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forecasting reduced water consumption by 25-50% and increased crop yields by 15-30%.The study also determined
that introducing such systems improved soil quality, reducing depletion and ensuring long-term productivity. An
analysis of the experience of farms in Kazakhstan, Israel, Spain and China confirmed the economic feasibility of
such approaches by reducing operating costs as well as dependence on external financing and increasing resilience
to climatic stresses. In particular, automation of water supplies reduced water, energy and system maintenance
costs, which ensured long-term farm stability. The practical value of the work was the formation of scientifically
based recommendations for the introduction of innovative irrigation technologies to improve the efficiency of the
agricultural sector of Kazakhstan, reduce the impact of climate change and ensure sustainable development

Keywords: irrigation; soil productivity; automated systems; crop yield; optimisation

INTRODUCTION

Rational use of water resources in the agricultural sec-
tor is one of the key challenges for Kazakhstan, which
is limited, whereas agriculture remains a central sector
of the economy. In the context of climate change, de-
teriorating water bodies and the growing need for wa-
ter for irrigation, optimisation of water use is not only
a necessity to improve production efficiency but also
an important factor in the sustainability of agricultural
enterprises. The introduction of modern irrigation tech-
nologies, such as drip and sprinkler irrigation, as well as
the use of water monitoring and automation systems, is
a promising way to reduce water losses, cut costs and
increase yields. These technologies contribute not only
to economic benefits but also to the improvement of soil
quality and the sustainability of agricultural production
in the context of changing climatic and natural factors.

The issue of rational use of water resources in the
agricultural sector of Kazakhstan is relevant due to the
limited water resources and the need to improve effi-
ciency. M. Li et al. (2022) determined that optimisation
of water use in agricultural farms significantly reduced
water costs, which improved the financial performance
of agricultural enterprises. The authors also stressed
that such measures improved the environment in re-
gions with limited water resources, creating a sustain-
able basis for agricultural development. W. Loiskandl
and R. Nolz (2021) demonstrated that the introduction
of drip and sprinkler irrigation minimised water loss-
es and increased yields, thus increasing farm profita-
bility. The authors also highlighted that such irrigation
systems ensure a more rational distribution of water
resources and reduce excessive consumption. T. Mara-
seni et al. (2021) highlighted that the use of automat-
ed water consumption monitoring systems improved
the accuracy of water distribution, which significantly
reduced water overruns. These technologies also con-
tribute to the improvement of the overall efficiency of
the agricultural sector by increasing the efficiency of
available water resources. L.Jin-Yan et al. (2021) deter-
mined that the introduction of sensors and intelligent
systems not only saves water but also prevents its over-
use, which positively affects soil quality. The authors
also noted that such technologies have increased crop
productivity, ensuring sustainable production growth.

E.Bwambale et al. (20223) noted that modern irrigation
technologies feature significantly reduced operating
costs, which increases the profitability of agricultur-
al enterprises. These technologies have also provided
more stable financial results in the long term, contrib-
uting to the sustainability of agriculture.

D. Mengistu et al. (2021) studied the impact of cli-
mate change on water resources and recommended
adapting water use methods to changing conditions
to minimise risks to agriculture. The authors stressed
that these measures increase the sustainability of ag-
ricultural production in the context of global climate
change. J. Fito and S. W. Van Hulle (2021) argued that
water use optimisation reduces land rehabilitation
costs and the dependence of farms on external financ-
ing. This also improves the financial stability of farms
and reduces their vulnerability to economic crises.
A.L. Srivastav et al. (2021) demonstrated that rational
water use reduced the need for additional investments,
which improved the financial stability of agricultural
enterprises. The authors also noted that this improves
the long-term sustainability of enterprises and ensures
more efficient use of available resources. M. Mallared-
dy et al. (2023) highlighted the importance of sus-
tainable water management practices for increasing
the resilience of agricultural farms to adverse natural
factors such as droughts and overheating of the soil.
They stressed that such methods also help improve
the quality of agricultural products and increase their
competitiveness. C. Ingrao et al. (2023) proved that the
introduction of economically viable irrigation methods
was a key factor in stabilising agricultural production
in conditions of limited water resources. These meth-
ods have increased the efficiency of agricultural pro-
duction and reduced the risks associated with climate
change and water shortages. However, despite the
wide range of studies, some gaps require further re-
search, such as a more detailed study of the impact of
new technologies on soil,an in-depth study of the eco-
nomic impact on small and medium-sized farms, and
more accurate models for predicting water consump-
tion in light of climate change.

The study aimed to identify the most effective
methods of water management in Kazakh agriculture.
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MATERIALS AND METHODS

A comprehensive methodology, including several inter-
related methods, was used to conduct a comprehensive
assessment of the state of water resources and the effi-
ciency of their use in the agricultural sector of Kazakh-
stan. For a more detailed analysis, a geographic infor-
mation system (GIS) and mapping methods were used
to conduct a spatial assessment of water availability for
agriculture. This identified problem areas where water
resources are scarce, creating risks to the sustainability
of agricultural production.

A comparison was made to evaluate the efficiency
of different irrigation methods such as drip and sprin-
kler irrigation. This analysis addressed the impact of
each method on parameters such as yield, water use
and water losses. The comparison established how
each method affects water utilisation and production
results. System analysis and modelling techniques were
used to assess the impact of intelligent monitoring sys-
tems on water use. This approach was used to evaluate
existing technologies such as soil moisture sensors and
automated water use monitoring systems. These sys-
tems were studied to determine their role in optimising
water allocation and improving water management in
agricultural enterprises. Economic modelling and cost
analysis techniques were used to estimate the econom-
ic benefits of implementing rational water use practices.
Models were constructed from water expenditure and
yield data to show that the introduction of more effi-
cient irrigation methods and automation leads to lower
costs and higher yields. These results were also used to
assess the impact of water use optimisation on the re-
silience of agricultural farms to climate change, improv-
ing their adaptability to extreme weather conditions.

