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2.17. HISTORICAL MILESTONES AND PROSPECTS OF INNOVATIVE
TECHNOLOGY DEVELOPMENT IN AGRICULTURAL PRODUCTION

In the current conditions, the emergence of problems in the agricultural production sphere is
attributed to wartime actions, which in turn caused economic destabilization and reduced financial
resources within the country. These issues during the post-war country reconstruction can be addressed
through the implementation of innovations, which should become the primary direction of agricultural
sector development. The absence of innovative processes leads to the inability to effect structural
changes, dynamic economic growth, and attain sustainable development within the economy (Mandych
et al., 2023). Innovations play a crucial strategic role in the effective transformation and advancement
of agriculture. They contribute to stimulating agricultural entrepreneurship, enhancing competitiveness
in domestic and international markets. This is especially important in the context of a market-oriented
economic system and increased integration into the global agro-industrial production (Zaika et al.,
2023; 3aika, I'pimin, 2016). This is particularly relevant due to the significant technological gap
between Ukraine's agricultural sector and leading global agricultural product manufacturers.

Hence, to achieve effective and sustainable development of agricultural production, which holds
pivotal strategic importance for ensuring national food security, active support for innovation
implementation and the establishment of proper infrastructure for this process are necessary. This
requires scientific research that will facilitate the successful integration of innovative solutions into
agricultural production.

Research on issues related to the innovative development of agricultural production remains a
constant focus for many scholars. Their works provide a substantial foundation for studying the
problems of innovative development in agriculture. However, the complexity and scale of these
processes allow for the discovery of inadequately researched aspects of this issue and the continuation
of scholarly efforts. This study is aimed at identifying the prospects of innovative development in
agricultural production to enhance its efficiency.

Technological progress in agriculture is closely linked to the growth of commercial trade. In this
field, new technological developments have always been necessary. However, digital technologies in
agriculture did not emerge immediately. In the early stages of technological development, the
agricultural production model was largely based on subsistence farming and characterized by low
productivity until the beginning of the 20th century. This era, known as Agriculture 1.0, was marked by
the invention of the plow and the widespread use of animal traction.

Agriculture 2.0 emerged in the late 19th century with the introduction of mechanized equipment,
such as tractors. Subsequently, new agricultural technologies underwent several rapid stages of
development, as the pace of technical progress significantly increased.

New technologies of precision or smart farming, known as Agriculture 3.0, arose due to the need
to track and manage all agricultural production resources more efficiently (Ma3ues, 2008; Ma3Hes,
2015). The drive for precision agriculture and the adoption of corresponding technologies led to the
development of new methods and tools for farming. The 3.0 era became technically feasible through
the use of a new global positioning satellite system (GPS). Specifically, the GPS helps identify
unwanted changes in designated agricultural cultivation areas, enabling the efficient utilization of
available resources. The concept of sustainable agriculture and research in the field of automated field
processing heavily rely on GPS technologies and the new capabilities it provides.

The transition from smart farming to Agriculture 4.0 demonstrates the rapid development of
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agriculture at the turn of the 20th and 21st centuries. Autonomous machines equipped with sensors,
augmented reality (AR), Internet of Things (1oT), drones, and satellites are integral components of the
new technologies for Agriculture 4.0. A new approach to decision-making in the agricultural sector is
currently based on data stored in the cloud and accessible through digital tools. Leveraging these
analytical data, agricultural producers can make more effective decisions.

Agriculture 4.0 was born in the era of automation and the use of digital technologies. The
development of innovative agricultural technologies is becoming increasingly integrated, allowing for
the optimization of all stages of the production process and enhancing monitoring, control, and
business management processes.

Digital agricultural technologies represent the next generation of new farming methods and tools
aimed at maximizing crop yield and other agrotechnical indicators. One of these innovative
technologies is 5G mobile communication, which is rapidly advancing and will improve the coverage
and accessibility of cutting-edge agricultural technologies worldwide (Botta et al., 2022; Duncan et al.,
2022). Compared to previous farming methods, innovative digital technologies in agriculture offer the
following advantages (Hridin et al, 2023):

- Efficient data collection;

- Data accuracy;

- Timeliness.

