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The evolution of technological achievements in agriculture 
has been summarized based on their development from tradition-
al systems to the concepts of “Agricultural 5.0” and “Agricultural 
6.0”, innovative products of their implementation are highlighted. 
The concept of “Agriculture 4.0” and its main tools are highlighted: 
sensor technologies, high-speed mobile communications, big data 
analytics, sensor technologies, artificial intelligence, robotics. It is 
emphasized that digital agriculture includes digital and geospatial 
technologies for monitoring, assessing and managing soil, climate 
and genetic resources, and the digital data generated by them is a 
type of business resource. It is argued that digital technologies have 
combined all technological processes of agri-food production and 
goods movement into an integrated value chain, which has changed 
the implementation of business processes. The positive and negative 
impacts of digitalization on the resulting indicators of agricultural 
development are summarized.

It is substantiated that the concept of «Agricultural 5.0» is a new 
approach to the development of agriculture, the main technological 
solutions of which are the robotics use, technologies of «augmented 
or augmented reality», 6G technologies, AI, big data, biotechnology, 
microrobots, biological robotic systems. The impact of this model 
on increasing the efficiency of production activities, implementing 
the principles of sustainable development, improving technological 
processes, minimizing losses in technological processes, food waste 
at the consumption stage, as well as the introduction of methods for 
controlling emissions of harmful substances is systematized. The 
promising concept of «Agricultural 6.0» of integrative agriculture 
and its main elements are characterized: regenerative farming sys-
tems, circular economy, biorevolution, biofuels and bioenergy, car-
bon credits, etc. It is proven that this model contributes to achieving 
the sustainability of agricultural production and increasing human 
well-being based on the rational and sustainable use of natural re-
sources.

It is emphasized that domestic agricultural production is at the 
stage of transition to a digital agriculture model, which involves 
changes in practices and methods of implementing technological 
operations at the level of all participants in the agri-food supply 
chain. It is substantiated that the strategic development of Ukrainian  
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Problem statement and analysis of recent 
research. Changing technological patterns cre-
ate new market opportunities that create condi-
tions for increasing the competitiveness of indi-
vidual industries and the economy of countries. 
Our country has achieved significant results in 
ensuring food security and is among the lead-
ing agrarian states that play an important role in 
shaping export supplies to the world agri-food 
market. The main elements of the country's ag-
ricultural development were investments and 
improving the quality of internal organizational 
management, increasing the purchasing power of 
the population, however, this industry is current-
ly under the influence of global challenges, war 
in the country and other negative factors, which 
necessitates the transition to a new technological 
level in order to preserve and strengthen its role 
in the national and foreign markets.

It should be noted that digital transforma-
tion is considered as the process of transition of 
socio-economic systems to a qualitatively new 
level of use of digital technologies in accordance 
with the strategy of transition to a development 
model and implementation of priority areas of 
the digital economy formation. The global goal 
of digital transformation, from the point of view 
of society, can be defined as the formation of a 
new information and technological system, that 
is, a high-quality environment for social devel-
opment [1]. At the same time, local goals can be 
defined as a set of guidelines for the develop-
ment of society, which reflect the positive effects 
of digital transformation.

It is obvious that technological innovations 
in agriculture are an element of overcoming pov-
erty and stimulating economic growth in society, 
which is relevant for the current conditions of 
development of the world community. Thus, ac-
cording to the World Bank forecasts, by 2050 the 
world population will reach almost 10 billion in-
habitants, which implies a doubling of consumer 
demand for agri-food [2]. However, today the 
goal of overcoming hunger in the world by 2030 
is difficult to achieve, since new and existing 

military conflicts are emerging in various agrari-
an countries, the impact of global climate change 
is increasing and, as a result, high prices for agri-
food lead to a deterioration in food security.

Agriculture has always been considered the 
basis of survival and prosperity of mankind, its 
development took place in parallel with innova-
tive paradigms of industrial development, and 
therefore each stage introduced significant chang-
es in agricultural production technologies [3].  
At the same time, the studied industry has cer-
tain limitations, such as lack of experience and 
IT infrastructure, which prevent the rapid im-
plementation of technological breakthroughs, 
overcoming which should be the main goal of 
strategic agricultural programs during the post-
war recovery of our country.

