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ABSTRACT

This study delves into the perceptions and practices of the agricultural community regarding eco-friendly
technologies and air pollution through a detailed clustering analysis of survey data. The primary objective
is to identify distinct groups within the agricultural sector based on their responses to various factors, in-
cluding demographic information, types of crops grown, perceptions of air pollution, and attitudes toward
sustainable practices. The analysis employs K-Means clustering to categorize respondents into three dis-
tinct clusters, each representing a unique combination of views and practices. The findings are visualized
using scatter plots and box plots, offering a clear depiction of the variations and commonalities within
each cluster. The study reveals significant diversity in the adoption and perception of eco-friendly practices
in agriculture. Some groups demonstrate high satisfaction and effectiveness, indicating successful inte-
gration of sustainable methods, while others show skepticism and challenges, possibly due to economic
constraints or lack of access to resources and knowledge. The economic interpretation of these clusters
suggests that varying levels of resource availability, technological access, and knowledge dissemination
influence differences in the adoption of sustainable practices. The study concludes with recommendations
for targeted policy-making, educational initiatives, and resource allocation to support and enhance the
adoption of eco-friendly practices across different segments of the agricultural community. This tailored
approach can significantly contribute to the broader objective of promoting sustainable agriculture and
environmental stewardship.
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AHHOTALUMUA

B aTOM MCCneaoBaHUKM M3ydatoTCA MPaAKTUYECKUE acMeKTbl PAa3BUTUA CEIbCKOXO3ANCTBEHHOM OTpacau B
OTHOLLEHMM IKOMOTMYECKN YUCTbIX TEXHONOTUIA U 3arpsA3HEeHMA BO34yxa MOCPeACTBOM MCMO/b30BaHMA
K/JlacTepHOro aHanM3a AaHHbIX. Llenbio gaHHOro nccnenoBaHMA ABAAETCA MAEHTUOMKAUMA Pa3IMYHbIX
rPynn B arpapHOM CEKTOPEe Ha OCHOBE MX PeaKkuMu Ha pa3HoobpasHble GaKTopbl, KOTOPble BKAKOYAIOT
B cebsa aemorpaduyeckme gaHHbIe, TUMbl KYAbTUBUPYEMbIX KYAbTyp, OCBEAOM/IEHHOCTb O Mpobiemax
3arpAsHeHNs BO34yXa, aTaKKe OTHOLLEHME K MPaKTUKaM yCTOMYMBOro pa3BuTKA. 18 aHannsa npMmeHseTca
MeToA, Knactepmsaumm K-cpegHux, KOTOpbIM MO3BOAAET pasfAenTb YYaCTHUKOB MCCAeoBaHMA Ha TpK
oTAeNbHble FpynMbl, NpeAcTaBaAsAoUMe COBOIN YHUKANbHOE COYEeTaHWe B3rAL0B U NPaKTUK. PesynbTaTbl
nccnefoBaHMA BU3YanU3MPYIOTCA C MOMOLLBIO TOYEYHbIX M CTOA6YaTbIX AMarpamm, YTo obecneuymBaer
HarnAa4Hoe MpeacTaBAeHME O Pa3INuMAX U CXOACTBAX MeXAy KaacTtepamu. [aHHaa BuU3yanu3auums
Mo3BO/AET HArNA4HO YBMAETb, KaK Pa3/InyHble KaacTepbl pacrnosiaraloTca OTHOCUTENbHO APYF Apyra Mo
K/IOYEBbIM MapameTpam WCCAeA0BaHWA, BbIAEAAA TEM CaMbIM YHUKA/NbHbIE XapPaKTEPUCTUKM KaKaoun
rpynnbl. MccneaoBaHWe BbISBUNO 3HAYUTEIbHOE Pa3HOObBPasMe B MPUHATUM U BOCMPUATMUM SKOSOTUYECKU
YMCTbIX NPAKTMK B CE/IbCKOM X03ANCTBE. HEKOTOpPbIE rpyMMbl 4eMOHCTPUPYIOT BbICOKYIO YA0B/IETBOPEHHOCTD
N 3GEKTUBHOCTb, YTO CBUAETENLCTBYET 06 yCMEelWHOW MHTerpaumnm yCToMYmMBbIX METOAOB, B TO Bpems
KaK Opyrve nNpoABAAIOT CKEMTUUM3M M Npo6aembl, BO3MOXHO, M3-338 S3KOHOMMUYECKUX OrpaHUYeHuUi
WAM OTCYTCTBMA AOCTYNa K pecypcam M 3HaHMAM. JKOHOMMYECKasa MHTepnpeTauusa 3TUX KNacTepos
npeanonaraert, YTo pas/iMyHble YPOBHW OOCTYMHOCTU PECYPCOB M PACMpOCTPAaHEHUA 3HAHMIK BAUAIOT
Ha pas/iMuMA B MPUHATUM YCTOMUYMBBIX MPAKTUK. MccneqoBaHMe 3aBepLUaeTCs cepueii peKomeHaaunmn,
HampaB/leHHbIX Ha UeseHanpasaeHHoe GOpMUPOBaHME TMOAUTUKM, pPa3BUTUE 0OPaA30BaTENbHbIX
MHUUMATUB N 3bDEKTUBHOE pacnpedeneHme PecypcoB AN PACLUMPEHUA MPUMEHEHMA 3KOI0rMYEcKu
6e30MacHbIX METO40B B CE/IbCKOXO3AMCTBEHHOM CeKTope. TakoW noaxod npeasaraer 3HauMTe/bHbIN
noTeHuMan no NPOABUNKEHWNIO YCTOMUMBLIX MPAKTUK B arpapHoM 4eaTeIbHOCTM U COXPaHEeHUM MPUPOAHOI

cpeabl.
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Introduction

Research into the impact of emissions on crop
yields is essential because of its strategic impor-
tance for food security and the environment in the
Republic of Kazakhstan. The country’s unique cli-
mate conditions may amplify these impacts. With
global climate change and the quest for sustainabil-
ity, understanding the impact of emissions is essen-
tial to developing effective agricultural resource
management strategies that balance food produc-
tion and environmental protection.

Over the past two centuries, the global agri-
cultural economy has undergone profound transfor-
mations driven by population shifts and economic
changes. In 1800, a predominantly rural population
engaged 75-80% in agriculture, contrasting sharp-
ly with the urbanized, diverse landscape of 2010,
with a population exceeding 6.9 billion. Projecting
agricultural production faces added intricacies due
to the site-sensitive nature of biological processes
and changing production geographies (Pardey et
al., 2014).

