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EFFECTIVE USE OF LABOR RESOURCES IN AGRICULTURE IN
KAZAKHSTAN IN THE CONTEXT OF DIGITAL TRANSFORMATION

Abstract

The study addresses the problem of low labor productivity in Kazakhstan's agricultural sector under conditions of
digital transformation and structural changes in the economy. Agriculture remains an important component of
national economic development and food security; however, the sector continues to face persistent challenges
associated with technological constraints, workforce aging, labor outflow from rural areas, and insufficient
investment activity. The purpose of this study is to assess the dynamics and efficiency of labor resource utilization
in Kazakhstan's agriculture during 2018-2024 and identify the main factors limiting productivity growth. The
methodological framework includes statistical, comparative, structural, and econometric analysis using official
national statistical data and analytical materials. The results reveal a reduction in agricultural employment,
structural changes in workforce composition, low wage competitiveness, and substantial productivity gaps
compared with high-performing sectors of the economy. The econometric assessment confirms statistically
significant relationships between labor productivity, gross output, and wage levels, indicating that productivity
growth remains predominantly driven by extensive and scale-related factors. The scientific novelty of the
study lies in the development and empirical testing of an econometric model that quantifies the influence of
agricultural output and wage levels on labor productivity in Kazakhstan's agricultural sector under conditions of
digital transformation. Unlike previous studies, the proposed approach provides an assessment of productivity
elasticities with respect to key economic factors and identifies the predominance of extensive growth drivers.
The authors’ contribution consists in integrating structural labor market analysis with econometric modeling of
productivity determinants for the period 2018-2024 and developing evidence-based recommendations aimed
at improving labor efficiency and strengthening the long-term competitiveness of Kazakhstan's agricultural
sector.

Keywords: agriculture; labor resources; labor productivity; digital transformation; employment; technological
modernization; human capital

INTRODUCTION

Agriculture in Kazakhstan represents a strategically important sector of the national economy, ensuring food
security, employment, and sustainable rural development. For a significant proportion of the rural population,
agricultural activity remains a primary source of income and an important factor supporting socio-economic
stability. Therefore, improving the efficiency and competitiveness of the agricultural sector remains one of the key
priorities of national development policy.

Agriculture currently faces climate, technological, and labor market challenges. At the same time, digitalization
creates opportunities for improving productivity through artificial intelligence, precision farming, and digital
monitoring systems (Padhiary et al., 2024; Raj, 2025; Choruma et al., 2024; Manman, 2025).

Despite the growing body of research on digital transformation and labor productivity in agriculture,
several important research gaps remain. Existing international studies primarily focus on the adoption of
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digital technologies, automation, artificial intelligence, and smart farming systems, emphasizing their effects on
production efficiency and labor transformation (Padhiary et al., 2024; Raj, 2025; Choruma et al., 2024; Manman,
2025). At the same time, considerably less attention has been paid to the combined influence of labor resources,
wage incentives, and productivity dynamics in agricultural sectors of transition economies, where institutional and
structural constraints significantly affect technological adaptation (Daum, 2025; Berdegué et al., 2025).

In Kazakhstan, previous studies mainly examine agricultural productivity, employment trends, labor resource
utilization, and general issues of agricultural modernization from a descriptive or macroeconomic perspective
(Tinkai et al., 2024; Government of the Republic of Kazakhstan, 2021; Halyk Finance Analytical Center, 2025).
However, there is still a lack of comprehensive empirical research that simultaneously evaluates structural changes
in agricultural employment, labor productivity dynamics, and the impact of key economic factors under conditions
of digital transformation. Existing studies pay insufficient attention to the effects of workforce aging, labor
shortages, migration from rural areas, and the mismatch between workforce qualifications and the requirements
of digital agriculture (Tinkai et al., 2024; Halyk Finance Analytical Center, 2025). In addition, limited research has
been devoted to assessing how wage incentives and production expansion influence labor productivity in the
agricultural sector. Furthermore, econometric evidence on the determinants of labor productivity in Kazakhstan’s
agriculture remains scarce, while quantitative assessments of the relationships between labor productivity,
agricultural output, and wage levels are largely absent. The influence of digital transformation on labor efficiency
and workforce utilization has also not been sufficiently investigated within the context of Kazakhstan's agricultural
development (Government of the Republic of Kazakhstan, 2021; World Bank, 2026).

Thus, the key research gap lies in the absence of an integrated analytical approach that combines labor market
analysis with econometric assessment of productivity determinants in the context of agricultural digitalization.
Unlike existing studies, the present research not only examines the dynamics of labor resource utilization in
Kazakhstan's agriculture during 2018-2024 but also develops and tests an econometric model that quantifies the
effects of agricultural output and wages on labor productivity. This approach makes it possible to identify the
relative contribution of production and labor-related factors to productivity growth and provides new empirical
evidence for improving labor efficiency and agricultural development policies.

LITERATURE REVIEW

Recent studies indicate that digital transformation significantly affects agricultural productivity and labor
organization. Technologies such as artificial intelligence, robotics, precision agriculture, and digital platforms
improve operational efficiency, optimize resource utilization, and contribute to productivity growth (Padhiary et
al., 2024; Raj, 2025; Choruma et al.,, 2024; Manman, 2025). From this perspective, digitalization is considered one
of the key drivers of sustainable agricultural development and competitiveness.

However, the literature presents differing views on the impact of digital technologies on labor productivity.
Some studies argue that automation and smart farming technologies improve production efficiency and reduce
labor costs by replacing routine operations (Padhiary et al., 2024; Raj, 2025). Others emphasize that technological
modernization does not automatically increase productivity and may even widen inequalities between agricultural
producers due to unequal access to finance, infrastructure, and digital competencies (Daum, 2025; Berdegué et
al., 2025). These findings suggest that productivity gains depend not only on technology adoption but also on
investments in human capital and institutional support.