The evolution of technological achievements 
in agriculture is considered on the basis of their 
development from traditional systems to the 
concepts of “Agricultural 5.0” and “Agricultural 
6.0”, which involve the use of Internet of Things 
(IoT) technology, big data, geolocation systems 
(GPS), unmanned aerial vehicles (UAVs), sen-
sors, 3D printing, information management 
systems, robotic artificial intelligence systems, 
etc. [4-6]. There is no doubt that the use of the 
above technologies, as well as the development 
of intelligent solar and wind energy systems, the 
introduction of water desalination technologies 
and other breakthrough innovative develop-
ments should become priority areas for the de-
velopment of “smart” agriculture. It should be 
noted that the introduction of new technologies 
and innovative developments takes place not 
only in the field of agriculture, but at the level 
of all participants in agri-food chains [7]. At the 
same time, the intensity of the implementation 
of available innovative products and services in 
domestic practice will depend on numerous fac-
tors, among which it should be noted the victori-
ous end of the war, since otherwise the period of 
full adaptation to the latest technologies can be 
very long. Under such conditions, there is a need 
to develop and implement unified approaches 

agriculture should be oriented towards the implementation of mod-
ern innovative models, which requires the development of appro-
priate strategic programs with an effective set of organizational and 
economic tools and measures to achieve innovative and sustainable 
development of the industry.

Key words: smart agriculture, digital agriculture, precision ag-
riculture, digital technologies, sustainable development, renewable 
technologies, bioeconomy, circular economy.
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to justifying strategic priorities for the develop-
ment of agriculture on the basis of the latest con-
ceptual models of technological transformation 
of the industry.

The purpose of the research is to study the 
conceptual foundations of modern agricultur-
al development models "Agricultural 5.0" and 
"Agricultural 6.0", systematize the main tech-
nologies and practices of their practical use by 
agricultural producers, and substantiate the areas 
of influence on the prospective development of 
the industry under study.

Material and methods. The theoretical ba-
sis of the study was the scientific works of do-
mestic and foreign scientists on the evolution of 
technological changes in agriculture, the concep-
tual foundations of the models "Agricultural 5.0" 
and "Agricultural 6.0", as well as the directions 
of their influence on the future development of 
the industry under study.

When conducting the study, such scientific 
methods as systemic and scenario approaches, 
quantitative and qualitative comparisons were 
used. The study also used the following meth-
ods: theoretical generalization when formulating 
tasks; induction and deduction when revealing 
the main elements of modern models implemen-
tation of agricultural development; monographic 
and abstract-logical for a comprehensive and in-
depth study of individual phenomena, processes 
that arise as a result of the models implemen-
tation "Agricultural 5.0" and "Agricultural 6.0", 
identifying cause-and-effect relationships of 
their influence on the performance indicators of 
agricultural production and substantiating pri-
ority areas of industry development, as well as 
presenting conclusions.

The information base of the study includes 
scientific publications in the scientometric data-
bases "Scopus" and "Web of Science", as well as 
scientific data obtained by domestic researchers. 
The use of the bibliometric analysis method in 
the study allowed to structure knowledge in the 
field of the latest conceptual models of techno-
logical transformation of the industry and the 
directions of their influence on the strategic de-
velopment of agriculture.

Research results and discussion. The evo-
lution of technological development is char-
acterized by successive changes in the stages 
of industrial revolutions, each of which led to 
significant changes in society and the economy. 
Thus, the development of agriculture within the 
framework of the “Agricultural 1.0” model was 
characterized by traditional methods of produc-

tion of dairy and crop products based on the 
intensive use of labor, productive and working 
livestock, poultry, and energy of various types 
[8]. This approach ensures a low level of produc-
tivity of agricultural production with a predom-
inance of manual labor. This model is usually 
adapted to local conditions, labor-intensive, has 
a diversified structure of production of the main 
types of products in small volumes, which is the 
basis for achieving sustainable development of 
rural areas. It is obvious that family farms most 
successfully represent this approach to farming.