Agriculture, a vital economic sector, plays a
pivotal role in meeting the escalating demand for
food, feed, and ornamental crops due to the rapidly
increasing global population, which is predicted to
reach 9.6 billion by 2050 (Tripathi et al., 2019). The
challenge lies in enhancing agricultural efficiency
while addressing environmental concerns and re-
source limitations. Although essential for optimal
plant growth, the conventional use of chemical fer-
tilizers has led to severe environmental consequenc-
es, such as groundwater pollution, soil degradation,
and air pollution. With limited arable land and scarce
water resources, the demand for efficient mineral
fertilizers becomes imperative for sustainable agri-
culture and economic development.

As the world anticipates a need for 70 to
100% more food by 2050, there is a pressing re-
quirement for a sustainable approach to agriculture
that addresses the paradox of hunger coexisting
with abundance. The ecological impact of agricul-
ture, measured by indicators like Human Appropri-
ation of Net Primary Productivity (HANPP) and
Ecological Footprint, reveals a concerning trend of
resource overshoot. With the projected population
growth, there is an imminent need to reevaluate
agricultural practices to ensure long-term sustain-
ability and mitigate environmental consequences
(Graham et al., 2001; Roux et al., 2020).

The agricultural sector in the Republic of Ka-
zakhstan is a critical element of its economic and
socio-cultural structure. With vast land resources
comprising more than 75% of the country’s territo-
ry, it has the potential for diversified development.

Exporting grains, meat, and oilseeds is a significant
source of income. Traditional communities, espe-
cially national minorities, are essential in shap-
ing the agricultural structure. Introducing modern
technologies and irrigation systems is becoming a
critical factor in increasing productivity. The ag-
ricultural sector also provides energy through al-
ternative sources such as biomass. Thus, the agri-
cultural sector ensures food security and plays a
strategic role in the sustainable development of the
country’s economy, society, and energy.

This article aims to identify the varying lev-
els of adoption and satisfaction with eco-friendly
practices in agriculture, influenced by economic
factors such as resource availability, technology
access, and knowledge dissemination. The study
aims to provide insights for policymakers and
stakeholders to design tailored interventions, fi-
nancial incentives, and educational programs that
promote sustainable agriculture practices across
different economic contexts. By identifying the
specific needs and constraints of distinct groups
within the agricultural sector, the analysis guides
the development of effective strategies to support a
transition toward sustainable agriculture.

Research Methodology

The current study methodology is based on
the research of Dessart et al. (2019), which empha-
sizes the importance of providing a qualitative ap-
proach for a more profound understanding of sus-
tainable agriculture development challenges. The
study examines levels of adoption of eco-friendly
practices in agriculture and their impact on eco-
nomic aspects such as access to resources and tech-
nology (Figure 1).

The research methodology encompasses iden-
tifying the respondent group, which includes agri-
cultural workers, farmers, ecologists, and research-
ers. Google Forms is utilized as the data collection
platform, providing ease in creating, managing,
and analyzing surveys with the capability for auto-
mated response processing. The survey questions
are divided into three blocks aimed at identifying
the impact of emissions on crop yield, quantitative-
ly assessing respondents’ perceptions, and eliciting
open comments and suggestions. The sample size
comprises 100 respondents representing various
regions and segments of agriculture in the Repub-
lic of Kazakhstan. Survey distribution is carried
out through email, social networks, and web plat-
forms. Data is processed in Google Sheets and MS
Excel using statistical analysis and visualization.
Control measures, such as periodic data checks and
setting control questions, are implemented.
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Figure 1 - Stages of research methodology

Note: compiled by the authors

Given the nature of the survey data, which
includes demographic information, types of crops
grown, perceptions of air pollution, and attitudes
towards eco-friendly practices, clustering will be
conducted to identify distinct groups of respon-
dents based on these attributes. This can help in
understanding if there are specific segments within
the respondents that share common characteristics
or opinions. For this purpose, K-Means Clustering
and Box-plot Clustering will be used. K-Means is
a popular method for partitioning data into K-dis-
tinct, non-overlapping subgroups.

Literature review

Sustainable agriculture has become a critical
focus of contemporary debates, necessitating an
exploration of factors influencing the adoption of
sustainable farming practices. Sustainable agricul-
ture is the ability to maintain productivity without
compromising land resources. The existing liter-
ature emphasizes the multi-dimensional nature of
sustainability, encompassing environmental, so-
cial, and economic aspects (Gebska et al.,2020).
Farmers’ awareness and knowledge of sustainable
practices play a crucial role in their adoption, with
potential benefits including food safety and in-
creased profitability.

Velten et al. (2015) conducted a systematic
review to understand the diverse definitions and
perspectives on sustainable agriculture, aiming
to identify areas of complementarity and concern
between emerging definitions. They highlight the
threats to agriculture, including climate change,

biodiversity loss, land degradation, and resource
depletion. The ambiguity in the concept of sus-
tainable agriculture leads to diverse discourses and
paradigms. Due to its complex and contested na-
ture, they emphasize the challenge of arriving at a
single, all-encompassing definition.

Qi et al. (2021) emphasized that the emer-
gence of different and opposing paradigms of sus-
tainable agriculture contributes to confusion. The
influence of informal promoters, such as farmers’
relatives and friends, in the adoption process was
identified as crucial. This suggests the impor-
tance of social networks and trust in spreading
eco-friendly agricultural practices. Ramborun et
al. (2019) introduced the concept of Indigenous/
Traditional Knowledge (ITK) as a crucial factor in-
fluencing farmers’ resistance or adaptation to new
changes. Despite being provided, climate change
training does not always translate into modified
cultural practices. Mistrust between farmers and
extension officers, perceived training ineffective-
ness, and farmers’ confidence in their practices
contribute to the reliance on ITK. Limited evidence
exists regarding the impact of information sources
on adopting conservation practices. Giovanopou-
lou et al. (2020) found that membership in profes-
sional cooperatives tends to discourage adoption.
There may be complexities in the relationship be-
tween farmers and these cooperatives. While coop-
eratives are often seen as entities that can facilitate
knowledge sharing and resource pooling, this study
implies that there might be factors within profes-
sional cooperatives that act as barriers to adopting
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sustainable farming practices. Potential reasons for
this could include conflicting interests within the
cooperatives, divergent views on what constitutes
sustainable agriculture, or perhaps the presence of
institutional barriers that impede the implementa-
tion of new practices.

