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Abstract

Food security is an important condition for the sustainable existence and development of society. Moreover,
it is important both for an individual and for various social groups and society as a whole. The situation that has
developed today in the world food market is the result of ineffective management of productive forces, in particular
in agriculture, the consequences of the impact of natural and crisis phenomena occurring in the world, including
military actions on the territory of Ukraine. All this presents our country with the task of providing the country's
population with food and fulfilling its obligations to other countries regarding food supplies. This requires further

study of food security issues, taking into account modern trends.

One of such mechanisms is increasing the importance of sustainable agriculture in the global world. And this
is no accident, because thanks to the implementation of the principles of sustainability in agribusiness, the global
consumer market receives products and raw materials for many industries.

Keywords: sustainable agriculture, food security, world food market, the implementation of the principles of

sustainability in agribusiness, global consumer market.

Introduction. Food security is one of the most im-
portant conditions for the sustainable existence and de-
velopment of society. Moreover, it is important both for
an individual and for various social groups and society
as a whole. Food security is a component of the eco-
nomic and, in general, national security of any country.

Effective mechanisms for ensuring food security
contribute to improving the social climate in society.
The state of health of the population, the quality and
duration of life, and its level, in general, are to some
extent determined by the adequacy of the country's food
supply. The standard of living of the population in a
particular country depends on the level of development
of industry, agriculture, the state of the public sector of
the economy, and scientific and technological potential.
But the main factor in this list is the immediate state of
the domestic food market, the degree of its dependence
on the global food market, the financial capacity of the
population to meet their needs, and the ability to con-
sume safe, high-quality and nutritious food. The food
dependence of a country arises as a result of inefficient
agriculture and the agri-food sector in general. Without
ensuring food security, it is impossible to successfully
solve economic and social problems, positively influ-
ence global processes, and defend the country's national
interests. Solving the problem of food security is a pri-
ority of state policy, an object of scientific research, etc.
The study of all aspects of food security, its forms,
qualitative and quantitative characteristics, mecha-
nisms and tools used is not only relevant from a scien-
tific point of view, but also has practical significance in
finding the best ways to further reform the industry and
modernise it.

The current situation on the global food market is
the result of inefficient management of productive

forces, in particular in agriculture, and the effects of
natural and crisis phenomena taking place in the world.
Today, this list of influencing factors has been supple-
mented by the consequences of military operations on
the territory of Ukraine, which is one of the leaders in
the agricultural sector [1-3].

All of this poses complex macroeconomic chal-
lenges for Ukraine in terms of providing the country's
population with food and fulfilling its obligations to
other countries regarding food supplies. This necessi-
tates further study of food security issues, taking into
account current trends.

Materials and methods. The research was based
on the learning of global reports and statistical data of
the Food and Agriculture Organization of the United
Nations, statistical data of the State Statistics Service of
Ukraine, State Customs Service of Ukraine, national
and regional reports.

Results and discussion. One of the mechanisms
for addressing food security is to increase the im-
portance of sustainable agriculture in the global world.
This is no coincidence, as the global consumer market
receives products and raw materials for many industries
thanks to the implementation of sustainability princi-
ples in agribusiness. And most importantly, food and
feed for livestock. Moreover, the demand for these re-
sources is constantly growing and is under threat of
shortage due to forecasts of an increase in the world's
population [4].

Sustainable agriculture allows us to optimise this
process, reducing the damage to the environment and
future generations. This practice includes the transition
to renewable energy sources, careful land use and the
elimination of environmental pollution (Figure 1).
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Figure 1. Use of renewable energy sources in sustainable agriculture

Sustainable agriculture is a complex of management decisions made by farmers and the data required for

qualitative analysis provided by remote sensing technology (Figure 2).

Figure 2. Use of remote sensing technologies in sustainable agriculture

The technologies used in sustainable agriculture
contribute to stable and continuous production, which
will ensure sufficient resources in the future.

According to research by the Food and Agriculture
Organization of the United Nations (FAO), this practice
includes five principles:

- improving the food chain;

- protecting and saving natural resources;

- improving the well-being and economic situation
of people;

- promoting the resilience of ecosystems and com-
munities;

- support for government initiatives and regula-
tions.