As for the Agricultural 2.0 model, the main 
elements of its implementation were the intro-
duction of agricultural machinery, mineral fer-
tilizers, pesticides, herbicides, and high-quality 
seed materials into production activities, which 
contributed to an increase in production volumes 
based on a significant increase in crop yields and 
animal and poultry productivity. It was during 
this period that scientifically sound methods of 
managing technological processes in crop and 
livestock production appeared, as well as new 
technologies, synthetic means of production, and 
chemical pesticides for large-scale production. 
Thus, the transition of agricultural production 
to the Agricultural 2.0 model contributed to its 
modernization, which is called the Green Rev-
olution in scientific literature, which ensured an 
increase in the efficiency of agricultural produc-
tion and food production based on the active use 
of scientific research results and a decrease in its 
vulnerability to natural and climatic conditions.

This approach led to intensive use of the pro-
duction potential of agriculture, which focused 
on increasing the volume of agricultural produc-
tion based on increasing crop yields and produc-
tivity of farm animals and poultry, which led to 
an increase in the negative impact of the industry 
on the environment and neglected the social de-
velopment of rural areas. Thus, intensive use of 
natural resources in agricultural production led 
to pollution of groundwater and surface waters, 
widespread soil erosion and transformation of 
landscapes with the loss of national, cultural and 
household values in rural areas [9].

The next stage in the technological develop-
ment of agricultural production is associated with 
the conceptual model "Agricultural 3.0", which 
is based on the active development of computer-
ization and software products. The transition to 
this model of agricultural production led to the 
fact that agricultural technical resources, previ-
ously controlled by a person, began to use GPS 
signals, which increased the efficiency of techno-
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logical operations. These models of agricultural 
production provided a partial solution to global 
problems and challenges, since, for example, the 
model of precision agriculture reduced the need 
for mineral fertilizers, pesticides, herbicides and 
optimized irrigation systems [10].

It is known that after 2010, sensor technol-
ogies, high-speed mobile communications, and 
analytics of large data sets began to be used 
in agricultural production. Thus, the Internet 
of Things (IoT) technology is one of the tech-
nologies of Industry 4.0 and a key component 
of agricultural programs in the Agriculture 4.0 
model, which allows transmitting raw data col-
lected by various sensors to the cloud. Thanks to 
sensor technology, information such as the type 
of fertilizer to be used, soil condition, moisture 
and nutrient parameters in the soil, the estimat-
ed time of harvest and weather conditions help 
farmers make rational management decisions 
for production, as a result of which production 
costs are optimized and agricultural production 
productivity is ensured [11].

Digital agriculture encompasses digital and 
geospatial technologies for monitoring, assess-
ing and managing soil, climate and genetic re-
sources, illustrating that they are an effective 
response to new challenges in balancing eco-
nomic, environmental and social aspects and 
achieving sustainable agriculture and rural areas 
[12]. There is no doubt that the digitalization of 
agriculture leads to the manifestation of certain 
problems, the which solution requires domestic 
agricultural science and education to move to a 
critical review of priority areas of scientific re-
search and educational programs for training ag-
ricultural specialists.

It should be noted that the concept of "Ag-
riculture 4.0" involves the use of a complex of 
digital technologies in agricultural production, 
which contribute to increasing the competitive-
ness of the industry in domestic and foreign 
markets. Among the priority areas for the devel-
opment of the domestic agri-food industry, such 
issues as ensuring the physical and economic 
availability of food, food safety, the formation 
of agri-food chains with high added value, as 
well as reducing the volume of losses of agri-
cultural products in technological processes 
and food waste [13, 14]. In addition, domestic 
producers of agri-food products have not yet 
implemented smart technologies in the func-
tioning of safe and transparent agri-food chains 
at the level of each of its participants, which 
would prevent the risks of the spread of low- 

quality products and increase the competitive-
ness of food.