Therefore, innovative strategies are crucial.
Gomiero et al. (2011) emphasized the historical
evolution of agriculture, marked by the “green
revolution,” which significantly increased pro-
ductivity but also led to environmental degrada-
tion and nutritional imbalances. Despite increased
food production, a substantial portion of the global
population still suffers from malnutrition, while
the obesity epidemic coexists in developed na-
tions. Moreover, intensifying agricultural practices
contributes to food wastage, soil loss, water de-
pletion, and biodiversity threats. Nanofertilizers,
as explored by Zulfigar et al. (2019), presented a
promising option for sustainable agriculture. Nan-
otechnology applications offer controlled nutrient
release, increased fertilizer use efficiency, and re-
duced environmental hazards. However, the adop-
tion of nanofertilizers must be considered within
the broader context of sustainable agriculture and
the environmental impact of modern agricultural
practices.

Despite the importance of adopting innova-
tive strategies, farmers’ desire to implement inno-
vations plays a much more significant part. Farmer
beliefs and values were portrayed as multifaceted
and influential factors shaping environmental sub-
sidies and payment decisions. These factors con-
tribute to farmers’ decisions to adopt sustainable
practices, reflecting a diverse set of motivations
and considerations in the context of agriculture
and environmental stewardship: societal identity,
social connectedness, responsibility for future gen-
erations, openness and societal attitudes, economic
diversity and resilience, values associated with tra-
ditional modes of production, social recognition,
and acknowledgment. It is important to note that
these beliefs and values are interconnected, and
individual farmers may prioritize different factors
based on their unique perspectives and circum-
stances (Brown et al., 2022).

The key elements (regulatory frameworks,
ecological conditions, customs, and traditions)
identified by Serebrennikov et al. (2020) shape
farmers’ decisions regarding adopting sustainable
farming practices in Europe. These factors are in-
tricately linked to the farming environment’s reg-
ulatory, cultural, and ecological dimensions. Eu-
ropean agriculture is subject to a complex web of
regulations and policies governing various farming

practices. These regulations may include environ-
mental standards, subsidies, and guidelines for
sustainable agriculture. Farmers’ decisions are in-
fluenced by compliance requirements, incentives,
and penalties outlined in these regulations. For ex-
ample, subsidies for adopting sustainable practic-
es or restrictions on specific farming methods can
significantly impact adoption behaviors. Farmers
may be more inclined to adopt practices that align
with cultural norms and values. They are likely
to consider ecological factors such as soil fertili-
ty, climate suitability, and water availability when
deciding to adopt specific agricultural practices.
Practices well-suited to the local ecology are more
likely to be adopted.

Dessart et al. (2019) explored the intricacies
of farmers’ decisions regarding adopting sustain-
able agricultural practices and classified behavioral
factors as dispositional, social, and cognitive. No-
tably, social factors emerged as key influencers,
with injunctive norms shaping farmers’ choices
based on societal expectations and peer influences.

In the works of Kazakh researchers, the au-
thors focused on implementing government pro-
grams and analyzing current changes. Akimbekova
and Nikitina (2020) and Kerimova and Kasenba-
yev (2021) emphasize the importance of introduc-
ing innovative technologies and improving the
technical equipment of the industry to solve critical
problems, including low labor productivity, insuf-
ficient product processing and weak implementa-
tion of scientific developments, as well as the need
for efficient use of natural resources. Moreover,
Aliyev (2020) identified changes in the land use
structure. Namely, the transition from agricultural
land to urbanized areas for the needs of housing
construction, industry, and infrastructure facilities.
For example, Siskimbayev et al. (2023) looked at
various aspects, including livestock production,
crop production, investment dynamics, export-im-
port activities, and technological advances in the
sector. They highlighted both the achievements
and problems of the agricultural sector, focusing
on the need to resolve issues regarding personnel,
financing, technical equipment, and the introduc-
tion of technologies for sustainable development.
Thus, there is a reduction in available land for ag-
ricultural production, which can have a negative
impact on food security and requires adaptation of
the agro-industrial sector through the introduction
of innovative technologies and land management
methods.

The literature review underscores the in-
fluence of farmer attitudes and beliefs as crucial
factors. Positive attitudes toward environmental
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protection and sustainability are associated with
a higher likelihood of adopting new methods,
approaches, and modern farming practices. Con-
versely, economic attitudes that discourage adopt-
ing sustainable practices indicate the complexity
of factors at play. Expanding on this, it becomes
evident that understanding and addressing farmers’
attitudes is paramount for successful interventions
promoting sustainable agriculture. Policymakers
and extension services need to consider these at-
titudinal factors when designing strategies, edu-
cational programs, and incentives to encourage
adopting sustainable agriculture practices.

Results and Discussion

Analyzing emissions data, particularly from
stationary sources, plays a crucial role in under-
standing a region’s environmental and economic
landscape. A comprehensive review of emissions
data from 2005 to 2021 across various regions pro-
vides critical insights into the interplay between
industrial activities, environmental policies, and
their economic implications (Table 1). This longi-
tudinal data is vital for policymakers, environmen-
talists, and economists to gauge the effectiveness
of environmental regulations, understand the im-
pact of industrial growth, and plan for sustainable
economic development.

Table 1 - Emissions of pollutants into the atmosphere from stationary sources

Region 2005 2010 2015 2020 2021
The Republic of Kazakhstan 2968,8 2226,6 2 180,0 2441,0 2407,5
Akmola 44,0 72,9 85,6 77,2 773
Aktobe 168,2 125,3 134,3 135,1 137,4
Almaty 68,4 74,7 55,0 46,3 47,9
Atyrau 89,4 97.8 110,7 153,9 160,3
West Kazakhstan 76,4 58,1 42.4 30,8 26,0
Zhamby! 18,9 19,3 41,9 55,0 55,8
Karaganda 14154 661,2 596,4 627,71 569,7
Kostanayskaya 100,4 114,5 91,6 123,4 137,9
Kyzylorda 40,0 29,0 30,1 28,3 29,2
Mangystau 63,5 68,6 72,5 72,5 75,2
South Kazakhstan 36,8 40,7 69,0 - -
Pavlodar 556,8 572,5 552,9 723,0 736,1
North Kazakhstan 65,5 77,8 74,9 76,0 61,2
Turkestan - - - 28,1 29,0
East Kazakhstan 165,7 147,0 127,1 127,2 128,1
Nur-Sultan 43,9 56,2 56,3 62,4 62,2
Almaty city 15,5 11,0 39,1 44,5 40,8
Shymkent - 29,6 33,2

The overall trend in emissions from
stationary sources reveals a nuanced picture.
Initially, emissions were notably decreased from
2005 to 2010 across the Republic, dropping
from 2,968.8 thousand tons to 2,226.6 thousand
tons. This decrease could be attributed to
various factors, including implementing stricter
environmental regulations, shifts in industrial
practices towards more eco-friendly methods, or
a general decline in certain types of industrial
activity. However, the period from 2010 to 2021
saw a gradual increase in emissions, culminating
in 2,407.5 thousand tons in 2021. This rise
could suggest a rebound in industrial activities,
potentially driven by economic growth, or it

Note: compiled by authors based on the Bureau of National Statistics (2022)

might reflect a lag in adopting newer, cleaner
technologies.