Water management practices in the agricultural
sector were analysed, highlighting irrigation systems
and water supply management. The experience of suc-
cessful farms and international examples of efficient
water use were also reviewed. Specific enterprises were
reviewed, such as Baiserke-Agro (2024) in Kazakhstan
and Netafim Company (2024) in Israel, as well as Citrus
Valley (Valencia’s Citrus Coast, 2024) in Spain and Shan-
dong Green Agriculture (2024) in China. Experiences
with technologies such as drip irrigation, automation
of water supply and the use of sensors to monitor soil
moisture,and their impact on reducing costs, increasing
yields and improving resilience to climate change were
analysed as part of the work. This approach highlighted
how the introduction of innovative water management
technologies has reduced costs, increased profitability
and improved farm resilience to climate change.

The study analysed methods of rational use of wa-
ter resources in the agricultural sector and assessed
their impact on the economic efficiency of agricultural
farms.Various irrigation and water automation technol-
ogies were considered, as well as their impact on cost
reduction and yield increase. The method of strategic
analysis was applied to develop recommendations for
improving water use in the agricultural sector. Based
on the findings, measures were proposed to introduce
innovative technologies, improve water use monitoring
and enhance the skills of specialists. These recommen-
dations were designed to ensure sustainable agricul-
tural development in the context of limited water re-
sources and climate change.

RESULTS

In the Kazakhstan agricultural sector, water resources
are essential for sustainable agricultural production,
especially in the context of significant climatic changes
and limited water sources. The economics of water use
in this context includes a set of methods, technologies
and strategies aimed at optimising the use of water re-
sources and reducing the costs of their consumption.
Kazakhstan, one of the largest countries in Central Asia,
faces a water shortage challenge. This is determined
not only by geographical peculiarities but also by the
rapid growth of agriculture, especially in regions where
irrigation is the main method of agricultural produc-
tion. The state of water resources in Kazakhstan re-
quires careful analysis, especially in the context of their
regional distribution, accessibility for the agricultural
sector and existing management problems. The volume
of water resources in Kazakhstan is estimated at 100-
120 cubic kilometres of water per year (Table 1). How-
ever, most of the water resources are concentrated in
river basins such as the Irtysh, Syr Darya and Amu Dar-
ya, which flow through neighbouring countries, making
them difficult to manage.

As a result, much of the water resources, especial-
ly in the southern and western regions, are subject to
international agreements, limiting their availability
for domestic consumption (Kenzhegulova et al., 2023).
For Kazakh agriculture, irrigation water is critical, ac-
counting for approximately 80% of the national total
water needs. In the southern and eastern regions, such
as Zhambyl and Almaty regions, where the main agri-
cultural areas are located, irrigation plays an important
role in ensuring crop yields. However, these regions
face water resource constraints, leading to increased
competition for water among agriculture, industry and
the population (Abraliyev et al., 2024).

Table 1. Water use in the agricultural sector of Kazakhstan by years

Total water use Water volume for

Water volume for livestock Water volume for other Share of water for

Year (billion cubic metres) irrigation (billion m3)  production (million m3) needs (billion m?) irrigation (%)
2020 100 60 30 10 60%
2021 105 63 33 9 60%
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Table 1. Continued

Total water use Water volume for

Water volume for livestock Water volume for other Share of water for

Year (billion cubic metres) irrigation (billion m®)  production (million m?) needs (billion m?) irrigation (%)

2022 110 65 35 10 59%

2023 108 62 34 12 57%
(es?ciorigte) 112 67 36 9 60%

Source: compiled by the authors based on Bureau of National Statistics (2024)

One of the primary issues in Kazakhstan is outdated
water supply and irrigation systems that not only do not
ensure rational use of water but also cause significant
water losses. Examples are canals and water supply
networks that have a low degree of insulation, which
favours evaporation and water leakage. In addition, due
to the lack of coordination between different levels of
government and the absence of a unified water man-
agement system, inefficient water distribution occurs.
Local agricultural producers often face difficulties in
accessing the necessary volumes of water, while other
sectors such as industry or energy also require signif-
icant amounts of water. Ecosystems that suffer from
water overload are especially notable. Environmental
problems such as the shallowing of rivers and reservoirs,

degradation of aquifers, and pollution of water resourc-
es have a long-term impact on the health of ecosystems
and agricultural development (Berezhniak et al., 2022).

Irrigation is an integral part of agricultural produc-
tion, especially in regions with limited water resources.
In the context of Kazakhstan, where agriculture is high-
ly dependent on water supply, the choice of irrigation
methods is essential to improve the economic efficien-
cy and sustainability of the agricultural sector. The de-
velopment of irrigation technologies such as drip and
sprinkler irrigation in recent decades was central to op-
timising water use and increasing crop yields. Each of
these systems has unique features that can significant-
ly affect the production results and financial sustaina-
bility of agricultural enterprises (Table 2).

Table 2. Water use optimisation methods

Optimisation method Description

Advantages Disadvantages

A technology in which water is

supplied directly to the roots of

plants through drippers, which
minimises water Loss.

Drip irrigation

Reduced water losses, increased
yields, reduced soil erosion.

High initial investment,
and difficulty in maintaining and
repairing the system.

Water is sprayed through special

Sprinkler irrigation devices that simulate rain.

Uniform water distribution,
increased yields over large areas.