Thus, the Agriculture 4.0 model involves 
the use of IoT technologies, big data, artificial 
intelligence and robotics, which is called “dig-
ital agriculture”, “smart agriculture”. Increas-
ing demand in the global agri-food market for 
high-quality and safe food products motivates 
agricultural producers, food industry enterpris-
es, and distribution logistics infrastructure orga-
nizations to digitize technological processes of 
production, processing, transportation and pro-
motion of agricultural products. It is obvious that 
effective management of material, information 
and financial flows between participants in agri-
food supply chains will contribute to the creation 
of value at the level of each participant by form-
ing friendly partnerships, optimizing parameters 
such as volume, costs, speed and quality of sup-
plies. It is known that digital programs used for 
planning and managing agricultural production 
generate large amounts of information, the pro-
cessing and analysis of which has become possi-
ble based on the introduction of information and 
communication technologies (ICT). It is the im-
plementation of integrated ICT technologies that 
will provide the management of each participant 
in the agricultural supply chain with access to re-
liable information, the use of which will ensure 
the adoption of rational management decisions.

Thus, the “Agriculture 4.0” model focuses 
on precision farming technologies, IoT, and the 
use of large data sets to increase the efficiency 
of agricultural production. Thanks to the use of 
the listed tools in practical activities, agricultur-
al producers have the opportunity to avoid pro-
duction losses and waste based on calculating 
the exact amount of water and mineral fertilizer 
needs, and timely detection of the onset of in-
dividual diseases and pests in plants and ani-
mals on the farm. This model involves the use 
of artificial intelligence (AI) to accumulate large 
data sets, assess the current situation, and pro-
pose management decisions in real time, which 
allows for the prompt adoption of effective man-
agement decisions for the effective development 
of agricultural production.

As experts note, digitalization and the use of 
digital data have fundamentally changed the tech-
nological processes of agricultural production and 
processing, food manufacturing, which leads to 
radical changes in agri-food chains. These techno-
logical changes are currently under the influence 
of a new stage of digitalization and technological 
progress, which is accompanied by the further  
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development of information technologies, such as 
cloud computing, big data analytics and AI, which 
accelerate the process of digitalization [15]. To-
day, digital data has become a new type of busi-
ness resource, which, in combination with digital 
technologies, has allowed to integrate all tech-
nological processes of agri-food production and 
goods movement into the value chain, as a result 
of which the conditions for implementing busi-
ness processes have changed, which is the next 
“technological revolution” in agriculture [16].

As researchers emphasize, the digitaliza-
tion of agriculture creates not only new oppor-
tunities, but also causes certain negative conse-
quences. Thus, among the advantages of digita-
lization, it should be noted that it contributes to 
increasing the efficiency of the use of material 
and technical resources, has a positive effect on 
climate change, biodiversity, animal welfare, in-
creases the transparency and traceability of food  
production. In addition, digitalization expands 
the possibilities for the spread of sustainable and 
environmentally friendly agricultural practices, 
as more precise use of nutrients and/or pesti-
cides, herbicides is used, as a result of which the 
negative impact on the environment is reduced. 
In addition, there are opportunities to establish 
systematic monitoring of technological process-
es and improve the quality of information pro-
vided by digital technologies, on the basis of 
which management decisions are made.

The digitalization of agriculture creates op-
portunities for mitigating global climate change, 
the degradation of agricultural land and the in-
crease in the world's population due to the fact 
that technological progress has led to a sharp 
increase in crop yields and productivity of farm 
animals and poultry, as well as the efficiency 
of agricultural production, but has increased 
environmental risks. First of all, transforma-
tional processes in agriculture have also led to 
changes in socio-technological development 
and increased the risk of increasing inequality in 
access to new technologies due to different fi-
nancial capabilities of agricultural producers. In 
addition, there is a risk of data misuse among ag-
ricultural producers: agricultural producers dis-
close personal data about the management of the 
enterprise, but are poorly informed about how 
this information is stored, used and controlled. 
Finally, the implementation of digitalization 
by agricultural enterprises requires them to use 
more complex technical systems, which entails 
the risks of internal system failures, threats to the 
cybersecurity of digital systems.