The relationship between digitalization and employment remains equally debated. While some authors
associate automation with labor displacement (Daum, 2025), others argue that digital transformation mainly
changes employment structures by increasing demand for workers with digital and technological skills (Choruma
et al., 2024; Omotayo, 2025). Therefore, the literature provides no consensus on whether digitalization reduces
employment or creates new forms of agricultural work and specialization.

Kazakhstani studies mainly focus on labor resource utilization, employment dynamics, labor shortages,
and productivity trends in agriculture (Tinkai et al., 2024). Existing research confirms the presence of structural
challenges associated with workforce aging, labor migration from rural areas, insufficient attractiveness of
agricultural employment, and low labor productivity. At the same time, empirical studies assessing the impact of
digital transformation on labor efficiency remain limited. Insufficient attention has been paid to the quantitative
assessment of relationships between labor productivity, agricultural output, and wage incentives, as well as to the
econometric evaluation of productivity determinants under conditions of agricultural modernization (Tinkai et al.,
2024; Halyk Finance Analytical Center, 2025).

Therefore, despite substantial progress in understanding the role of digital technologies in agriculture,
several unresolved issues remain. Existing international studies provide mixed evidence regarding the effects of
digitalization on productivity and employment, while Kazakhstani research remains largely descriptive and lacks
comprehensive econometric assessments. This creates the need for further investigation of labor productivity
determinants and labor resource efficiency in Kazakhstan's agricultural sector under conditions of digital
transformation.
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METHODOLOGY AND METHODS

The study applies a combination of quantitative and qualitative research methods to examine the efficiency
of labor resource utilization in Kazakhstan's agricultural sector under conditions of digital transformation.

Content analysis — a review of scientific publications, regulatory acts, strategic development documents, and
analytical reports, including the Concept for the Development of the Agro-Industrial Complex of the Republic
of Kazakhstan for 2021-2030 and policy documents defining priorities for agricultural modernization and digital
transformation (Government of the Republic of Kazakhstan, 2021).

Statistical analysis — processing and analysis of official data from the Bureau of National Statistics of the
Republic of Kazakhstan, the Ministry of Agriculture, and analytical reports covering employment dynamics, labor
productivity, wages, agricultural output, and labor market indicators (Bureau of National Statistics, 2025; Halyk
Finance Analytical Center, 2025).

Comparative and structural analysis — used to identify structural changes in agricultural employment,
workforce composition, labor efficiency indicators, and sectoral trends during 2018-2024.

Correlation and regression analysis — applied to evaluate the relationships between labor productivity and
selected economic factors and to quantify their impact through econometric modeling.

The empirical database consists of official annual statistical data for the period 2018-2024 obtained from the
Bureau of National Statistics of the Republic of Kazakhstan, sectoral reports, government development programs,
and analytical publications (Bureau of National Statistics, 2025; Government of the Republic of Kazakhstan, 2021).

To assess the determinants of labor productivity, an econometric model was developed using the Ordinary
Least Squares (OLS) method. Labor productivity (output per employed person) was selected as the dependent
variable because it represents the key indicator of labor resource efficiency in agriculture. Gross agricultural
output was included as an explanatory variable reflecting the scale of production activity, while the average
monthly wage was used as an indicator of labor incentives and workforce quality. The selection of these variables
is supported by previous studies emphasizing the importance of production scale, labor remuneration, and
human capital for productivity growth (Daum, 2025; Berdegué et al.,, 2025; Tinkai et al., 2024).

RESULTS

The efficient utilization of labor resources contributes to productivity growth, improves competitiveness,
reduces production costs, and strengthens the financial sustainability of agricultural enterprises. In the agricultural
sector, labor efficiency plays a critical role in ensuring sustainable development, improving resource allocation,
and increasing the effectiveness of technological and organizational innovations. Under conditions of digital
transformation, the rational use of labor resources becomes increasingly important for strengthening the resilience
and long-term competitiveness of the agro-industrial sector.

The analysis of employment indicators allows the identification of key structural changes in Kazakhstan's
agricultural labor market and the assessment of labor resource utilization efficiency. Table 1 presents the main
indicators of the number of people employed in agriculture in the Republic of Kazakhstan.

Table 1. Population employed in agriculture in the Republic of Kazakhstan for 2018-2024

Deviation of 2024

Name 2018 2019 2020 2021 2022 2023 2024 relative to, %

2020 2023

Labor force in Kazakhstan, 9,1386 92215 9,180.8 9,256.8 9,429.8 9,534.1 9,664.0 5.3 14
thousand people

Employed population in 10279 11847 11751 11764 1,1089 10754 10279 -125 44

agriculture in Kazakhstan,
thousand people

Share of employed popu- 14.1 13.5 13.5 134 124 11.3 11.2 -17.0 -0.9
lation in agriculture, %

Including by age group, years

15 0.3 0.3 0.6 0.2 0.5 0.6 0.2 -66.7 -66.7
16-24 147.6 144.4 144.5 141.8 1134 125.1 108.9 -24.6 -12.9
25-54 841.0 804.1 784.3 775.5 753.5 710.5 690.2 -12.0 -2.9
55-64 2013 199.1 202.5 207.5 191.9 185.3 184.2 -9.0 -0.6
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65 and older 38.1 36.8 43.2 51.3 495 539 444 +2.8 -17.6

By employment status

Employees 434.6 4584 4931 507.4 480.1 492.0 383.5 -22.2 -22.1
Share of hired workers in 354 38.7 42.0 431 433 45.8 338 -19.5 -26.2
agriculture, %

Self-employed workers 793.6 7263 682.0 669.0 628.8 583.4 5479 -19.7 -6.1
Share of self-employed 64.6 61.3 58.0 56.9 56.7 54.2 53.0 -8.6 -2.2

workers in agriculture, %

Unemployment rate, % 49 4.8 49 49 4.9 4.7 4.6 -6.1 -6.1

Note: Compiled by the authors based on data from the Bureau of National Statistics of Kazakhstan (2024)

Employment in agriculture declined from 1.23 million to 1.03 million people, while the share of agricultural
employment decreased from 14.1% to 11.2%. The reduction in youth employment and the growing share of older
workers indicate workforce aging and declining attractiveness of agricultural occupations.