Water losses due to evaporation,
and high operating costs in
strong winds.

The use of sensors and humidity
sensors to automatically adjust
the water supply according to the
needs of the plants.

Automated water
consumption control
systems

Increased accuracy, water savings,
and reduced labour costs.

High cost of implementation and
maintenance, requires technical
training of personnel.

Source: compiled by the authors based on H. Li et al. (2021)

Drip irrigation is one of the most efficient irriga-
tion methods in water-limited environments (Manda et
al., 2021). This method involves the precise delivery of
water directly to the root system of plants through spe-
cial pipelines with drip elements. This reduces water
consumption and plants receive moisture evenly, which
significantly increases crop yields. With traditional irri-
gation methods, such as sprinkling, water is applied to
the entire field area, which results in significant water
losses due to evaporation, run-off and uneven distri-
bution. For instance, irrigation of one hectare of wheat
requires approximately 5,000 m? of water, thus creating
high water supply costs. This approach is not optimal
as most of the water is used inefficiently, increasing
water supply costs and reducing water use efficiency.
Drip irrigation can significantly reduce the volume of
water used for irrigation. By precisely metering wa-
ter and delivering it directly to the root system, water

consumption per hectare is reduced by up to 3,000 m>.
This saves 40% of water compared to traditional irriga-
tion methods. At a water cost of 5 tenge per m?, the cost
of water supply per hectare before the introduction of
drip irrigation is 25,000 tenge (5000 m3x5 tenge). After
the introduction of drip irrigation, the costs are reduced
to 15,000 tenges (3000 m3x5 tenges), which gives a
saving of 10,000 tenges per hectare.

Sprinkler irrigation is a method in which water is
distributed through rotating sprayers that irrigate a
large area (Chauhdary et al., 2023). Although this meth-
od is less efficient compared to drip irrigation, it has
low cost and is affordable for many farms. For tradition-
al sprinkler irrigation methods or with low-efficiency
systems, water consumption is high, often in unharvest-
ed areas. However, when sprinklers are used, approxi-
mately 6000 m* of water is used per hectare of wheat,
which is 20% more than drip irrigation. Compared to
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conventional irrigation methods, sprinkler irrigation re-
duces water costs because water is applied uniformly,
but still not as accurately as with drip irrigation. For
6000 m?* of water per hectare, the cost of water supply
is 30,000 tenge (6000 m>®x5 tenge). The use of sprinkler
irrigation reduces water costs compared to traditional
methods, but it is still less efficient than drip irrigation.

Automated water use control systems use soil
moisture sensors, weather forecasts and other tech-
nologies to automatically adjust water inputs (Ray &
Majumder, 2024). This enables efficient irrigation man-
agement, reducing water use in the event of rainfall
or other natural factors affecting irrigation demand.
Without automated systems, irrigation is usually done
manually or based on standardised calculations that
do not always match the actual needs of the plants.
Therefore, water supply costs can be inflated due to
unnecessary irrigation. With automation, water supply
costs are reduced by 15-20%. Water consumption for
irrigation of one hectare is reduced to 4000 m>. The
cost of irrigation after the introduction of automated
systems is reduced to 20,000 tenge (4000 m3x5 tenge).
This provides savings of up to 5,000 tenge compared
to traditional irrigation methods and ensures greater
accuracy and efficiency of water inputs.

Every year, water scarcity is becoming an increas-
ingly urgent problem for agriculture. Effective water
management is critical for the sustainability of agri-
cultural farms, especially in the face of climate change
and increasing water demand. In recent years, modern
technologies for monitoring and managing water use,
such as sensors and intelligent control systems, are
increasingly relevant to this process. These technolo-
gies not only improve the accuracy of water allocation
but also significantly reduce water costs, which affects
the economic efficiency of agriculture. One of the most
important steps in improving water use has been the
introduction of intelligent systems that allow real-time
monitoring and regulation of irrigation (Palakshappa et
al., 2024). These systems use sensors to measure soil
moisture levels, temperature, and other parameters
necessary for optimal water distribution. For instance,
moisture sensors detect changes in soil moisture lev-
els, which allows the irrigation system to automatical-
ly switch the irrigation system on or off depending on
the actual water demand of the plants. This eliminates
water wastage and makes irrigation more precise. Intel-
ligent systems not only make irrigation more efficient
but also enable remote management. Using mobile

applications or computer systems, farmers can monitor
water supply parameters, obtain data on soil conditions
and forecast water requirements based on weather
conditions. This approach reduces human error and in-
creases the efficiency of water management.

Sensors used in modern irrigation systems are cru-
cial to the accuracy of water distribution (Bwambale et
al., 2022b). For instance, sensors installed in the soil
measure its moisture content and can transmit the
data to the control system. This allows not only precise
water dosing but also accommodates changes in plant
demand due to weather conditions, growth phases or
even time of day. As a result, irrigation is carried out ac-
cording to the actual needs of the plants, which signif-
icantly reduces water wastage. The use of sensors also
reduces the number of irrigations, which are tradition-
ally carried out according to fixed schedules, regardless
of actual conditions. This in turn minimises unnecessary
evaporation and water loss, especially in hotter years.
In regions where water resources are limited, this ap-
proach becomes particularly valuable as it maximises
the use of every drop of water.

The use of water monitoring and management
technologies has a direct impact on reducing water
costs. Traditional irrigation systems often experience
high water losses due to over-irrigation or improper
water distribution. The introduction of modern technol-
ogies eliminates these issues. For instance, automated
systems that respond to changes in soil moisture and
weather conditions can adjust the amount of water
based on current needs rather than on a predetermined
schedule. In addition, such systems help reduce energy
costs by eliminating the operation of pumps and oth-
er devices outside of normal business hours or when
not needed. This also reduces equipment maintenance
costs and contributes to the longevity of the system, as
it is not subjected to excessive stress.