We share the opinion of researchers who 
emphasize that digitalization can affect employ-
ment patterns in rural areas through job losses 
or the emergence of new types of employment 
[17]. At the same time, the digitalization of ag-
riculture contributes to ensuring food safety by 
preventing risks and rational decision-making in 
agri-food supply chains.

The development of new models of digita-
lization of agri-food supply chains creates op-
portunities and a need to generate large amounts 
of information, on the basis of which systematic 
monitoring of food quality and safety is ensured, 
compliance with safety rules in technological 
processes and tracking the movement of prod-
ucts in supply chains, labeling, etc. There is 
no doubt that the ability to collect and analyze 
large amounts of data has played a revolution-
ary role in providing farmers with the opportu-
nity to obtain more information to substantiate 
rational management decisions in agricultural 
production. It should be noted that until recent-
ly, agricultural producers lacked information for 
making decisions on the rational use of produc-
tion resources, protecting crops from pests and 
diseases, as well as preserving livestock and 
poultry, and quickly adapting to changing weath-
er conditions, which, with the introduction of 
digital technologies, makes it possible to control 
and analyze technological processes in real time. 
Thus, the Agriculture 4.0 model provides pro-
ducers with the opportunity to create large data 
sets and use them when making management de-
cisions, which contributes to the development of 
measures to improve technological production 
processes, increase efficiency and achieve sus-
tainability of agricultural production.

Further development of digital products and 
innovative developments in the field of agri-
culture was oriented towards adherence to the 
principles of sustainable and innovative devel-
opment, in particular the development of au-
tonomous automated decision-making systems 
based on robotic complexes, which led to the 
justification of the concept of “Agricultural 5.0”. 
The latest model of agricultural development 
characterizes an innovative era in which inno-
vative technologies are introduced to increase 
the efficiency of production activities and its 
sustainability. Thus, the use of robotics, “aug-
mented or augmented reality” technologies and 
6G technologies is progress in the development 
of the studied industry, which contributes to the 
establishment of real-time monitoring and au-
tomation of technological processes of agricul-
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tural production. Artificial intelligence and big 
data play an important role in the effectiveness 
of the “Agriculture 5.0” model, as they provide 
valuable information for making management 
decisions based on data analysis and developing 
relevant forecasts.

The concept of "Agricultural 5.0" plays an 
important role in achieving the principles of sus-
tainable development based on increasing the 
efficiency of agricultural activities and the sus-
tainability of agribusiness enterprises. This mod-
el is oriented towards improving technological 
processes based on their automation, minimizing 
losses in the production, transportation and stor-
age of agricultural products, food waste, as well 
as introducing methods for controlling harmful 
emissions into the environment. As experts note, 
the combination of intelligent machines and sys-
tems in agriculture allows optimizing the use of 
land and water resources, reducing the use of 
pesticides and fertilizers, and reducing costs. An 
important aspect is also minimizing the risk of 
accidents when performing technological oper-
ations in extreme conditions, mountainous ter-
rain, steep slopes, etc. In addition, intelligent 
machines and systems lead to the creation of an 
appropriate digital infrastructure that will ensure 
interaction and exchange of information between 
numerous agricultural producers [18]. If proper-
ly designed, automated agricultural machines 
help reduce the workload of farm workers, as 
they allow one worker to remotely control many 
units from the main control point [19]. Obvious-
ly, the effectiveness of the automated system will 
depend on the farmer’s ability to quickly receive 
information from each production unit via an in-
terface and use it to make operational manage-
ment decisions.

An important element of the “Agricultural 
5.0” model is biotechnology, which allows the 
agricultural producer to be more efficient while 
simultaneously reducing the negative impact on 
the environment [20]. Thus, biological technol-
ogies used in agriculture include solar energy 
production, water harvesting and conservation, 
etc. It should be noted that biotechnology has be-
come widely used in agriculture, which allows to 
increase crop yields and increase the productivi-
ty of farm animals and poultry.

