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Abstract. The article is devoted to the study of the effectiveness of traditional methods and modern
solutions in crop production through the prism of cost, productivity, efficiency and ecology. The
goal is to identify the advantages and disadvantages of basic principles and quantitative tools in
the field of crop production, to determine their role in increasing the intensity and production return
of field agricultural technologies. Methods - assessment of the effectiveness of classical and inno-
vative approaches to agronomic activity, comparison of scientific literature, system-structural, con-
tent-analysis to justify the need for integration of information technologies, taking into account the
specifics of the agricultural sector. Results - the preservation of the demand for generally accepted
strategies in agriculture in the context of regulated access to infrastructure based on analytical
work and productivity calculations, optimization of resource use, reduction of the environmental
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burden is shown. It was found that their potential is limited by low labor intensity and high labor
intensity, and the latest automated systems provide long-term reduction in costs, increasing fertil-
ity, crop yields, but require significant investments and training of highly qualified personnel. The
introduction of digital services in the Republic is at an early stage, which justifies the need to create
an integrated model that combines elements of existing practices with digital platforms, provided
that technological innovations are adapted to local conditions. Conclusions - within the framework
of the interrelated concepts of Real Farming and "smart™ agriculture, attention should be paid to
the integrated use of various methods, which will lead to constant monitoring of crops, timely in-
troduction of medicines and fertilizers, diagnosis of diseases, planting seeds, a stable increase in
the production of crop production. It is important to provide state support for subsidies and benefits
to farmers, as well as expand programs for their training and acquisition of new skills.

AxpaTtna. Makana WbIfbIH, OHIMAINIK, TMIMAINIK XX9He 3KOoMornsa npusmMachl apKbiiibl ©CiMaik wapya-
WbINbiFbIHAAFbI A3CTYPIi d4icTepi MeH 3amaHayum wellimaepiHii THiMAiniriH 3epTreyre apHanfaH.
Makcamsi - eciMaik WapyawbinbIFbl canacbiHAAFbl HETi3ri NPUHUMNTEP MeH caHAbIK KypanaapabiH
apThIKWbINbIKTapbl MeH KeMLUINiKTepPiH aHbIKTay, onlapAblH Aananblk arpoTexHonorusanapabiH Kap-
KbIHAbINbIFbI MeH eHAIPICTIK KaNTapbIMbIH apTTbipyAarbl persiH aHbikTay. 8dicmep - arpoHOMUA-
NbIK KbI3MeTKe KIlaccukanbIK XX9He MHHOBaUMUANbIK TaCinaepAaiH HaTvxkeniniriH 6aranay, arpapnblik
ceKTopAblH epeKLwweniriH eckepe OTbIpbIN, aKkNnapaTTbiK TEXHONOrusnapabl MHTerpauusnay Kaxerri-
niriH Herizgey YLWiH FbiNbIMK 8aebueTTepAi canbICTbIpy, XyNenik-KypbinbIMAbIK, KOHTEHT-Tangay.
Hamukenep - aHanUTUKanbIK XXYMbIC NEH OHIiMAINIKTi ecenTey, pecypcrapAbl nanganaHyabl OHTan-
NaHAbIPY, 3KONOrUASbIK XXYKTEMEHi a3anTy HerisiHae MHpaKypbINbIMFa pernamMmeHTTenreH Kon xe-
TiMAinik xaFgamMbiHAA eriHWINiKTe Xannbl KabbingaHFaH cTpaTernsnapfa cypaHbICTbIH caKTanybl
KkepceTinreH. OnapabiH aneyeTi TOMeH eHOeK KapKbIHAbIbIFLIMEH XK9He XXOfapbl eHOeK CbinbIMAbI-
NbIFbIMEH LIeKTeNeTiHi aHbIKTanabl, an COHfbl aBTOMAaTTaHAbIPbIIFAH Xyenep WhIFbIHAAPAbI Y3aK
Mep3imMAai KbICKapTyAbl, KYHapnbUbIKTbl, AaKbiNAapAblH OHIMAINIriH apTTbipyabl KamMTamachbI3
eTepi, bipaKk aMTapnbiKTal MHBeCcTMLMANApP MeH Xofapbl GiNikTi kagpnapabl gaspnayabl KaxeT
eteai. Pecny6nukaga caHabIK cepBUCTepAi eHrizy 6acrankbl ke3eHae Typ, Oyn TeXHONOrnsAnbIK UH-
HOBauUUAnapAbl XeprinikTi xxargannapra 6enimpey WapTbiMeH KanbinTackaH TaxipnbenepaiH ane-
MEeHTTepiH caHAbIK NnaTcgopmanapMmeH yunecTipeTiH MHTerpauuMsanaHfaH yiri Kypy KaxeTTiniriH He-
rizgengi. KopbimbIHObLIaP - HAaKTbI €riHWINiK NeH "aKkbiNAbl" aybis WapyalwbibIFbIHbIH ©3apa 6an-
NaHbICTbI TYXbIpbiMAamManaphbl WeHbepiHae apTypni agicTepai KeweHAi KongaHyfa Hasap aypapy
Kepek, byn aakbingapabl yHeMi 6akbinayfa, Aopi-AapMeKTep MeH TbIHAaUTKbIWTapAbl YaKTblSbl €H-
risyre, aypynapabl guarHoctTukanayfra, TYKbIM OTbIPFbI3yFa, ©CiMAIK Wapyalwbinbifbl OHIMAEPIH OH-
AipyaiH TypakTbl ecyiHe akeneai. Pepmepnepre cybcngmuanap MeH XeHingikrepai MeMnekeTTiK Kon-
pay, coHaan-aK onapabl OKbITy X9He XXaHa AarabinapAbl urepy bombiHwa 6argapnamManapabl Ke-
HeMTy MaHbI3abl.

