IV Mexxaynapoanasi Hay4yHo-pakTHyeckast KoH(epenuus 25-26 nosops 2025 r.

UDC 631.674: 629.73

IMPLEMENTATION OF SMART IRRIGATION SYSTEMS FOR
SUSTAINABLE AGRICULTURAL DEVELOPMENT IN BELARUS

Trystsen A.A., Master degree student,

Rylo T.V., senior teacher

Belarusian state agrarian technical university, Minsk, the Republic of
Belarus

Summary. The article examines the potential of smart irrigation
systems in promoting sustainable agricultural development in the Republic
of Belarus. It outlines the main technological principles of intelligent
irrigation management, including the use of sensors, data analytics, and
automation tools. The research emphasizes the importance of optimizing
water resources, reducing environmental impact, and increasing productivity
in the context of climate variability and resource constraints.
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Formulation of the problem. Agriculture plays a vital role in the
economy of the Republic of Belarus, contributing significantly to food
security, employment, and export potential. However, modern challenges
such as climate change, irregular rainfall, and soil degradation require a new
approach to managing natural resources, particularly water. Irrigation is one
of the key components ensuring crop yield stability, but traditional systems
are often inefficient and energy-consuming.

The introduction of smart irrigation systems, based on data-driven
technologies, is a promising direction for sustainable agricultural
development. These systems use real-time data from sensors, weather
stations, and satellite imagery to determine optimal irrigation schedules and
volumes, minimizing water losses and maximizing crop productivity.
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Despite the fact that Belarus possesses a significant agricultural
potential, the efficiency of water resource management remains suboptimal.
Many irrigation systems are outdated, lack automation, and require
substantial manual control. Moreover, the increasing frequency of droughts
in southern regions and excessive rainfall in northern zones complicate
irrigation planning.

Therefore, the modernization of irrigation systems with intelligent
control mechanisms is a critical step toward achieving sustainable
agricultural goals and adapting to climatic challenges.

Basic research materials. Smart irrigation systems rely on a
combination of technologies that include:

e Soil moisture and temperature sensors, which provide continuous data
to the root zone environment;

e Weather forecasting modules, predicting precipitation and
evapotranspiration rates;

e Automated valves and pumps, which regulate water supply according
to sensor readings;

e Wireless communication networks (LoRaWAN, NB-10T) for real-
time data exchange;

e Atrtificial intelligence and data analytics, which process information
and optimize irrigation strategies.

Integration of these components enables precise control of water
distribution, reducing both overwatering and water stress for plants.

Recent technological advances also include the use of Internet of
Things (1oT) platforms that connect multiple devices across large
agricultural fields. These networks allow centralized monitoring through
cloud-based dashboards, providing farmers with detailed analytics and
remote control capabilities. Furthermore, the integration of geographic
information systems (GIS) and remote sensing technologies helps visualize
soil moisture distribution across vast territories, enabling spatial
optimization of irrigation zones. In Belarus, such digital mapping tools could
be particularly useful for managing the diverse soil and climate conditions
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of different regions, from the dry southern plains to the more humid northern
areas.

Smart irrigation systems provide economic benefits like lower
operational and labor costs, and increased crop Yyields, while their
environmental benefits include water conservation, reduced fertilizer and
pesticide runoff, and improved soil health.

In the Republic of Belarus, the implementation of smart irrigation leads
to the following:

e Water savings of up to 30-50%, depending on crop type and region;

e Reduction in energy costs due to optimized pump usage;

e Improved crop yields and product quality through balanced soil
moisture;

e Lower environmental footprint, as efficient irrigation reduces nutrient
leaching and soil erosion.

For Belarus, where agriculture accounts for about 10% of total water
consumption, these effects could significantly enhance sustainability and
economic performance.