Rational use of water resources in agriculture is be-
coming not only an environmental necessity but also
an economic benefit. Under conditions of limited wa-
ter resources, climate change and increasing demand
for agricultural products, efficient water use manage-
ment is of key importance for improving the econom-
ic sustainability of rural households. The introduction
of modern irrigation methods and water use control
systems can significantly reduce water costs, increase
crop yields and improve financial results, as well as
strengthen farm resilience to changes in climatic con-
ditions (Table 3).

Table 3. Economic benefits of using sensors and intelligent systems

Parameters Before system implementation  After system implementation Savings
Water consumption (m?3/ha) 1,000 700 300
Cost of water supply (USD/ha) 500 350 150
Energy costs (USD/ha) 200 160 40
Total water supply costs (USD/ha) 700 510 190

Source: compiled by the authors based on K. Obaideen et al. (2022)
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Optimisation of water use implies the introduction
of technologies that accurately dose the amount of
water required for irrigation and reduce losses. For in-
stance, a shift from traditional irrigation methods such
as open canal irrigation to more modern methods such
as drip and sprinkler irrigation significantly reduces
water losses. These methods deliver water directly to
the plant roots or spray it evenly over the surface, mini-
mising evaporation and wastage. Such technologies al-
low farmers to significantly reduce water supply costs,
which is especially important for regions with limited
water resources, such as Kazakhstan. Moreover, the au-
tomation of the irrigation process through sensors and
intelligent control systems reduces energy costs, as
pumps and control systems are only started when they
are needed. This significantly reduces operating costs
and makes water use more economical and efficient.

One of the main factors in increasing the economic
efficiency of agricultural production is the increase in
crop yields. The introduction of rational water manage-
ment practices improves conditions for plant growth,
reducing the risk of water shortages that can reduce
crop yields. Modern irrigation systems, such as drip
irrigation, ensure uniform water distribution, which
enhances nutrient uptake and improves overall crop
health (Yeraliyeva et al., 2017). In addition, precise wa-
ter management improves water efficiency for different
crops depending on the needs. For instance, some crops,
such as vegetables or fruits, require more intensive irri-
gation, while others, such as cereals, may need smaller
quantities of water. This improves overall agricultural
productivity and, as a result, increases the profitability
of the enterprise.

Climate change has a significant impact on ag-
ricultural production by causing extreme weather
conditions such as droughts and heavy rains (Ha-
bib-ur-Rahman et al., 2022). Under such conditions,
the resilience of agricultural enterprises to climate
variability becomes a critical challenge. Rational use
of water implementation of modern irrigation tech-
niques and monitoring of water consumption are
essential in this process. Automatic control systems
and soil moisture sensors ensure a rapid response to
changes in weather conditions, adjusting the amount
of water needed to supply the plants according to cur-
rent needs. This reduces crop losses during periods of
drought and minimises damage from overwatering in
the event of heavy rainfall. In this way, farmers can
adapt water management practices more precisely to
changing climatic conditions, increasing their resil-
ience to extreme weather events.

Optimisation of long-term water use contributes to
the sustainability of agricultural farms, both economi-
cally and environmentally. Lowering water and energy
costs reduces the dependence of agricultural enterpris-
es on external sources of financing, which is particu-
larly relevant in an unstable economy. Effective water

Amirbekuly et al.

management contributes to soil sustainability by reduc-
ing the risks of soil depletion and improving soil qual-
ity. In addition, efficient water management minimises
negative environmental impacts by reducing waste and
water losses, which also contributes to the long-term
sustainability of agricultural production. Optimisation
of water use in agriculture is an important factor in
ensuring economic efficiency and sustainability of agri-
cultural enterprises. With global climate change, water
scarcity and increasing competition for water, the im-
plementation of innovative water management practic-
es is becoming a necessity. In this context, examples of
successful agrarian enterprises in Kazakhstan and for-
eign countries can serve as a reference point for other
farms seeking to improve their efficiency through the
rational use of water resources.

A notable example of successful water use optimi-
zation in Kazakhstan is the Baiserke-Agro agricultural
enterprise (2024), located in Central Kazakhstan. Spe-
cializing in the cultivation of grain and vegetable crops,
this enterprise has significantly enhanced its economic
efficiency by achieving a 15-20% increase in yields and
a 30% reduction in water usage. These improvements
were made possible through the implementation of ad-
vanced drip irrigation systems and the automation of
water supply processes (Atakulov et al., 2023). In 2023,
companies made significant advancements in irrigation
by introducing soil moisture sensors and automatic wa-
ter flow control systems. Previously reliant on tradition-
al irrigation methods that often resulted in substantial
water losses, farmers achieved notable improvements
by transitioning to drip irrigation (Farms in North Ka-
zakhstan region are..., 2023). The introduction of these
advanced technologies also led to a reduction in the
energy consumption needed to operate pumping sta-
tions. Thus, this farm has demonstrated how modern
irrigation techniques can not only reduce costs but also
increase profitability.

Israel stands out as one of the global leaders in
water management, with its innovative practices and
technologies serving as a valuable example for other
nations (Dai, 2021). In the face of freshwater scarcity
and frequent droughts, Israel has developed advanced
technologies in drip irrigation, which has significantly
improved agricultural efficiency. Netafim (2024),a com-
pany based in Israel, has pioneered the development
and implementation of drip irrigation systems, which
are now widely used in agriculture worldwide (Israeli
Climate Innovation for..., 2024). Drip irrigation systems
developed by Netafim enable precise dosing of water,
delivering it directly to the roots of plants, minimising
water loss and increasing crop yields. This method is
particularly effective in arid areas such as Southern
California, Australia and the Middle East where water
resources are limited. As a result of the introduction of
drip irrigation, agricultural enterprises using this tech-
nology have achieved significant yield increases with
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minimal water use, making them more economically
sustainable and profitable.