The structure of the agricultural workforce is shown in Figure 1.

Figure 1. Structure of agricultural employment in Kazakhstan, 2018-2024 (%)

100% 30
80% 25
20
60%
15
40% - ~ -
: 13,5 13,5 13,4 124 e 10
20% ‘ ‘ .
35,4 38,7 42 43,1 43,3 45,8 76,1
0% 0
2018 2019 2020 2021 2022 2023 2024

employees s self-employed workers e=@==rural, forestry and fisheries

Note: Compiled by the authors based on data from the Bureau of National Statistics of Kazakhstan (2025)

According to Figure 1, self-employed workers continued to dominate agricultural employment; however,
their share declined from 64.6% in 2018 to 53.0% in 2024, while the share of hired workers increased to 45.8% by
2023 before falling to 33.8% in 2024. These changes reflect a gradual shift toward formal employment alongside
instability in labor demand and structural adjustments within agricultural enterprises.

Demographic trends reveal persistent labor market challenges. The number of workers aged 16-24 declined
by 26.2%, while employment among those aged over 65 increased by 16.5%, indicating workforce aging and
declining attractiveness of agricultural occupations for younger generations. In addition, the sector faces a
shortage of approximately 3,500 qualified specialists, limiting the effective adoption of digital technologies and
modern production systems.

Agriculture plays a strategic role in Kazakhstan's economy, ensuring food security, employment, and a raw
material base for related industries. However, an analysis of the indicators (Table 2) shows mixed trends in the
dynamics of labor resource efficiency.
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Table 2. Efficiency of labor resource utilization in agricultural organizations
of the Republic of Kazakhstan

Deviation of
2024 relative
Name 2018 2019 2020 2021 2022 2023 2024 to, %

2020 2023

Gross output of 44741 5.151,2 6.334,7 7.515,4 9.481,2 8.732,1 83636 3203 -422
agricultural  products

(services) at current

prices, billion tenge

Average number of 77.2 724 72.1 70.6 68.2 66.4 64.3 -10.82 -3.16
employees during

the reporting period,

thousand people.

Total number of 1309954 122,320.3 122,753.9 122,552.6 122,558.3 122,550.0 115,1004 -6.23 -6.08
thousand  man-hours
worked, total

Total labor costs, billion  87.595 102.766  109.560 127.539 158.570 168.501 215.363  96.57  27.81
tenge

Total wage fund, billion  80.762 89.158  101.150  115.888  143.155 142511 183.615 81.53 2884
tenge

Output, thousand 57,9547 71,149.2 87,8599 106,407.9 139,020.5 131,507.5 130,070.0 48.04 -1.09
tenge/person.

Output,  tenge/man-  0.0342 0.0421 0.0516 0.0613 0.0774 0.0713 0.07266 1.91 1.91
hour

Employee productivity, 57.95 71.15 87.86 106.45 139.02 131.51 130.07 48.04  -1.09
tenge
Salary return, tenge 51.08 50.13 57.82 58.93 59.79 51.82 38.83 -32.84 -25.07

Note: Compiled by the authors based on data from the Bureau of National Statistics of Kazakhstan (2025)

According to Table 2, Kazakhstan's agricultural sector in 2018-2024 experienced rising output but declining
labor efficiency. Gross output increased from 4,474.1 to 8,363.6 billion tenge, although it decreased by 4.22%
compared to 2023. The number of employees fell by 16.8%, while labor costs grew by 81.53%.

Labor productivity increased by 48.03% during 2020-2024, reaching 130,070 tenge per employee, and output
per man-hour rose by 1.91%. However, wage returns declined by 32.84% (from 57.82 to 38.83 tenge), indicating
inefficient use of growing labor expenditures and the need for technological modernization of the sector.

Currently, the average monthly wage in the agricultural sector is less than two-thirds of the national average
(Figure 2).
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Figure 2. Average monthly wages in agriculture for 2018-2024 (tenge)
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Note: Compiled by the authors based on sources (Bureau of National Statistics, 2025)

According to Figure 2, average monthly wages in Kazakhstan increased steadily during 2018-2024; however,
agricultural incomes remained consistently below the national average. Average wages across the economy rose
from 162,673 to 405,416 tenge, while agricultural wages increased from 97,929 to 263,517 tenge. Despite this
growth, the wage gap remained substantial, with agricultural earnings accounting for only 65% of the national
average in 2024, indicating the sector’s relatively low income competitiveness.

The persistent wage gap reduces the attractiveness of agricultural employment, contributes to labor outflow
fromrural areas, and limits the sector's ability to attract qualified personnel required for technological modernization
and digital transformation. Similar trends, including declining wage competitiveness and employment risks, have
been identified in recent assessments of Kazakhstan's labor market (Halyk Finance Analytical Center, 2025).
Between 2018 and 2023, agricultural employment declined by 12.5%, reflecting both production constraints and
the shift of part of the population to subsistence farming. Addressing these challenges requires stimulating quality
employment, supporting farms and cooperation, expanding the adoption of modern agricultural technologies,
and strengthening vocational training systems (Tinkai et al., 2024).

In recent years, Kazakhstan has expanded digital and skills-oriented employment support mechanisms. The
Enbek ecosystem integrates employment services, vocational training, entrepreneurship support, and online labor
market platforms, contributing to workforce development and labor mobility, particularly among young people
and rural residents (Enbek.kz, 2026).

Although government programs prioritize technological modernization, digitalization, and productivity
growth, implementation gaps continue to limit their effectiveness. Therefore, improving policy continuity and
monitoring mechanisms remains essential for sustainable agricultural development (Government of the Republic
of Kazakhstan, 2021).According to Table 3, despite the multiple growth in the total value of agricultural output,
the physical volume index remained relatively unstable and demonstrated only moderate annual growth rates.