One of the elements of the Agricultural 5.0 
model is microrobots that can perform special 
tasks. It is known that scientists from the Uni-
versity of Exeter (Great Britain) have developed 
biohybrid microrobots that integrate synthetic 
and biological elements to perform nanoscale 

biochemical procedures with very high precision 
[21]. As experts emphasize, biological robotic 
systems have unique properties, but require sig-
nificant costs. This is explained by the fact that, 
unlike robots with a rigid body, soft biocompos-
ite materials are expensive, as they include arti-
ficial intelligence [22].

Let us consider the next element of this 
model, which is the technology of digital twins 
(Digital Twin), which is characterized by a high 
potential for bringing “smart agriculture” to a 
higher level of productivity and sustainabili-
ty. Digital twin technology is a multi-scale and 
probabilistic simulation model that uses modern 
sensors and models to reproduce real conditions 
in the digital sphere and vice versa [23]. So, the 
technology "digital twin" is a computer program 
that accepts as input data - parameters about the 
real state of an object or system, and generates, 
as output data, forecasts or modeling scenarios 
of their impact on individual technological pro-
cesses or the enterprise as a whole. The scientific 
literature provides numerous areas of application 
of this technology in agricultural production, in 
particular in precision agriculture, smart live-
stock (digital twin platforms Prefix, Ditto and 
Watson), vertical farming [24].

One of the elements of the concept of "Ag-
ricultural 5.0" is the fifth generation of mobile 
technologies (5G), which have certain limita-
tions due to: high cost of infrastructure; limited 
coverage area; guarantee of high security [25]. 
According to preliminary estimates, the 6G net-
work will be adapted for combined communica-
tions and perception based on their conversion 
into a sensor to create a digital sixth sense, which 
increases human intelligence, will provide ubiq-
uitous wireless connectivity and access for less 
affluent segments of the population. Undoubt-
edly, the full use of the potential of Agriculture 
5.0 technology depends on the creation of an 
appropriate state structure and digital infrastruc-
ture that would provide support for agricultural 
producers to implement innovative technologies, 
organize training and practical training for be-
ginners to learn how to use them.

At the same time, it is necessary to take into 
account that technological industrialization and 
modernization of agricultural production in-
creases environmental risks, such as soil quality 
degradation, erosion, compaction and pollution. 
In addition, it is important to consider social 
problems that may arise when implementing the 
“Agricultural 5.0” model. Taking into account the 
above, there is a need to introduce ecologically  
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and genetic engineering. One of the strategic di-
rections of agricultural development is also the 
production of biofuels and  of bioenergy energy.

Generalized characteristics of agricultural 
development concepts are presented in Table 1.

Undoubtedly, agriculture is the leading sec-
tor of our country's economy, which demon-
strates sustainable development in times of war, 
as it creates up to 10% of GDP and over 40% 
of foreign exchange export earnings. However, 
given the increasing impact of global climate 
change and the destruction and restrictions on 
the use of the resource potential of agricultural 
production caused by military actions, we should 
expect an increase in the downward dynamics in 
the volume of production. It is known that mili-
tary actions have made almost 5 million hectares 
(12%) inaccessible for agricultural production 
[28]. This situation requires comprehensive sup-
port for agricultural producers in implementing 
innovations, investing in the construction of ir-
rigation systems, implementing digital technol-
ogies and sustainable management practices. 
Thus, in 2024, almost $1.2 billion was invest-
ed in the modernization of agriculture, namely: 
drones for monitoring crops (15% of farms have 
implemented the technology); precision farm-
ing; organic farming. 