Regionally, the data exhibits significant
variations, indicative of Kazakhstan’s diverse
industrial and economic landscapes. For
instance, the Karaganda region showed a
remarkable reduction in emissions, halving
from 1,415.4 thousand tons in 2005 to 569.7
thousand tons in 2021. This could indicate
a successful transition to cleaner industrial
processes or a shift in the region’s economic
base away from heavy industries. In contrast,
regions like Pavlodar and Atyrau experienced an
upward emission trend, particularly post-2015.
This increase might be linked to the growth in
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energy-intensive industries, possibly driven by
local economic development policies, or it might
reflect inadequacies in environmental control
measures.

Economically, these emission trends
have far-reaching implications. Regions with
decreasing emissions could move towards a
more sustainable economic model, balancing
industrial growth with environmental
stewardship. While beneficial in the long
term, this transition might present short-term
economic challenges, including the need for

Age 70%

0,
65 and older [N 8% 60% 58%

55-64 [ 11% 50%
4554 I 17 v
3544 [N 3 30%

253 I 5,y
1924 I 15" -

0% 1% 20%  30% g

Male

investment in new technologies and potential
shifts in employment patterns. On the other
hand, regions with increasing emissions, while
possibly experiencing economic growth, face
the challenge of aligning their development
with environmental sustainability goals. This
necessitates investments in cleaner technologies,
potential reforms in regulatory frameworks, and
a proactive approach to managing industrial
growth.

Further, an analysis of the survey is
provided (Figure 2).

0,
Gender 35% 32%

30%  28% 27%
25%
42%
20%
15% 13%
10%
5%
0%

Wheat Corn Rice  Soybeans

Female

Figure 2 - Descriptive data

Note — compiled by the authors

The vast majority of respondents, namely
58%, were men, while women comprised 42%.
This result may indicate male dominance among
respondents in the group under consideration. The
majority of respondents, namely 26%, were people
aged 25 to 34 years. In second place were respon-
dents aged 35 to 44, accounting for 23%. A notice-
ably smaller number of questionnaires were com-
pleted by people over 65, namely 8%. This data
can provide essential insights into the age distribu-
tion of the audience, which is a significant factor
when analyzing results and drawing conclusions.
The high percentage of rice cultivation (32%) may
indicate suitable conditions for the crop or high de-
mand for it in the region. Wheat (28%) and corn
(27%) have similar shares, which may indicate
a crop rotation strategy or adaptation to different
market demands. The low percentage of soybeans
grown (13%) may indicate limitations such as cli-
matic conditions or farmer preferences. It may also

reflect market factors where demand for soybeans
is limited. Next in Figure 3 are results on the im-
pact of external factors.

Farmers demonstrate a variety of approach-
es to monitoring soil and air quality. A significant
proportion undertakes regular monitoring, includ-
ing daily, weekly, and monthly monitoring. Most
prefer a systematic approach with an emphasis on
quarterly monitoring. However, there is also a seg-
ment that rarely or never monitors, perhaps due to
limited resources or a lack of awareness of the im-
portance of this practice. The general trend points
to a desire to understand and control the state of the
agricultural environment. Based on the answers,
more than half of the respondents, 62% to be exact,
expressed the opinion “Yes”, believing that emis-
sions have an impact on the yield of crops grown.
This result indicates widespread agreement among
respondents that there is a link between emissions
and crop yields.
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Figure 3 - Emissions monitoring
Note — compiled by the authors
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Figure 4 - Emissions issues affecting crops and types of air pollution

Note: compiled by the authors
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Figure 5 - Emissions monitoring

*Q1 - Soil and air quality monitoring level
*Q2 - The impact of emissions on the yield of crops

Note: compiled by the authors
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Farmers demonstrate a variety of approach-
es to monitoring soil and air quality. A significant
proportion undertake regular daily, weekly, and
monthly monitoring. Most prefer a systematic ap-
proach with an emphasis on quarterly monitoring.
However, there is also a segment that rarely or
never monitors, perhaps due to limited resources
or a lack of awareness of the importance of this
practice. The general trend points to a desire to

1
35% Q
—
30% 32% —
0,
25% 29%
—
0,
20% 24%
15% —
15%
10%
5%
0%
Industrial Vehicle Agriculture Waste
emissions emissions and use incineration
enterprises fertilizers

understand and control the state of the agricultural
environment. Based on the answers, more than half
of the respondents, 62% to be exact, expressed the
opinion “Yes”, believing that emissions have an
impact on the yield of crops grown. This result in-
dicates widespread agreement among respondents
that there is a link between emissions and crop
yields. Next are results related to emission issues
and air pollution (Figure 6).
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30% J—
s 30%
25% 28%
—
20% 24%
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15% 18%
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Deterioration Reduced Plant diseases Deterioration

in taste
products
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Figure 6 - Emissions issues affecting crops and types of air pollution

*Q1 — Emissions issues
*Q2 — Types of air pollution

Note: compiled by the authors

Most respondents, namely 32%, most of-
ten encounter problems associated with pollution
caused by vehicle emissions. Also, 29% of re-
spondents noted that they face problems associat-
ed with emissions from waste combustion. These
data highlight that transport and waste emissions
significantly influence respondents’ perceptions
of pollution. This is important to consider when
developing strategies and measures to reduce air
pollution, as they reflect the daily concerns and
problems people face. The responses indicate the
varied impacts of emissions on agricultural pro-
duction. Problems include deteriorating soil quali-
ty, reduced yields, plant diseases, and deteriorating
product flavor. This demonstrates the complex im-
pact of pollution on various aspects of agriculture,
which can potentially threaten the sustainability
and quality of agricultural products. It is essential
to consider the cumulative impact of these prob-

lems to develop effective strategies for their pre-
vention and management.

Next, in Figure 7, results for methods of re-
ducing air pollution emissions evaluation.

Analysis of the presented histogram reveals
that most respondents, namely 33%, preferred
tightening legislation and control as an effective
method of reducing air pollution emissions. This
indicates a high degree of support for regulation
and strict control in the context of environmental
issues. It is also worth noting that a significant pro-
portion of respondents, 28%, are of the opinion
that increasing public awareness and education is
an effective means of solving the emissions prob-
lem. This points to the importance of educational
and awareness-raising initiatives in reducing air
pollution, emphasizing the role of an informed so-
ciety in solving environmental problems.
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Figure 7 - Methods of reducing air pollution emissions

Note: compiled by the authors

Next, in Figure 8, methods and techniques to
reduce air pollution are given.