Table 3. Indicators of gross agricultural output and labor productivity in Kazakhstan

Years Gross agricultural Physical volume Including Share of Labor productivity,
output, index, % compared ; agriculture thousand tenge
million tenge to the previous year Plant Animal in GDP, %
growing husbandry
2015 3307010 103,4 104,0 102,7 4,7 1242
2016 3684 393 105,4 107,5 102,8 4,6 1402
2017 4070917 103,0 102,2 103,9 4,5 1736
2018 4 474 088 103,5 103,2 103,9 4,4 2077
2019 5151163 99,9 96,4 104,0 4,5 2466
2020 6 334 669 105,7 107,8 103,1 54 3005
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2021 7515434 97,7 934 103,6 54 3351
2022 8407 512 109,1 115,1 100,8 52 4608
2023 7 625 151 91,7 85,9 104,5 4,0 4378
2024 8363 603,2 113,6 121,1 103,6 50 5074

Note: Calculated by the authors based on Halyk Finance analytical data (2025)

Agricultural performance in 2023 was negatively affected by adverse weather conditions and market
disruptions, resulting in reduced crop yields and lower production volumes. In 2024, the sector demonstrated
partial recovery; however, dependence on climatic conditions remains significant.

Data for 2024 show a recovery in agriculture after the crisis of 2023 caused by unfavorable climatic conditions.
The gross output of the industry amounted to KZT 8,363.6 billion, which is 9.7% higher than in 2023, but remains
below the maximum value of 2022 (KZT 8,407.5 billion). The physical volume index grew by 13.6% thanks to a
21.1% increase in crop production and a 3.6% increase in livestock production. This indicates a partial recovery
from the effects of the drought and the decline in grain and oilseed yields in 2023.

The share of agriculture in GDP remained stable at 5%, which is in line with the long-term trend of the last
ten years (4-5%). Labor productivity in the industry increased to 5,074 thousand tenge, exceeding the 2023 level
(4,378 thousand tenge) by 15.9%. Nevertheless, the gap with high-performance sectors of the economy remains:
productivity in the mining industry is 12.6 times higher.

To deepen the empirical analysis and identify the elasticity effects of key economic factors, an econometric
assessment of labor productivity determinants in Kazakhstan's agricultural sector was conducted.

Labor productivity was defined as output per employed person (thousand tenge) and used as the dependent
variable. Given the non-linear nature of production processes and the need to interpret elasticities, a log-log
specification was applied.

Model specification

The following regression model was estimated for the period 2018-2024 using the Ordinary Least Squares
(OLS) method:

INLPy=a +B1InQ + B2 In W, + & M

where:

LP, — labor productivity in agriculture

Q. — gross agricultural output

W, — average monthly wage in agriculture

€ — error term

In this specification, the estimated coefficients directly represent elasticities, showing the percentage change
in labor productivity resulting from a 1% change in the explanatory variable.

To evaluate the magnitude and direction of relationships between labor productivity and the selected
explanatory variables, the estimated regression coefficients were analyzed. The obtained parameters allow
assessment of the sensitivity of labor productivity to changes in agricultural output and wage levels, thereby
providing empirical evidence on the relative contribution of production and income-related factors. The estimation
results are presented in Table 4.

Table 4. Results of log-log regression for labor productivity in agriculture (2018-2024)

Variable Coefficient (elasticity) Std. Error t-statistic p-value
Constant -1.842 0.613 -3.01 0.039
In Gross output (In Qt) 0.62 0.11 5.64 0.005
In Average wage (In Wt) 0.31 0.09 3.44 0.026

Note: authors’ calculations based on official statistical data
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Model statistics:

R? = 0.964;

Adjusted R? = 0.946;

F-statistic = 53.9 (p < 0.01)

The estimated model demonstrates a high explanatory capacity and indicates statistically significant
relationships between labor productivity and the selected explanatory variables. The results suggest that
productivity dynamics in Kazakhstan's agricultural sector are influenced by both production expansion and
income-related factors, although the magnitude of these effects differs substantially.

The elasticity of labor productivity with respect to gross agricultural output is 0.62, which means that a 1%
increase in production volume leads to an average increase in labor productivity of 0.62%. This result indicates the
presence of scale effects; however, the elasticity is less than one, suggesting diminishing returns and confirming
that productivity growth is largely driven by extensive factors rather than technological intensification.

The elasticity of labor productivity with respect to the average wage level equals 0.31, implying that a 1%
increase in wages is associated with only a 0.31% increase in productivity. This confirms the weak transmission
mechanism between income growth and efficiency gains. In other words, wage increases are not sufficiently
supported by improvements in technology, work organization, or skills development.

The high coefficient of determination (R2=0.96R*2 = 0.96R2=0.96) indicates strong explanatory power of
the model, although the results should be interpreted with caution due to the short time series and volatility of
agricultural production caused by climatic and market shocks.

The econometric results indicate that labor productivity growth remains primarily scale-dependent and
driven by output expansion rather than technological intensification. This confirms the need for investment in
digitalization, capital modernization, and human capital development.

DISCUSSION

The obtained results generally support international studies emphasizing the importance of technological
modernization and digital transformation for improving agricultural productivity (Padhiary et al., 2024; Raj, 2025).
Similar to Choruma et al. (2024), the findings suggest that productivity growth increasingly depends on the
adoption of digital technologies and modern management practices. At the same time, the study confirms that
technological advancement alone is insufficient to ensure sustainable productivity growth without adequate
human capital and institutional support, which is consistent with the conclusions of Daum (2025) and Berdegué
et al. (2025).

The econometric analysis shows that labor productivity in Kazakhstan’'s agriculture is more responsive to
increases in production output than to wage growth. Unlike evidence from technologically advanced agricultural
economies, where productivity is more strongly associated with innovation and workforce skills (Daum, 2025;
Omotayo, 2025), the results indicate that productivity growth in Kazakhstan remains largely driven by extensive
factors rather than technological intensification.

The findings also support concerns raised in international literature regarding unequal access to digital
technologies and innovation resources (Berdegué et al.,, 2025). Similar patterns are observed in Kazakhstan, where
labor shortages, workforce aging, insufficient investment, and limited access to advanced technologies continue
to constrain productivity growth, particularly among small and medium-sized agricultural enterprises.

