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natural elements and agricultural components can provide a significantly higher level of biodiversity compared
to less integrated counterparts. In particular, forest and forest-steppe agrolandscapes have proven to be the
most effective in conserving species, which is critical for maintaining ecological balance. However, steppe and
dry steppe landscapes require urgent and comprehensive measures to improve the state of biodiversity, as their
ecological sustainability is under threat. Thus, the results of the study emphasised the need to introduce innovative
approaches to agrolandscape management that can contribute to the conservation of natural resources and improve
environmental safety. The developed theoretical model revealed that the most sustainable agrolandscapes are
those where natural ecosystems are harmoniously combined with agricultural land. The results confirmed the
hypothesis that effective management of agrolandscapes contributes to improving environmental safety and
reducing negative environmental impacts, in particular, by controlling erosion and managing water resources. The
conclusions emphasised the need to implement agroforestry, support environmental approaches in policies and a
system of monitoring the state of agrolandscapes for the sustainable development of agricultural regions, which

would facilitate adaptation to the challenges of climate change

Keywords: ecological safety; biosafety; life safety; agrolandscapes; soil cultivation; fertilisers

INTRODUCTION

Ensuring environmental safety has become a priori-
ty in the context of global environmental challenges
such as climate change, land degradation, loss of bi-
odiversity, and increasing anthropogenic pressure on
natural resources. In the context of intensive agricul-
tural use of land, maintaining the ecological stability
of agrolandscapes has become critical. Agrolandscapes
that combine elements of natural ecosystems with ag-
ricultural activities have played a key role in maintain-
ing environmental stability. They had the potential to
contribute to the conservation of biodiversity, protect
soils from erosion, and ensure the rational use of water
resources. However, improperly organised management
of agrolandscapes could worsen the state of ecosys-
tems, reduce their sustainability, and create risks to en-
vironmental safety.

The relevance of this study was determined by
the need to determine how different types of agro-
landscapes, such as arable land, pastures, orchards,
vineyards, etc., affect key components of environmen-
tal safety. The purpose of the study was to assess the
impact of agrolandscapes on the environment and an-
alyse how their use can contribute or, conversely, neg-
atively affect the conservation of biodiversity, soil qual-
ity, water resources, and the overall state of ecosystems.
This study is an important step in the development of
strategies for sustainable management of agricultural
territories, which would ensure a balance between the
production of agricultural products and the preserva-
tion of environmental safety.

There are a number of problems in the field of ag-
rolandscapes that have already attracted the attention
of researchers. For example, R. Plokhikh et al. (2023)
investigated the impact of various agrolandscapes on
environmental sustainability and found that an inte-
grated approach to managing such landscapes can
significantly improve their ecosystem functions. Anal-
yses performed by D.D. Burra et al. (2021) pointed out
a strong link between restoring ecological balance in
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African agrolandscapes and improving public health.
This demonstrates the importance of agrolandscapes
for the conservation of biodiversity and for the social
and economic aspects of life. Restoring ecosystems can
lead to improved access to clean water, increased agri-
cultural productivity, and the overall well-being of the
population (Floqi et al., 2009). Thus, effective manage-
ment of agrolandscapes is critical to ensuring sustain-
able development and improving the quality of life in
communities. However, there are gaps in understanding
the relationships between different types of agroland-
scapes and their impact on biodiversity conservation,
soil and water protection. . Myskovets et al. (2024) in-
vestigated the impact of agroforestry on the structure of
forest ecosystems, but did not sufficiently consider the
elements of integrating agronomic and environmental
practices. The importance of water management was
emphasised by L. Kuzmych (2024), who stated that ef-
fective soil and water management practices are criti-
cal to ensuring food security. The study by M.A. Altieri et
al. (2024) emphasised the need to develop a strategy
for designing sustainable agroecosystems, but did not
cover all aspects related to environmental safety. In ad-
dition, Z. Mustafayev et al. (2024) improved the method-
ology for assessing the agricultural resource potential
of agrolandscapes, but insufficient attention was paid
to specific ecological and economic indicators that are
necessary to ensure their effectiveness.

Despite numerous studies, the complex relation-
ships between different types of agrolandscapes and
their impact on biodiversity conservation, soil and wa-
ter resources protection remained poorly understood.
Existing approaches often focused only on individual
aspects, without considering the interaction between
environmental safety components. This created the
need to develop more holistic models for managing
agrolandscapes, which would simultaneously increase
productivity and ensure environmental sustainabili-
ty. This study examined the impact of various types of




agrolandscapes on environmental safety, in particular,
their role in biodiversity conservation, soil protection,
and efficient use of water resources. The main goal
of the study was to determine the best approaches to
managing agrolandscapes that would contribute to
ensuring environmental safety and minimise the risks
of degradation. The study also tested the hypothesis
that an integrated approach to managing agroland-
scapes, considering their type and specific impact on
environmental resources, would contribute to improv-
ing ecosystem functions and the sustainability of nat-
ural processes. The study offers recommendations for
implementing integrated management practices that
would ensure a balance between agricultural produc-
tivity and environmental safety.

As a result, this study has helped to develop recom-
mendations for farmers, agronomists and policy makers
to implement sustainable agrolandscape management
practices. The established links between different types
of agrolandscapes and environmental safety contribut-
ed to a better understanding of ecosystem functions,
which allowed the authors to develop more effective
strategies for ensuring sustainable agricultural develop-
ment in the face of modern environmental challenges.

MATERIALS AND METHODS

This study was conducted from June to September 2024
and was based on an analysis of scientific literature
and theoretical approaches describing the interaction
of agrolandscapes with the natural environment. The
study covered several stages: collection and systema-
tisation of scientific materials, comparative analysis of
approaches to managing agrolandscapes, development
of theoretical models of environmental safety and
identification of gaps in scientific literature. The study
used comparative analysis to investigate approaches
to managing agrolandscapes in various climatic condi-
tions, in particular, in steppe, forest, and dry steppe re-
gions. The analysis focused on key factors affecting en-
vironmental safety: controlling erosion processes and
soil degradation, maintaining water balance and regu-
lating water flows, and promoting the conservation of
native plant and animal species. This approach helped
to determine the best ways to manage landscapes for
each natural and climatic zone, ensuring long-term en-
vironmental safety.