It is obvious that the strategic development 
of agriculture in our country should be orient-
ed towards modern innovative models. It should 
be noted that the transition from one concept of 
agriculture to another occurs sequentially, which 
requires the development of appropriate strategic 
programs with an effective set of organizational 
and economic tools and measures to implement 
the corresponding model. It is known that in 
Ukraine an Agrotech development strategy has 
been developed, which provides for the develop-
ment of the direction of digitalization, automa-
tion and increasing the efficiency of agriculture 
and the food industry [29]. The developed doc-
ument will contribute to the creation of condi-
tions for the introduction of digital technologies, 
AI, the Internet of Things and robotic systems 
into agricultural production, which will allow 
accelerating the transition to Agricultural 5.0 
technology in domestic practice. The implemen-
tation of this strategy will ensure the solution 
of the following tasks: production of agri-food 
with high added value; labor shortage; carrying 
out demining work and improving the quality of 
agricultural lands; adaptation of agricultural pro-
ducers to climate change; modernization of the 
livestock industry.

and climate-oriented technologies for the pro-
duction of agricultural products, as well as de-
velop programs for the development of entrepre-
neurial initiative among residents of rural areas. 
Let us consider the next stage of technological 
renewal of agriculture, which is envisaged by the 
new concept of “Agricultural 6.0”. This model 
clearly demonstrates the desire to achieve the 
Sustainable Development Goals based on the ra-
tional use of production resources and minimal 
negative impact on the environment, which will 
allow leaving conditions no worse than the cur-
rent ones for future generations. This means that 
in the near future, the relationship between hu-
mans, agriculture and nature should be balanced 
on the basis of making management decisions in 
agriculture taking into account the requirements 
of environmental conservation and ecosystem 
restoration, which will contribute to increasing 
the well-being of the population, achieving eco-
logical balance and preserving biodiversity.

This model uses regenerative farming sys-
tems, which include moisture and soil conserva-
tion farming, organic farming, innovative bios-
ecurity and biosafety systems that contribute to 
the restoration of soil and environmental quality. 
In addition, the implementation of the No-Till 
farming system makes it possible to prevent soil 
erosion, ensure water retention and increase car-
bon absorption by the system [26]. Another prac-
tice is integrated pest management based on the 
use of biological products, which, in addition to 
plant protection, contribute to the release, trans-
fer and circulation of essential nutrients from the 
soil to the plant.

Another technological solution of the Ag-
ricultural 6.0 concept is the circular economy, 
which involves the reuse of resources. The cir-
cular economy provides the following benefits: 
waste disposal; reduction of negative impact on 
the environment; reduction of the use of natural 
resources; savings due to a closed production cy-
cle; use of innovative methods of consumption 
and production; creation of new jobs [27]. Thus, 
the circular economy increases the productivity 
of agriculture by reducing waste and replacing 
disposal with reuse flows. It is obvious that this 
production model is important for agriculture, as 
it ensures the transformation of waste into new 
value-added products, such as biofertilizers, bio-
energy and biomolecules.

It should be noted that the components of the 
promising concept of agriculture are the devel-
opment of biotechnology, bioeconomy, bioeco- 
logy, bioresources, methods of synthetic biology 
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Conclusions. The obtained research results 
allow us to conclude that technological prog-
ress over a long period of time has significantly 
transformed agriculture and production systems. 
Today, innovative methods, practices and tech-
nologies are being introduced into agricultural 
production that increase its efficiency and sus-
tainability.

Today, domestic agricultural production is 
at the stage of transition to a digital agriculture 
model, which involves changes in practices and 
methods of performing technological operations 
at the level of all participants in the agri-food 
supply chain. The introduction of digital tech-
nologies leads to the modernization of produc-
tion activities and places demands on agricul-
tural workers in the development of new skills 
and competencies. In addition, digitalization has 
opened a new stage of agricultural transforma-
tion, an important part of which are digital plat-
forms that open up new opportunities for imple-
menting the principles of sustainable develop-
ment in agricultural practice.