Furthermore, the results are consistent with World Bank (2026) assessments highlighting human capital
limitations and uneven technological diffusion as major barriers to productivity growth. The analysis also
identifies structural constraints, including dependence on climatic conditions, fragmented production structures,
and high depreciation of agricultural machinery. These findings reinforce international evidence that the benefits
of digital transformation are greatest when supported by investment, institutional development, and workforce
modernization (Daum, 2025; Berdegué et al., 2025; Omotayo, 2025).

Therefore, strengthening human capital, improving access to financial instruments, expanding digital
infrastructure, increasing technological modernization, and enhancing workforce competencies should be
considered key priorities for long-term agricultural development. The results suggest that sustainable productivity
growth in Kazakhstan's agricultural sector requires not only expansion of production volumes but also a transition
toward a more technology-intensive and knowledge-based development model.

CONCLUSION

The study demonstrates that labor productivity in Kazakhstan's agricultural sector is constrained by a
combination of structural, technological, and institutional factors. The empirical results indicate a continuing
decline in agricultural employment, workforce aging, relatively low wage competitiveness, and unequal regional
distribution of labor resources. Despite the partial recovery of production indicators in 2024 following the
agricultural downturn of 2023, the sector continues to exhibit significant inefficiencies and high sensitivity to
external shocks.
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The econometric analysis confirms that labor productivity growth remains predominantly dependent on
production expansion rather than on qualitative improvements in labor efficiency. The stronger elasticity of
productivity with respect to output compared with wage growth suggests limited technological diffusion and
weak transmission mechanisms between labor incentives and productivity gains. These findings indicate that the
existing model of agricultural development relies largely on extensive growth factors.

Long-term improvement of labor productivity requires a transition toward technologically intensive and
knowledge-based development. Priority areas include modernization of agricultural machinery and infrastructure,
wider adoption of digital and intelligent technologies, expansion of financial accessibility for small and medium-
sized agricultural enterprises, and stronger interaction between education, research institutions, and production
systems. Implementation of these measures may improve labor efficiency, increase resilience of rural economies,
and strengthen the competitiveness and sustainability of Kazakhstan’s agro-industrial sector.

The scientific contribution of this study lies in providing one of the first integrated assessments of labor
resource efficiency and labor productivity determinants in Kazakhstan's agricultural sector under conditions of
digital transformation. The proposed econometric framework quantifies the elasticity effects of production and
wage factors, thereby expanding the empirical evidence available for policy design and agricultural labor market
regulation.

FINANCING

This research was conducted within the framework of the program-targeted funding project of the Ministry of
Agriculture of the Republic of Kazakhstan under the priority area «Sustainable Development of Rural Territories»
for 2024-2026 (BR22886885), entitled «Development of Organizational and Economic Measures to Increase the
Efficiency of Resource Use in Agricultural Production».

REFERENCES

1. Padhiary, M., Saha, D., Kumar, R., Sethi, L. N., & Kumar, A. (2024). Enhancing precision agriculture: A comprehensive
review of machine learning and Al vision applications in all-terrain vehicle for farm automation. Smart Agricultural
Technology, 8, Article 100483. https://doi.org/10.1016/j.atech.2024.100483

2. Raj, M. (2025). Revolutionizing agriculture: A comprehensive review on smart farming and robotics. SN Applied
Sciences, 7. https://doi.org/10.1007/s42452-025-07561-6

3. Choruma, D. J, Dirwai, T. L, Mutenje, M. J,, Mustafa, M., Chimonyo, V. G. P., Jacobs-Mata, I., & Mabhaudhi, T.
(2024). Digitalisation in agriculture: A scoping review of technologies in practice, challenges, and opportunities for
smallholder farmers in Sub-Saharan Africa. Journal of Agriculture and Food Research, 18, Article 101286. https://doi.
org/10.1016/j.jafr.2024.101286

4. Manman, Q. (2025). Digital economy, transfer of agricultural labor force and agricultural land production
efficiency. Frontiers in Environmental Science, 13, Article 1652016. https://doi.org/10.3389/fenvs.2025.1652016

5. Omotayo, A. O. (2025). Artificial intelligence in agriculture: Ethics, impact and challenges. Computers and
Electronics in Agriculture, 235, Article 110466. https://doi.org/10.1016/j.compag.2025.110927

6. Daum, T. (2025). Digitalization and skills in agriculture: Implications for labor transformation and workforce
development. International Journal of Rural Studies, 32(2), 47-59. https://doi.org/10.1177/00307270251336474

7. Berdegué, J. A, Trivelli, C., & Vos, R. (2025). Employment impacts of agrifood system innovations and policies: A
review of the evidence. Global Food Security, 44, Article 100832. https://doi.org/10.1016/j.gfs.2025.100832

8. Government of the Republic of Kazakhstan. (2021). On approval of the Concept for the Development of the
Agro-Industrial Complex of the Republic of Kazakhstan for 2021-2030. Resolution of the Government of the Republic of
Kazakhstan dated December 30, 2021, No. 960. https://adilet.zan.kz/rus/docs/P2100000960

9. Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan.
(2025). Statistics of agriculture, forestry, hunting and fisheries. https://stat.gov.kz/en/industries/business-statistics/stat-
forrest-village-hunt-fish/

10. Bureau of National Statistics of the Agency for Strategic Planning and Reforms of the Republic of Kazakhstan.
(2026). Labor and income statistics database. https://stat.gov.kz/

11. Tinkai, K., Rustembayev, B. E., Kadyrova, K. Zh., & Amangeldieva, N. S. (2024). Analysis of the efficiency of
labor resources use in agriculture of the Republic of Kazakhstan. Bulletin of Turan University, 2, 378-394. https://doi.
0rg/10.46914/1562-2959-2024-1-2-378-394