Beyond direct cost savings, the adoption of smart irrigation contributes
to the circular economy of the agricultural sector. For instance, optimized
irrigation reduces fertilizer runoff, which in turn decreases water treatment
costs and improves the ecological balance of nearby rivers and lakes.
Additionally, digital irrigation systems generate large datasets that can be
analyzed to improve long-term land management and climate adaptation
strategies. The economic efficiency of farms can also increase through the
integration of smart irrigation with other precision agriculture systems such
as drone-based crop monitoring, automated fertilization, and crop yield
prediction models. These synergies create a foundation for a data-driven,
resilient agricultural economy.

Case studies development and the international experience
demonstrates that such countries as Israel, Spain, and the Netherlands have
achieved substantial progress in precision irrigation. Their experience proves
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that the use of intelligent technologies not only conserves water but also
enhances climate resilience.

In Belarus, pilot projects have been initiated in experimental farms
under the Ministry of Agriculture, integrating soil sensors and automated
control systems for potatoes and cereals. Preliminary results show yield
increases of 15-20% and a reduction in water usage by 25%.

The international case studies experience indicates that success depends
not only on technological availability but also on institutional coordination.
Israel’s success, for example, stems from strong public-private partnerships,
continuous farmer education, and investment in research and development.
For Belarus, adopting a similar framework could accelerate innovation
diffusion. Collaboration between universities, agribusinesses, and
technology providers would allow the creation of regional innovation hubs
that test and adapt smart irrigation technologies to local conditions.
Moreover, international cooperation within the framework of EU
environmental and digitalization programs could open new funding
opportunities for sustainable agricultural modernization.

Barriers to implementation are obstacles that prevent the successful
development of the state programs. The main barriers include:

e High initial investment costs in equipment and software;

e Lack of technical expertise and training for farm operators;

e Insufficient digital infrastructure in rural areas;

e Limited state incentives and support programs for precision farming
technologies.

To overcome these obstacles, it is necessary to develop targeted state
programs, encourage public-private partnerships, and provide financial
support for technology adoption.

The important complementary factor is the farmers’ awareness and
motivation. Many small and medium-sized agricultural enterprises in
Belarus still rely on traditional irrigation methods due to the perceived
complexity of digital systems. Therefore, demonstration projects,
government-backed pilot farms, and the inclusion of digital irrigation in
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agricultural education curricula are essential. Additionally, the creation of
regional data centers for collecting and processing agro-meteorological data
would enhance the functionality and accessibility of smart irrigation
systems. Developing a national platform for precision agriculture could
unify diverse technologies and ensure compatibility across different
equipment manufacturers and software solutions.

Conclusion. The introduction of smart irrigation systems is an essential
component of sustainable agricultural transformation in Belarus. By
combining technological innovation with environmental responsibility, these
systems can ensure efficient water use, stabilize yields, and reduce climate-
related risks.

To accelerate implementation, it is crucial to enhance institutional
support, promote training programs for farmers, and integrate smart
irrigation into the national digital agriculture framework.

Such measures will strengthen the competitiveness of Belarusian
agriculture and contribute to achieving sustainable development goals
related to food security and responsible resource management.

References

1. The State of Food and Agriculture 2020: Overcoming Water
Challenges in Agriculture. / Rome: FAO, Food and Agriculture Organization
of the United Nations, 2020. - URL.:
https://openknowledge.fao.org/server/api/core/bitstreams/6e2d2772-5976-
4671-9e2a-0b2ad87ch646/content (date of access: 29.10.2025).

2. National Strategy for Sustainable Development of the Republic of
Belarus for the period up to 2030/ Ministry of Economy of the Republic of
Belarus// State Scientific Institution "Research Economic Institute”. —
Minsk, 2017. — 148 p.

3. loT-based precision agriculture: Enhancing productivity and
sustainability / Liu, Y., Zhang, H., Zhao, X. [et al.] // Agricultural Systems.
—2021. - P. 187.

137 MeanTonoJbCKuii rocyAapcTBeHHbI YHUBEPCUTET