Spain, one of the driest countries in Europe, has
also made significant strides in optimising water use
in agriculture. In the Valencia region, where citrus and
other crops are grown, farmers are actively adopting
irrigation control systems and automated technolo-
gies that help use water efficiently. In particular, the
Citrus Valley agricultural complex (Valencia’s Citrus
Coast, 2024), an example of efficient water use, em-
ploys soil moisture sensors and systems that automat-
ically adjust the amount of water applied based on the
plant’s needs (Poveda-Bautista et al., 2021). The results
showed that the adoption of such technologies enabled
farmers to reduce water consumption by 20%, while
yields increased by 20%. The water savings significant-
ly reduced water purchase and transport costs, which is
important in the context of limited water resources and
high-water prices. It has also contributed to improved
product quality, making Spanish farmers more compet-
itive in international markets.

In China, where water problems have become more
pronounced, agricultural enterprises are actively adopt-
ing water management technologies. One example is

an agricultural complex in Shandong Province spe-
cialising in fruit and vegetable production, known as
Shandong Green Agriculture (2024). This complex has
successfully applied innovative drip irrigation systems
and remote monitoring systems for water use, which
significantly reduced water losses and increased crop
yields (Guo et al., 2024). The complex also introduced
water recycling and reuse systems to minimise water
consumption and reduce water supply costs. The results
of implementing these technologies were as follows:
water costs were reduced and crop yields increased
(Yang et al., 2023). This experience shows how the use
of innovative water use technologies not only helps to
manage water resources efficiently but also to make
agriculture more resilient to external economic and
environmental challenges. It is worth noting that the
introduction of modern irrigation systems has a signifi-
cant impact on the efficiency of water use and the yield
of agricultural enterprises. Various innovative methods,
such as drip irrigation and water supply automation,
significantly reduce water consumption while increas-
ing agricultural productivity. Table 4 shows the impact
of these technologies on water use and yields in agri-
cultural enterprises.

Table 4. Impact of modern irrigation systems on water use and yields in agricultural enterprises

Company/Location Irrigation technology

Impact on water usage

Impact on yield Additional information

Reduced water

Baiserke-Agro

(Kazakhstan) Drip irrigation

consumption by 30%,
saving 500,000 cubic
metres annually

Increase in grain and
vegetable yields by 15-
20%

Improving water use
efficiency and yields,
reducing water costs

Reduced water
consumption by up to
50% in some regions

Netafim (Israel) Drip irrigation systems

Leader in irrigation
technologies for water-
limited areas

Increase yields by up to
30% for certain crops

Automated water supply

Citrus Valley (Spain) management systems

Reduce water bills by
25%, saving 1 million
litres annually

Automated irrigation
improves yields and
reduces operating costs

Increase in citrus yields
by 20%

Shandong Green
Agriculture (China)

Combined irrigation
technologies

Reduction of water
consumption by 40%

Focused on sustainable
agriculture and high-
technology irrigation

Increase in productivity
by 25%

Source: compiled by the authors based on T. Atakulov et al. (2023), Israeli Climate Innovation for Energy and Water
Security Solutions (2024), R. Poveda-Bautista et al. (2021), B. Guo et al. (2024)

Sustainable water use is an important element of
the strategic development of the agricultural sector in
Kazakhstan, which faces limited water resources and
changing climatic conditions. Innovative methods and
strategies need to be introduced to improve the effi-
ciency of water resources utilisation and ensure the
sustainability of agriculture. The study made the fol-
lowing recommendations:

Drip irrigation is one of the most effective methods
of water use, which allows to significantly reduce water
losses and increase crop yields. In Kazakhstan, especial-
ly in arid and semi-arid regions, such systems can be
introduced in most agricultural enterprises specialising
in growing cereals, vegetables and fruits. It is necessary
to support farmers in the transition to drip irrigation
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through state subsidies and tax incentives, as well as
to provide training for farmers in new technologies and
methods of water management.

Monitoring and automation systems for water man-
agement are instrumental in improving water use ef-
ficiency. The introduction of soil moisture sensors, as
well as systems that regulate water supply according to
the actual needs of plants, will optimise water resourc-
es, eliminating unnecessary expenditure. It is necessary
to integrate such systems within the framework of the
state project on the digitalisation of agriculture, which
will provide farmers with access to up-to-date informa-
tion and increase the accuracy of irrigation decisions.
For effective implementation of innovative water use
technologies, it is necessary to train highly qualified




specialists in agronomy, hydrology and engineering. It
is important to develop educational programmes that
will focus on the use of new irrigation methods and wa-
ter management technologies. It is also necessary to es-
tablish a system of certification and advanced training
for agrarians, which will enable them to keep abreast
of the latest trends and effective practices in water use.

One of the promising directions for improving wa-
ter use in the agricultural sector is the system of water
reuse. The introduction of such technologies as filtra-
tion and wastewater treatment will reduce the con-
sumption of fresh water for irrigation. The implemen-
tation of such solutions may be particularly relevant for
regions with limited water resources. In addition, it is
necessary to develop infrastructure for water recycling
at the level of large agricultural complexes and pro-
cessing plants, which will provide additional savings.
To accelerate the introduction of innovative water-use
technologies in the agricultural sector of Kazakhstan,
it is necessary to attract more private investment and
develop partnerships with international organisations
working in the field of sustainable development. Mech-
anisms for attracting financial resources, such as green
bonds and grants, can contribute to the development of
environmentally sustainable technologies and the in-
troduction of best practices in water use. Joint projects
with international partners, such as the World Bank or
the United States Agency for International Develop-
ment, will allow Kazakhstan to benefit from the expe-
rience of other countries and implement best practices.