AHHoOTaumsa. CtaTbsa nocssiLeHa uccneaoBaHno 3chekTMBHOCTU TPaAULIMOHHBIX METOAOB U CO-
BpeMeHHbIX IT-pelieHnin B pacTeHUEBOACTBE Yepe3 Npu3mMy nsgepxek, Npon3BogUTErIbHOCTU, PeH-
TabenbHOCTM 1 3Konoruw. Lljenb — onpeaennTb NpevMmMmyLlecTBa U HeAOCTaTKU 6a30BbIX NPUHLUMMNOB
M UMPPOBbLIX UHCTPYMEHTOB B pacTEHMEeBOAYECKOW OTPacnu, BbIABUTb UX POJib B NOBbILEHUU UH-
TEHCUMBHOCTU U NPON3BOACTBEHHOW OTAA4YM NOJEeBbIX arpoTexHonoru. Memoodsi — cpaBHEHUs, Cu-
CTeMHO-CTPYKTYPHbIA, KOHTEHT-aHanu3 Hay4YHOM nuTepaTypbl ANs OLEHKU pe3ysibTaTUBHOCTU
KNaccM4eCKUX U MHHOBALMOHHbLIX MOAXOAOB K arpOHOMWYECKOM AeATeNbHOCTU, 0GOCHOBaHUA
HeobXxoAUMOCTU MHTErpaLmun NH(POPMaLIMOHHBLIX TEXHOJIOMMA C y4eTOM cneundukmn arpapHoro cek-
Topa. Pe3ynbmamsi — Ha OCHOBE aHanMTU4YECKOM paboThbl U pacy4eTOB YPOXKAMHOCTU, ONTUMM3ALUMN
MCNONIb30BaHUSA PecypcoB, CHUKEHUSA IKOJNIOrMYeCKOW Harpy3ku nokaszaHa COXpaHsoLWasacA BOC-
Tpe6oBaHHOCTb OOLLENPUHATLIX CTPaTerni B 3emnenenum B yCrioBUAX peraMmeHTUpPoOBaHHOro Ao-
cTyna K uHdpacTpyKkType. YCTaHOBIIEHO, YTO UX MOTeHuuasn orpaHM4eH HU3KOW MHTEHCUBHOCTLIO
TpyAa M BbICOKOW TPYAOEMKOCTU, a HOBeWlUne aBTOMaTUM3UPOBaHHbIE CUCTeMbl obGecneymBaloT
AOJNITOCPOYHOE COKpalleHue 3aTpaTt, yBennyeHue nnoaopoaus, NpoAyKTMBHOCTU CeNbCKOXO3SN-
CTBEHHbIX KyNnbTyp, O4HAKO TPEeOYyIT 3HaYNTENbHbIX MHBECTULIMA U NOATOTOBKU BbICOKOKBanudu-
LMpPOBaHHbIX kagpoB. OTMe4aeTcs, YTO B pecny6nuvke BHeapeHue LUUPOBLIX CEPBUCOB Haxo-
AUTCA Ha Ha4yanbHOM 3Tane, YTo 060CHOBLIBaET HEOOXOAMMOCTbL NMOCTPOEHUS MHTETPUPOBaHHOMN
Mopenu, coyeTarolen 3feMeHTbl YCTOABLUUXCA NPaKTUK ¢ uucpoBbIMK nnatgdopmMamMmm npm ycno-
BMW aganTauum TeXHONOrM4YeCcKMX HOBLUECTB K MeCTHbIM YCNOBUAM. Bbigodbl — cnepyeT akLeHTU-
poBaTb BHMMaHMWe Ha KOMNJIEKCHOM NPUMeHEeHUM pa3HOObpa3HbIX MEeTOAOB B paMKax B3aMMOCBS-
3aHHbIX KOHLENUuM TOYHOro 3eMreaesivsa U «YMHOro» CefibCKOro Xo3sincTea, YTo obycnasnuBaeT
NOCTOSIHHOE HabnoaeHne 3a noceBamMu, CBOEBPeMEHHOE BHECEHME NpenapaToB U yaobpeHun, am-
arHocTuKy 6onesHen, NocagKy ceMsH, CTabuIbHbIN POCT NPOM3BOACTBA NPOAYKLUUM pacTeHneBoA-
cTBa. BaxxHoe 3HauyeHuMe umMmeeT rocygapCTBeHHas noppepxka cybcuamm m nbrot depmepam, a
TaKXke pacliMpeHus NporpaMm no ux o6y4eHUr0 u NpUobpeTeHNI0 HOBbIX HaBbIKOB.
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Introduction

