to
improve its efficiency and competitiveness amid modern economic and technological
challenges. Research methodology. The research methodology consists of general
scientific and special methods that enable a comprehensive assessment of the state
and development prospects of Kazakhstan's grain sector, as well as substantiate
directions for implementing innovative solutions. We used systematic and structural-
functional analysis to view the grain sector as a complex socio-economic system
of interrelated elements. We used economic and statistical methods to analyse the
dynamics of gross grain harvest, yield, and export volumes for 2020-2025, based
on data from the Bureau of National Statistics of the Agency for Strategic Planning
and Reforms of the Republic of Kazakhstan. The comparative method allowed
us to compare Kazakhstan's innovation activity and yield with indicators from
leading countries in the grain market. We used expert assessments and scenario
forecasting to develop expected innovation outcomes in the short and long term-
the study's originality and value. The originality of this study lies in an integrated
approach to substantiating innovative solutions for developing Kazakhstan's grain
sector, taking into account modern global challenges, including the digitalisation
of agricultural production, climate change, and the transformation of global food
markets -the results of the study. The study found that Kazakhstan's grain sector has
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significant development potential. However, insufficient technological equipment,
dependence on natural and climatic conditions, and uneven adoption of innovations
largely limit its effectiveness. The analysis showed that the key to increasing the
industry's competitiveness is digitalising agricultural production, adopting modern
agricultural technologies, and developing grain storage and logistics infrastructure.
The paper shows that introducing innovative solutions such as precision farming,
automation of production processes, digital monitoring and management platforms,
and resource-saving technologies contributes to higher yields, lower production
costs, and improved product quality. Developing these areas not only increases
the efficiency of domestic production but also strengthens Kazakhstan's export
position in the global grain market. In addition, the study identified the significant
role of government support and institutional mechanisms in stimulating industry
innovation. The study shows that improved financing, subsidising, innovation
mechanisms, and human resource development are necessary conditions for
sustainable growth in the grain sector. The results confirm that integrated
implementation of innovative solutions is a key factor in improving the efficiency,
sustainability, and competitiveness of Kazakhstan's grain sector in the long term.

Keywords: grain sector, innovative solutions, digitalisation of agriculture,
innovations in logistics and storage, government support
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AnHortanus. 3epmmeyodiy maxcamoi Ka3akCTaHHBIH aCTBIK CEKTOPBIH TYPaKThI
JaMbBITyFa OaFbITTaJFaH WHHOBAIMSJIBIK WICHTIMACPHAl 3epTTeYy JKOHE HeTi3ney,
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COH/Iali-aK Ka3ipri 3aMaHfbl SKOHOMHUKAJIBIK JKOHE TEXHOJIOTHSIIBIK ChIH-KaTepiep