Therefore, it is clear that the main goal of sustain-
able agriculture is to ensure food security, both in the
short and long term. Other positive effects of sustaina-
ble agriculture include

- preservation of soil fertility and biodiversity;

- improving the environment, minimizing or pre-
venting pollution;

- reduced use of non-renewable natural resources;

- economic development of rural areas and im-
provement of the quality of life of the rural population;

- raising environmental awareness and responsi-
bility in society.

The most important aspect of sustainable agricul-
ture is the ability to produce healthy food with minimal
environmental damage through the rational use of each

land plot without using intensive traditional technolo-
gies.

The concept of sustainable agriculture is based on
three pillars: environmental, social and economic.

Ecological, or agroecological, is an environmental
approach to management that reduces pollution and
consumption of non-renewable natural resources.

Social, or socio-territorial, which is the basis for
providing the world's population with sufficient food,
fair employment and development for individual terri-
tories. Economic, which is the basis for the efficiency
and profitability of agribusiness.

These three pillars of sustainable agriculture are
closely interconnected. For example, fertilizer applica-
tion tailored to the specifics of a particular plot of agri-
cultural land can save farmers' resources and help pro-
tect the environment.

In order to reduce the negative impact on soils and,
as a result, on the environment, sustainable agriculture
uses nitrogen-fixing plants instead of fertilizers, and
natural plant defenders instead of aggressive pesticides.
Methods such as minimal or zero tillage, crop rotation,
optimal irrigation, use of cover crops, permaculture
technology, etc. are also used.

Crop rotation, which involved planting different
types of crops in a certain sequence, has contributed to
soil conservation and environmental sustainability. Soil
compaction is minimized as the root systems of differ-
ent plants differ from each other; the soil is saturated
with nitrogen through the use of nitrogen-fixing plants;
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pest control is improved for specific crop types; and soil
depletion is reduced. In addition, the amount of chemi-
cals used is reduced, and the supply of organic matter
to the soil stimulates the activity of soil biota and re-
duces agricultural risks.

Efficient farming is usually carried out on irrigated
land, which involves the use of significant water and
energy resources. Sustainable development in agricul-
ture is aimed at optimizing water and energy consump-
tion. This is done by growing crops that are less de-
manding on water consumption and using modern irri-
gation methods. For example, drip irrigation, compared
to furrow irrigation, uses 20-40% less water while in-
creasing yields by 20-50%.

The use of cover crops in the off-season has al-
lowed farmers to carry out soil erosion control
measures. If used as green manure, they contribute to
the accumulation of organic matter in the soil and re-
duce the amount of fertilizer used. Such plants fight
weeds and retain moisture in the soil.

In contrast to regular ploughing, minimal or no-till
prevents soil loss due to wind and water erosion. In ad-
dition, this technology prevents soil compaction and
minimizes greenhouse gas emissions, which contrib-
utes to environmental sustainability.

Sustainable weed control methods are aimed at
preserving natural resources by eliminating chemicals
and implementing environmentally friendly methods.

Permaculture, one of the technologies of sustaina-
ble agriculture, artificially creates ecosystems with
their diversity and stability. This contributes to the de-
velopment of sustainable agriculture by reducing
waste, using renewable sources, combating pollution
and increasing soil fertility in ways that are safe for the
environment.

In addition to the practices described above, sus-
tainable agriculture uses other practices. These include
biodynamic and organic farming; integration of live-
stock and crop production; intercropping; mulching;
conservation tillage; use of biofuels and zero-emission
transport, etc.

The choice of technologies and methods used to
support sustainable agricultural production depends on
the particular agricultural producer, its specifics and the
crops it grows.

Like the Concept of Sustainable Agriculture, sus-
tainable agriculture itself has three components of sus-
tainable development: economic, environmental and
social.

The economic benefits include:

- reduced costs due to the use of precision farming
methods;

- ensuring food security by increasing crop yields;

- energy savings due to the avoidance of fossil
fuels (natural resources) whenever possible.