12. Enbek kz. (2026). Electronic labor exchange platform. https://egov.kz/cms/en/articles/enbek_kz

13. Halyk Finance Analytical Center. (2025). The labor market in January-September 2025: Declining real wages and
employment risks. https://halykfinance.kz/download/files/analytics/labor_sept2025.pdf

14. World Bank. (2026). Kazakhstan economic update: Productivity, digital transformation and sustainable growth.
https://www.worldbank.org/en/country/kazakhstan/publication/economic-update-2026

76 Ne 2 (71) 2026



« MPAKTUKA - MPAKTUKA « PRACTICE ESEP iue

EVALUATION

CMNCOK NCNOJIb3BOBAHHbIX NICTOYHUKOB

1. Padhiary, M., Saha, D., Kumar, R, Sethi, L. N., & Kumar, A. (2024). Enhancing precision agriculture: A comprehensive
review of machine learning and Al vision applications in all-terrain vehicle for farm automation. Smart Agricultural
Technology, 8, Article 100483. https://doi.org/10.1016/j.atech.2024.100483

2. Raj, M. (2025). Revolutionizing agriculture: A comprehensive review on smart farming and robotics. SN Applied
Sciences, 7. https://doi.org/10.1007/s42452-025-07561-6

3. Choruma, D. J., Dirwai, T. L, Mutenje, M. J., Mustafa, M., Chimonyo, V. G. P, Jacobs-Mata, I., & Mabhaudhi, T.
(2024). Digitalisation in agriculture: A scoping review of technologies in practice, challenges, and opportunities for
smallholder farmers in Sub-Saharan Africa. Journal of Agriculture and Food Research, 18, Article 101286. https://doi.
org/10.1016/j.jafr.2024.101286

4. Manman, Q. (2025). Digital economy, transfer of agricultural labor force and agricultural land production
efficiency. Frontiers in Environmental Science, 13, Article 1652016. https://doi.org/10.3389/fenvs.2025.1652016

5. Omotayo, A. O. (2025). Artificial intelligence in agriculture: Ethics, impact and challenges. Computers and
Electronics in Agriculture, 235, Article 110466. https://doi.org/10.1016/j.compag.2025.110927

6. Daum, T. (2025). Digitalization and skills in agriculture: Implications for labor transformation and workforce
development. International Journal of Rural Studies, 32(2), 47-59. https://doi.org/10.1177/00307270251336474

7. Berdegué, J. A, Trivelli, C.,, & Vos, R. (2025). Employment impacts of agrifood system innovations and policies: A
review of the evidence. Global Food Security, 44, Article 100832. https://doi.org/10.1016/j.gfs.2025.100832

8. MpaeutenbcTBO Pecnybankm KasaxcraH. (2021). 06 ymeepxdeHuu KoHyenyuu passumus azponpomeliieHHO20
komnuiekca Pecnybauxu Kazaxcmar Ha 2021-2030 200s1. [TocmaHosneHue NMpasumenscmesa Pecnybauku KazaxcmaH om
30 Oekabps 2021 2o0a N2 960. [loctynHo: https://adilet.zan.kz/rus/docs/P2100000960

9. brOpO HauUMOHaNbHOW CTAaTUCTMKM AreHTCTBa MO CTpaTErMyeckomy MaHUpPOBaHUI 1 pedpopmam Pecnybimkm
KazaxcraH. (2025). Cmamucmuka cesnibcko2o, 1eCHO20, 0XOMHU4YbEe20 U pblbHO20 X03alicmeaa. loctynHo: https://stat.gov.
kz/ru/industries/business-statistics/stat-forrest-village-hunt-fish/

10. bropo HaLMOHaNbHOW CTaTUCTMKN AreHTCTBa Mo CTpaTerMyeckoMy naaHMpoBaHWIO U pedpopmam Pecrny6imku
KazaxcraH. (2026). Tpyd u doxodel. JoctynHo: https://stat.gov.kz/

11. TuHkan X, PyctembaeB b.E, Kagpipoa KK, Amanrenbgamesa H.C. (2024). AHann3 3ddekTMBHOCTM
MCMO/Ib30BaHMWA TPYAOBbIX PECYPCOB B CEbCKOM X03ancTBe Pecnybanku KasaxcraH. BecmHuk yHusepcumema «TypaH»,
2, 378-394. floctynHo: https://doi.org/10.46914/1562-2959-2024-1-2-378-394

12. Enbek kz. (2026). SnekmponHas 6upxxa mpyda. JoctynHo: https://egov.kz/cms/en/articles/enbek_kz

13. AHannTtnueckuin ueHTp Halyk Finance. (2025). PeiHok mpyda e sHeape-ceHmsabpe 2025 eoda: cHuxeHue
peanbHbIx 3apabomHeix naam u pucku 3aHsmocmu. JoctynHo: https://halykfinance.kz/download/files/analytics/labor_
sept2025.pdf

14. World Bank. (2026). Kazakhstan economic update: Productivity, digital transformation and sustainable growth.
https://www.worldbank.org/en/country/kazakhstan/publication/economic-update-2026