Crop production plays a crucial role in en-
suring food security, economic growth, and the
sustainable development of a country’s agricul-
tural sector. In the face of growing global chal-
lenges such as climate change, demographic
processes, soil degradation, and increasing
food security concerns, the importance of intro-
ducing innovative and adaptive technologies in
crop production is steadily increasing. Tradi-
tional methods, based primarily on experience
and empirical approaches, remain widely used
in many regions; however, their effectiveness
is often limited by rapidly changing environ-
mental conditions, technological demands, and
the growing expectations of the modern agri-
cultural market.

Modern IT solutions, such as precision ag-
riculture systems, the use of drones, geo-
graphic information systems (GIS), and ad-
vanced analytical platforms, offer new and
promising opportunities for optimizing various
processes in crop production. These technolo-
gies make it possible to significantly improve
productivity, reduce operational and input
costs, and minimize environmental impact by
enabling precise, data-driven monitoring of soil
conditions, crop health, and local weather pat-
terns. However, the implementation of such in-
novative solutions comes with several chal-
lenges, including high initial investment costs,
the need for comprehensive technical staff
training, limited digital infrastructure in rural ar-
eas, and the adaptation of technologies to spe-
cific local agricultural and climatic conditions.

This study aims to conduct a comparative
analysis of the effectiveness of traditional
methods and modern IT solutions in crop pro-
duction. Accordingly, the main tasks of the
study are to identify the advantages and disad-
vantages of traditional methods and modern
IT-based approaches in crop production, de-
velop a set of performance indicators, and pro-
pose practical measures for their optimal and
complementary use in the industry through the
lens of costs, productivity, profitability, scalabil-
ity, and environmental impact. The object of the

study is traditional and modern technological
methods applied in crop production systems.
The subject of the study is a comparative anal-
ysis of the efficiency and practical viability of
traditional methods and modern IT solutions in
Kazakhstan’s crop production sector, aimed at
assessing their impact on key economic, pro-
duction, technological, and environmental per-
formance indicators.

This study makes it possible to uncover
not only the strengths, practical applications,
and development prospects of using traditional
and/or modern IT solutions in crop production
but also to identify their existing limitations and
constraints. Furthermore, it seeks to find a bal-
anced and context-specific economic calcula-
tion between the use of traditional and modern
methods. This is particularly important for en-
suring sustainable and competitive crop pro-
duction, improving its long-term resilience, and
facilitating its transformation into a high-income
and innovation-driven sector amid growing
global and local challenges.