The study systematised data on key ecosystem ser-
vices provided by agrolandscapes. Special attention was
paid to three aspects: biodiversity conservation, erosion
control and soil protection, and water resources man-
agement. Biodiversity conservation has been studied
through the combination of agricultural land with nat-
ural ecosystems, which contributes to the restoration of
ecological balance. In terms of soil protection, the role
of forest belts and agroforestry, which reduce erosion
processes and increase soil fertility, was analysed. Water
management has been studied through agrotechnical
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measures aimed at reducing the risks of flooding and
droughts, in particular, by introducing water-retaining
elements in landscapes. Such approaches contribute to
environmental stability and increase the adaptability of
agricultural systems to climate change. Based on the
conducted comparative analysis and generalisation of
data, a theoretical model was developed that reflected
the relationship between the components of agroland-
scapes and their impact on environmental safety. The
model considered such variables as the type of agro-
landscape (forest, forest-steppe, steppe, dry steppe),
the level of integration of natural and agricultural ele-
ments, and ecosystem services that ensure the stability
and balance of the landscape. This helped to assess how
the interaction of these components contributes to bi-
odiversity conservation, erosion control, increased soil
fertility, and effective water management. The model
demonstrated that agrolandscapes with a high level of
integration of natural and anthropogenic elements are
more resistant to environmental challenges and better
perform the functions of environmental protection.
The study also involved regulatory documents gov-
erning the use of agrolandscapes to ensure environ-
mental safety, in particular: Law of Ukraine No. 2775-IX
“On Environmental Protection” (1991), Law of Ukraine
No.2973-1X “On Amendments to Certain Legislative Acts
of Ukraine on the State System of Environmental Moni-
toring, Information on the State of the Environment (En-
vironmental Information) and Information Support for
Environmental Management” (2023, March). The study
followed the standards of Convention on Biological Di-
versity (CBD) (1992) and Convention on International
Trade in Endangered Species of Wild Fauna and Flo-
ra (1973,March).An integrated approach was used,which
included an analysis of ecosystem services of agroland-
scapes and an assessment of their impact on biodiversity
conservation, soil protection and water resources man-
agement. This provided a comprehensive understanding
of the role of agrolandscapes in enhancing environ-
mental security and helped to identify the best meth-
ods of integrating natural and agricultural elements
for the long-term sustainability of agricultural systems.

RESULTS

The study showed that agrolandscapes have a signif-
icant impact on the environmental safety of regions.
This is conditioned by their ability to maintain biodiver-
sity, maintain soil fertility, and manage water resources.
Different types of agrolandscapes, such as forest, for-
est-steppe, steppe, and dry steppe, show different levels
of ecological sustainability depending on the integra-
tion of natural and anthropogenic elements.

Forest agrolandscapes are among the most biodi-
versity-rich ecosystems, which are of great importance
for preserving natural resources and maintaining eco-
logical balance (Yanitskyi, 2024). They provide numer-
ous ecosystem services, including habitat for many
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species of flora and fauna, especially rare and endan-
gered ones, making them important for preserving bi-
ological diversity. The presence of diverse microenvi-
ronments in forests, such as wetlands, oak groves, and
coniferous forests, contributes to the development of
ecological niches, which increases overall species di-
versity. Forests also play a critical role in climate regula-
tion, because they absorb carbon dioxide, reducing the
greenhouse effect and helping to reduce global warm-
ing. They affect the local climate by providing shade,
lowering temperatures, and regulating humidity. Tree
roots retain moisture in the soil, which prevents ero-
sion and improves water quality, supporting the health
of ecosystems. These functions of forests are important
for the natural environment and for human well-being,
as they provide clean water, air, and resources for life.
Forest-steppe agrolandscapes that combine ele-
ments of forests and steppes create unique and favour-
able conditions for the existence of a greater variety
of flora and fauna species. These agrolandscapes sup-
port a much larger number of species than their purely
steppe or forest counterparts, due to the presence of
various ecological niches and resources. They provide
optimal conditions for the existence of pollinators such
as bees, which play a critical role in the pollination pro-
cesses of plants, which, in turn, is indispensable for the
successful development of agriculture. Forest-steppe
agrolandscapes show higher adaptability to climate
change. This is conditioned by the diversity of vegeta-
tion that can withstand different climatic conditions,
and the availability of more available resources, such
as water and nutrients. Because of this, forest steppes
can be more resilient to extreme weather events, mak-
ing them important for food security and biodiversity
conservation in the face of global climate change.
Steppe agrolandscapes, despite their high produc-
tivity, show increased vulnerability to erosion process-
es and ecosystem degradation. These territories can
provide significant yields of agricultural crops due to
optimal conditions for plant growth. However, overex-
ploitation of land caused by intensive agriculture can
lead to severe depletion of natural resources such as

soil and water (Gavkalova et al., 2024). Without proper
management and implementation of sustainable ag-
ronomic practices, steppe landscapes face numerous
problems, in particular, erosion. Vegetation cover, which
performs an important function of soil retention, can
be destroyed due to irrational use of land, which leads
to further deterioration of soil quality and a decrease
in their fertility. Although these agrolandscapes have
some adaptation to arid conditions, constant climate
changes, including rising temperatures and changes
in precipitation patterns, endanger their stability and
productivity. Therefore, it is important to take steps to
preserve these valuable ecosystems by implementing
sustainable development strategies that will help pre-
serve their fertility and environmental value.