JKaFJaibIHAa OHBIH THIMJIIITT MEH 0oceKkere KaOUIeTTUNIriH apTThIPpyAbIH HeTi3Ti
OarbITTapblH AHBIKTAY OONBIN TaOBIIanbl. 3epmmey adicmemeci. 3epTTeyliH
o/icHaMasbIK Heri3iH Ka3aKCTaHHBIH aCTBhIK CEKTOPBIHBIH KaW-KyWi MEH Jamy
MEePCIICKTUBANAPBIH KEIIeH Il Oaranayra, COHaii-aKk WHHOBAIMSIIBIK IIEITIMICP I
€HT13y OarbITTapbIH HETi3/1eyre MYMKIHJIIK OSpEeTiH JKaIbl FEUTBIMH KOHE apHaiibl
onmictep Kypai el JXKyitenik oHe KYPbUIBIMIBIK-(QYHKITHOHAABIK TANAay aCThIK
CEKTOPBIH ©3apa OalIaHBICTBI JJIEMEHTTEPACH TYPAThIH KYPHACTi OJEyMETTiK-
SKOHOMHUKAITBIK )KYHe PeTiHe KapacThIpy YIIiH Mai1aaaHbulIbl. DKOHOMUKAIBIK-
craructukanblk  omic KP  Crparermsinplk  xocmaprnay xoHe pedopmanap
areHTTiriHiH ¥nTThIK Cratrctuka bropockHblH nepekrepi Herizinge 2020-2025
KBUIIap KE3CHIHJIET1 aCTBIKTHIH KAl )KUHATY JHHAMUKACBHIH, OHIMIUIITT MEH
AKCIIOPT KOJIEMIH Taljay YIIiH KOJIAaHbULABI. CallbICThIpMAIIbI-CapanTaMaibIK
oxic KazakcTangarsl MHHOBALUSIIBIK OCJICEHIUTIK TICH OHIMIUTIK ACHICHIH acThIK
HaPBIFBIHBIH KOIMIOACIIBI eJIEPiHIH KOPCETKIIITePIMEH CaNBICTRIpyFa MYMKIHIIIK
Oepni. Capantamainbik Oaranay )KoHE CIICHApHUIIIK 00JKay o/1ici KBICKA JKOHE Y3aK
Mep3iMi TIepCIIeKTUBaa WHHOBAIMSUIAPIBI €HTI3YIIH KYTUIETIH HOTHXKEIepiH
o3ipiey Ke3iHzae KONAaHbUIIbL. 3epmmeyoiy 03indik epexutenici/kynoviiviesl. Ocbl
3epTTEY/IiH O31HIIK ePeKIIeNiri arpapiblK OHIIpicTi HU(PIaHABIPYABI, KIMMATTHIK
e3repicTeplli KOHE OJEeMIIIK a3bIK-TYJIIK HapbIKTapbH TpaHCOpManUsIayIbl
KOca aifaHja, Ka3ipri 3aMaHfbl kahaHNIBIK CBHIH-TEreypiHAEP/Al €CKEPE OTBHIPHIIL,
KaszakcTaHHBIH aCThIK CEKTOPBIH JAMBITYIbIH WHHOBAIMSIIBIK IICHIIMICPIH
Heri3eyre KemeHIi TociugemMe Oonbin TaObmaabl. 3epmmey Hamudicenepi.
3eprrey OapbichiHIa Ka3zakcTaHHBIH aCTBIK CEKTOPBIHBIH aWTapibIKTaid Jamy
oneyeri 0Oap eKeHI AaHBIKTANNbI, ajai/la OHBIH THIMIUII TEXHOJIOTHSIIBIK
KapaKTaHBIPYBIH JKETKITIKCI3 JIeHreliMeH, TaOWFU-KIMMATTHIK >KaFnaiiapra
TOYEIIUTIKIIEH JKOHE WHHOBAIUSUIAPABI OIpKeNKi eHri3yimyiMeH aWTapibIKTai
mekTeneni. JKyprizinreH tanmay calaHbIH Odcekere KaOiNeTTUTITiH apTThIPYIbIH
HET13T1 (aKTOphI arpoeHaipicTi MU(pIaHIBIPY, 3aMaHayd arpOTEXHOIOTHSIAPIbI
KOJIZIAHY JKOHE aCTBIKTHI CaKkTay MH(MPAKYPHUIBIMBI MCH JOTMCTHKACHIH JAMBITY
OO0JIBIT TAOBLTATHIHBIH KOpceTTi. JKyYMbICTa 107 eriHIIUTIK, OHTIPICTIK MpoIecTepIi
aBTOMATTaHJIBIPY, OaKbLIAY MIEH 0aCKapyAbIH U (PIBIK TIaT(GopManapbit, COHIAMN-
aK pecypc YHEMJCHTIH TEXHOJOTHSIAP/AbI MaijaiaHy CHSKThl WHHOBAIUSIIBIK
HeniMIepAl €HT13y OHIMAUTIKTI apTTIPYFa, OHAIPIC MIBIFBIHAAPBIH a3aiTyFa )KoHE
OHIM CallachlH JKaKCapTyFa bIKMAJ €TeTiHI Heri3nenreH. byn OarbITTapibl 1aMbITy
IIKi ©HAIPICTIH THIMIIIITIH apTTHIPBINT KaHa KoWMail, KazakcTaHHBIH omeMIiK
ACTBIK HAPBIFBIHAAFBI SKCTIOPTTHIK TMO3UIMICHIH HBIFAUTYFa MYMKIHJIIK OepeTiHi
aHbIKTANbl. Bynan Oacka, caJaHblH WHHOBAIMSIIBIK JAaMYbIH BIHTATAHABIPYIA
MEMJICKETTIK KOJJay MEH WHCTUTYIHOHAIIBIK TETIKTEPIiH eleym peli
aHBIKTABI.  KapKbutanaelpy, cyOCHIusIay >KOHE WHHOBAIMSIAP/AbI CHTi3y
TETIKTEPiH KETIAIPY, COHAAN-aK KAJAPIBIK QJIEYeTTI TAMBITY aCTHIK CEKTOPBIHBIH
OPHBIKTHI 6CYIHIH KaXKETTi MapTTaphbl OO TaOBUIATHIHBI JONICIIEHIl. Jepmmey
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Homuoicelepi WHHOBALMSJIBIK INENIMIEPi KEIIeHI eHTi3y y3aK Mep3iMIi
nepcnexkTrBasa KasakcTaHHBIH acTBIK CEKTOPBIHBIH THIMITITIH, OPHBIKTBUIBIFBI
MeH Oocekere KaOUICTTUIrH apTThIPYIbIH HeTi3ri pakTopbl OOJIBIN TaObUIATBIHBIH
pacTaipl.