Agricultural producers cannot influence weather conditions, and combating pests and plant
diseases is quite challenging. However, with the emergence of innovative digital technologies in
agriculture, the negative impact of these factors can be minimized. Moreover, through the use of new
agricultural technologies, farmers can control agrotechnical aspects and, consequently, increase their
profits. In particular, digital technologies in agriculture help provide informed answers to questions
such as (Thapa & Horanont, 2022; Zhou et al., 2023):

- Which types of crops to cultivate;

- Which types of crops to cultivate;

- How frequently and in what quantity to use water for precise irrigation;

- When to apply fertilizers and plant protection agents, which ones, and in what amounts;

- Which type of soil treatment is best suited for a given soil type.

Competitive advantages of agricultural enterprises are ensured through the utilization of modern
software, Earth remote sensing technologies (especially high-resolution satellite imagery), proximal
sensors, new communication tools, and data-driven risk prediction algorithms.

In recent years, the agricultural sector has achieved several crucial advancements, from
enhancing seed resilience to refining the planning and processing of agricultural products. Innovative
agricultural technologies also contribute to optimizing the planning of agricultural product sales and
improving logistical decisions related to its delivery to end consumers.

To achieve maximum yield improvement and keep pace with the times, agricultural producers
must be well-versed in technological innovations and be aware of their potential applications in
agricultural production. Let's delve more deeply into the main ones.

GPS. New precision farming technologies utilizing GPS data contribute to increased productivity
and reduced irrational expenditures on production resources such as seeds, fertilizers, pesticides, and
fuel. The GPS system not only provides field information based on location but also simplifies
coordination among individual agricultural machinery units and facilitates recording of field operations
on specialized platforms. This new technology finds diverse applications in the agricultural sector, such
as monitoring and managing field operations, collecting and analyzing field data, precise soil sampling
for analysis, yield mapping, navigation and control of new agricultural equipment, functioning in
conditions of poor visibility, like heavy rain or fog, etc.
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Robotic technologies. Robotic technologies in agriculture are a promising avenue for new labor
force in precision farming. The autonomous operation of robotic systems allows for increased
productivity and efficiency in agriculture, as these robots can gather information about their
surroundings directly on the field. Currently, autonomous robots that are remotely controlled through
telemetry are the most well-known and successfully utilized form of new agricultural equipment.

Data collection and storage. The utilization of Big data in innovative agricultural technologies
contributes to intensifying information flows, enhancing the speed and accuracy of analysis, and
consequently, improving the efficiency of decision-making processes and strategic planning.
Retrospective analysis of field data enables the prediction of potential outcomes of various phenomena
and factors, assessment of risks, and the development of optimal action plans.

Information technologies in agriculture are continuously evolving, and specialized platforms can
collect and store increasing amounts of field data, such as relative humidity, nutrient content, pH, and
soil moisture, as well as historical weather data, and more. Based on data presented in a simple and
accessible format, platform users can identify risks, plan cultivation, and forecast future yields.

GIS technologies. Geographic Information Systems (GIS) are a novel and essential tool for
storing, analyzing, and visualizing spatial data for the needs of precision agriculture. One of the most
crucial aspects of applying GIS technologies in agriculture is gathering information about agricultural
crops, soil, climate, and the topography of the region using satellites and drones. Moreover, it is
through these new GIS technologies applied in agriculture that the combined use of GPS applications
and smart farming tools becomes possible for the optimal distribution of fertilizers and pesticides.
Thus, these new technologies in agriculture not only help reduce financial costs for fertilizer purchases
but also prevent soil and groundwater pollution due to improper chemical usage.