Dry steppe agrolandscapes, for their part, face se-
rious challenges related to water scarcity, which is one
of the key problems for the sustainable development
of agriculture in these regions. Water scarcity not only
Llimits the diversity of species, but also significantly af-
fects the overall productivity of agricultural systems,
which can lead to reduced yields and economic loss-
es for farmers. Adaptive strategies are required to pre-
serve biodiversity in these challenging environments,
such as introducing water-retaining elements, which
may include irrigation systems, the use of mulch, and
the choice of crops that require less water. Although
these agrolandscapes may contain adapted plant and
animal species, their abundance and diversity are usu-
ally limited, making them vulnerable to climate change
and other environmental stresses. Therefore, it is im-
portant to develop and implement comprehensive nat-
ural resource management programmes that will con-
tribute to the conservation of biodiversity and increase
the resilience of agrolandscapes to water scarcity. The
main results related to the impact of agrolandscapes
on biodiversity are presented in Table 1, which demon-
strates species diversity, conservation levels, and key
ecosystem services for each type of agrolandscape. This
provides a comprehensive view of their contribution to
environmental sustainability and importance for the
conservation of natural resources.

Table 1. Impact of different types of agrolandscapes on biodiversity

Type of Number of plant Number of animal Species . .
X . R Basic ecosystem services Management features
agrolandscape species species conservation level
Biodiversity support, .
Forest 200+ 100+ 85% air purification, water Forest conservation,
agroforestry
storage
Forest-steppe 150+ 80+ 75% Promotion of d|v¢r5|ty, Integration of natural
control of erosion elements
Steppe 100+ 50+ 50% High performfapce but Measures 'Fo reduce
low stability erosion
Adaptation to dry Water resources
Dry steppe 80+ 30+ 40% conditions, limited

diversity

management

Source: created by the authors based on T. S. Priyadarshana et al. (2024)
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In general,agrolandscapes with a high level of inte-
gration of natural elements provide significantly higher
levels of biodiversity than their less integrated counter-
parts.Forest and forest-steppe agrolandscapes show the
greatest efficiency in species conservation, while steppe
and dry steppe landscapes require urgent measures to
improve the state of biodiversity. These data highlight
the need for active management of agrolandscapes to
maintain environmental sustainability. Agrolandscapes
play an important role in providing a range of ecosys-
tem services that contribute to maintaining ecological
balance and sustainable agricultural development. One
of the key ecosystem services is soil conservation and
erosion control, which is crucial for long-term farming.
Data analysis shows that agrolandscapes that integrate
natural elements such as forest belts and watersheds
show significant advantages in controlling erosion.

Firstly, the use of forest belts in agrolandscapes
is an effective method for reducing the rate of wind
and water erosion. Forest belts located along the fields
serve as natural barriers that hold the soil in place,
preventing it from leaching out. This approach not
only preserves soil fertility, but also contributes to the
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preservation of biodiversity, because it creates con-
ditions for the existence of various plant and animal
species. Secondly, agroforestry is an important tool for
integrating trees and shrubs into agricultural land. It
improves the structure of the soil and increases its fer-
tility, and helps to retain moisture. Studies show that
in the regions where these methods are used, there
is a significant reduction in erosion processes, which
makes agricultural systems more resistant to climate
change. In addition, contour treatment is another ef-
fective method that helps reduce surface water runoff.
This method consists of cultivating the soil along the
contours of the field, which allows retaining moisture
in the soil and reduces the loss of fertility. This is espe-
cially important in areas with heavy rainfall, where the
risk of erosion is high. It is also important to introduce
water-retaining elements, such as terracing and irriga-
tion systems. These methods help to control the water
balance in agrolandscapes, preventing both flooding
and droughts. Effective water management contributes
to the sustainable development of agricultural systems
by improving their productivity and reducing the risks
associated with climate change (Table 2).

Table 2. Basic methods of soil conservation and erosion control in agrolandscapes

Method Description

Advantages

Forest belts

Planting of trees along the fields

Reduction of wind and water erosion

Agroforestry systems

Integration of forest elements into agricultural

Improve fertility and moisture retention

Contour processing

Tillage along field contours

Reduction of water runoff, maintenance of fertility

Water-retaining elements

Use of terraces and irrigation systems

Water balance control, erosion prevention

Source: created by the authors

In general, agrolandscapes that actively implement
these methods demonstrate significant advantages in
controlling erosion and preserving soils. Systematisa-
tion of ecosystem services of agrolandscapes shows that
the integration of natural elements not only improves
agricultural productivity, but also contributes to the
preservation of the environment. Active management
of agrolandscapes should include these approaches
to ensure long-term stability and resilience to climate
change and anthropogenic impacts. Water manage-
ment is a critical aspect of agrolandscapes, as it affects
agricultural productivity, ecosystem conservation, and
overall environmental sustainability. In the face of cli-
mate change and the increasing frequency of extreme
weather events, such as droughts and floods, effective
water management is becoming particularly relevant.

The introduction of water-retaining elements, such as
terracing, can significantly improve water management.

Terraces that are formed on slopes help to slow down
water runoff, which prevents erosion and improves
soil moisture absorption. This is especially important
in regions with dry climates, where moisture reten-
tion is crucial for successful crop cultivation. Irrigation
systems provide control over the water regime in the
fields. Modern irrigation technologies, such as drip ir-
rigation, can optimise water use, reducing the risk of
exceeding the irrigation rate. This increases water effi-
ciency by reducing water costs and minimising the risk
of flooding. Monitoring of water resources is important.
The use of modern technologies, such as remote sens-
ing and data management systems, allows agricultur-
al producers to obtain accurate information about the
state of soils and humidity levels. This allows making
informed decisions about irrigation and the use of wa-
ter resources, contributing to the preservation of their
quality and quantity (Table 3).