For the long-term development of the Kazakh ag-
ricultural sector, it is necessary to apply an agroecolog-
ical approach, which includes methods of protecting
water resources, improving soil quality and enhancing
biodiversity. This will not only increase the resilience of
agriculture to climate change but also ensure a balance
between economic interests and ecosystem conserva-
tion.There is a need to adopt agroforestry practices that
will help conserve water resources and use sustainabil-
ity-oriented land and water management practices. To
effectively manage water resources in the agricultural
sector, a unified data and monitoring system needs to
be established to track changes in water supplies, wa-
ter use levels,and soil health and yields. Data from such
systems will contribute to optimising irrigation sched-
uling and rational water allocation between different
agricultural sectors. This will ensure more equitable
and efficient use of water resources.

DISCUSSION

Key aspects affecting the efficiency of water resources
use and the costs associated with their use were iden-
tified in the analysis of the economics of water use in
the agricultural sector of Kazakhstan. The assessment
of the status of water resources has shown that water
supply in certain regions of the country is limited due
to natural conditions and insufficient infrastructure for
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efficient water distribution. As a result, many agricultur-
al enterprises face a shortage of water resources, which
requires careful consideration of irrigation methods
and rational water use. This problem was also investi-
gated by Y. Zhao et al. (2021), confirming that analysing
the status of water resources in the agricultural sec-
tor is key to ensuring agricultural sustainability and
efficient use of water resources. In the face of climate
change and increasing water consumption, especially
in arid regions, the availability of water sources for ag-
ricultural production needs to be carefully assessed. An
important aspect is an analysis of seasonal variations,
as well as geographical and infrastructural water avail-
ability, which directly affects agricultural development
(Mustafayeva & Tagiyev, 2023).

X. Liu et al. (2022) also demonstrated that the as-
sessment of water allocation in the agricultural sector
requires consideration of various factors such as the
spatial location of water bodies, the density of water
withdrawals and the degree of utilisation. Uneven wa-
ter distribution can cause deficits in some areas and
surpluses in others, creating additional challenges for
the agricultural sector. It is necessary to develop strat-
egies aimed at optimising the distribution of water re-
sources, including the improvement of infrastructure
and the introduction of water-saving technologies. It
is worth noting that effective management of water
resources in the agricultural sector requires not only
analysing their availability but also addressing various
external factors such as climate change and demo-
graphic growth. These factors can significantly change
the water needs of agricultural regions, which poses
a challenge for public and private structures to adapt
to new conditions. Therefore, it is necessary to devel-
op monitoring and forecasting systems that will help
to identify possible water problems on time and take
measures to address them, such as the introduction of
innovative irrigation and water conservation methods.

One of the main factors affecting the economic ef-
ficiency of the agricultural sector is the choice of irri-
gation methods. A study of different irrigation systems
established those traditional methods, such as surface
irrigation, cause substantial water losses. Modern tech-
nologies such as drip and sprinkler irrigation can sig-
nificantly reduce water consumption and increase crop
yields (Pichura et al., 2023). The application of these
technologies in Kazakhstan has already shown positive
results, especially in water-scarce areas. S.Z. Safoevna
and M.N. Juraevna (2021) concluded that modern irri-
gation methods, such as drip and sprinkler irrigation,
significantly affect agricultural economics by increasing
productivity and reducing water costs. Drip irrigation,
for instance, minimises water loss by spot irrigating
the root zone of plants, thereby improving crop growth
and yield. This is particularly relevant in the context of
limited water resources and increased concern for the
resilience of agro-systems to climate change.
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D. Bhavsar et al. (2023) highlighted that a compari-
son of the efficiency of drip and sprinkler irrigation with
traditional methods shows that modern irrigation sys-
tems provide higher economic efficiency. Drip irrigation
reduces water and energy consumption, leading to low-
er operating costs in the long term. Sprinkler systems,
on the other hand, have greater versatility as they can
be used on different soil types and for a wider range
of crops, but they also require more water and ener-
gy compared to drip irrigation. These results support
the above study as they show that modern irrigation
systems, such as drip and sprinkler irrigation, signifi-
cantly reduce overall water consumption and provide
a more precise distribution of moisture flow based on
plant needs. This not only improves crop yields but also
reduces the operational costs of water management. In
the face of climate change and uncertain water avail-
ability, the use of such technologies can be key to en-
suring food security and agricultural sustainability in
the long term. Data collected on the deployment of
water use monitoring technologies has demonstrat-
ed the high efficiency of intelligent control systems,
which allow farmers to monitor water consumption in
real-time and optimise resource use. Sensor systems
integrated with information technology provide more
accurate water distribution depending on crop needs,
which reduces water costs and minimises losses. The
use of such solutions in Kazakhstan has already been
implemented in some large agricultural enterprises, al-
lowing them to improve their economic sustainability.