The main priorities of the strategic develop-
ment of domestic agriculture are the introduc-
tion of such technologies as: information and 
communication; digital; "smart" agriculture; 
Internet of Things; sensor technologies; un-
manned aerial vehicles; robotic systems; large 
data sets, etc. We believe that the implementa-
tion of the latest models of agricultural devel-
opment in national conditions requires the de-
velopment of appropriate strategic programs, in 
which it is advisable to combine organizational 
and economic tools for achieving innovative 
and sustainable development of the industry. 
As for agricultural science, there is a need to 
develop methodological approaches to assess-
ing the level of digitalization of agricultural 
production, especially the concepts of "smart 
agriculture" and "precision agriculture". It is 
obvious that the promising model of agricultur-
al development "Agricultural 6.0" represents a 
paradigm shift that combines the principles of 
innovative and sustainable development, which 
will contribute to strengthening the country's 
position in the global market as a supplier of 
competitive agri-food products. The integrated 
agricultural model involves the rational use of 
resource potential based on the development 
of bioeconomy, circular economy, biofuels, 
renewable technologies, and other innovative 
developments, which will allow achieving bal-
anced development between human well-being 
and the environment. 
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Стратегічні пріоритети розвитку сільсько-
го господарства на засадах концепції Agri- 
cultural 5.0 і Agricultural 6.0

Мироняк І.О.
Узагальнено еволюцію технологічних до-

сягнень у сільському господарстві на основі їх 
розвитку від традиційних систем до концепцій 
«Agricultural 5.0» та «Agricultural 6.0», виділено 
інноваційні продукти їх реалізації. Висвітлено 
концепцію «Agriculture 4.0» та її основні інстру-
менти: сенсорні технології, високошвидкісний 
мобільний зв’язок, аналітику великих масивів 
даних, сенсорні технології, штучний інтелект, ро-
бототехніку. Наголошено, що цифрове сільське 
господарство включає цифрові та геопросторові 
технології для моніторингу, оцінювання та управ-
ління ґрунтовими, кліматичними та генетичними 
ресурсами, а сформовані ними цифрові дані є 
видом бізнес-ресурсу. Аргументовано, що циф-
рові технології поєднали в інтегрований ланцюг 
вартості всі технологічні процеси виробництва і 
товароруху агропродовольства, що змінило здійс-
нення бізнес-процесів. Узагальнено позитивні 
та негативні впливи цифровізації на результуючі  
показники розвитку сільського господарства.
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Обґрунтовано, що концепція «Agricultural 
5.0» є новим підходом до розвитку сільського 
господарства, основними технологічними рішен-
нями якої є використання робототехніки, техноло-
гій  «розширеної або доповненої реальності», тех-
нологій 6G, ШІ, великих масивів даних, біотехно-
логії, мікророботів, біологічних роботизованих 
систем. Систематизовано впливи цієї моделі на 
підвищення ефективності виробничої діяльності, 
реалізацію принципів сталого розвитку, удоскона-
лення технологічних процесів, мінімізації втрат у 
технологічних процесах, продовольчих відходів 
на етапі споживання, а також запровадження ме-
тодів контролю викидів шкідливих речовин.

Охарактеризовано перспективну концеп-
цію «Agricultural 6.0» інтегративного сільського 
господарства та основні її елементів: відновлю-
вальних систем землеробства, циркулярної еко-
номіки, біореволюції, біопалива та біоенергетики, 
вуглецевих кредитів тощо. Доведено, що ця мо-
дель сприяє досягненню стійкості сільськогоспо-

дарського виробництва та підвищенню добробуту 
людини на основі раціонального та сталого вико-
ристання природних ресурсів. 

Наголошено, що вітчизняне сільскогосподар-
ське виробництво знаходиться на стадії переходу 
до моделі цифрового сільського господарства, яке 
передбачає зміни у практиках та способах здійс-
нення технологічних операцій на рівні усіх учас-
ників агропродовольчого ланцюга постачання. Об-
ґрунтовано, що стратегічний розвиток українсько-
го сільського господарства має бути зорієнтованим 
на впровадження сучасних інноваційних моделей, 
що вимагає розроблення відповідних стратегічних 
програм із дієвим комплексом організаціно-еконо-
мічних інструментів та заходів щодо досягнення 
інноваційного та сталого розвитку галузі. 

Ключові слова: розумне сільське господар-
ство, цифрове сільське господарство, точне сіль-
ське господарство, цифрові технології, сталий 
розвиток, відновлювані технології, біоекономіка, 
циркулярна економіка.
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