Table 3. Basic methods of water resources management in agrolandscapes

Method Description

Advantages

Water-retaining elements

Terraces that slow down water runoff

Prevention of erosion, preservation of soil moisture

Scientific Horizons, 2024, Vol. 27, No. 11
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Table 3. Continued

Method Description

Advantages

Irrigation systems

Technologies that provide irrigation control

Optimisation of water use, reduction of costs

Monitoring of water
resources

Use of technologies for humidity analysis

Timely decision-making, improved water management

Source: created by the authors

Water management in agrolandscapes is a key fac-
tor affecting their sustainability and productivity. The
introduction of innovative methods, such as water-re-
taining elements, irrigation systems, and monitoring,
ensures not only the conservation of water resources,
but also increases the adaptability of agricultural sys-
tems to climate change. This highlights the importance
of active water management to achieve sustainable
development in the agricultural sector. Agrolandscapes
vary depending on the geographical location, climatic
conditions, and methods of farming. These factors have
a significant impact on their productivity, sustainability,
and ability to provide ecosystem services. In this con-
text, it is important to analyse different types of ag-
rolandscapes, such as forest, forest-steppe, steppe, and
dry steppe, to understand their advantages and disad-
vantages in the context of environmental safety.

Forest agrolandscapes are characterised by the
presence of a significant area of forests that are inte-
grated with agricultural land. They provide high bio-
diversity due to the availability of natural habitats for
rare plant and animal species. Forest agrolandscapes

effectively control erosion, due to forest coverings
that prevent soil leaching. Forest-steppe agroland-
scapes combine elements of forests and steppes, cre-
ating favourable conditions for a variety of species.
They provide a moderate balance between agricultural
productivity and biodiversity conservation. This type
of agrolandscape is particularly effective for growing
crops that require a diverse environment.

Steppe agrolandscapes are characterised by high
productivity, but they have an increased vulnerability
to soil erosion and degradation. The main problems
faced by steppe agrolandscapes are soil depletion due
to intensive agriculture and climate change.To improve
their condition, it is necessary to introduce special
measures, such as agroforestry. Dry steppe agroland-
scapes are affected by water deficiency, which requires
specific management strategies. This type of agroland-
scape requires special attention to the conservation of
water resources and the introduction of technologies
that will help retain moisture in the soil. Biodiversity
conservation in such conditions can be achieved by in-
tegrating agricultural land with natural ecosystems.

Table 4. Comparison of the main types of agrolandscapes

Type of

Main features
agrolandscape

Advantages Disadvantages

High biodiversity, availability of

Forest
forests

Erosion control, conservation of rare

Requires significant territories for

species conservation

Forest-steppe  Combination of forests and steppes

Variety of species, good performance

Possible conflicts between
agriculture and nature conservation

High performance, vulnerability to

Steppe degradation

High yield, ease of cultivation

Prone to erosion, requires soil
improvement

Water deficiency, need for specific

Dry steppe measures (irrigation)

Potential for agronomic innovation

Risks of resource depletion, need for
conservation measures

Source: created by the authors

Comparison of different types of agrolandscapes
highlights the importance of adapting management
strategies to the specific conditions of each type. Ef-
fective management of agrolandscapes contributes to
increasing agricultural productivity and ensures envi-
ronmental sustainability, which is critical in the cur-
rent conditions of climate change and increasing an-
thropogenic loads. Understanding the characteristics
and benefits of each type of agrolandscape allows for
more effective implementation of strategies for pre-
serving biodiversityand ensuring environmental safety.

Agrolandscapes play a critical role in ensur-
ing environmental safety, in particular, through the
maintenance of biodiversity, soil conservation, and
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effective water resources management. The results
of the study confirm the need to preserve and devel-
op forest and forest-steppe agrolandscapes, and im-
plement measures to improve the state of steppe and
dry steppe regions. These actions will help to ensure
the resilience of agricultural systems to environmen-
tal challenges and climate change. Agrolandscapes
play an important role in providing a comprehensive
set of ecosystem services that are critical to main-
taining not only the natural environment, but also
socio-economic systems (Dovgal et al., 2024). Data
analysis has confirmed that the main ecosystem ser-
vices of agrolandscapes can be divided into several
key categories.




The combination of agricultural land with natural
ecosystems contributes to the maintenance of eco-
logical balance and the conservation of local species.
This is especially noticeable in forest-steppe regions,
where natural landscapes complement agriculture.
For example, the presence of forest belts, shrubs, and
protected areas provides habitat for rare animal and
plant species. These elements create conditions for
the migration of species, their restoration and pres-
ervation of genetic diversity. Studies have shown that
agrolandscapes with high levels of biodiversity are
more resistant to environmental changes, such as cli-
mate change, due to natural mechanisms of popula-
tion regulation. Agrolandscapes also play an important
role in controlling erosion processes and protecting
soils. The use of forest belts that function as barriers
to wind and rain has proven effective in reducing the
rate of erosion. Agroforestry methods, such as planting
trees and shrubs, are actively used in steppe regions to
improve soil fertility. These methods not only prevent
erosion, but also help retain moisture in the soil, which
is crucial for agricultural production. Studies have
shown that the regions where these measures are im-
plemented have more stable agricultural systems with
increased productivity.

Effective water management is another important
ecosystem service provided by agrolandscapes (Shu-
ka et al., 2011). Agrotechnical measures, such as the
introduction of water-retaining elements (for example,
terracing, contour treatment), help to reduce the risk of
flooding and droughts. These measures contribute to a
more balanced water regime in agrolandscapes, which
is especially important in the context of climate change.
The use of such methods can increase the efficiency of
water use, conserving resources and ensuring stable
irrigation of crops. According to the study, agroland-
scapes where these agronomic practices are actively
implemented show better resistance to climate stress.