Respondents prefer a variety of soil treatment
methods to reduce air pollution. Shallow, deep till-
age, minimum tillage, and mulching received sig-
nificant support. This demonstrates a desire for ver-
satile and efficient processing methods, possibly to
reduce environmental impact and air pollution.

Farmers widely use a variety of water man-
agement techniques to reduce air pollution. Effec-

Soil treatment

30%
25% | 28% oy
26% "y

20% 2t o
15%
10%

5%

0%

Minimum Mulching
tillage

Surface Deep
plowing  plowing

tively using irrigation systems is the most common
method and has received significant support. Drip
irrigation systems, rainwater harvesting, and irri-
gation zoning are also widely used, indicating a de-
sire for efficient and environmentally sustainable
use of water resources for agriculture.

Next, Figure 9 shows data on respondents’
preference for environmentally friendly plant pro-
tection methods.

Water management
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25% 29%

20% —
15% 19% 20%
10%
5%
0%
Drip Irrigation Using Effective
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Figure 8 - Methods and techniques to reduce air pollution

*Q1 - Soil treatment
*Q2 - Water management

Note: compiled by the authors
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Figure 9 - Environmentally friendly plant protection methods do respondents prefer?

Note: compiled by the authors

Respondents mainly prefer to use environ-
mentally friendly methods of plant protection. The
use of natural pest repellents received the highest
support, which may indicate a desire to minimize
chemical exposure. Organic pest control methods
also have a significant share, highlighting farmers’
interest in sustainable and natural approaches to
farming. Biological control agents and repellent
plants are also present, although to a lesser extent.
This indicates that agricultural practices are be-
coming more environmentally conscious and sus-
tainability-oriented.

Most respondents (38%) preferred education
programs to combat air pollution, emphasizing
the importance of educational initiatives in solv-
ing environmental problems. An additional 31%
of respondents preferred workshops and training
events, emphasizing the importance of hands-on
learning and community involvement in address-
ing air emissions issues.

Farmers are actively taking measures to im-
prove energy efficiency on their plots/farms. More
than half of them prefer to use energy-saving tech-
nologies in production processes, indicating a de-
sire to optimize energy consumption in various
aspects of agriculture. The introduction of ener-
gy-efficient irrigation and heating systems has also
received significant support, indicating attention
to the efficient use of energy in important aspects
of agriculture. The use of solar panels is rated at a
lower level, and minimizing the use of energy-con-

suming devices and equipment is also found to be
a practice. These results indicate that farmers are
seeking more efficient and sustainable energy use
in various aspects of their operations.

Next, results for the transition to sustainable
agriculture are provided ( Figure 10).

Experts see significant social and economic
benefits in transitioning to more environmentally
sustainable agricultural practices. Increasing yields
and product quality, leading to increased income, is
a critical benefit that has received significant sup-
port. This indicates an awareness of the link be-
tween sustainable practices and economic success
in agriculture. Reduced healthcare costs due to
improved worker health are also noticeable, high-
lighting the social aspects of environmental sus-
tainability. Attracting environmentally conscious
consumers and reducing negative environmental
impacts are important factors supporting environ-
mentally sustainable agricultural practices.

The majority of respondents (37%) expressed
a preference for financial support for training farm-
ers in environmental practices. 23% suggested
grants for the development and research of envi-
ronmental methods, 22% - subsidies for the imple-
mentation of environmental technologies, and 18%
were in favor of tax breaks. This demonstrates the
demand for various financial measures to support
the transition to organic agriculture.

Next, in Figure 11, information is given on
the personal experiences of farmers.
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Figure 10 - Transition to sustainable agriculture

Note: compiled by the authors

*Q1 - Social and economic benefits of moving towards more sustainable agricultural practices
*Q2 - Financial state initiatives to support the transition to organic agriculture
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*QI — Benefits of collaborating with other farmers to reduce air pollution together
*Q2 — Measures taken to manage waste on site/farm
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Figure 11 - Personal experience

Oxonomuka: cmpamezus u npakmuxa. T. 19, No 1, 2024 / Economics: the Strategy and Practice. Vol. 19, No 1, 2024 81



ECONOMIC GROWTH AND SUSTAINABLE DEVELOPMENT

Farmers highlight several benefits to working
with others to reduce air pollution together. The
importance of collaborative research and develop-
ment of new pollution reduction methods is partic-
ularly emphasized, demonstrating a commitment
to innovation and the collective development of
sustainable practices. Joint procurement of equip-
ment and materials is also important for saving
resources and reducing costs. Sharing experiences
and best practices with other farmers highlights the
importance of training and experience in organic
farming. Support and mutual assistance in imple-
menting environmentally friendly technologies
are also important for successfully adapting new
practices and technologies. These aspects support a
collaborative approach to addressing air pollution
problems in agriculture.

Specialists are actively taking measures to
manage waste on their sites/farms. The use of bio-
gas plants to process organic materials stands out
as the most common method, possibly due to the
desire for energy sustainability and reduced en-
vironmental impact. Waste management through
dedicated facilities is also widely supported, em-
phasizing the importance of collaboration with ex-
ternal resources for effective waste management.
Recycling organic waste into compost is also being
assessed, although to a lesser extent, and may be
related to the use of compost in one’s agriculture.
Incineration remains the least common method,

possibly due to the process’s negative environmen-
tal impact and energy inefficiency.

Farmers place significant emphasis on en-
vironmental education and training programs for
their workers. Waste recycling and water man-
agement training programs take center stage,
with high participation rates (45%). This demon-
strates a focus on specific aspects of sustainabil-
ity and responsible use of resources. Training on
resource management and air pollution reduction
is also significant (19%), highlighting the impor-
tance of training employees in agriculture with a
sustainability focus. Seminars, lectures on organ-
ic agriculture, and participation in environmental
conferences and exhibitions form a less significant
but still noticeable part of educational programs. A
small percentage of farmers admit that they do not
have education and training programs, which may
indicate a need for expanded training and educa-
tion initiatives.

The results show that the main difficulty for
respondents (38%) is the lack of qualified special-
ists to maintain new environmentally friendly sys-
tems. This highlights the need to ensure access to
education and training to implement new technolo-
gies in agriculture successfully. Additionally, 25%
identified difficulties in adapting to new production
processes. This may reflect the challenges busi-
nesses face in changing current production meth-
ods to more environmentally sustainable ones.
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35% 30% 35% 31%
30% 30%
25% 24% 25%
20% 20% 15% .
15% 15% 12% .
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Figure 12.

Note: compiled by the authors

*Q1: How effectively does the enterprise/site cope with reducing air pollution emissions?