The study by M. Lowe et al. (2022), which also de-
termined that monitoring technologies are significant
in optimising water use by enabling more precise water
management at all levels of agricultural production, is
noteworthy. Modern intelligent systems such as mois-
ture sensors, automated irrigation control systems and
satellite technology can be used to monitor the condi-
tion of soil and vegetation in real time. These technolo-
gies make it possible not only to improve the efficiency
of water use but also to minimise the risks associated
with its excessive or insufficient application. X. Xiang et
al. (2021) concluded that the use of intelligent systems
to control and distribute water resources can improve
the accuracy of water distribution between different
sites and crops. Such systems can automatically ad-
just the amount of water supplied depending on soil
moisture data, plant needs and weather forecasts. This
significantly reduces water losses and improves crop
quality, as well as lowering the financial costs of wa-
ter and energy, making agriculture more sustainable
and cost-effective. These findings are consistent with
the thesis in the previous section, as they confirm that
the use of intelligent monitoring systems significantly
improves water use efficiency. Real-time technologies
provide accurate information on water requirements,
thus avoiding surpluses and shortages of water in ag-
ricultural processes. This, in turn, improves not only the
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sustainability of agricultural systems but also contrib-
utes to long-term cost savings and environmental effi-
ciency in agriculture.

Economic analysis demonstrated that optimisation
of water use through the introduction of new technolo-
gies reduces irrigation costs and, in turn, increases the
profitability of agriculture. While traditional irrigation
methods require significant water costs, modern tech-
nologies significantly reduce these costs, while improv-
ing product quality and increasing yields (Zhovtonog et
al., 2022). The effectiveness of such methods was con-
firmed by several Kazakhstani farms, which managed
to significantly improve their financial results. H. Quon
and S. Jiang (2023) also conducted a study, the results
of which confirmed that the introduction of new wa-
ter-use technologies, such as drip irrigation and intel-
ligent management systems, can significantly reduce
irrigation costs. These technologies minimise water
losses and provide a more accurate distribution of re-
sources, which reduces the need for energy costs and
equipment maintenance. As a result, agricultural busi-
nesses can significantly reduce operating costs, which
sets the stage for improved economic performance.
T. Zhang et al. (2021) also identified that reduction in
irrigation costs directly affects yield and profitability
improvements because it allows farmers to use water
more efficiently, a resource that is often limited. Better
management of water flows promotes optimal plant
growth, increasing yields and product quality. This, in
turn, improves financial performance, as agricultur-
al enterprises can significantly reduce costs while in-
creasing production and profits.

Comparing the data obtained during research, it is
possible to assert that the introduction of modern wa-
ter-use technologies leads to a significant reduction in
irrigation costs. These technologies improve the preci-
sion of the amount of water required for different crops,
which reduces unnecessary expenditure and improves
overall resource efficiency. As a result, farmers can use
the freed-up funds for other needs,such asimproving soil
conditions or purchasing more efficient technologies,
which contributes to the overall profitability of farms.

The study also revealed the importance of external
factors such as climate change and lack of investment
in water supply infrastructures. For sustainable devel-
opment of the agricultural sector in Kazakhstan, it is
necessary not only to improve irrigation technologies
but also to invest in the modernisation of water supply
systems and water conservation developments. Without
these changes, the long-term economic efficiency of
water use in agriculture may be limited. S. Skendzi¢ et
al. (2021) concluded that climatic changes and exter-
nal factors such as increased frequency of droughts or
floods have a major impact on agricultural water use.
These changes require continuous adaptation of irriga-
tion and water supply systems, as traditional water sup-
ply systems often cannot effectively cope with the new




challenges. Therefore, there is a need to modernise in-
frastructure so that it can provide a more stable and re-
liable water supply despite unstable climatic conditions.
A.Adeniran et al. (2021) revealed that modernisation of
water supply systems and investment in infrastructure
is becoming key to ensure the sustainability of water
supply in agriculture. Modern water supply systems re-
quire flexibility, and resilience to climate change and
are equipped with the latest monitoring and man-
agement technologies. Investing in such projects will
not only improve the quality of water supply but also
significantly reduce water losses, which in the context
of global climate change is becoming particularly rel-
evant for food security and agricultural sustainability.

Climate change is significantly increasing the pres-
sure on existing water supply systems, requiring them to
be modernised to respond effectively to new challeng-
es (Kravchenko & Tkachenko, 2024). Water supply sys-
tems that were designed with more stable climatic con-
ditions in mind cannot cope with increases in extreme
weather events such as droughts and floods. As a result,
to maintain sustainable water use, investments need
to be directed towards infrastructure improvements as
well as innovative technologies to optimise water flows
and minimise losses. Thus, the results of the analysis
confirm the importance of further implementation of
technologies aimed at rational use of water resourc-
es, as well as the need to create government support
for innovation in the agricultural sector. The applica-
tion of modern water management practices can be a
key factor in improving the sustainability of agricultur-
al production and reducing costs, which will improve
the economic situation in rural areas of Kazakhstan.

CONCLUSIONS

The study determined that water resources in Kazakh-
stan,especiallyin arid regions,are limited, which creates
additional difficulties for farmers. Traditional irrigation
methods, such as surface irrigation, lead to significant
water losses, which increase the cost of water use and
reduce overall economic efficiency. However, the intro-
duction of more modern irrigation technologies, such
as drip and sprinkler irrigation, can significantly reduce
water consumption, improve the distribution of mois-
ture across fields and, as a result, increase crop yields.
Drip irrigation is the most efficient method, re-
ducing water consumption by up to 40% and saving
10,000 tenge per hectare. Sprinkler irrigation is less ef-
ficient, but still reduces water consumption compared
to traditional methods. Automated water use control
systems can achieve water savings of up to 20% and
improve the accuracy of resource utilisation. To max-
imise savings and efficiency, it is recommended to use
drip irrigation in combination with automated control
systems. In addition, the introduction of modern drip
irrigation technologies in agrarian farms in Kazakhstan,
such as Baiserke-Agro, has reduced water consumption
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by 30%, saving approximately 500,000 cubic metres of
water per year, with grain and vegetable crop yields in-
creasing by 15-20%. In Israel, Netafim has achieved a
50% reduction in water use in some regions, contribut-
ing to a 30% increase in yields for some crops. In Spain,
automated water management systems implemented
by Citrus Valley reduced water costs by 25% and saved
1 million litres of water annually, while increasing cit-
rus yields by 20%. In China, Shandong Green Agriculture
reduced water consumption by 40% and increased pro-
ductivity by 25%, improving agricultural sustainability
and water optimisation.

