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Automation of green space maintenance along road infrastructure

Abstract:
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The study comprehensively examined the efficiency of automated irrigation systems applied to green
areas along the Tashkent—Chirchik highway. Within the research framework, soil moisture sensors were
utilized to continuously monitor environmental conditions and to optimize the allocation of water
resources. This methodological approach enabled the collection of precise data on soil humidity levels,
making it possible to design irrigation schedules that respond directly to the actual needs of the
vegetation. The findings revealed a range of important outcomes. First, automation led to a reduction in
water use by approximately 25-30%, which is a crucial achievement considering the growing problem
of water scarcity in Central Asia. Second, labor requirements decreased by nearly 40%, thereby reducing
the dependence on manual maintenance and significantly lowering operational costs. Third, plant
resilience during the vegetation period was noticeably improved, as indicated by healthier leaf coloration,
higher photosynthetic activity, and greater tolerance to drought stress.

In addition, system management through IoT-based technologies allowed for real-time monitoring and
rapid response to changing conditions, which significantly improved the speed and quality of
maintenance services. This ensured more efficient allocation of limited resources, minimized the risks
associated with over- or under-irrigation, and contributed to more stable plant growth. Overall, the
adoption of automated irrigation and monitoring systems represents not only a technological
advancement but also an important step toward achieving environmental sustainability, energy
efficiency, and long-term landscape resilience. These results highlight the potential for wider application
of such technologies along highways and in other urban green zones, where resource savings and
ecological balance are of strategic importance.

Automated irrigation system, IoT technologies, green areas/landscaping, soil moisture monitoring, water
resource saving, ecological sustainability, remote control, vegetation stability, highway landscape,

innovative maintenance methods

1. Introduction

In recent years, along with transport infrastructure,
considerable attention has been paid to issues of
environmental sustainability. Green areas along roads are
not only elements that enhance the aesthetic appearance but
also important ecological systems that reduce the amount of
dust and gases in the atmosphere and absorb noise [1, 11].
For example, green zones created along the Tashkent—
Samarkand highway play a significant role not only in
reducing harmful gases emitted by vehicles but also in
improving the aesthetic appearance of the road and ensuring
psychological comfort for drivers and passengers. Such
green zones contribute to maintaining ecological balance by
absorbing carbon monoxide, nitrogen oxides, and other
harmful substances released into the atmosphere by moving
vehicles. In addition, the placement of trees and shrubs along
roads regulates wind speed, reduces noise levels, and
positively influences the surrounding environment.

However, the effective functioning of these zones
directly depends on their regular maintenance, irrigation,
and monitoring. At present, a significant part of these
processes is carried out manually using traditional methods.
As a result, large amounts of water and labor resources are
consumed, while efficiency remains low. For instance, due
to uneven distribution of water, some trees do not receive
sufficient moisture, while others are overwatered. This not
only leads to inefficient use of water resources but also
negatively affects plant growth.
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Therefore, under modern conditions, it is necessary to
introduce innovative solutions for maintaining green zones
along highways, such as automated irrigation systems,
remote monitoring using [oT (Internet of Things)
technologies, and soil moisture control with sensors. Such an
approach makes it possible to use resources efficiently,
enhances the ecological effectiveness of green zones, and
ensures the long-term sustainability of the landscape created
along roads [2]. In this regard, the issue of increasing
efficiency through the use of modern automated systems is
highly relevant [3, 4].

2. Research methodology

In the course of this study, in accordance with the aim
and objectives of the research, the following methodological
approaches and methods of analysis were applied:

Literature analysis — international experience (USA,
Germany, Japan) in automated irrigation and maintenance
systems was studied [5, 6].

Technological modeling — a scheme of the automated
process for maintaining green zones was developed [7].

Experimental observation — on a test section along the
Tashkent—Chirchik highway, soil moisture was monitored
using sensors and water consumption was optimized [8].

Comparative method — the efficiency of traditional
maintenance and automated systems was compared [9].
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3. Results and Discussion

The analysis of the research results made it possible to
draw the following scientifically substantiated conclusions:

When using soil moisture sensor systems, water
consumption was reduced by an average of 25-30% [2, 9].
For example, on the Tashkent—Chirchik highway section
during the summer period, a significant decrease in water
usage was observed due to automated irrigation.

Thanks to automated systems, labor costs for
maintenance were reduced by 40% [3]. This was particularly
evident on the Tashkent-Samarkand highway, where
previously the maintenance of green zones required a large
workforce.

Plant resilience during the vegetation period proved to
be higher: leaf greenness, photosynthetic activity, and
drought resistance showed better results compared to
traditional methods [1, 7].

The possibility of remote control based on IoT (Internet
of Things) increased the speed of maintenance [2, 8].

Table 1
Table of Results
Indicator Traditional Automated
Method Method
Water 100% 70-75%
consumption

Labor costs 100% 60%
Plant resilience Medium High

Soil moisture sensor

—

The obtained results show that traditional methods of
maintaining green zones along highways, based on manual
labor, lead to inefficient use of significant resources. In
particular, during irrigation, uneven distribution of water
resources, increased labor costs, and insufficient efficiency
of control mechanisms are observed. Moreover, existing
systems do not provide adequate results in maintaining
stable plant growth.

Addressing these problems has demonstrated the
effectiveness of applying automated maintenance systems.
According to the research results, the introduction of
automated irrigation systems and sensor-based monitoring
technologies makes it possible to significantly reduce water
consumption, save energy and labor resources, and ensure
continuous control over the maintenance process. As a
result, conditions are created for the rational use of
resources, ecological sustainability of green zones is
ensured, and the quality of roadside maintenance is
significantly improved.

Thus, it can be stated that the use of automated systems
not only increases economic efficiency but also serves as an
important factor in strengthening environmental safety,
improving road aesthetics, and creating a comfortable
environment for drivers [4, 10]. In Uzbekistan, this process
is being implemented gradually: for example, along the
Tashkent Ring Road, automatic drip irrigation systems have
been introduced, operating on the basis of energy-saving
pumps and solar panels.

{ Central server

Fig. 1. Block Diagram of the Irrigation System

L

Moisture sensor

) )‘ Central control unit

Power supply through solar panels I

Fig. 2. Operating Principle of the Automated Landscaping System along the Tashkent—Samarkand Highway

4. Conclusion

The study confirms that the implementation of
automated systems for maintaining green zones along
highways provides significant ecological, economic, and
social benefits. Practical evidence from the Tashkent—
Samarkand highway, the Tashkent—Chirchik route, and the
Tashkent Ring Road highlights the effectiveness of such
solutions in real-world conditions. Automation contributes
to the rational use of water and labor resources, enhances
plant resilience, and streamlines maintenance operations.
Looking ahead, the integration of these technologies is
expected to become an essential component of the “smart
road” concept, fostering the development of a more
sustainable,  efficient, and  innovative  transport
infrastructure.
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