Tyiiin ce3mep: acThIK CEKTOpPbHl, HHHOBALMSJIBIK I[ICHIIMAEP,  aybLI
LIapyallbUIBIFBIH LU PIaHABIPY, JOTMCTHKA MEH CakKTaylarbl MHHOBALUsUIAD,
MEMJICKETTIK KOJIiay
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AHHOTaNUSsL. [[enb uccnedosansi 3aKII0IACTCS B UCCICIOBAHNN M 000CHOBAHHUH
MHHOBAIlMOHHBIX PEILCHUN, HAIIPaBICHHBIX HA YCTOMYMBOE PAa3BUTUE 3EPHOBOTO
cekropa Kazaxcrana, a Takxe BBISIBICHUM KJIIOUEBBIX HANpPaBICHUN MOBBIICHUS
ero A(G(EeKTUBHOCTH W KOHKYPEHTOCIIOCOOHOCTH B YCJIOBUSX COBPEMEHHBIX
DKOHOMHMYECKHUX M TEXHOIOTHMYECKUX BBI3OBOB. Memooono2us ucciedo8anus.
MeTooOTHYECKY0O OCHOBY HCCJICIOBAHUS COCTaBISIFOT OOIICHAy4YHBIE U
CIeIMaJIbHBIE METOABI, ITO3BOJISIONIME KOMIIIEKCHO OIIGHUTh COCTOSHHE U
MEPCIIEKTUBBI Pa3BUTHS 3epHOBOTO cekropa Kaszaxcrana, a Takke 00OCHOBATh
HaIpaBJICHUs] BHEAPECHUSI HHHOBAIIMOHHBIX pelieHnd. CUCTEeMHBIA U CTPYKTYpPHO-
(OYHKIIMOHAJIGHBIA ~ aHAJW3 WCIOJNB30BaJCs JIJIi PAacCMOTPEHHS 3€PHOBOIO
CEKTOpa KakK CIOKHBIA COLUATIbHO-PKOHOMUYECKOM CHUCTEMBI, COCTOSIICH U3
B3aUMOCBSI3aHHBIX 3JIEMEHTOB. DKOHOMMKO-CTATUCTUYECKUM METOJl MPUMEHSIICA
JUTS aHATTN3a JUHAMUKH BAJIOBOTO cOOpa 3epHa, YPOrKaHOCTH H 00bEMOB DKCIIOPTa
3a mepuoa 2020-2025 roasl Ha OCHOBE AAHHBIX BIOpO HALMOHANBHOU CTATUCTUKU
ATreHTCTBa 110 cTparernueckoMy ruranupoBanuto u pegopmam PK. CpaBHUTEIBEHO-
CONOCTABUMBIM METOJ MO3BOJIUI CPABHUTH YPOBEHb HHHOBAIIMOHHON aKTUBHOCTHU
u ypoxaiiHoctu B Kazaxctane ¢ mokazaTelsiMU CTPaH-IUAECPOB 3€PHOBOTO PHIHKA.
MeTtoz 3KCHEpPTHBIX OLICHOK U CLEHAPHOTO MPOTHO3UPOBAHUS MPUMEHSJICS NpU
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pa3paboTKe OXHMIACMbIX PE3yIbTaTOB BHEIPECHUS MHHOBALMM B KPaTKOCPOUHON
W JIONTOCPOYHOM mepcnekTuBe. OpueunarbHOCMb/YeHHOCMb  UCCTe008AHUSA.
OpUrrHAJIBHOCTh HACTOSIILIETO MCCIICAOBAHMS 3aKJIIOYACTCSI B KOMIUIEKCHOM
MoAxoze K 000CHOBaHUIO MHHOBALIMOHHBIX PEIICHUH Pa3BUTHsI 36PHOBOTO CEKTOpa
KazaxcTanacy4eToM cOBpeMEHHBIX ITI00IbHBIX BBI30BOB, BKIIOYAS IU(PPOBU3ALIUIO
arpapHoro NpoM3BOJCTBA, KIMMAaTHYECKHE N3MEHEHUS U TPAHC(POPMALIIO MUPOBBIX
MIPOJIOBOJILCTBEHHBIX PBIHKOB. Pe3ynvmamul ucciedosanus. B xone uccnenoBanus
YCTaHOBJICHO, 4YTO 3€pHOBOH cektop Kazaxcrana oOnamaer 3HaYUTENbHBIM
MOTCHLIUAIOM PAa3BUTHUS, OJHAKO €ro 3(pQEeKTHBHOCTh B 3HAYUTEILHOW CTENEHU
OTPaHUYMBACTCS HEIOCTaTOYHBIM YPOBHEM TEXHOJOTHMUYECKOTO OCHAILICHUS,
3aBUCHUMOCTBIO OT IPHPOAHO-KIMMATHYECKUX YCJIOBUH M HEPaBHOMEPHOCTBIO
BHesIpeHus1 nHHOBauMi. [IpoBeeHHbIN aHaIN3 MoKa3al, 4YTo KIII0YEBbIM (aKTOpoM
MOBBIICHUS  KOHKYPEHTOCIIOCOOHOCTH ~ OTpacid  sIBIIETCS  LU(pPOBH3ALUS
arponpoM3BOJICTBA, IMPUMEHEHHUE COBPEMEHHBIX AarpOTEXHOJOTMH W pa3BUTHE
UHPPACTPYKTYPBl XpaHEHHs W JIOTUCTUKM 3epHa. B pabore oOocHoBaHO,
YTO BHEAPCHHE WHHOBALIMOHHBIX PEIICHWH, TaKMX Kak TOYHOE 3eMIICACIIHE,
aBTOMATH3alUsl IIPOM3BOACTBEHHBIX IPOLIECCOB, MHCHONb30BaHHE MH(POBBIX
1aTGOPMMOHUTOPHHT AN YIPABJICHHSL, a TAKXKE PECYPCOCOEPETaOIINX TEXHOIOTHA,
CIOCOOCTBYET TMOBBILCHUIO YPOKAHHOCTH, CHH)KEHHIO MPOHM3BOACTBEHHBIX
3aTpaT M yAY4IICHHIO Ka4eCTBa MPOAYKIUH. YCTaHOBJICHO, YTO PAa3BUTHE JTAHHBIX
HalpaBjiCHUH I103BOJSIET HE TOJNBKO MOBBICUTH 3(PQGEKTHBHOCTH BHYTPEHHETO
MIPOM3BOACTBA, HO M YKPEIIUTh SKCTIOPTHBIE Mo3uIMK Kazaxcrana Ha MUPOBOM PhIHKE
3epHa. Kpome TOr0, BBIsIBIICHA 3HAYUTEIIBbHAS POJIb TOCYIAPCTBEHHON MOJACPKKU 1
WHCTUTYLHOHAJIBHBIX MEXaHU3MOB B CTUMY/IMPOBAHUH HHHOBAIIMOHHOTO Pa3BUTHS
orpacnu. Jloka3aHO, YTO COBEPUICHCTBOBAaHHE MEXaHM3MOB (DHHAHCHUPOBAHUS,
cyOcuAMpOBaHMS W BHEAPECHUS WHHOBALMH, a TaKKe pa3BUTHE KaJIpOBOTO
MOTEHIINANA SBISIFOTCS HEOOXOIUMBIMH YCIIOBHSIMU YCTOWYHBOTO POCTa 36PHOBOTO
cekTopa. Pe3ynbrarsl ncciie1o0BaHus MOATBEP)KIAAIOT, YTO KOMIUIEKCHOE BHEIPCHUE
WHHOBAIlMOHHBIX PELICHUH SBJISETCS KIIOUEBBIM  (DAaKTOPOM  MOBBILICHHUS
3¢ PEKTUBHOCTH, YCTOHYNBOCTH U KOHKYPEHTOCIIOCOOHOCTH 3E€PHOBOIO CEKTOpa
KazaxcTana B 10Irocpo4Hoi epCcreKTUBe.