Literature Review

Xiong L., Liu Z., Wang P. et al. [1] are de-
voted to traditional methods based on years of
experience and empirical knowledge, which
continue to be widely used in various regions
of the world. These approaches, such as crop
rotation, the use of organic fertilizers, and man-
ual labor, contribute to maintaining agrobiodi-
versity and ecosystem stability. However, Ha-
san K., Tanaka S.T.T., Alam M. et al. [2] pre-
sented the traditional methods are often char-
acterized by low productivity and high labor in-
tensity, which limit their effectiveness in mod-
ern agricultural conditions, making them less
competitive compared to modern methods.

Canicatti M., Vallone M. [3] identified to
development of digital technologies in crop pro-
duction, there has been an increase in the ap-
plication of IT solutions aimed at optimizing
production processes. Precision agriculture
systems, including the use of drones, sensors,
and geographic information systems (GIS), en-
able the collection and analysis of data on soil
conditions, moisture levels, and plant health.
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At the same time, Harish P., Peddinti
P.R.T., Tamvada J.P. et al. [4] note that high
initial costs and the need for technical staff
training are significant barriers to the wide-
spread adoption of these technologies, espe-
cially in developing countries.

Tavan M., Wee B., Brodie G. et al. [5] have
attempted to directly compare the efficiency of
traditional methods and modern IT solutions.
Research shows that the use of modern digital
technologies in farming increases wheat yields
by 11.5%. However, Khiyat Z. [6] emphasized
that the effectiveness of IT solutions strongly
depends on context, including climatic condi-
tions, infrastructure levels, and access to tech-
nical support (Stringer L.C., Fraser E.D.G., Har-
ris D. etal.) [7]. In turn, Shamshiri R., Sturm B.,
Weltzein C. et al. [8] highlighted that in contexts
with limited access to technologies and capital re-
sources, traditional methods may be more sus-
tainable and economically justified.

Despite the clear advantages of modern IT
solutions, their implementation comes with
several challenges. Abiri A., Rizan N., Balasun-
dram S.K. et.al. [9] pointed to the need for the
development of tailored solutions for small-
holder farms that take into account their spe-
cific needs and constraints. Additionally, em-
phasizes the importance of an interdisciplinary
approach that combines agronomic knowledge
with information technologies to successfully
integrate digital tools into agricultural practices.

Content analysis of scientific literature and
a systematic-structural approach to compara-
tive analysis led to conclusions about the fea-
sibility of integrating IT solutions into traditional
crop production methods. The study also iden-
tified key directions for further research and
practical implementation, as traditional meth-
ods, despite their limitations, continue to play
an important role, particularly in contexts with
limited access to modern technologies. Future
research should focus on developing inte-
grated approaches that combine the strengths
of both methods to ensure sustainable agricul-
tural development.

Materials and methods

The research materials include a wide
range of statistical data from the Bureau of Na-
tional Statistics of the Agency for Strategic
Planning and Reforms of the Republic of Ka-
zakhstan, as well as internationally recognized
sources such as the World Bank. This datasets
provide the empirical foundation for a detailed
examination of the current state and dynamics
of crop production methods. Using a combina-
tion of statistical, economic, and multifactor

analysis methods, the study identifies and eval-
uates the efficiency indicators of traditional and
modern methods employed in crop production.
These indicators include, but are not limited to,
cost structures, levels of profitability, labor
productivity, water resource optimization, and
the environmental impact associated with each
approach. This allows for a nuanced compari-
son between conventional agricultural prac-
tices and emerging technological solutions.

The study uses observational research,
comparative analysis, induction, deduction,
and system-structural analysis to examine
technological and socio-economic links in crop
production. A content analysis was conducted
on a broad corpus of international research lit-
erature, analytical reports by international or-
ganizations, strategic policy documents
adopted at the national level, and credible
open-access online sources. This methodolog-
ical framework identified the key strengths and
limitations of traditional and modern IT-based
crop production methods, supporting evi-
dence-based recommendations for Kazakh-
stan’s agriculture.

