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▶ Abstract. The purpose of the study was to assess the cost-effectiveness of using artificial intelligence (AI) to predict 
environmental changes in land use and optimise agricultural production. It was determined that the introduction of 
machine learning and big data analysis algorithms can significantly improve the accuracy of forecasts of agricultural 
land conditions, optimise the use of resources, including fertilisers and water, and reduce costs. The study analysed how 
AI can contribute to a more rational choice of crops and planning of sowing and harvesting, which has a positive impact 
on yields. In addition, the study addressed the environmental aspect: the use of AI can reduce the negative impact on the 
environment through precise resource management and reduced soil and water pollution. The work included modelling 
yields for different climate scenarios, which allows forecasting possible outcomes and developing adaptive strategies 
for the sustainable development of Ukraine’s agricultural sector. The study demonstrated that the introduction of AI in 
the Ukrainian agricultural sector contributes to the improvement of land use efficiency, allowing farmers to respond 
more quickly to changing climate conditions. Machine learning algorithms, including those based on the analysis of 
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crop protection, which has a positive impact on the envi-
ronmental and economic performance of the enterprise.

S.A.  Bhat & N.-F.  Huang  (2021) show how the use of 
big data and AI technologies allows agricultural enterpris-
es to plan yields under different climatic conditions. This 
provides more accurate forecasts and stable financial per-
formance, which helps minimise risks in the agricultural 
sector. M.J. Usigbe et al. (2024) noted that AI technologies 
make the agricultural sector more resilient to environmen-
tal and economic challenges. It helps to reduce losses, im-
proves resource management, and increases the econom-
ic efficiency of agricultural enterprises, which is especially 
important for the long-term development of the industry.

Thus, researches demonstrate the effectiveness of 
using AI to predict land use changes, particularly in the 
agricultural sector. An important aspect is the forecast-
ing of land degradation, changes in water resources, and 
the impact of anthropogenic activities on protected are-
as. Therefore, researching effective AI-based solutions for 
monitoring and managing these processes is key to ensur-
ing sustainable development of the agricultural sector and 
conservation of natural resources. However, the use of AI to 
increase economic efficiency in the agricultural sector re-
mains insufficiently studied. Also, the impact of integrated 
AI algorithms on land use management, taking into account 
climate conditions, has not yet been fully investigated.

The purpose of the study was to analyse the applica-
tion of AI to improve the economic efficiency of land use 
management in the agricultural sector. The main tasks 
include: analysing AI capabilities for yield forecasting; 
researching AI algorithms, including machine learning, 
adapted to the needs of the agricultural sector; developing 
recommendations for optimising land use processes.

▶Materials and methods
The study on the application of AI to improve the eco-
nomic efficiency of land use management in the Ukraini-
an agro-industrial complex used various methodological 
approaches and materials to analyse the impact of inno-
vative technologies on agricultural productivity and its 
resilience to environmental challenges. Firstly, secondary 
data from the State Statistics Service of Ukraine (n.d.) was 
used to collect data on the state of the agricultural sector, 
which provided information on the yields of major crops 
in Ukraine for the period 2017-2023. This data allowed to 
analyse the yield dynamics, identify the main trends, and 
identify the need to optimise agronomic practices, in par-
ticular in the context of AI implementation. Google Colab 
was used to forecast the yields of major crops for the pe-
riod 2024-2028, which allowed the company to consider 
historical data and model various development scenari-
os. For this purpose, a model was considered that includ-

▶ Introduction
The relevance of studying the use of artificial intelligence 
(AI) to improve the economic efficiency of land use man-
agement in the agricultural sector is driven by the grow-
ing challenges associated with landscape change, urban-
isation, land degradation and the need for rational water 
management. Modern environmental problems, exacer-
bated by global climate change and population growth, 
require the search for innovative approaches to preserve 
natural resources and optimise the use of agricultural 
land. AI opens up new opportunities for analysing large 
amounts of data and predicting the effectiveness of vari-
ous land use decisions, which allows for a balance between 
economic benefits and preserving environmental balance.