In general, agrolandscapes that integrate natural
elements with agricultural practices provide a wide
range of ecosystem services that promote biodiversi-
ty conservation, erosion control, and effective water
management. These services not only improve the en-
vironmental sustainability of agrolandscapes, but also
contribute to the sustainable development of the ag-
ricultural sector, increasing its adaptability to climate
change and anthropogenic impacts. Therefore, active
management of agrolandscapes is necessary to ensure
their efficiency and long-term stability. Based on the
analysis, a theoretical model of environmental safety of
agrolandscapes (Fig. 1) was developed, which reflects
the complex relationships between various compo-
nents of agricultural landscapes and their impact on
the environmental sustainability of the environment.
This model is an important tool for evaluating and
planning agricultural production, considering environ-
mental factors.

Piskunova et al.

Types of
agrolandscapes

Comprehensive

environmental
balance sheet

Ecosystem
services

evel of
integration

Figure 1. Theoretical model
of environmental safety of agrolandscapes
Source: created by the authors

The model considers several key variables. First-
ly, the type of agrolandscapes: forest, forest-steppe,
steppe, and dry steppe agrolandscapes have their own
specific ecological characteristics that affect their abil-
ity to provide ecosystem services and adapt to climate
change. Secondly, the level of integration of natural and
agricultural elements is an important aspect. High in-
tegration indicates an effective combination of agricul-
ture with natural ecosystems, which allows maintaining
biodiversity, maintaining soil fertility,and ensuring sus-
tainable water resources management. The model also
considers the main ecosystem services that are critical
for environmental safety. This is the conservation of
biodiversity, which supports the functioning of ecosys-
tems and ensures the sustainability of agrolandscapes,
soil protection, which includes reducing erosion and
maintaining fertility, and regulating water flows, which
is important in the context of climate change.

The developed model demonstrated that agro-
landscapes with a high level of integration of natural
and agricultural elements are the most stable. This is
conditioned by the increased adaptability of such ag-
ricultural systems to climate change, which reduces
the risks associated with droughts and floods. In ad-
dition, such integration helps to reduce the negative
impact of anthropogenic factors, such as soil and wa-
ter pollution, and also contributes to the restoration of
natural resources. This model of environmental safety
is an important tool for assessing the sustainability
of agrolandscapes and determining optimal manage-
ment strategies. It is aimed at improving environmen-
tal sustainability, preserving biodiversity and efficient
use of natural resources. This, in turn, contributes to
the achievement of sustainable development of the
agricultural sector in the context of modern environ-
mental challenges.

Based on the results of the study, a number of
recommendations were developed aimed at improv-
ing the environmental safety of agrolandscapes and
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sustainable development of agriculture. The first impor-
tant recommendation is to optimise the management
of agrolandscapes by introducing agroforestry and re-
storing natural ecosystems in agricultural regions. This
includes the use of forest belts, trees and shrubs to im-
prove environmental conditions. For example, creating
forest belts will help to protect against wind erosion
and improve the microclimate. The restoration of nat-
ural reservoirs and wetlands can serve as hotbeds of
biodiversity, and the use of cover crops will increase
soil fertility and preserve moisture. These measures
will not only improve environmental conditions, but
also increase agricultural productivity.

The second recommendation is to develop holis-
tic policies that support agricultural enterprises im-
plementing ecological approaches to soil and water
management. An important aspect of such policies is to
provide financial support to farmers who are switching
to organic farming or implementing innovative water
conservation technologies. This may include subsidies,
grants, or tax breaks that will encourage farmers to
adopt sustainable practices. Educational programmes
and trainings for farmers will significantly increase
their awareness of environmental practices. Such pro-
grammes can cover topics related to the management
of natural resources, biodiversity, and the latest tech-
nologies in agriculture. This would allow farmers to
gain new knowledge and exchange experience with
colleagues, which will contribute to the overall devel-
opment of the agricultural sector. The introduction of
regulations that promote biodiversity conservation and
the rational use of natural resources will be an impor-
tant step in supporting environmental initiatives. Such
regulations may include requirements for farming that
consider environmental aspects, and mechanisms for
monitoring their compliance, which will contribute to
the responsible environmental behaviour among farm-
ers and ensure sustainable development of rural areas.

The third important aspect is the need to monitor
the state of agrolandscapes to respond in a timely man-
ner to environmental challenges associated with cli-
mate change. The introduction of monitoring systems
will allow identifying problems at an early stage, such
as soil degradation, reduced biodiversity, and other
negative consequences that may threaten ecosystems.
Monitoring systems can include both stationary and
mobile platforms that provide constant monitoring of
changes in agrolandscapes. The use of modern technol-
ogies, such as remote sensing and geographic informa-
tion systems (GIS), will help in collecting and analysing
data on the state of ecosystems. These technologies
provide detailed information on land use, changes in
vegetation, and the impact of agricultural practices on
the environment. By integrating data from different
sources, agronomists and environmentalists will be
able to develop more effective management strategies
aimed at reducing the negative impact on nature.
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Regular assessment of the impact of agricultural
practices on the environment will allow adapting man-
agement strategies in accordance with the identified
environmental problems. This, in turn, will contribute
not only to the conservation of natural resources, but
also to increasing agricultural productivity. These rec-
ommendations are aimed at ensuring an integrated ap-
proach to agrolandscape management, which will help
to maintain ecological balance and ensure sustainable
agricultural development in the face of climate change.
It is also important to involve local communities in the
monitoring process, which will help raise awareness
and address environmental issues. The results obtained
confirmed the hypothesis that effective management
of agrolandscapes really contributes to improving envi-
ronmental safety and reducing the negative impact on
the environment. The study found that integrated ap-
proaches to landscape management are key to achiev-
ing sustainability in agricultural ecosystems. This, in
turn, ensures the conservation of biodiversity, which is
an important aspect of environmental stability.