KiroueBble  cjioBa:  3¢pHOBOM  CEKTOp, HMHHOBALMOHHBIC  PEILICHMS,
HUQpPOBHU3ALUS CEIBCKOTO XO3sIMCTBA, MHHOBALMHK B JIOTMCTHKE M XPAaHCHHH,
rocyJapCTBEHHasl OIEPIKKa

Introduction. The grain sector is a key part of the Republic of Kazakhstan's
agro-industrial complex and plays a strategic role in ensuring food security and the
country's export potential. Kazakhstan is one of the leading grain producers and
exporters, holding significant positions in international markets, especially in wheat
and flour exports. The country's geographic location and extensive arable land
create the conditions for further development of grain production (Dzhumabaeva

AM. etal., 2024).
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In recent years, the gross harvest of grain crops has increased, driven by both
expanded sowing and the gradual adoption of modern agricultural technologies.
At the same time, the industry remains highly dependent on natural and climatic
factors, including droughts, soil degradation, and unstable water resources, which
increases risks to the sustainable development of the grain sector.

Amid globalisation, climate change, increased competition in global food
markets, and the need to improve resource efficiency, there is a growing need
to modernise grain production through innovative solutions. Areas such as
digitalisation of agriculture, the introduction of precision farming technologies, the
development of breeding and genetic research, automation of production processes
and increasing the level of deep grain processing are becoming particularly relevant
(Asperov G. et al., 2023).

Another relevant factor is the need to increase the competitiveness of Kazakhstani
grain on the world market, diversify export destinations, and reduce logistics costs.
In this regard, studying innovative approaches to developing the grain sector has
not only scientific but also practical significance, contributing to the formation of a
sustainable and efficient agrarian economy.

Literature review. Domestic and foreign researchers have widely covered
issues in agricultural development, particularly grain production. Works on the
economics of the agro-industrial complex consider the theoretical foundations of
agriculture and ways to increase its efficiency, paying special attention to innovation
as a key factor in the industry's sustainable development. Modern research shows
that introducing innovative technologies can significantly increase agricultural
productivity and reduce dependence on natural and climatic factors (Kerimova
U.K. etal., 2021a; Syzdykbaeva N.B. et al., 2021Db).

Foreign authors have made a significant contribution to studying the innovative
development of the agricultural sector by exploring the concept of Agriculture
4.0 and the digitalisation of agriculture. Their work examines the possibilities of
using precision farming technologies, artificial intelligence, the Internet of Things
(IoT), and big data analysis to improve production efficiency. The authors note that
digital solutions can optimise costs, increase yields, and support the sustainability
of agricultural systems amid climate change (Deniz U. et al., 2024).

In the domestic scientific literature, attention focuses on developing Kazakhstan's
grain sector. Kazakh analysts' research aims to analyse the industry's current state,
identify problems, and propose modernisation measures. The authors emphasise
the need to introduce resource-saving technologies, improve the seed production
system, and develop grain storage and processing infrastructure. At the same time,
one key factor in increasing the competitiveness of the grain sector is government
support and encouragement of innovation activities (Smagulova Sh.A. et al., 2023).

A separate area of research is related to the assessment of the economic efficiency
of innovation in agriculture. Several authors have shown that modern agricultural
technologies reduce production costs, increase yields, and improve the profitability
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of agricultural enterprises. However, despite significant scientific interest in this
issue, a comprehensive assessment of innovations' impact on the development of
Kazakhstan's grain sector remains insufficiently studied, underscoring the need for
further research in this area (Margherita Masi et al., 2022).

A review of the scientific literature shows that innovations are a key factor
in the development of the grain sector; however, a deeper study of how they are
implemented and how effective they are is needed, taking into account the specifics
of Kazakhstan's agrarian economy.

Materials and basic methods. Kazakhstan holds an important place in
the global grain market and consistently ranks among the largest exporters of
agricultural products. Grain production accounts for a significant share of the
agricultural structure. About 70% of arable land in the country's northern regions,
such as the North Kazakhstan, Kostanay, and Akmola regions, is under grain crops.
According to the USDA, in the 2024-2025 marketing year, Kazakhstan ranked 11th
in the world in wheat production, with about 18.5 million tons, or about 2.3% of
global production (Kaspiy Commodity Exchange JSC, 2025).

A feature of Kazakhstan's agro-industrial complex is that it exports not only raw
materials but also higher-value products. In particular, according to the International
Grain Council, the country is one of the world's leading flour exporters, second
only to Turkey. Production volume exceeds 3.0 million tons, and exports amounted
to 1.8 million tons, up 1.2% from 2024. The main sales markets are Central Asia,
Afghanistan, Russia, and China (Kaspiy Commodity Exchange JSC, 2025).
This indicates a more developed export structure and a shift from a raw-material
orientation to a processing model.

Results. The dynamics of Kazakhstan's grain sector reveal several stable trends
that reflect both the cyclical nature of agricultural production and structural shifts
in the industry (Table 1).

Table 1 — Key indicators of Kazakhstan's grain sector

Indicator Period

2020 2021 2022 2023 2024 2025
Grain harvest, million tons 20.1 16.4 22.0 17.0 25.2 25.9
Productivity, c/ha (centner/ 12.8 10.4 13.8 10.3 15.2 16.3
hectare)
Grain exports, million tons 52 5.7 6.3 7.2 5.9 3.8 (1st half

of the year)

The share of innovative 15.0 18.0 22.0 25.0 32.0 35.0
technologies, %
Note: compiled by the authors based on the source (Bureau of National Statistics of the Agency for
Strategic Planning and Reforms of the Republic of Kazakhstan, 2026. - URL: https://stat.gov.kz/ru/)

Gross harvest dynamics are highly volatile. This instability stems from grain
production's heavy dependence on natural and climatic conditions, a characteristic
feature of Kazakhstan's agricultural sector. At the same time, record figures in 2025

539 () O &




SCIENTIFIC JOURNAL OF PEDAGOGY AND ECONOMICS 5.2026

indicate favourable weather conditions and a stronger technological base in the
industry.

A similar trend has developed in terms of yield. Yield increased after the decline
in the dry years of 2021 and 2023, in more favourable periods. Overall, during the
analysed period, yield increased from 12.8 to 16.3 c/ha (centner per hectare; 1 c/ha
= 100 kg/ha), indicating a gradual increase in production efficiency. This growth
is largely due to the expansion of modern agricultural technologies, fertilisers,
and improved varieties, as confirmed by an increase in the share of innovative
technologies from 15% to 35%.

The dynamics of grain exports deserve special attention. Despite production
fluctuations, exports show a steady upward trend, indicating a strengthening export
orientation in the industry. Thus, based on the 2024-2025 marketing year results,
wheat exports are estimated at 10.0 million tons, one of the highest figures in the
entire history of observations and significantly exceeding the previous year's results
(Kaspiy Commodity Exchange JSC, 2025).

This dynamic is largely due to high wheat yields driven by favourable
agro-climatic conditions and the gradual introduction of modern agricultural
technologies. The relative stability of the national currency also supports export
growth by ensuring predictable pricing policy and reducing currency risk for
participants in foreign economic activity. Combined with this, the competitive
price of Kazakhstani grain, especially compared with key regional exporters such
as Russia, helps strengthen the country's position in foreign markets.