The introduction of monitoring technologies and
intelligent systems to control water use has demon-
strated its effectiveness. The use of sensors and auto-
mated control systems makes it possible to accurately
monitor water consumption and promptly adjust it de-
pending on plant needs. This minimises water losses
and reduces overall irrigation costs, which contributes
to the economic sustainability of farms. In addition, the
study showed that the introduction of innovative tech-
nologies in the agricultural sector leads to lower costs
and increased profitability. Such technologies allow
farmers to use water resources more efficiently, which
becomes especially important against the background
of climate change and decreasing water availability.
The implementation of such solutions also contributes
to increasing the resilience of agriculture to unfavoura-
ble climatic changes.

The study concluded that additional consideration
should be devoted to the modernisation of water supply
infrastructure, as old systems are often unable to cope
with the demands of modern technologies. Investments
in modernisation of water supply networks, creation of
efficient irrigation systems and water management will
be key to the long-term sustainability of the agricul-
tural sector. Thus, the optimisation of water use in the
agricultural sector of Kazakhstan is the most important
task for improving the economic efficiency of agricul-
ture. The introduction of innovative technologies and
improved water management can ensure sustainable
development of the agricultural sector and increase
its productivity and resilience in a changing climate. A
limitation of the study is the lack of data on the long-
term economic results of the introduction of innovative
technologies in different regions of Kazakhstan, which
impedes a more in-depth analysis. In addition, it is nec-
essary to study the impact of various climatic factors
on the efficiency of water-use technologies in the ag-
ricultural sector of Kazakhstan, as well as to assess the
possibility of adapting irrigation methods to changes in
weather conditions.
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AHoTauia. MeTolo pocnigxeHHs Oyno BM3HayeHHs edeKTMBHMX METOLIB PaLiOHANbHOr0 BMKOPUCTAHHS BOLHWMX
pecypciB B arpapHoMy cekTopi Kasaxcrady. [MpoaHanizoBaHO BRMB CyY4aCHUX TEXHOMOTM 3POLUEHHS, TaKMUX
K KpanefibHe Ta AOLLyBajibHE 3POLIEHHS, @ TaKOX aBTOMATU30BAHMX CMCTEM MOHITOPUHTY Ha MPOAYKTUBHICTb
CiNbCbKOroCnoAapCbKMx KynbTyp, CTaH MPYHTIB Ta aAanTUBHICTb rOCNOAApPCTB A0 3MiHM KniMmaTy. byno Bia3HaveHo,
WO KpanefbHe 3pOoLUeHHs 3MeHLWYe BTpat Boau Ao 40%, Toai K OoLlyBaNbHi cucTeMu 3ab6e3neyyoTb piBHOMIpHe
NMOKPUTTS BENUKMUX NAOLL, ONTUMI3YHOUM BUKOPUCTAHHS BOAHMUX pecypciB. ABTOMAaTU30BaHi CUCTEMU MOHITOPUHTY 3
BMKOPUCTAHHAM AATYMKIB BONOrOCTi MPYHTY Ta MPOrHO3YBaHHSA NMOroAu 3MEHLUUN CNOXMBAHHS BOAM Ha 25-50% Ta
NiABULLMAM BPOXKaMHICTb Ha 15-30 %. JocnifkeHHs TakoX BU3HAUMIIO, L0 BMPOBAAKEHHS TAKMX CUCTEM MOKPALLMUIO
AKiCTb I'PYHTY, 3MEHLIMBLUM MO0 BUCHAXKEHHS Ta 3abe3neymnBlUM [OBrOCTPOKOBY MPOAYKTMBHICTb. AHani3 foceiny
depmepcbkux rocnopapcts Kasaxcrany, I3painto, lcnanii Ta Kutato niaTBepaMB eKOHOMIYHY AOLINBHICTL TakMX
NiAXOAIB 33 PaxyHOK 3MEeHLUEeHHS onepaLiMHUX BUTPAT, a TaKOX 3aNEXHOCTi Bif, 30BHILIHLOr0 (iHAHCYBaHHA Ta
NiABULLEHHS CTIMKOCTI A0 KNIMaTUYHMX CTpeCiB. 30KpeMa, aBTOMaTM3aLis BOAOMNOCTAYaHHS 3HU3MNA BUTPATHU Ha BOAY,
eHeprito Ta 0b6cnyroByBaHHS cucTeMu, WO 3abe3neynno AOBroCTPOKOBY CTabifbHiICTb hepMepcbkux rocnopapcTs.
MpakTU4Ha LiHHICTb poboTH nonsrae y dopMyBaHHi HayKOBO OBIPYHTOBaHMX pEKOMEHAALiV WOoA0 BNPOBALXKEHHS
iHHOBALLIMHUX TEXHONOTIM 3POLEHHS AN NiABULWEHHS edeKTUBHOCTI arpapHoro cektopy KasaxcraHy, 3MEHLIEHHS
BMNAMBY 3MiHM KNiMaTy Ta 3abe3mneyeHHs CTanoro po3BUTKY
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