The use of agroforestry methods, the creation of
forest belts and the restoration of natural ecosystems
has proved particularly effective in preventing soil
erosion and maintaining their fertility. Such practices
allow the conservation of natural resources, reducing
the risk of degradation and reducing greenhouse gas
emissions. Water management through the introduc-
tion of water-retaining elements and optimisation of
irrigation systems contributes to balanced water use,
which is critical in the face of climate change. Effective
management of agrolandscapes improves the ecolog-
ical situation and supports the socio-economic devel-
opment of agricultural regions (Hartmane et al., 2024).
This is achieved by increasing agricultural productivity,
ensuring food security and increasing farmers’ incomes.
Accordingly, the integration of environmental practices
into agricultural production creates conditions for sus-
tainable development, where economic progress does
not occur at the expense of environmental damage.

The Law of Ukraine No. 2775-IX “On Environmen-
tal Protection” (1991) is a fundamental regulation that
defines the foundations of the state’s environmental
policy. In the context of the study of agrolandscapes,
this law focuses on ensuring environmental safety,
preserving natural resources and biodiversity. It sets
out the obligations of government bodies, enterpris-
es and citizens to comply with environmental norms
and standards. The law also provides for environmental
pollution control mechanisms, which are particular-
ly important in the agricultural sector, where the use
of pesticides and fertilisers can negatively affect the
environment. Considering the conducted research, this
law emphasises the importance of integrating environ-
mental requirements into agrolandscape management
strategies, which reduces their negative impact on the
environment and ensures sustainable development.




Law of Ukraine No. 2973-IX “On Amendments to
Certain Legislative Acts of Ukraine on the State Sys-
tem of Environmental Monitoring, Information on the
State of the Environment (Environmental Information)
and Information Support for Environmental Manage-
ment” (2023) is an important tool for implementing
systematic monitoring of the ecological state in agricul-
tural landscapes. It provides an opportunity to create an
effective system for collecting, analysing and distribut-
ing environmental information, which allows detecting
negative changes in the natural environment in time.
This law is critical for the study of agrolandscapes, since
monitoring environmental indicators, such as soil qual-
ity, water and the state of biodiversity, is crucial for the
assessment of the environmental safety of agricultural
systems. It supports the implementation of measures to
improve the state of the environment and the efficient
use of natural resources, which is consistent with the
purpose of the study - optimise the management of ag-
rolandscapes to ensure their sustainability and safety.

Both laws support the theoretical basis of the study
and define practical steps that are necessary for the im-
plementation of environmental principles in agricul-
ture, which contributes to the establishment of envi-
ronmentally friendly agrolandscapes. Thus, the results
of the study indicate the importance of an integrated
approach to the management of agrolandscapes, which
allows preserving natural resources, supporting biodi-
versity and ensuring the sustainable development of
agricultural regions. This highlights the need to im-
plement state policies and programmes that support
farmers in switching to environmental practices, which
can lead to an improvement in the overall state of the
environment.

DISCUSSION

The findings confirmed that agrolandscapes play a crit-
ical role in ensuring environmental safety. In particular,
it was found that the integration of natural elements
into agriculture is key to preserving biodiversity and
improving the state of the environment. Forest and
forest-steppe agrolandscapes have demonstrated the
greatest efficiency in species conservation. The study
by J. Zhao et al. (2024) examines the impact of various
agricultural practices on biodiversity in both agricul-
tural lands and natural environments. The authors em-
phasise that intensive land use, accompanied by a high
level of anthropogenic pressure, significantly reduces
species diversity, while environmentally oriented ap-
proaches such as agroforestry, conservation of natural
areas, and integration of natural elements into agricul-
tural landscapes can minimise the negative impact.The
paper offers a detailed analysis of adaptation strategies
that contribute to maintaining ecological sustainabili-
ty and creating favorable conditions for rare species in
agricultural systems. The findings of J. Zhao et al. (2024)
are in harmony with the conclusions of our study, which
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emphasizes the critical role of preserving natural ele-
ments in agricultural landscapes to ensure ecological
sustainability.

The article by P. Batary et al. (2020) provides an
overview of the role of agrolandscapes in the conser-
vation of biodiversity in agricultural areas. The authors
emphasize the importance of a landscape approach to
ensure environmental sustainability, which includes the
integration of natural elements such as forest belts and
perennial plantations into agricultural systems. The fo-
cus is on how different types of agricultural landscapes
affect biodiversity, climate change resilience, and the
provision of ecosystem services. The authors note that
agricultural landscapes with a high level of natural in-
tegration, such as forest-steppe systems or lands with
forest elements, are the most favorable for biodiver-
sity conservation. They contribute to the formation of
conditions for the existence of rare species, climate
stabilization, regulation of water balance and reduc-
tion of erosion processes. The findings of P. Batary et
al. (2020) are consistent with the conclusions of our
study, demonstrating the commonality of approaches to
assessing the importance of agricultural landscapes for
biodiversity conservation and environmental sustaina-
bility. Both studies emphasize the importance of inte-
grating natural elements into agricultural systems, in-
cluding the use of forest belts, perennial plantings, and
other nature-based solutions that help reduce erosion,
improve water quality, and maintain species diversity.
Both studies also emphasize the role of biodiversity as
a key factor in increasing the resilience of agricultural
systems to climate change and anthropogenic impacts.

This issue was discussed in detail in by V.S. Krem-
sa (2021), which emphasised the importance of sus-
tainable resource management, which includes not
only efficient land use, but also water conservation
and maintenance of soil fertility. Such management
is critical for ensuring long-term crop production that
meets modern requirements for environmental safety
and economic efficiency of the agricultural sector. The
results highlight the need for active management of
agrolandscapes to maintain environmental sustaina-
bility. This is consistent with the conclusions obtained
by I. Soloviy et al. (2021), who states that integrating
ecosystem services assessment into land use planning
can be an effective tool for improving natural resource
management. The researcher claims that the correct
use of these services allows preventing negative con-
sequences associated with anthropogenic impact. The
developed model of environmental safety showed the
importance of integrating natural and agricultural el-
ements to increase the sustainability of agricultural
systems. The results of the study confirmed the im-
portance of agrolandscapes in ensuring environmen-
tal safety and their impact on biodiversity, soils, and
water resources. This was confirmed by V. Belolipskyi
and M. Poluliakh (2020), who analysed the ecological
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efficiency of agrolandscapes, focusing on drainage
systems. They pointed out that properly designed ag-
rolandscapes can significantly reduce the risks of land
degradation and increase their productivity, which is
also consistent with the results of this study.