*Q2: How satisfied are the respondents with the results of introducing environmentally friendly technologies on the plot/farm?
*03: How would you rate cooperation with supervisory and control authorities in emission limitation?

*Q4: Importance of using environmentally friendly agricultural practices to maintain soil quality and yields
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An assessment of the effectiveness of reduc-
ing air pollution emissions at an enterprise/site
shows that most farmers rate their efforts as aver-
age (37%) or below average (30%). A significant
proportion of respondents note that their enterprise/
site copes with this task unsatisfactorily (7%). The
presence of ratings “4” and “5” suggests that there
are farmers who consider their methods to be quite
effective, but their percentage is relatively small
(26%). The overall trend points to the need for ad-
ditional efforts and innovative approaches to im-
prove farm air pollution abatement performance.

Responses to the question about satisfaction
with the results of implementing environmentally
friendly technologies on the farm show that most
farmers assess the effectiveness of these technol-
ogies as average (34%) or below average (31%).
A significant proportion of respondents express
high satisfaction (ratings “4” and “5”) at only 20%,
which may indicate unsatisfactory results from the
implementation of environmentally friendly tech-
nologies for the majority of farmers. On the one
hand, the high percentage of “1” and “2” ratings
indicates that some farmers are dissatisfied with
current results, perhaps due to limited efficiency or
poor integration of these technologies. The overall
analysis highlights the need for more efforts to de-
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Figure 13 -

Note: compiled by the author

The Elbow Method graph above determines
the optimal number of clusters for K-Means clus-
tering. The “elbow” point in the graph is where the
Within-Cluster Sum of Squares (WCSS) starts to
decrease at a slower rate, indicating a good balance
between the number of clusters and the variance
explained. The graph shows that the elbow point is
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velop and implement more effective and satisfacto-
ry green technologies on farms.

The assessment of cooperation with control
authorities in emission control is generally pos-
itive, mainly concentrated in high and medium
ratings. Most respondents (48%) rated “3,” which
may indicate stable and satisfactory interaction.
Additionally, 31% rated cooperation as a “4,” em-
phasizing good relationships with regulatory au-
thorities. Despite this, a small proportion of respon-
dents expressed dissatisfaction, awarding marks of
“1” and “2” (only 13%). This may indicate some
difficulties or misunderstandings in the interaction
between enterprises and regulatory authorities.

An assessment of the importance of environ-
mentally friendly agricultural practices for main-
taining soil quality and crop yields shows that most
farmers consider these practices necessary (scores
of 4 and 5 combined for 72%). However, a small
proportion of respondents (3%) rate the importance
of using environmentally friendly practices as min-
imal. Most farmers recognize the importance of
such practices in maintaining soil quality and crop
yields, which may indicate an increased awareness
of the link between environmental sustainability
and thriving agriculture.

Next, there was conducted data clustering
(Figure 13).

Clusters Visualization using PCA

5
Cluster

x 0

0
Frincipal Component 1

Elbow Method

around 2 to 4 clusters. This range is a good starting
point for our K-Means clustering. 1 will proceed
with K-Means clustering and analyze the results
using this range of cluster numbers.

The scatter plot above visualizes the results of
the K-Means clustering. Each point represents a re-
spondent, colored based on their cluster. The PCA
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has reduced the multidimensional survey data into
two principal components, allowing us to visualize
the clusters (Figure 14). These clusters represent
groups of respondents with similar demographics,
crop types grown, air pollution perceptions, and

Satisfaction with eco-friendly technologies

-

M Cluster 0 [] Cluster 1 [ Cluster 2

(S IV L

attitudes toward eco-friendly practices. The box
plots provide a statistical summary of the respons-
es within each cluster, focusing on two key as-
pects: the effectiveness of emission reduction and
satisfaction with eco-friendly technologies.

Effectiveness of emission reduction
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Figure 14 - Effectiveness of Emission Reduction by Cluster

Note compiled by the authors

Cluster 0. It shows a lower median effec-
tiveness score, indicating that respondents in this
group generally perceive their emission reduction
efforts as less effective. The narrower interquartile
range (IQR) suggests that opinions in this group
are more consistent or less varied.

Cluster 1. It has a higher median effectiveness
score, suggesting that respondents in this group
generally find their emission reduction efforts to be
more effective. The IQR is also relatively narrow,
indicating consistency in positive perceptions.

Cluster 2. Exhibits a moderate median score
with a wider IQR, indicating more varied experi-
ences or perceptions regarding emission reduction
effectiveness.

Satisfaction with Eco-friendly Technologies
by Cluster:

Cluster 0. Indicates lower median satisfaction,
with a compact IQR, suggesting that respondents
are generally less satisfied with eco-friendly tech-
nologies, and their opinions are pretty consistent.

Cluster 1. Features a higher median satis-
faction score, consistent with their higher ratings
of emission reduction effectiveness. The narrow-
er IQR implies a strong consensus on satisfaction
with eco-friendly technologies.

Cluster 2. Shows moderate levels of satisfac-
tion with a wider IQR, reflecting diverse experi-
ences or views on the effectiveness of eco-friendly
technologies.

Cluster 0 may represent a segment less en-
gaged with or benefiting from eco-friendly prac-
tices, possibly due to financial constraints, lack of
technological access, or insufficient knowledge
about sustainable practices. Economically, this
group might be operating in a context with lower
investment in sustainable technologies or facing
barriers to adopting such practices.

Cluster 1 likely includes respondents who
have invested in eco-friendly technologies and are
witnessing tangible benefits in crop yield and en-
vironmental impact. This group might represent a
more economically advanced segment with better
access to resources, knowledge, and support sys-
tems that facilitate adopting sustainable practices.

Cluster 2 could indicate a transitional group
experimenting with eco-friendly technologies but
has not fully realized or been able to measure their
benefits. This group might be adapting to newer
practices, facing mixed economic outcomes during
this transition phase.

Cluster 0. Emission reduction efficiency is
generally low. This cluster may include respon-
dents who do not have access to advanced technol-
ogies or who face financial constraints. Satisfac-
tion with environmental technologies is low, which
may indicate insufficient implementation or unsat-
isfactory results. The main problems face difficulty
adapting to new technologies, financial constraints,
and lack of support or training.
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Table 2 - Cluster Characteristics

Cluster Emission Reduction Satisfaction with Main Issues
Efficiency Environmental Technologies
Low Low Adaptation to new technologies, financial re-
0 strictions
1 High High High start-up costs, technology scaling
2 Average Average Lack of specialists, equipment upgrades

Note compiled by the authors

Cluster 1. Emission reduction efficiency is
high. This cluster may represent more experienced
or better-resourced respondents with access to ad-
vanced technologies. Satisfaction with environ-
mental technologies is high, indicating positive
perception and successful application of these
technologies. Key challenges are high initial hard-
ware and technology costs, which can be a barrier
to scaling.