The benefits of the environmental component of
sustainable agricultural production are as follows:

- protection of natural ecosystems;

- preservation of biodiversity, creation of condi-
tions for animals close to natural ones;

- soil conservation, prevention of erosion and de-
pletion;

- minimizing water and air pollution;

- conservation of non-renewable natural resources.

The social component of sustainable agriculture
has characterized by:

- increase in wages;

- reduction of social inequality;

- improved public health due to reduced chemical
pollution of soils and agricultural raw materials.

However, sometimes the benefits of implementing
sustainable agriculture are accompanied by certain dif-
ficulties for agricultural producers, such as the lack of
sufficient research, initiatives and support from govern-
ment authorities at various levels, and sometimes insuf-
ficient logistical support.

An important component of implementing sus-
tainable agriculture is managing its resources, namely
by preserving natural resources: soil, water, air, etc.

Soil is an essential medium for plants. Therefore,
effective agriculture is not possible on poor or unsuita-
ble land. Sustainable agriculture can reduce soil erosion
and restore soil fertility. It preserves soil fertility by us-
ing polyculture, crop rotation, ecological fertilizers and
fertilizers of natural (animal) origin, etc. This provides
the necessary amount of nutrients, as well as the means
to combat plant diseases and pests.

Soil conservation is an important part of sustaina-
ble agriculture, as it addresses the problem of topsoil
loss, primarily by preventing erosion. As mentioned
above, sustainable agriculture practices include the use
of cover crops, the construction of windbreaks and min-
imal tillage.

Successful management of water conservation in
sustainable agriculture is also a key to its effective op-
eration. In conditions of low precipitation, artificial ir-
rigation is the only way to conduct agricultural activi-
ties. As the need for water resources will only increase
in the future, water management requires special atten-
tion and responsibility.

The use of sustainable agriculture practices allows
us to:

- eliminate soil salinity through desalination;

- prevent leakage of fertilizers that pollute the soil
and cause sedimentation in water bodies;

- optimize water use through smart irrigation, rain-
water harvesting and reuse of resources;

- prevent the destruction of habitats within the
catchment areas;

- select plants that are resistant to drought;

- consider the need to plant in atypically dry years
(based on historical data to predict weather trends).

The modern agricultural sector is dependent on
oil-based fuels, which are a non-renewable source. The
only way to overcome this dependence is to use energy-
saving technologies in agriculture that use renewable
energy sources. The most promising areas of develop-
ment of the industry as a sustainable one are:

- the use of highly efficient solar-powered irriga-
tion systems or biofuel equipment;

- growing crops for alternative fuels;

- use of biomass to convert it into bioenergy;

- use of wind and solar energy for the needs of ag-
ricultural enterprises.

Clean and fresh air is essential for human life.
However, almost all agricultural activities pollute the
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atmosphere with chemicals, dust, fossil fuel emissions
and methane, which is produced in large volumes in
livestock production.

According to the results of the analysis of the state
of the atmospheric air, in 2021 alone, agriculture ac-
counted for more than 10% of all greenhouse gas emis-
sions in the world on average. Compared to 1990, this
indicator increased by 12%.

Sustainable agriculture provides an opportunity to
improve air quality by reducing dust through reduced
tillage, the use of cover crops and agroforestry meth-
ods, and the installation of windbreaks of plantations.

Recently, technologies using satellite and space-
based observation sources have been widely used.

Sustainable crop production, as one of the sectors
of agriculture, is not just a stable business for agricul-
tural producers. It is also a specific challenge for every
participant in the food chain responsible for food secu-
rity.

The use of new technologies in sustainable agri-
culture allows for continuous monitoring of production
and facilitates its management. One of the most ad-
vanced methods is remote sensing. This method is a re-
liable source for analysing and forecasting crop devel-
opment, quality and productivity of agricultural land,
resource use, biodiversity control, etc. (Figure 3) [5].