In recent years, thanks to the development of innovative technologies, the number of applications
for utilizing GIS in agriculture has significantly grown. The main directions of these systems'
application are precision farming and mapping. For instance, GIS software enables the creation of
detailed maps of vegetation and productivity, which assists in decision-making optimization. Through
GIS tools for agriculture, the level of vegetation across the entire field or a specific area can be
determined. This information is then used for adjusting seed planting rates, nutrient application, and
pesticide use.

Furthermore, the use of GIS in agriculture greatly facilitates the analysis of soil and crop
conditions. Specifically, it is possible to create maps of productivity and vegetation based on vegetation
indices. Moreover, mapping helps optimize field monitoring and production management as a whole.

GIS technologies for agriculture are actively utilized in the development of organic farming.
With their assistance, one can identify the most productive and environmentally friendly areas for crop
planting and select suitable lands for seamless food production in the future. Today, organizations
engaged in sustainable development issues use GIS in agriculture to:

- control water supply and predict droughts;

- assess crop yield;

- analyze economic and ecological consequences of natural disasters and human activities;

- integrate and study agricultural data from multiple sources;

- exchange information and maps with internal departments and external organizations.

Contributing to the development of sustainable agriculture, geographic information systems help
the agricultural sector remain viable for future generations.

Drones. Unmanned Aerial Vehicles (UAVS), or drones, are finding increasing applications in the
agricultural sector. They can scan fields from above and report on the presence of pests, plant diseases,
and deficiencies in essential nutrients. Based on this data, agricultural producers can monitor the
condition of their fields.
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Satellite Technologies. The use of satellites for agricultural purposes has been a true
breakthrough in field monitoring, as it has led to a significant increase in data volume and collection
frequency. Satellite sensors track, measure, and record electromagnetic radiation for subsequent data
analysis.

Through innovative satellite technologies in agriculture, particularly with up-to-date and
retrospective satellite imagery, the development of crops can be tracked throughout the entire season,
even in large-scale and hard-to-reach areas. This information can serve various purposes, including
assessing the effectiveness of agricultural cultivation techniques.

Therefore, in the era of informational advancements, new technologies are finding increasing
applications in the agricultural sector. Agricultural enterprises employ innovative technologies to
optimize field management, and this is just one of many examples of how innovation contributes to
progress in agriculture.

Currently, the agricultural sector and the IT industry in Ukraine exhibit significant potential. 1T
companies are emerging, focusing their activities on the agricultural sector and investing their
resources in developing innovative solutions for agricultural production. Among such companies are
"Bvblogic,” which has over 10 years of experience in developing software for agribusiness, and
"AgTech Ukraine,” which focuses on key tasks related to (Illebanina, Kopmurikin, 2019):

- by shaping and consolidating the AgTech Ukraine market development;

- through the creation of a platform for information exchange and interaction between the IT and
agricultural sectors;

- by informing farmers about the opportunities of existing and new agricultural technologies and
the results of their mutually beneficial integration;

- by informing IT companies about the needs of the agricultural sector and the specifics of
implementing integrated technological solutions and their components in agricultural production;

- through the development and creation of new products;

- by providing consultation and service support.

AgTech Ukraine offers innovative solutions for the development of agricultural production in the
following areas:

- agricultural biotechnology, including advanced approaches to crop cultivation and animal
production, such as soil research, genetics, breeding, and animal health;

- farm management software, sensors, and Internet of Things (IoT) solutions, encompassing data
collection from various devices, decision support software, and analytics;

- agricultural robotics, mechanization, and equipment;

- bioenergy and biomaterials;

- new agricultural systems, including indoor farming, aquaculture, insect breeding, algae, and
microbial cultivation;

- agricultural marketplaces — trading platforms for goods, online purchasing, and equipment
leasing;

- intermediate control technologies ensuring food safety, process traceability, logistics, and
transportation, while also extending product shelf life.

These innovative solutions aim to enhance the efficiency and sustainability of the agricultural
sector, contributing to the country's food security.