Cluster 2. Emission reduction efficiency: Av-
erage. Respondents in this cluster may have limit-
ed experience or mixed results in using technolo-
gy. Satisfaction with environmental technologies:
Moderate, reflecting various experiences and pos-
sible implementation challenges. The main prob-
lems are a lack of qualified specialists and difficul-
ties updating equipment and training staff.

From an economic standpoint, these insights
suggest varied levels of adoption and satisfaction
with eco-friendly practices in agriculture, potential-
ly influenced by economic factors such as resource
availability, access to technology, and knowledge
dissemination. Understanding these differences is
crucial for policymakers and stakeholders in de-
signing tailored interventions, financial incentives,
and educational programs to promote sustainable
agriculture practices across different economic
contexts.

This analysis underscores the diverse per-
spectives and challenges regarding environmen-
tal sustainability within the agricultural sector. It
highlights the potential for targeted, informed in-
terventions to promote more widespread adoption
of eco-friendly practices. By understanding the
specific needs and constraints of different groups
within this sector, stakeholders can develop more
effective strategies to support the transition to-
wards sustainable agriculture.

Conclusion
Overall, the study of air pollution has revealed
the significant impact of transport and waste emis-
sions on people’s daily lives. These results acquire
high social relevance, highlighting the causes and

consequences of air pollution. The significance of
the study is that it becomes a key component in
developing pollution reduction strategies that con-
sider society’s real concerns and preferences.

The analysis reveals significant diversity in
adopting and perceiving eco-friendly practices
in agriculture. Clustering uncovers three distinct
groups, each representing unique views and prac-
tices. The economic interpretation suggests that
varying levels of resource availability, technolog-
ical access, and knowledge dissemination influ-
ence differences in sustainable practice adoption.
Regions like Karaganda and Pavlodar exhibit con-
trasting trends in emissions, indicating differing
economic and environmental strategies.

The study underscores the diverse perspec-
tives within the agricultural sector regarding envi-
ronmental sustainability. It highlights the potential
for targeted, informed interventions to promote
eco-friendly practices more widely. The findings
suggest that understanding the specific needs and
constraints of different groups within the sector is
crucial for developing effective strategies to sup-
port sustainable agriculture. The study concludes
that a multifaceted approach, including regulation,
education, and technical innovation, is essential
for comprehensive environmental problem-solving
that involves government, society, and the business
sector.

This analysis provides a nuanced understand-
ing of the agricultural sector’s response to environ-
mental challenges in Kazakhstan, offering valuable
insights for policymakers, environmentalists, and
economists in planning sustainable economic de-
velopment.

The study demonstrates that effective mea-
sures to reduce air pollution include stricter leg-
islation and active public awareness. Supporting
agricultural education programs, seminars, and fi-
nancial initiatives is critical to success in combating
environmental problems. Based on the preferences
of those surveyed, it can be concluded that suc-
cessful strategies must be multifaceted and include
both regulation and education. Also, it is essential
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to consider the technical aspects of introducing en-
vironmentally friendly technologies and ensure the
training of qualified specialists. Despite the high
willingness of society to implement new technol-
ogies, it is necessary to consider various challeng-
es and difficulties, such as shortages of specialists
and adaptation to new production processes. An
assessment of cooperation with regulatory authori-
ties shows generally positive results but highlights
the need to improve communication and resolve
possible difficulties in interaction. Thus, the study
provides essential data on air pollution and points
to ways for a comprehensive solution to environ-
mental problems that require interaction between
government, society, and the business sector.

AUTHOR CONTRIBUTIONS

Conceptualization and theory: KA; research de-
sign: KA and NN; data collection: KA and MN; analysis
and interpretation: KA, NN and MN; writing draft
preparation: KA; supervision: NN; correction of article:
KA and NN; proofread and final approval of article:
KA and NN. All authors have read and agreed to the
published version of the manuscript.

References

1. Akimbekova, G. U., & Nikitina, G. A. (2020).
Priority Directions of Agro-Industrial Complex Devel-
opment in Kazakhstan. Problems of AgriMarket. 4, 13-
23. https://doi.org/10.46666/2020-4-2708-9991.01 (In
Russ).

2. Aliev, M. M. (2019). Spatio-Temporal Dynam-
ics of Land Use of an Agricultural Industrial Region.
Materials of the International Scientific Theoretical
Conference “Seifullin Readings — 15: Youth, Science,
technologies - new ideas and prospects”, dedicated to
the 125th anniversary of S. Seifullin. - T.I, Part 1 - P.32-
34 (In Russ).

3. Brown, C., Kovacs, E., Herzon, I., Villamay-
or-Tomas, S., Albizua, A., Galanaki, A., ... Zinngrebe,
Y. (2020). Simplistic understandings of farmer moti-
vations could undermine the environmental potential
of the common agricultural policy. Land Use Policy,
105136. https://doi.org/10.1016/j.landusepol.2020.105

4. Bureau of National Statistics (2024). (accessed
January 30, 2024). Available on: http://www.stat.gov.kz

5. Dessart, F. J., Barreiro-Hurlé, J., & Van Bavel,
R. (2019). Behavioural factors affecting the adoption of
sustainable farming practices: a policy-oriented review.
European Review of Agricultural Economics, 46(3),
417-471. https://doi.org/10.1093/erae/jbz019

6. Gebska, M., Grontkowska, A., Swiderek, W.,
& Golebiewska, B. (2020). Farmer awareness and im-
plementation of sustainable agriculture practices in dif-
ferent types of farms in Poland. Sustainability, 12(19),
8022. https://doi.org/10.3390/su12198022

7. Gomiero, T., Pimentel, D., & Paoletti, M. G.
(2011). Is there a need for a more sustainable agricul-
ture? Critical reviews in plant sciences, 30(1-2), 6-23.
https://doi.org/10.1080/07352689.2011.553515

8. Graham, R. D., Welch, R. M., & Bouis, H. E.
(2001). Addressing micronutrient malnutrition through
enhancing the nutritional quality of staple foods: prin-
ciples, perspectives and knowledge gaps. Advances in
Agronomy, 70, 77-142. https://doi.org/10.1016/S0065-
2113(01)70004-1

9. Kerimova, U.K. & Kasenbayev, G.S. (2021).
Key problems of agro-industrial development in Ka-
zakhstan and ways to solve them. Bulletin of “Turan”
University, 4, 85-92. https://doi.org/10.46914/1562-
2959-2021-1-4-85-92 (In Russ).