Results

Traditional methods used in crop produc-
tion, such as manual labor, simple mechanized
tools, traditional irrigation systems, and organic
fertilizers, remain the backbone of agriculture
in regions with limited access to modern tech-
nologies. Modern IT solutions, including
drones, unmanned aerial vehicles, geographic
information systems (GIS), the Internet of
Things (loT), artificial intelligence (Al), and ro-
botics, play a crucial role in transforming the
agricultural sector by offering innovative ap-
proaches to managing production processes
and improving the efficiency of crop production.

The choice and application of a particular
method in crop production directly affect the ef-
ficiency of the sector, as they determine re-
source utilization, the quality of production pro-
cess management, the volume and stability of
yields, and environmental impact. Thus, under-
standing the advantages and disadvantages of
the methods used in crop production enables
informed decision-making aimed at maximizing
production efficiency, minimizing risks, and en-
hancing the long-term sustainability of the in-
dustry (table 1).

The efficiency of traditional and modern
methods in crop production is determined by
their ability to provide stable and high yields
while enhancing the profitability of agricultural
production.
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Table 1 — Advantages and disadvantages of traditional methods and modern it solutions used in crop
production in Kazakhstan

ISSN-L 2708-9991, ISSN 1817-728X

Traditional methods

Modern IT solutions

Manual labor and mechanization tools
Organic fertilizers
Traditional irrigation systems

Experience-based approach to soil cultivation

and planting

e Precision agriculture systems

e Use of drones for crop monitoring

¢ Geographic Information Systems (GIS) for soil
and climate analysis

¢ Internet of Things (loT) and sensors for plant
condition monitoring

Advantages

Low implementation cost

Ease of use

Minimal dependence on tech-
nical equipment

Advantages

Optimization of resources (wa-
ter, fertilizers, energy)

Increased yield and product
quality

Reduced environmental impact

Disadvantages

Low labor productivity

High dependence on climatic

conditions

process management

Limited capability for precise

sumption

Labor intensity and time con-

Environmental impact

Disadvantages

High initial costs

Requirement for technical staff
training

Dependence on infrastructure
(internet, power supply)

Note: developed by the authors

Using a comprehensive approach, the

comparative assessment of both methods in-
volves the consideration of the following key

criteria: yield; economic efficiency, expressed

in terms of net profit and profitability; labor

productivity; resource optimization, reflected
through water savings and reduced fertilizer
usage; environmental impact, calculated
through reductions in CO, emissions (table 2).

Table 2 — Indicators for evaluating the efficiency of traditional and modern methods in crop production

in Kazakhstan

Criteria, indicators

Values, formulas

Yield Based on data from the Bureau of National Statistics of the Agency
for Strategic Planning and Reforms of the Republic of Kazakhstan
and/or reporting statistical data from companies engaged in crop pro-
duction.

Economic Net profit (NP) NP = Income — Cost Price

efficiency

Profitability (P)

P = NP/Cost Price * 100%

Labor productivity (LP)

LP = Yield/person — hours

Resource Water savings _ (Wtradit. — W modern. ) .
optimization | (WS) WS = W tradit. *100%
Reduced ferti- _ (Ftradit. — Fmodern.) .
lizer usage (FU) U= Foradit +100%
Environmen- | Reductions in _ (F tradit. — F modern.) .
tal impact CO, emissions = F tradit. *100%

(EC)

Note: compiled and developed by the authors based on (On approval of the Concept...; Rada A.,
Fedulova E.A., Kosinsky P.D.) [10, 11]

Calculations for each criterion and indica-
tor can be performed separately for each crop

production method, followed by a comparative
analysis of the results obtained.
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To gain a deeper understanding of the ap-
plied approaches, the authors of the article
conducted relevant calculations based on a
comparison of traditional methods and IT solu-
tions. This was done using the example of a
farming enterprise in the Kostanay region - PF
«ALGA», which employs traditional crop pro-
duction methods, and an agroholding in the

Akmola region — LLC «Enbek», which inte-
grates modern technologies into its operations.

The calculations were conducted using
wheat cultivation as a case study. To assess
economic efficiency, initial parameters were
taken, including a set of indicators for both ag-
ricultural enterprises (table 3).