Another factor stimulating export activity is government support, particularly
subsidies for grain transportation. This tool aims to reduce logistical costs when
exporting excess volumes of products from the domestic market and increase the
price competitiveness of Kazakhstani grain in foreign markets.

As a result of transport subsidies, Kazakhstan significantly expanded its export
geography, increasing supplies to less developed destinations such as Azerbaijan,
Georgia, and Morocco, as well as to several European Union countries. This
indicates greater flexibility in export policy and the gradual diversification of
foreign markets.

An important structural trend is the increase in the share of innovative
technologies, which has more than doubled. This indicates the industry's transition
to a more intensive development model based on digitalisation, precision farming
and the introduction of modern production management methods. The increase in
technological efficiency directly correlates with higher yields and export potential
(Lo S. etal., 2024).

Taken together, the analysis suggests that Kazakhstan's grain sector is in a stage
of steady growth, with instability driven by natural factors. The key drivers of
development are technological modernisation, increased export orientation, and
government support for the industry.

At the same time, Kazakhstan's grain sector is facing several systemic problems
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hindering its sustainable development and declining competitiveness in the global
market (Figure 1):

1. High dependence on natural and climatic conditions. including droughts, precipitation fluctuations
and soil degradation., which leads to yield instability

2. Significant wear and tear on agricultural machinery and infrastructure. limiting the efficiency of
production processes and increasing operating costs

3. Insufficient level of digitalization of the industry. expressed in the limited introduction of precision
farming technologies. automation and data management systems

4. Low degree of deep processing of grain. which reduces the added value of products and limits the
export potential

5. Weak diversification of export markets. increasing dependence on certain sales areas

6. Limited access to investment resources and innowvations. slowing down the technological
modernization of the industry

Figure 1 — Challenges hindering the sustainable development of Kazakhstan's grain sector
Note - compiled by the authors

Given the systemic problems hindering the grain sector's development,
introducing modern, innovative solutions to improve the industry's efficiency and
sustainability is particularly relevant.

We will conduct a comprehensive analysis of the use of innovative technologies
in the development of the grain sector in Kazakhstan in the following areas:

I. Digitalisation of agriculture.

II. Moisture-saving and resource-saving technologies.

III. Development of breeding and seed production.

I'V. Innovations in logistics and grain storage.

V. The role of government support and investments.

I. Digitalisation of the agro-industrial complex of the Republic of Kazakhstan is
one of the priorities of the state policy aimed at improving the efficiency of agriculture
and ensuring its sustainable development. In the period from 2018 to 2022, the
digitalisation of the agricultural sector was carried out within the framework of the
Digital Kazakhstan State Program based on the introduction of modern information
technologies, including elements of precision farming, automation of production
processes and digital platforms for agricultural business management (Government
of Kazakhstan, Decree No. 827 of December 12, 2017, 2017).

By 2025, the digitalisation of Kazakhstan's agro-industrial complex has
transformed into a systematic industry management tool that ensures transparency
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of business processes and effective control of the entire production and distribution
chain - from the stage of agricultural production to its sale and export.

Discussion. As part of the digital transformation, an updated Roadmap for
developing the agro-industrial complex until 2027 was approved, providing for
the digitalisation of 144 key business processes. Special attention is given to
reengineering agrochemical soil survey procedures and government support
mechanisms. These measures aim to automate processes, integrate information
systems, and improve the reliability and quality of the data used. The development
and improvement of industry information systems such as GISS, ILI, EASA and
E-Fish, which cover key areas of agricultural activity, including subsidies, land
management and crop production, continues. A key area is the introduction of
mobile digital services that simplify agricultural producers' access to public services
and increase efficiency (Akhmetova L. et al., 2026).

One of the most significant projects was the system of traceability in crop
production, covering the full production cycle - from the use of seed material to the
sale of finished products. The pilot testing of the system was successfully carried
out in the Akmola region, and national scaling is planned from 2026. Integration
with satellite monitoring technologies enables accurate acreage recording, which
helps increase industry transparency and minimise the risk of unjustified subsidies.

Leading in digitalisation are regions such as Akmola, North Kazakhstan,
Pavlodar, Kostanay, and Zhetisu. These regions are actively implementing
innovative solutions, including algorithms to predict pest spread and digital support
services for farmers, such as the Subsidisation chatbot (Ministry of Agriculture of
the Republic of Kazakhstan, 2026).

Digitalisation is gaining particular importance in the grain sector, which is a key
element of the country's agriculture. In recent years, precision farming technologies
have been introduced, including GPS navigation, equipment monitoring systems,
remote sensing of the Earth, and agro-climatic platforms. This allows agricultural
producers to manage the application of fertilisers and plant protection products
more efficiently and reduce production costs (Zhumaxanova K.M. et al., 2019).

However, the level of digital technology penetration in the grain industry
remains limited. According to experts, the share of farms using precision farming
elements does not exceed 25-30%, while digital solutions are fully used in only
10-15% of enterprises. This indicates that there is significant potential for further
digital transformation of the industry.

The limiting factors of digitalisation are:

- insufficient development of digital infrastructure in rural areas;

- high cost of introducing innovative technologies;

- shortage of qualified personnel in the field of agroinformatics;

- low level of digital literacy among agricultural producers;

- limited access to financing for innovative projects.

At the same time, the digitalisation of agriculture and the grain sector provides
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significant economic benefits. Digital technologies can reduce production costs
by 15-20%, increase yields by 20-30%, and improve the overall profitability of
agricultural production. In addition, digital solutions increase transparency in the
agricultural business, improve management quality, and strengthen the industry's
export potential.

IL. In the conditions of Kazakhstan's arid climate, moisture-saving and resource-
saving technologies are of particular importance, since agriculture is the largest
consumer of water resources. According to government agencies, the agricultural
sector accounts for about 60% of the country's total water consumption, making
efficient water use a key factor in sustainable industrial development.

Kazakhstan's agro-industrial complex is currently characterised by the adoption
of innovative methods to preserve soil moisture and improve resource-use
efficiency. The most common technologies include No-Till and Mini-Till systems,
which minimise tillage and preserve natural moisture, as well as drip and sprinkler
irrigation, which ensure targeted and economical water use (Zhapaev R.K. et al.,
2024).