MEMJEKETTIK AYAINT « TOCYAAPCTBEHHbIV AYZINT « STATE AUDIT 77



ESEP S « MPAKTUKA « MPAKTUKA « PRACTICE

EVALUATION

LLU®PNbIK TPAHCOOPMALMA XXAFAAUBIHAA KA3AKCTAHHbIH AYbI
LWAPYALWDbINIbIFbIHAA EHBEK PECYPCTAPbIH TUIMAI NANAANAHY

TipeyoB K. XycauHoBa X.
3KOHOMMWKA FblIbIMAAPbIHbIH, JOKTOPbI, Npodeccop,  3KOHOMMKA FblAbIMAAPbIHbIH, KaHAWAATbI, podeccop
KasakcraH Pecnybaunkaco! ¥aTTbiK fblibiM — C. CelidyanunH atbiHAasbl Kazak arpoTexHuMKanbiK
aKaZeMUACbIHbIH aKajeMuri  3epTTey YHUBepCUTETI
C. CelidynnuH atbiHgaFbl Kasak arpotexHukanblk — KazakcrtaH, ActaHa
3epTTey yHuBepcuTeTi  e-mail: zhibekh11@mail.ru
KasakcTaH, ActaHa  ORCID: 0000-0002-2617-838X
e-mail: office@kazatu.edu.kz
ORCID: 0000-0003-3904-3553  AiitmyxaH6eTtoBa /[I.
3KOHOMMKA FblIbIMAAPbIHbIH, KaHAMAATbI
BecnaeBa P.* C. CeidynnuH atbiHaafFbl Kasak arpoTexHuKanbik,
PhD, kaybiMaacTbipblifaH Npodpeccop  3epTTey YyHUBEPCUTETI
C. CelidynnuH atbiHgaFbl Kasak arpotexHukanblk — KazakcrtaH, ActaHa
3epTTey yHMBepcuTeTi  e-mail: aitmukhan.d@yandex.kz
KazakcraH, ActaHa  ORCID: 0000-0002-1244-7286
e-mail: brs_@mail.ru
ORCID: 0000-0002-3955-9237

Anpatna

3epTTeyae 3KOHOMMKaHbIH, KYPbIAbIMAbIK ©3repicTepi MeH uudpablk TpaHchopMaums XafaarbiHaafbl Ka-
3aKCTaHHbIH, aybl1 Liapyallbliblfbl CEKTOPbIHAAFbI eHOeK eHIMAINIMIHIH TOMeHAIr Macesneci KapacTbipbliajbl.
Aybin Wapyalblablfbl YATTbIK 3KOHOMWKAabIK AaMyAblH >X8He a3blK-TyAiK Kayinci3giriH Kamramacbi3 eTyAiH
MaHbI34bl Kypamaac 6eniri 6osbin kana b6epesi, ananga 6yn cana TEXHONOTNANBIK, LLEKTEYAEP, XYMbIC KYLUiHIH
KapTatobl, ayblAAbIK >XepAepieH eHOeK pecypcTapbliHbIH KETYi XOHe WMHBECTULMAAbIK OenceHAinikTiH, >XeT-
KiNIKCI3Airi cMaKTbl TypakTbl MacenenepMeH betne-6et kenyae. 3eptreyaiH, Makcatol — 2018-2024 xbingap
apanblfbiHaafbl KasakcTaH aybla LlapyallbliblfblHAaFbl eHOeK pecypcTapbliH NaiganaHy AMHaMWKacbl MeH
TUimginiriH 6afanay, coHaan-ak eHbek eHIMAINIMIHIH 6CYiH WeKTENTIH Herisri pakTopaapabl aHbIKTay. 3epTTey-
AiH, d4icHaMasbIK Heri3iHe pecMun YATTbIK CTaTUCTUMKANbIK AepeKTep MeH aHaAUTUKabIK, MaTepuangapabl nam-
JanaHa OTbIpbIN XYPri3iIreH CTaTUCTUKaAbIK, CanblCTbipMalbl, KYPbUIbIMABIK XX9HE 3KOHOMETPUAbIK Tanjay
dAicTepi eHrisingi. 3epTrey HaTUXeNepi aybll WapyallblibiFbIHAAFbI XXYMbICMIEH KaMTYAblH, KbICKapYblH, XXYMbIC
KYLLIHIH, KypbINbIMAbIK, ©3repicTepiH, XanakblHblH, TOMeH 6acekere KabineTTiniriH >XaHe 3KOHOMMKaHbIH, XOFapbl
OHiIMAi cananapbiMeH CanbICTbipFaHAafbl eneyi eHIMAINIK anwakTbifblH KOPCETTI. IKOHOMETPUANLIK Haranay
eHbeK eHIMAINIr, Xannbl aybl Wapyallblablfbl OHIMI KeneMi XaHe Xanakbl AeHreri apacbliHAafbl CTaTUCTMKa-
NbIK MaHbI3Abl HalaHbICTapAbl pacTajbl XXaHe eHIMAINIK ©CiMiHIH Heri3iHeH 3KCTEHCMBTI api OHAIPIC ayKbiMbIHA
Toyensi cMnaTka Me eKeHiH aHbIKTaAbl. 3ePTTEYAIH, FbIIbIMU XXaHabifbl LM PbIK TpaHcGOpMaLms XaraanbiH-
Ja KazakcTaHHbIH, arpap/blK CEKTOPbIHAaFbl eHOeK eHIMAINIrIHE aybln Wapyallblblfbl ©HAIPICIHIH, KeneMi MeH
eHbekakbl AeHreriHiH biKkNanblH CaHAbIK TYpPFblAaH bafanayra MyMKIHAIK O6epeTiH 3KOHOMETPUSbIK MOAEbAI
a3ipney XaHe 3MNUpUKanbk anpobaumsanay 6oabin Tabbinagbl. bypbiHFbl 3epTTeyiepaeH aliblipMallbliblfbl,
YCbIHbIJIFAH TaCiN eHBeK OHIMAINITIHIH Heri3ri 3KoHOMMKanbIK, GakTopaapFa KaTbICTbl MKEMAINIK AeHreliH baFa-
Nayfa XoHe 3KCTEHCUBTI ecy dakTopaapbiHbIH 6acbIMAbIFbIH aHbIKTayFa MyMKiHAIK 6epei. ABTOpaapabIH, yeci
2018-2024 xbingap KeseHiHAeri eHbek eHiMAINIr dakTopaapbiH 3KOHOMETPUANBIK MOAeNbleyMeH eHbek Ha-
PbIFbIHBIH, KYPbIIbIMABIK TanAayblH BipikTipyAe, COHAaN-ak eHbek pecypcTapbiH NanganaHy TUIMAiNITIH apTTbl-
pyFa XaHe KasakCTaHHbIH aybla LapyaLlbliblfbl CEKTOPbIHbIH y3ak, Mep3iMai 6acekere KabineTTiNiriH HolFanTyfa
BafbITTasfaH fblIbIMU HEri3AenreH yCbiHbIMAAP a3ipaeyae KepiHic Tabagbl.