Table 3 — Calculation of the efficiency of traditional and modern methods in crop production in
Kazakhstan using the example of agricultural enterprises

Indica- Initial Parameters Indicators Efficiency Calculation Change
tors unit tradi- IT unit tradi- IT solu-
tional | solu- tional tions
tions Economic Efficiency Calculation

Culti- hectare 100 100 Revenue million 18 37.5 +2.1
vated KZT times
Area
Wheat tons / 1.2 2.5 Production million 33 10.7 13.1
Yield hectare Cost (labor + | KZT times

fertilizers  +

water)
Wheat thousands 150 150 Net Profit million -15 +26.8 >11.8
Price KZT / tons KZT
Labor person-days 60 15 Profitability % -45.5 250.5 >5.5
Costs / hectare
Wages thousands 5 5 Optimization of Resource Use Calculation

KZT /
day
Fertilizer | thousands 20 15 Water thou- 10 7 130%
Cost KZT / Savings sand
hectare (WS)
Water thousands 10 7 Reduced thou- 20 15 125%
Cost KZT/ Fertilizer sand
hectare Usage (FU)
Capital thousands 0 5000 | Labor Costs days/ 60 15 175%
Expen- KZT (drones, hec-
diture soft- tare
ware,
sensors)

IT years - 5 Environmental Impact Calculation
Depre-
ciation
Period

CO, kilo- 50 30

Emissions grams/ 40%

(EC) hectare

IT Investment | years - 22

Payback

Period

Note: compiled and calculated by the authors

As seen from the data in table 3, the farm-
ing enterprise in the Kostanay region did not
generate any net profit from using traditional
crop production methods. In contrast, the agro-
holding in the Akmola region achieved a net
profit of 26.8 million KZT by implementing mod-
ern IT solutions. Consequently, the profitability
of traditional methods was -45.5%, whereas

modern methods yielded a profitability of
250.5%.

The calculations demonstrated that re-
source optimization in modern crop production
methods resulted in 30% water savings, 25%
fertilizer savings, and a 75% reduction in labor
costs, highlighting the distinct advantages as-
sociated primarily with modern IT solutions.
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Regarding CO, emissions, traditional
methods, due to excessive use of fertilizers
and transportation, pollute the environment
40% more than modern methods. This reduc-
tion is achieved through optimized logistics and
precise fertilizer application.

As a result, the agroholding in the Akmola
region, which implemented IT solutions, not
only recouped its equipment investment in 2.2
years with a profitability of 250.5% but also sig-
nificantly minimized its environmental footprint.

Thus, the widespread adoption of "smart"
crop production leads to a reduction in agricul-
ture's environmental impact, the active use of
big data analytics, and the development of dig-
ital platforms for supply chain logistics (World
Bank. Climate. Smart Agriculture...; World
Bank Group. Bringing the Concept...) [12, 13].

In Kazakhstan, however, the application of
modern IT solutions in crop production is still in

its early stages, which limits productivity growth
and cost reduction in the sector. Modern meth-
ods in the country's crop production are mainly
implemented through precision farming mech-
anisms in pilot projects, positively affecting cost
reduction for farmers and yield increases (On
approval of the Concept...) [10].

The development of modern IT solutions
in crop production requires active government
support aimed at increasing investment in the
sector. Between 2010 and 2024, investments
in agriculture in Kazakhstan grew nearly elev-
enfold in nominal terms, with its share in total
investment flows grew from 1.8% in 2010 to
5.1% in 2024, with a gradual decline starting
from 2021. The growth rate of agricultural in-
vestments decreased from 3.4% in 2010 to
(-20.6%) in 2024, reflecting uneven distribution
of investment volumes across the years,
largely dependent on the implementation of
government strategic programs (figure).
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Note: based on data from (Investment statistics. Dynamic series...) [14]
Figure — Dynamics of investments in agriculture and their share
in total investments from 2010 to 2024, billion tenge / %

The predominance of traditional methods
in crop production can be explained by the high
cost of modern technologies, which small-scale
farms often cannot afford, thereby widening the
gap between large and small producers (Dhil-
lon R., Moncur Q.) [15]. Modern technologies
are frequently designed for universal applica-
tion, and their adaptation to specific climatic or
soil conditions may be challenging. Neverthe-
less, it is important to note that, despite their
limitations, traditional methods remain a vital
part of crop production in Kazakhstan. Their
adaptation and modernization can enhance
production efficiency and serve as a bridge for
transitioning to modern technologies.