The state plays a significant role in stimulating the introduction of these
technologies. In 2024, subsidies for farmers using moisture-saving solutions
increased from 50% to 80%, accelerating the transition to modern irrigation
systems and infrastructure modernisation. In addition, large-scale projects are being
implemented to build reservoirs and reconstruct irrigation networks to increase
water availability in rural areas.

The country's climate makes introducing moisture-saving technologies even
more urgent. In some regions, such as the west, precipitation is about 300 mm per
year. At the same time, evaporation exceeds this figure by 3-4 times, creating a
moisture deficit and requiring special agricultural technologies. In these conditions,
farmers use methods such as row-by-row “dry” irrigation (applying water directly
to plant rows rather than the whole field), mulching, and optimising crop structure.

Despite these benefits, developing water-saving technologies faces several
challenges. The main ones include:

- the high cost of implementing modern systems;

- insufficient level of technical equipment of individual farms;

- Persistent regional inequalities in access to water resources and infrastructure.

At the same time, experts note the potential for expanding the use of these
technologies to 1 million hectares of agricultural land in the coming years.

III. The development of seed breeding in the Republic of Kazakhstan is a
strategically significant area of agricultural policy, directly related to ensuring
food security, increasing yields and reducing import dependence. The industry
is currently characterised by significant scientific potential alongside systemic
problems that hinder its effective development.

On the one hand, Kazakhstan has established a scientific and production base
in breeding and seed production. Research institutes, experimental stations, and
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specialised farms select grain, oilseed, and fodder crops and develop new varieties
with higher yields and adaptability to various soil and climatic conditions. As part
of scientific and technical programs, for example, for 2024-2026, projects are
being implemented to breed competitive varieties with improved productivity and
stress resistance. In addition, the state has approved a Comprehensive plan for the
development of breeding and seed production for 2024-2028, aimed at systemic
reform of the industry. (Government of Kazakhstan, Decree No. 427 of May 30,
2024, 2024).

On the other hand, the industry is facing several serious challenges. According
to experts, seed production remains one of the most vulnerable sectors of crop
production in the country. Among the key limitations are:

- insufficient level of introduction of modern biotechnology;

- weak material and technical base of several farms;

- shortage of qualified personnel;

- insufficient integration of science with production.

The sector also relies heavily on imported seeds for individual crops, reducing
its resilience to external risks. Total market demand is estimated at 2.5 million
tons of seeds, while domestic production does not always fully meet this demand.
Another problem is an imperfect institutional environment, including the
protection of intellectual property for breeding achievements and the promotion of
private investment in the industry. This limits the commercialisation of scientific
developments and slows the renewal of crop varietal composition.

At the same time, positive trends are emerging. Government support for
agricultural science is increasing, funding for scientific programs is rising,
digitalisation and precision farming are being introduced, and work on conserving
and using plant genetic resources is expanding. Practice shows that using high-
reproduction seeds can increase yields by 10-15%, confirming the strong economic
efficiency of seed production development.

Breeding and seed production in Kazakhstan is undergoing structural
transformation: despite strong scientific potential and government support, systemic
constraints remain and require a comprehensive solution.

I'V. The current state of grain logistics and storage in Kazakhstan is characterised
by a combination of significant infrastructural potential and continuing structural
constraints, which determines the need for active implementation of innovative
solutions.

First, Kazakhstan has a well-developed grain storage system. As of 2025, the
total capacity of grain storage facilities is about 30.7-30.9 million tons, of which
13.3-13.5 million tons are held in licensed elevators and 17.4 million tons in storage
facilities owned by agricultural producers. The country has about 207 licensed
grain elevators, which form the basis of the storage infrastructure. At the same time,
load levels vary; for example, in some periods they are 17-42%, indicating reserve
capacity of 7-11 million tons of free volume. This makes it possible to receive even
record harvests exceeding 25 million tons.

OROAE] 544




ISSN 1991-3494 5.2026

However, quantitative infrastructure indicators do not always match qualitative
compliance with modern requirements, necessitating technological modernisation.
Many elevators were built during the Soviet period and are characterised by heavy
wear, limited automation, and low energy efficiency. In addition, capacities are
concentrated in the northern grain-growing regions (Akmola, Kostanay, North
Kazakhstan regions), creating logistical imbalances and increasing transport costs.

The development of transport and logistics infrastructure is also essential.
Kazakhstan, having transit potential between the markets of Europe and Asia, is
actively developing multimodal routes, including railway corridors and dry ports. In
2025, shipments through the national carrier's network exceeded 14.3 million tons,
up 31% from the previous year (APK-Inform Asia, 2025). This indicates increased
export flows and a greater burden on transport infrastructure. Additionally, grain
supplies to grain elevators increased to 7.7 million tons at the beginning of the 2025
season, more than twice the level in the same period last year.

At the same time, the key problems of the logistics system remain.:

- limited capacity of the railway infrastructure during peak periods;

- dependence on transit routes, including exports through neighbouring countries;

- insufficient level of digitalisation of supply chains. In some cases, this leads to
delays in shipments and increased logistical costs.

Overall, Kazakhstan's grain logistics and storage are infrastructurally sound
but technologically heterogeneous. Significant storage capacity and growing
transportation volumes create a solid foundation for industry development; however,
further improvement and modernisation require facility upgrades, digitalisation of
logistics processes, and the elimination of regional imbalances.

V. The development of state support and investment support for the grain sector
of the Republic of Kazakhstan is characterised by a significant strengthening of
financial instruments, the expansion of subsidy mechanisms and the growing role
of the state as a key driver of technological modernisation of the industry.

First, agricultural financing has grown at an unprecedented rate. In 2024, the
volume of preferential agricultural financing reached 580 billion tenge, a record
figure in recent years. The funds were used for direct lending to farmers, subsidising
interest rates, and forward purchases of agricultural products, enabling farmers to
access working capital at all stages of the production cycle. Moreover, in 2025,
financing increased to 700 billion tenge, and total state support for agriculture is
estimated at 1.3-1.4 trillion tenge, indicating the industry's strategic priority.