TyWiH ce3pep: aybln LWapyallbinblfbl; eHbek pecypcTapbl; eHbek eHimainiri; umbpablk TpaHchopmaLms;
XKYMbICNEH KaMTY; TEXHONOTUANBIK XaHFbIPTY; ajaMu KanuTan
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AHHOTauunA

B nccnepoBaHnm paccmatpuBaeTcs npobaeMa HU3KOW NPON3BOAUTENBHOCTU TPYAa B CEbCKOXO3ANCTBEHHOM
cekTope Ka3zaxcTaHa B ycnoBusAx LiMdpoBoin TpaHCcGOopMaLMmn U CTPYKTYPHBIX M3MEHEHW 3KoHOMMKK. Cenbckoe
XO3AMCTBO OCTAETCS BaXHOMN COCTaBAAOLLEN HALMOHaNbHOrO 3KOHOMUYECKOTO Pa3BUTUA 1 obecrneyveHmns nNpo-
[ OBOJ/IbCTBEHHON 6€30MacHOCTH, OAHAKO CEKTOP MPOAOMKAeT CTalKMBaTbCA C YCTOMUMBBIMKU MpobaeMamu,
CBA3aHHBIMUW C TEXHOJOTMYECKUMM OTPaHUYEHUAMK, CTapeHneM pabouelt Cuibl, OTTOKOM TPYAOBBIX PeCcypCcoB
N3 CeNbCKON MECTHOCTM M HeAOCTaTOYHOW WHBECTULIMOHHOW aKTMBHOCTbIO. Llenbio nccnesoBaHus ssasetcs
oLeHKa AUHaMUKK 1 3GDEKTUBHOCTM MCMOb30BaHWS TPYAOBbIX PECYPCOB B Ce/bCKOM X03siicTBe Ka3axcTaHa B
nepuoa 2018-2024 rr., a Takxxe BblfiBN€HNE OCHOBHbIX GaKTOPOB, OrpPaHNYMBAIOLLNX POCT MPOU3BOANTENBHO-
CT1 Tpysa. MeTogonornyeckas OCHOBa UCCAe0BaHNA BKAKOYAET CTaTUCTUYECKNI, CPaBHUTENbHbIW, CTPYKTYp-
HbIA ¥ 3KOHOMETPUYECKUIA aHaNM3 C NCMONb30BaHMEM ODULMANBHBIX HALIMOHANbHbIX CTAaTUCTUUECKMX AaHHbIX
N aHaIMTUYeCKMX MaTepuanos. PesyabTaTbl UCCNEf0BaHNA BbIABUIM COKPALLEHNE 3aHATOCTN B CE/IbCKOM XO-
3A1ACTBE, CTPYKTYPHbIE M3MEHEHWNA B COCTaBe paboueit CUJbl, HU3KYH KOHKYPEHTOCMOCOBHOCTL 3apaboTHOM
nnatbl U 3HaYMTENbHbIA Pa3pbiB B MPON3BOAUTENILHOCTA MO CPABHEHWUIO C BbICOKOIDOEKTUBHBIMU CeKTOpa-
MU 3KOHOMMUKW. DKOHOMETpUUeckas oLeHKa MOATBepXAaeT CTaTUCTUUECKN 3HauMMble B3aMMOCBA3N MeXAY
NPOV3BOANTENBHOCTBIO TPYAa, 0O BEMOM BasIOBOM CENbCKOXO3ANCTBEHHOM NPOAYKLIMU 1 YPOBHEM 3apaboTHO
nAaTbl, MOKa3blBas, YTO POCT NMPOM3BOAUTENBHOCTU HOCUT NMPENMYLLECTBEHHO 3KCTEHCUBHBIN 1 MacLuTabo3aBu-
CUMBIV xapakTep. HayuHas HOBM3Ha nccieaoBaHNA 3akaovaeTcsa B pa3paboTke v aMNupuyeckon anpobavmm
3KOHOMETPUYECKOW MOZENN, MO3BONAIOLLEN KONNYECTBEHHO OLEHUTb BANAHME O6beMa CeNbCKOXO3ANCTBEH-
HOro NPOM3BOACTBa W YPOBHA ONJaThl TPyAa Ha NPOU3BOAUTENLHOCTL TPYAa B arpapHoM cekTope KasaxcraHa
B YCN0BMAX LMPpoBOM TpaHchopmaLmn. B oTanume ot npeablaywinx nccnefoBaHuii, NpesioxXeHHbI NOAXOA
obecrneyrBaeT OLEHKY 31aCTUYHOCTU NPOU3BOAUTENBHOCTM TPYAa MO OTHOLUEHUWIO K K/IKOUEBLIM 3KOHOMMYe-
CKMM daKkTopam 1 NO3BONAET BbIABUTL NpeobiagaHne IKCTEHCMBHbIX GakTopoB pocTa. Bknag aBTopos coctout
B MHTerpaumn CTPYKTYPHOrO aHann3a pbliHKa Tpyfa ¢ SKOHOMETPUYECKUM MOAeNnpoBaHemM GpakTopos Npouns-
BOAUTENBHOCTU TpyAa 3a nepuog 2018-2024 rr., a Takke B pa3paboTke HayuHO 06OCHOBaHHbIX PEKOMeHAaLINI,
HanpaBs/ieHHbIX Ha MoBblWeHne 3PPEKTUBHOCTU UCMONb30BAHNA TPYAOBbLIX PECYpCOB U yKpenaeHue JoAro-
CPOYHOW KOHKYPEHTOCMOCOOHOCTM CelbCKOX03ANCTBEHHOTO cekTopa KasaxcTaHa.

KnroueBble cnoBa: cenbckoe X0311UCTBO; TPYAOBbIE PECYPChI; MPOM3BOANTENBHOCTL TPYAa; LdpoBas TpaHc-
bopMaLMs; 3aHATOCTb; TEXHONOrMUECKas MOAEPHM3aLMS; Ye0BeYeCKUIA KanuTan
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