Discussion

The research highlights the trade-offs be-
tween traditional and modern crop production
methods in Kazakhstan, focusing on economic
efficiency, sustainability, and environmental
impact.

Traditional methods are characterized by
low implementation costs, minimal need for
training, and suitability for remote regions.
These approaches are accessible for small-
scale farms with limited resources and infra-
structure.

However, they suffer from low Ilabor
productivity, lack of precision in resource use,
and high dependency on weather conditions

00000000000000000000000000000000000000000000000000000000000000000000000000000000000000 43

Agricultural policy: mechanism of implementation



ArpapJibIK HapbIK mpodJjaeMasapsl, Ne 3, 2025

ISSN-L 2708-9991, ISSN 1817-728X

COPP 0000000000000 0000000000000000000000000000000000000000000

(Karymsakova Zh., Kerimova U., Deliana Y.)
[16]. Inefficient irrigation and fertilization can
lead to soil degradation and reduced long-term
fertility.

Modern IT solutions offer enhanced preci-
sion, enabling data-driven decisions in irriga-
tion, fertilization, and crop protection. Technol-
ogies such as drones, sensors, and GIS sys-
tems improve productivity, reduce environmen-
tal impact, and optimize resource use, based on
digitalization (Kurmanova G.K., Wendland A.,
Omarov M.B.) [17].

At the same time, these methods entail
high initial costs, demand skilled personnel,
and require stable internet, electricity, and
technical support. Without these, the risk of
technical failures increases.

Traditional methods remain relevant for
low-tech farms, but they limit yield growth po-
tential. Modern solutions ensure long-term effi-
ciency and sustainability, but their adoption de-
pends on access to finance and infrastructure.

Digitalization is key to boosting Kazakh-
stan’s agricultural competitiveness. The expe-
rience of successful farms, such as the Akmola
agro holding, should be scaled up. At the same
time, traditional practices should be adapted
and modernized, not discarded.

Efforts should focus on bridging infrastruc-
tural and cultural gaps and integrating Kazakh-
stan into global sustainable agriculture value
chains.

Conclusions

1. The comparison of traditional methods
and IT solutions demonstrates that both ap-
proaches have their advantages and limita-
tions. IT solutions are more productive, envi-
ronmentally sustainable, and economically ef-
ficient in the long term, particularly for medium
and large-scale farms. However, their applica-
tion is constrained by infrastructure and finan-
cial factors. Traditional methods, while less ef-
ficient, remain crucial for farmers with limited
resources and in regions lacking developed in-
frastructure.

2. To improve the efficiency of crop pro-
duction and ensure the sustainable develop-
ment of the agricultural sector, an integrated
approach is necessary. This approach should
combine elements of traditional methods with
modern IT solutions. The gradual digitization of
agriculture will allow time-tested practices to be
adapted to new technological conditions, facili-
tating a smooth transition to innovative prac-
tices.

3. Government support plays a key role in
this process. Subsidy programs are needed to
reduce the financial burden on farmers when
adopting IT solutions. Additionally, it is

essential to build appropriate infrastructure, in-
cluding access to high-speed internet, modern
equipment, and energy resources. This will
form the foundation for the successful applica-
tion of technologies across various regions of
the country.

4. Farmer education is another critical ele-
ment of digitization. Enhancing farmers'
knowledge and skills for working with modern
technologies will enable them to maximize the
benefits of IT solutions and incorporate them
into daily operations. Developing educational
programs, conducting training, and establish-
ing learning centers are essential steps in this
direction.

5. Regional characteristics must also be
considered. Developing and adapting IT solu-
tions to local climatic, soil, and economic con-
ditions will make technologies more accessible
and effective for farmers. This flexibility will ac-
commodate the unique needs of each region.

6. The integration of traditional methods
with modern technologies, supported by the
government and accompanied by educational
initiatives, will pave the way for the agricultural
sector’s transition to a sustainable and high-
tech future. This approach will ensure not only
increased productivity but also strengthen the
competitiveness of the crop production sector
and agriculture as a whole.
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