The analysis shows that increased government support directly affects grain
production results. Thus, with expanded financing and resource availability,
Kazakhstan achieved a record grain harvest of about 25.9 million tons with a yield
of 16.3 c/ha, significantly higher than in previous years (Ministry of Agriculture
of the Republic of Kazakhstan, 2024). This confirms the effectiveness of support
measures that provide farmers with high-quality seeds, fertilisers, plant protection

products, and modern technology.
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An important element of government policy is the development of investment
support tools. Mechanisms for preferential leasing of agricultural machinery have
been introduced, for example, programs worth 120 billion tenge at 5% per annum,
subsidising up to 30% of the cost of domestic machinery, as well as guaranteeing
loans through state development institutions, which reduces agribusiness financial
risks. These measures help accelerate the renovation of the material and technical
base, which increased from 1.9% in 2017 to 4.5% in 2023. However, it remains
below the regulatory level of 8-10% (Ministry of Agriculture of the Republic of
Kazakhstan, 2024).

The improvement of financial resource allocation mechanisms also plays a
significantrole. In recent years, the number of financing channels has been expanded
to six, loan guarantee tools have been introduced for up to 85% of the loan amount,
and earlier availability of credit facilities has been ensured - even before the start
of the seed company. This increases the financial stability of agricultural producers
and allows them to plan production processes more efficiently.

Despite the positive trends, certain limitations remain among them:

- dependence of investment efficiency on natural and climatic conditions;

- uneven distribution of financial resources between regions and categories of
farms;

- insufficient involvement of private capital in innovative projects;

- the problem of insufficient payback in certain areas, which requires further
improvement of government support mechanisms.

The current state of government support and investment in the country's
grain sector reflects a phase of increasing financial resources and institutional
development. The state acts as a key investor and regulator in the industry,
supporting growth in production indicators and technological modernisation. In the
future, the effectiveness of these measures will depend on their focus on innovation,
sustainable production, and private investment.

Based on a comprehensive analysis of the application of innovative solutions in
developing Kazakhstan's grain sector, we will assess the impact of innovations on
efficiency (Table 2).

Table 2 — Comparison of traditional and innovative production

Indicator Unit of measurement Traditional technologies Innovative technologies
Productivity c/ha (centner/ha) 10-12 14-18
Costs per 1 ha thousand tenge 80 95
Profit per 1 ha thousand tenge 30 70
Profitability % 37.5% 73.7%
Note: compiled by the authors based on sources (https://stat.gov.kz/ru), (https://ccx.kz/wp-content/
uploads/2025/09/23)

The key result of introducing innovative technologies is a significant increase
in yields, averaging 30-50%. This increase aligns with scientific and practical
estimates, which suggest that introducing precision farming technologies, digital
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monitoring systems, and modern agricultural technologies can increase yields by
25-30%. This indicates the transition from an extensive production model to an
intensive one based on more efficient use of resources.

At the same time, costs per hectare increase from 80 to 95 thousand tenge
(about 18-20%). This cost increase is due to investments in modern technologies:
GPS navigation, sensors, digital platforms, and high-quality seeds and fertilisers.
However, this growth is investment-driven and is offset by a significant increase
in production profitability. Moreover, innovative optimisations make it possible to
optimise the use of resources, for example, to reduce fertiliser consumption by up to
30-50% and fuel by 15-25%, which in the long term reduces the cost of production.

The most significant is the increase in profit per 1 hectare, which has more
than doubled. This reflects the synergistic effect of increasing yields and optimising
production processes. In real-world conditions in Kazakhstan's agricultural
enterprises, introducing digital solutions already enables significant savings. As
a result, profitability has increased by almost twofold. This key indicator shows
that innovative technologies not only increase production performance but also
significantly improve the financial performance of agricultural enterprises. High
profitability increases the industry's investment attractiveness and stimulates
further innovation.

The analysis showed that traditional technologies have lower costs but are
significantly less efficient and profitable. Innovative technologies, despite higher
initial investments, provide multiple increases in productivity and financial returns
(Figure 2). This confirms that the strategic development of Kazakhstan's grain
sector should focus on digitalisation, technology innovation, and modernisation
to increase the industry's sustainability and competitiveness in the global market.

Profit growth

Grain yield growth
[ J
- S 1 . .
@ @ The growth of
innovation

Figure 2 — The impact of innovative technologies on the economic results of agricultural
production
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Based on an analysis of the current state of the grain sector in the Republic
of Kazakhstan, including an assessment of production indicators, technological
development, logistics infrastructure, and government support mechanisms, it is
possible to identify key areas for innovation in the industry. Implementing these
measures aims to increase the efficiency of agricultural production, strengthen
export potential, and ensure the sustainability of the agricultural system in the face of
global challenges such as climate change, increasing competition in world markets,
and the need for technological modernisation. In this context, the following priority

areas are of particular importance (Figure 3).

N
( | Development of digital agricultural management platforms
:'\ Introduction of precision farming technologies
I
| Deepening grain processing and creating high-value-added products
I
( | Development of export logistics and diversification of sales markets

| Increasing the level of scientific support for the agricultural sector

/ -

Figure 3 — Priority directions of innovative development
Note - compiled by the authors

A key area of modernisation is the transition to Agriculture 4.0, based on the
widespread use of digital technologies. The prospects for digitalisation of the
grain sector in Kazakhstan are associated with the development of the AgroTech
ecosystem, the introduction of platform solutions, the use of artificial intelligence
and the expansion of government support for innovative projects (Deniz U. et al.,
2024a; Ministry of Agriculture of the Republic of Kazakhstan, 2025b). Table 3
presents the main AgroTech directions for the domestic market.