Zoning

DOWNLOAD SHP

Figure 3. The stage of using remote sensing technology in sustainable agriculture

Programmes and platforms used in this technology
allow for efficient management of crops and production
resources. One of the most convenient online tools for
implementing precision farming methods that contrib-
ute to the development of sustainable agriculture is the

The technology is based on dividing the field into
several zones. Areas with healthy vegetation are shown
in green, while critical areas are shown in yellow and
red. By differentiating the required rates and treating
the green and red zones accordingly, farmers can re-
duce the use of agrochemicals. This will save financial
resources and improve the environment.

Efficient use of water can also be achieved
through the use of programs that take into account soil
moisture data. By monitoring these parameters, you can

EOSDA Crop Monitoring platform. This application
allows for the efficient use of fertilizers and other agro-
chemicals (e.g., plant protection products) by applying
zoning and changing application rates (Figure 4).

Figure 4. Example of variable rate fertilizer application

provide the farmer with timely information about pos-
sible problems that may be caused by waterlogging or
plant water stress. It is possible to ensure the healthy
development of crops and preserve the harvest by tak-
ing measures to combat the lack or excess of moisture.
By tracking the weather forecast and monitoring for
possible rainfall, users of this app can adjust irrigation,
which will save water resources.
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Monitoring programs also provide up-to-date in-
formation on the condition of crops and allow us to re-
spond quickly to any deviation from the standard values
for the current stage of plant development.

Recently, another effective mechanism for manag-
ing sustainable agricultural resources has been used —
agro-scouting. Agro-scouting involves collecting infor-
mation from the field (in the form of specified parame-
ters) to control the quality of work performed (tillage,
irrigation, harvesting, etc.), determine the condition of
crops (vegetation stage, activity, health, presence of
diseases and pests), and develop technical specifica-
tions for field treatment.

Unfortunately, Ukraine does not have a developed
institution of agro-scouting. However, with the support
of foreign investors and partners, including the USAID
program, work is underway to establish agro-scouting
centers to provide agricultural producers with a range
of services. The purpose of these centers is to optimize
agricultural technologies, improve the productivity and
quality of fruit and berry products, and enhance the pro-
fessional knowledge and practical skills of young spe-
cialists of specialized higher education institutions
(HEISs) in line with the needs of the agricultural market.

The scouting function helps to reduce fuel con-
sumption and emissions by reducing the need for field
visits. Regular field inspection is particularly difficult
when the farmland under control is large in area or lo-
cated in different places. Remote monitoring of crop
condition greatly facilitates this process, as field scout-
ing becomes necessary only when a problem is detected
through specific deviations in the values of the moni-
tored indicators. This procedure identifies critical areas
of the field for additional inspection. This saves travel-
ling time and reduces fuel consumption. Upon arrival
at a specific critical zone, a scouting specialist can
quickly identify plant diseases, pest infestations, exces-
sive weeds, etc. Based on the results of the scouting re-
ports, the agricultural producer can choose the most ef-
fective plant protection product for the affected areas.

Another effective tool for eliminating errors in
farm management planning is the so-called EOSDA
Crop Monitoring work logbook. This form of manage-
ment allows you to store information about all com-
pleted and planned field operations. This will help to
eliminate the possibility of errors in production, allows
you to track changes in plant development after each
procedure, storing all the necessary data in one place
(Figure 5).

Task List

New (56)

CMUA2,15.7 ha
===

ZPD1,75ha

Explore new field and check the phase
of plant development

Figure 5. An example of the use of agro-scouting in sustainable agriculture
and keeping a logbook [5].

In addition to the existing capabilities of EOSDA,
the program can use patented EOS SAT imagery to
conduct analytical analysis based on satellite data. This
allows for more efficient use of modern remote sensing
technologies for the development of sustainable agri-
culture [7-9].

Conclusion. Sustainable development of society
in the global world is impossible without any security,
especially food security. The provision of food to the
population and the environment are an important con-
dition for human life and activity.

Today, sustainable agriculture is becoming in-
creasingly important in the global world. Implementa-
tion of sustainability principles in agribusiness allows

to optimize this process, reducing environmental dam-
age through transition to renewable energy sources,
careful land use and elimination of environmental pol-
lution.
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