Currently, breeders, biologists, technologists, and other experts, as well as IT specialists, are
actively engaged in the search for and development of innovative solutions that have significantly
transformed the conditions and effectiveness of many economic entities in recent years. Thanks to the
contributions of IT specialists, companies, and experts in information technology, many industries now
have access to innovative and improved tools and technologies that enhance work efficiency and
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support sustainable development. Scientists (Illebanina, Kopmumkin, 2019) identify eight key
directions of IT innovations in the agricultural sector (Table 1).

Table 1. Directions of IT innovations in agricultural production

Directions

Advantages of application

1. Cartography

The application of modern electronic cartographic solutions helps address most typical
challenges of agribusiness companies. Through cartographic solutions, soil analysis,
satellite imagery, crop yield mapping, identification of productive areas, monitoring crop
development dynamics, and yield forecasting can be carried out.

Efficient logistical IT solutions aimed at optimizing collection and delivery routes of
finished products from producers to warehouses or other facilities. Implementation of

2. Logistics automated logistical solutions in the practical operations of agricultural enterprises enables
solutions substantial savings in delivery time, fuel costs, improved product harvesting processes,
reduced risk of spoilage, and significant reduction of unproductive costs in agricultural
production.
The incorporation of equipment monitoring (using GPS tracking) allows agricultural
producers to optimize planning of both major and routine repairs, preemptively identify
3. Equipment wear on specific parts or machinery components through data tracking and notification
monitoring systems. Moreover, it offers the capability to construct machinery usage schedules, ensure

safe operation, and promptly transmit data about land and crop conditions to the company's
headquarters.

4. Planning and

Analytical systems address issues concerning optimal plant rotation and arrangement,
facilitate seed sowing and harvest processes, minimize dependence on climatic conditions,

analytics automate irrigation, fertilizer, and pesticide application systems, and more.
The use of specialized systems simplifies the management of relationships with clients,
5 CRM and partners, and company personnel. This includes personalized interactions with each client,

HRM systems

subsequently leading to increased sales and competitive positioning in the market.
Additionally, real-time instructions can be provided to employees, inquiries can be
addressed, and employee performance evaluated through online platforms.

6. Analytics and
making rational
decisions

Modern analytical systems enable automatic calculation of seed, pesticide, and fertilizer
requirements while managing the agribusiness budget effectively based on efficiency
principles.

7. Monitoring in
animal

Contemporary information monitoring systems offer capabilities such as: automated herd
structure planning, veterinary measures, formation of feeding regimes, and maintaining

husbandry optimal microclimates on farms.
The utilization of smartphones and mobile applications enables monitoring and control of
8. Mobility transportation, drivers, reminders, warnings, support, and guidance. Mobile applications

provide around-the-clock access to necessary information, allowing instant data input and
distribution among employees.

The using of innovative technologies in agricultural enterprises enables the effective management
of large datasets, conducting analyses of obtained results, and making informed decisions. These
decisions contribute to cost minimization, profit maximization, and increased competitiveness in
agricultural production. Establishing an information support system for agricultural enterprises based
on modern computer and mobile technologies stands as a strategic goal for the further development of
agricultural production. Its main directions include the computerization of agricultural enterprises,
training and upskilling of personnel engaged in agricultural production, creating a systemic foundation,
and eventually forming a unified information space.

Thus, the integration of innovations into the agricultural sector can lead to significant economic,
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social, and environmental benefits. The discussed innovative technologies influence the development
of agricultural production and the operations of agricultural enterprises, substantially enhancing the
efficiency of agri-food systems by affecting the value creation sequence within agricultural production.

Agrarian producers play a pivotal role in this process, gaining new cooperation and innovation
opportunities through contemporary technologies. Research indicates that essential indicators
facilitating the effective implementation of innovative technologies in agriculture include the initiative
and interest of agrarian producers combined with a desire to enhance productivity and profitability.
Given access to necessary resources and favorable conditions for transforming agricultural production,
agricultural enterprises can establish strategic partnerships on innovative foundations, access crucial
support, employ innovative technologies both in the field and in management, explore new markets,
and acquire new clients. This collective effort will result in a significantly elevated level of productivity
during the innovative transformations of the agricultural sector.
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