Table 3 — AgroTech directions for the domestic market

Direction Technologies Effect

Precision GPS navigation, field maps, differentiated input | Yield growth by 25-35%

farming

Iot monitoring | Sensors for humidity, temperature, and soil Reduction of water

conditions consumption by about 20%

Drones Aerial photography, NDVI monitoring, spraying | Reduction of pesticides by
25-30%

Al analytics | Forecast of yields, diseases, optimal timing The accuracy of forecasts is
10-15%
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ERP for Accounting, logistics, finance, document Reducing reporting time by up

the agro- management to 40%

industrial

complex

Marketplaces | Online product sales, direct contracts Increase in value up to 10-15%
of the sale price

Note - compiled by the authors based on the sources (Deniz U. et al.,2024a), (Mimansha Raj
et al.,2025b), (Avola G. et al.,2024c), (George Mgendi, 2024d), (Albino Martinez Sibaja et
al.,2025¢)

Precision farming is a key foundation of AgroTech. It involves a differentiated
approach to agricultural land management, in which each area of the field receives
the optimal number of resources depending on its characteristics. High-precision
GPS navigation minimises overlap and increases machinery efficiency; analysis
enables assessment of individual field productivity. Differentiated fertilisation
reduces costs and increases yields. Additionally, satellite imagery and NDVI
analysis monitor crop conditions, while sensors, drones, and agroanalytical
platforms work together to increase profitability, reduce environmental burden, and
support sustainable agricultural development. (George Mgendi, 2024a) (Albino
Martinez Sibaja et al., 2025b).

Despite these limitations, the potential for introducing digital technologies
remains significant and requires government policy support and investment in
industry innovation.

Deepening grain processing and creating high-value-added products is a
strategically important direction for developing the grain sector of the Republic of
Kazakhstan, ensuring the transition from a raw-material orientation to an industrial
and innovative model. In this regard, it is necessary to stimulate the development
and modernisation of deep processing enterprises, for example, the production
of starch, gluten, animal feed, etc., expand the export of processed products, as
well as introduce modern biotechnology and innovative solutions. It is essential to
strengthen government support through concessional financing, tax preferences, and
subsidised investments, as well as by forming agro-industrial clusters that ensure
integration of the chain «from raw materials to finished products». Implementing
these measures will increase the added value, competitiveness, and sustainability
of the grain sector in domestic and foreign markets. (Mimansha Raj et al.,2025).

The development of export logistics and the diversification of sales markets
should be considered the most important innovative component of the country's
grain sector, ensuring increased efficiency and sustainability of foreign economic
activity. In modern conditions, the introduction of innovative solutions, such as:

- digital logistics management platforms (monitoring systems for loading
elevators and grain movement);

- automated storage quality control systems (temperature and humidity);

- development of multimodal logistics and export hubs;
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- modernisation of elevators with the introduction of energy-efficient
technologies;

- integration of logistics infrastructure into international transport corridors.

At the same time, sales diversification should be based on digital trading
platforms, marketing analytics, and demand-forecasting tools to expand export
geography and reduce dependence on traditional destinations.

Increasing scientific support for the agricultural sector should be a key
innovative component of developing grain production in Kazakhstan, ensuring the
transition to a scientifically sound and technologically sustainable management
model. In this context, integrating science, education, and production; developing
applied research; and introducing modern advances in agricultural science are
particularly important. It is necessary to strengthen funding for research programs,
expand the network of experimental farms and demonstration sites, and provide
technology and knowledge transfer directly to agricultural producers. An important
area is the training and advanced training of personnel capable of effectively
applying innovations in practice. Implementing these measures will increase the
productivity, adaptability, and sustainability of the agricultural sector, as well as
accelerate the introduction of innovations in grain production (Albino Martinez
Sibaja et al., 2025).

To effectively implement the proposed directions for innovative development
of the grain sector in Kazakhstan, the government must support and develop
investments in a systemic, long-term manner focused on increasing the industry's
competitiveness and sustainability. In this regard, it seems advisable not only to
preserve, but also to optimise the volume of concessional financing, favouring
investment projects with high added value. At the same time, it is necessary to
improve subsidy mechanisms by switching to a more targeted, results-oriented
model that considers farm efficiency indicators, technology levels, and contribution
to export potential.

It is essential to step up private investment attraction by expanding public-
private partnership instruments, introducing co-financing mechanisms, and
developing guarantee institutions that reduce credit risks for investors. Another key
area is creating a favourable investment environment by simplifying administrative
procedures, increasing transparency in the distribution of government support, and
developing digital platforms for government-business interaction.

Implementing these measures will not only increase the grain sector's investment
attractiveness but also support its transition to an innovative growth model that can
adapt effectively to external and internal challenges.

Conclusion. The grain sector of the Republic of Kazakhstan is not only the
foundation of food security, but also a critical driver of macroeconomic stability.
However, maintaining the current export- and raw-materials model risks long-
term technological lag. Transforming the industry through the integration of
digital technologies, agricultural science, and deep processing is not just a tool

OROAE] 550




ISSN 1991-3494 5.2026

for increasing efficiency, but an alternative way to ensure the country's global
competitiveness.

The synergy of government support and private investment in infrastructure
modernisation will make it possible to transform Kazakhstan's grain belt into a high-
tech agricultural cluster. The implementation of this strategy involves obtaining the
following measurable results.

Expected results of the implementation of innovative strategies in the short-term
operational efficiency stage:

- cost reduction by optimising the cost of fuels, fertilisers, and seed stock by
15-20% through the introduction of precision farming technologies and satellite
monitoring systems;

- an increase in the average grain yield by 10-12% in arid regions due to the
scientifically based selection of adaptive varieties and the introduction of moisture-
saving technologies;

- digital transparency based on the formation of a unified national database of
soil quality and agroecological monitoring, which will automate the processes of
subsidy allocation and state regulation by 100%.

In the long term, the following results are expected from the implementation of
innovative solutions as a stage of structural leadership:

- export diversification based on the transition from the dominance of raw grain
in exports to an increase in the share of deep-processed products to 25-30% of total
production;

- economic sustainability by reducing the dependence of industry revenues on
the volatility of world wheat prices by creating high-value-added products whose
market price is more stable than the raw material price;

- global positioning by consolidating Kazakhstan in the top 5 global exporters
of not only wheat, but also innovative feed additives and environmentally friendly
food products;

- the environmental effect is to reduce the carbon footprint of grain production
by 15% due to the introduction of resource-saving technologies and principles of a
«greeny economy in the agricultural sector.

Thus, innovative development of the grain sector will provide a multiplier
effect for Kazakhstan's entire economy; successes in digitalisation will create the
necessary financial groundwork for deep industrial transformation, which, in the
long term, will shift agriculture from a subsidised industry into a powerful source
of high-tech non-primary exports.
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