10.Ramborun, V., Facknath, S., & Lalljee, B.
(2019). Moving toward sustainable agriculture through
a better understanding of farmer perceptions and atti-
tudes to cope with climate change. Journal of Agricul-
tural Education and Extension, 26(1), 37-57. https://
doi.org/10.1080/1389224x.2019.1690012

11.Roux, N., Kastner, T., Erb, K. H., & Haberl, H.
(2021). Does agricultural trade reduce pressure on land
ecosystems? Decomposing drivers of the embodied hu-
man appropriation of net primary production. Ecologi-
cal Economics, 181, 106915. https://doi.org/10.1016/].
ecolecon.2020.106915

12.Siksimbaeva, G., Ukibaeva, G., & Azatbek,
T. (2023). Assessment of the state of agriculture in Ka-
zakhstan for the period of implementation of the State
program of the agro-industrial complex of the Republic
of Kazakhstan for 2017-2021. Economic Series of the
Bulletin of the Eurasian National University Named Af-
ter Ln Gumilev, 142(1), 11-24. https://bulecon.enu.kz/
index.php/main/article/view/558 (In Russ).

13.Pardey, P. G., Beddow, J. M., Hurley, T. M., Be-
atty, T. K., & Eidman, V. R. (2014). A bounds analysis of
world food futures: Global agriculture through to 2050.
Australian Journal of Agricultural and Resource Eco-
nomics, 58(4), 571-589. https://doi.org/10.1111/1467-
8489.12072

14.Serebrennikov, D., Thorne, F., Kallas, Z., &
McCarthy, S. N. (2020). Factors influencing adoption
of sustainable farming practices in Europe: A system-
ic review of empirical literature. Sustainability, 12(22),
9719. https://doi.org/10.3390/sul12229719

15.Tripathi, A. D., Mishra, R., Maurya, K. K.,
Singh, R. B., & Wilson, D. W. (2019). Estimates for
world population and global food availability for global
health. In The role of functional food security in glob-
al health, 3-24. https://doi.org/10.1016/B978-0-12-
813148-0.00001-3

16.Velten, S., Leventon, J., Jager, N., & Newig,
J. (2015). What is sustainable agriculture? A systemat-
ic review. Sustainability, 7(6), 7833-7865. https://doi.
org/10.3390/su7067833

17.Zulfigar, F., Navarro, M., Ashraf, M., Akram,
N. A., & Munné-Bosch, S. (2019). Nanofertilizer use
for sustainable agriculture: Advantages and limitations.

86 Ixonomuxa: cmpamezusn u npakmuxa. T. 19, Ne 1, 2024 / Economics: the Strategy and Practice. Vol. 19, No 1, 2024



SKOHOMHYECKHI POCT M YCTOMYMBOE PA3BUTHUE

Plant Science, 289, 110270. https://doi.org/10.1016/]. eco-friendly fertilization technology in grain produc-
plantsci.2019.110270 tion: An integrated spatial-econometric analysis in Chi-

18.Qi, X., Liang, F., Yuan, W., Zhang, T., & Li, na. Journal of Cleaner Production, 310, 127536. https://
J. (2021). Factors influencing farmers’ adoption of doi.org/110.1016/j.jclepro.2021.127536

Information about the authors

*Assel Akhmetkyzy — Mr. Sc. (Econ.), Researcher, University of International Business named after K. Sagadiyeyv,
Almaty, Kazakhstan, email: assel.akhmetkyzy@gmail.com, ORCID ID: https://orcid.org/0009-0004-1980-484X
Nurbakhyt N. Nurmukhametov — Cand. Sc. (Econ.), Associate Professor, S. Seifullin of the Kazakh Agrotechnical
Research University, Astana, Kazakhstan, email: nyrbahit73@mail.ru, ORCID ID: https://orcid.org/0000-0002-8551-
0573

Murat N. Nurgabylov — PhD., Dean of the Faculty of Natural Sciences, International Taraz Innovation Institute,
Taraz, Kazakhstan, email: murat_tdd@bk.ru, ORCID ID: https://orcid.org/0000-0002-8203-7565

ABTOpJIap Typajbl MAJTiMeTTEp

* AXMeTKBI3bI O. — O0usHec Maructpi, K.CaranueB arbiHAars! XanblKapaiblK ON3HEC YHUBEPCUTETIHIH FHUIBIMHU KbI-
3MeTkepi, Anmarsl, Kazakcran, email: assel.akhmetkyzy@gmail.com, ORCID ID: https://orcid.org/0009-0004-1980-
484X

Hypmyxamero H.H. — ».F.x., KaysiMaacTeIipburald npodeccop, C.CelidymmmH ateiHOarsl Kazak arpoTexXHUKaIBIK
3epTTey yHHBepcuteTi, Acrtana, Kazakcran, email: nyrbahit73@mail.ru, ORCID ID: https://orcid.org/0000-0002-
8551-0573

Hypra6ébiioB M.H. — PhD, Xansikapansik Tapa3 ”HHOBaLUSUTBIK MHCTUTYTHL, JKapaTbUTbICTaHy FRUIBIMAAPHI (QaKyIb-
TeTiHiH AekaHbl, Tapas, Kasakcran, email: murat_tdd@bk.ru, ORCID ID: https://orcid.org/0000-0002-8203-7565

CaeneHust 00 aBpTOpax

* AXMETKBI3bI A. — Maructp Ou3Heca, HayuHbIH COTPYAHUK, YHHUBEPCUTET MeXyHapoaHoro ousHeca umenu K. Ca-
ranuena, Anmarsl, Kazaxcran, email: assel.akhmetkyzy@gmail.com, ORCID ID: https://orcid.org/0009-0004-1980-
484X

Hypmyxamero H.H. — k.3.H., acconmuupoBaHHbIi npodeccop, Kazaxckuil arpoTeXHHYSCKUH HCCIICIOBATEIIBCKUI
yauBepcurer umenn C.Celipymnnaa, Actana, Kazaxcran, email: nyrbahit73@mail.ru, ORCID ID: https://orcid.
org/0000-0002-8551-0573

Hypra6suioB M.H. — x.3.1., nekan ¢akynsrera «EcrecTBo3Hanus», MexnyHapoaHbii Tapa3ckuii HHHOBAIIMOHHBIN
uHCTHTYT, Tapa3, Kazaxcran, email: murat_tdd@bk.ru, ORCID ID: https://orcid.org/0000-0002-8203-7565

Ixonomuxa: cmpamezus u npakmuxa. T. 19, Ne 1, 2024 / Economics: the Strategy and Practice. Vol. 19, No 1, 2024 87