T.S. Priyadarshana et al. (2024) conducted a global
review and meta-analysis of the impact of landscape
and crop heterogeneity on biodiversity in agricultural
regions. The study demonstrates that landscape and
cultural diversity are key factors in biodiversity conser-
vation, especially in the context of intensive agricultur-
al land use. The authors emphasise that the creation of
mosaic landscapes that combine natural elements such
as forest strips, perennial plantations, and diverse crops
significantly increases species diversity and ensures the
stability of agroecosystems.An important finding is that
species richness not only improves the resilience of ag-
ricultural systems to climate change, but also contrib-
utes to the provision of important ecosystem services.

The study also highlighted the importance of man-
agement practices in agriculture to reduce negative
environmental impacts. For example, D. Ladychuk et
al. (2021) pointed out the importance of determining
the typicality of agrolandscapes for water supply de-
sign. This suggests that effective water management
is critical to maintaining the sustainability of agro-
landscapes. The results of the study emphasised that
agrolandscapes with integrated natural elements play
a key role in ensuring environmental safety. This is
consistent with the conclusions of the study by L. Kuz-
mych (2024), which focused on the practices of sus-
tainable soil and water management. The findings
confirm that such practices increase the productivity
of agricultural crops, preserve natural resources, and
ensure environmental sustainability.

S.Tanchyk et al. (2024) discussed the concept of en-
vironmentally friendly agricultural systems in Ukraine,
which confirms the results obtained in this study on
the importance of ecological approaches to agricul-
tural production. The introduction of such systems can
become one of the key aspects of sustainable devel-
opment of agricultural regions. The study by S.L. Cap-
pelli et al. (2022) emphasizes the importance of plant
biodiversity for sustainable agricultural development. It
is noted that biodiversity contributes to increasing the
productivity of agricultural systems by improving soil
quality, regulating water balance, reducing erosion pro-
cesses, and preserving ecosystem services. Particular
attention is paid to underground processes that ensure
the functionality of soil ecosystems and help maintain
fertility in the long term. The study emphasizes that
plant biodiversity contributes to the resilience of ag-
ricultural landscapes to climate change and anthropo-
genic impacts. The results of the study are consistent
with the conclusions about the role of biodiversity in
agricultural landscapes, which is reflected in the analy-
sis of the impact of forest and forest-steppe systems on
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soil fertility and ecosystem stability. Data on the posi-
tive impact of nature-based practices, such as agrofor-
estry and the use of perennial plants, confirm the im-
portance of measures to reduce erosion and improve
soil characteristics. The subsurface processes identified
by S.L. Cappelli et al. (2022) are consistent with findings
on the importance of water-holding elements and their
role in soil moisture retention.

The role of fiscal instruments in the implemen-
tation of low-carbon agriculture, discussed by O. Bu-
trym et al. (2023), is another important aspect that links
economic and environmental goals. This can be useful
in the context of developing policies that support ag-
ricultural enterprises that implement environmental
practices. It also highlights the role of digitalisation in
reducing the carbon footprint of agricultural produc-
tion, which can be an important tool for optimising ag-
rolandscapes (Butrym et al., 2024). The integration of
digital technologies into agricultural production can
contribute to better monitoring and management of
resources, which, in turn, will increase the resilience of
agricultural systems to climate change. A. Silva-Cabal-
lero et al. (2024) pointed out the importance of agro-
landscapes for the conservation of species such as the
jaguar. This is consistent with the results of this study,
which highlighted the role of agrolandscapes in pre-
serving biodiversity, which is important for maintaining
environmental safety.

The coordination of the findings with previous
studies provides grounds for the assertion that the
integration of natural and agricultural elements is an
important condition for achieving sustainable devel-
opment of agricultural regions. Further research may
focus on implementing digital solutions in convention-
al agronomic practices, and monitoring the impact of
technological innovations on the environmental safety
of agrolandscapes. This will not only reduce the nega-
tive impact on the environment, but also ensure more
efficient use of natural resources in agriculture.

CONCLUSIONS

The study confirmed the importance of agrolandscapes
in ensuring environmental safety, finding that agro-
landscapes with a high level of integration of natu-
ral and agricultural elements provide a significantly
higher level of biodiversity than their less integrated
counterparts. In particular, it was found that forest and
forest-steppe agrolandscapes demonstrate the highest
efficiency in species conservation, which emphasises
their role in maintaining ecological balance. Quanti-
tative indicators obtained as a result of the study in-
dicate the need for urgent measures to improve the
state of biodiversity in steppe and dry steppe agroland-
scapes, which turned out to be the most vulnerable.
As part of the analysis of ecosystem services, it was
determined that the integration of natural ecosystems
into agricultural practices can significantly reduce the




risks of soil erosion and improve water management,
which, in turn, will have a positive impact on the pro-
ductivity of agricultural systems. The results obtained
confirm the hypothesis that effective management of
agrolandscapes significantly reduces the negative im-
pact on the environment. This is achieved, in particular,
through the introduction of such innovative practices
as agroforestry, which involves the integration of for-
est stands into agricultural systems and the creation of
forest belts that serve as natural barriers. These meas-
ures not only help reduce soil erosion and improve
water quality, but also ensure the adaptability of agri-
cultural systems to climate change. Consequently, they
play an important role in promoting the sustainable
development of agricultural regions, which is critical
in the context of global environmental challenges and
the need for food security.

The recommendations resulting from the study
include the active implementation of environmental
approaches in support policies for agricultural enter-
prises, which can significantly contribute to the sus-
tainable development of agriculture. This includes not
only adapting existing programmes, but also develop-
ing new initiatives that focus on preserving natural
resources and maintaining ecosystems. Another impor-
tant aspect is the creation and implementation of mon-
itoring systems for the state of agrolandscapes, which
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regions. Since these areas have proven to be the least
resilient to current environmental challenges, it is im-
portant to focus on studying the ecosystem processes
occurring in these regions, and implementing practices
that can contribute to the restoration and conservation
of natural diversity. This includes not only agronomic
practices, but also environmental initiatives that can be
implemented at the local community level.

Limitations of the study associated with insuffi-
cient data for all agrolandscapes significantly com-
plicate the possibility of generalising the results ob-
tained to wider geographical areas. This can lead to
underestimation or, conversely, exaggeration of the
impact of agrolandscapes on environmental process-
es. In the future, it is important to expand the study
to include additional analysis methods such as geo-
graphic information systems (GIS) and remote sensing,
and to attract more regions with different climatic and
environmental conditions. This would provide a more
comprehensive and integrated understanding of the
impact of agrolandscapes on environmental safety. As
a result, such efforts will contribute to more effective
adaptation of agrolandscape management practices to
constantly changing conditions, ensuring the sustain-
ability of agricultural systems and the conservation of
natural resources.
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AHoTauisn. MeTa gocnigpkeHHs nongrana B rMMboKoMy aHanisi poni arponaHawadTis y 3a6e3neyeHHi eKonoriyHoi
6e3neku, a TaKOX Yy BUBYEHHI IXHbOrO BM/IMBY HAa HAaBKOJIMLLHE CepefoBULLE, 3 0COBNMBMM aKLLEHTOM Ha acmnekTu
6iopi3HOMAaHITTA, 3aXMCTY I'PYHTIB | yNpaBniHHSA BOAHMMM pecypcaMu. [locnigKeHHS 0XONIBaNo WUPOKUIA CNEKTP
LiSNbHOCTI, BKNKOYAOUM 36ip Ta CMCTEMATM3ALLiH0 HAYKOBMX MaTepiaiB, NpoBeAEeHHS MOPIBHANbHOMO aHaNi3y pi3HUX
yNpaBAiHCbKMX MiAXOAIB, @ TAaKOX P0O3p0OKYy TEOPETUUYHOI MoAesNi eKonoriyHoi 6e3neku, Lo LO3BOMSAE OLiHUTK
edeKTUBHICTb icHYytUMX nNpakTUK. OCHOBHI pe3ynbTaTv AOCNIAKEHHS BKAa3ylTb Ha Te, WO arponaHawadTu, aki
XapaKTepu3yTbCs BUCOKMM piBHEM iHTErpauii NnpupoaHUX enemMeHTIiB Ta CiibCbKOroCnoAapCbKMX KOMMOHEHTIB,
34aTHi 3abe3neyyBaTy 3HAYHO BULLMIA piBeHb BiOPI3HOMAHITTSA B MOPIBHAHHI 3 MEHLU iHTErPOBaHMMM aHaNoramm.
30KpeMa, NicoBi Ta nicocTenoBi arponaHawadT BUABUANCS Hanbinbw edeKTMBHUMM Yy 30epexeHHi BMAIB, WO €
KPUTUYHO BaXNMBUM ANg NiATPUMAHHS €KOMOrivyHoi piBHOBaru. BogHouac, ctenosi Ta cyxoctenosi naHawadTtu
noTpebytoTb TEPMIHOBMX | KOMMIEKCHUX 3aXOAiB NS MOKPALEeHHS CTaHy OiOpi3HOMaHITTS, OCKiNbKM iXHS
eKONoriyHa CTiMKICTb 3HAXOoAMTbCA Nif 3arpo3ol. TakMM YWMHOM, pe3ynbTaTM AOCNIAXKEHHS MNiAKPECNoTb
HeobXigHICTb BMNPOBAMKEHHS IHHOBALIMHUX MiAXOLIB LO YNpaBAiHHA arponaHAawadTaMu, Wo MOXYTb CNpUSTH
30epexeHHI0 NPUPOLHMX pecypciB Ta MOKpaLleHHIO ekonoriyHoi 6esnekun. Po3pobneHa TeopeTMyHa Mopnenb
BMSABMNA, WO HaMbBiNbWw CTiMKMMKM € arponaHawadT, Ae MNPUPOLHI €KOCMCTEMM TFapMOHIMHO MNOEAHAHI i3
cinbcbkorocnogapcbknumu  yrigagmun. OTpuMaHi pesynbTaTv nNigTBEpAMnaM rinotesy npo Te, WO edeKkTUBHe
yNpaBiHHS arpofaHawadTamMu CNpusae NigBULLEHHIO €KOMOTiYHOT 6€3MneKn Ta 3MEHLWEHHI0 HEFraTUBHOIO BMJIMBY
Ha AO0BKiNNS, 30KpeMa LWIIXOM KOHTPOMo epo3ii Ta YNpaBfiHHSA BOAHUMK pecypcamMu. BUCHOBKM NigKpecnonTb
HeobXigHICTb BNPOBALXKEHHS arponicoMeniopauii, NiATPUMKM €KONOTIYHMX MiAXOAIB Y NOMITUKAX Ta CUCTEMMU
MOHITOPUHIY CTaHy arponaHawadTiB 4019 CTanOro po3BUTKY arpapHUX PerioHis, WO A03BOAUTb afanTyBaTUCS 40
BMKIMKIB 3MiHU KNniMaTy

KniouoBi cnoBa: ekonoriyHa 6e3neka; biobesneka; 6e3neka XUTTELIANbHOCTI; arponaHawadTv; o6pobiToK rpyHTY;
yAo6peHHs
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