The study by R.  Espinel  et al.  (2024) demonstrated 
how AI helps to optimise the management of agricultural 
land by accurately calculating fertilizer doses. This allows 
not only to reduce the use of chemicals but also to increase 
the efficiency of their application, which has a positive im-
pact on economic results and the ecological state of the 
land. Y. Peng et al. (2019) focused on the use of predictive 
models to optimise irrigation. Thanks to AI technologies, 
farmers can use water resources more rationally, which, 
in turn, reduces irrigation costs and ensures stable yields 
even under changing climatic conditions.

The study by R.  Ben Ayed & M.  Hanana  (2021) indi-
cates a significant economic benefit from the introduction 
of AI in agricultural cost planning. Accurate allocation of 
resources based on AI forecasts helps to reduce costs and 
increase profitability, making the agricultural business 
more sustainable. R.  Singh  et al.  (2020) explore the pos-
sibilities of automated soil monitoring systems that use 
AI to track the level of land degradation. This allows for 
timely detection of problems and the necessary measures 
to preserve soil quality, ensuring their long-term fertility.

M.Y.  Shams  et al.  (2024) highlighted the benefits of 
crop rotation forecasting using AI algorithms. This allows 
agricultural enterprises to optimise the use of land for cer-
tain crops, improving their productivity and reducing the 
risk of soil depletion, which contributes to the economic 
stability of the farm. K. Jha et al. (2019) noted the impor-
tance of automating crop quality control through AI sys-
tems. AI’s ability to identify problems at the stage of grow-
ing and harvesting helps to improve product quality, which 
is important for market-oriented agricultural enterprises.

L. Chen et al. (2023) investigated the effectiveness of AI 
technologies in reducing the risks associated with changes 
in weather conditions. AI helps to quickly adapt to unfa-
vourable weather factors, which helps to avoid significant 
crop losses and maintain production stability. İ.  Yağ & 
A. Altan (2022) analyse the benefits of AI in the selection of 
plant protection products. This allows reducing the use of 
chemicals and, at the same time, ensures high efficiency of 

data collected from satellite images and sensors, can help determine the timely need for fertiliser and water, which 
ensures the rational use of resources and reduces production costs. The forecasting models used in the article reflect 
possible yield scenarios for the period 2025-2028 for different climatic conditions, which allows enterprises to better 
plan agrotechnical measures and minimise risks. Thus, the study results emphasised the importance of AI as a tool for 
long-term strategic planning in the agricultural sector
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ed optimistic, moderate and pessimistic scenarios that 
provided for different rates of growth or decline in yields 
depending on expected conditions and possible changes 
in the industry.

The study also examined big data analytics, which al-
lows for the analysis of data on the condition of agricul-
tural land, in particular using satellite images and sensor 
data. In addition, to assess the impact of the introduction 
of the latest technologies on the economic efficiency of 
agricultural enterprises, comparative analyses were con-
ducted on the example of specific companies that have 
implemented AI-based solutions. Projects and platforms 
that demonstrate practical experience in implementing 
innovative technologies to improve the efficiency of land 
use and agriculture were also reviewed. In particular, con-
siderable attention was paid to IBM’s Watson solution, 
which uses AI to analyse large amounts of agricultural 
and climate data. Precision Agriculture, a platform that 
implements the concept of precision farming by using 
sensor data, satellite images, and GPS navigation, was 
also discussed. Smart Farming project, which provides 
comprehensive real-time monitoring of agricultural land. 
Agreena, which focuses on the implementation of car-
bon farming principles, in particular on approaches that 
help reduce the carbon footprint of the agricultural sec-
tor. Agrilab, which provides opportunities for detailed soil 
analysis to increase yields.

Another important aspect of the study was the envi-
ronmental factors associated with changes in land use. 
The analysis of changes in natural landscapes, land deg-
radation, and water pollution made it possible to identify 
the main environmental risks arising from intensive land 
exploitation. AI technologies were assessed in terms of 
their potential to reduce the negative impact on the envi-
ronment, in particular by increasing the efficiency of nat-
ural resources use. As a result, the key recommendations 
for the implementation of AI in land management were 
considered, including the need to create an infrastructure 
for data collection and processing, development and im-
plementation of machine learning algorithms, and train-
ing of agricultural enterprises’ personnel.

▶ Results
The introduction of AI in the agricultural sector opens up 
new horizons for improving economic efficiency, which is 
manifested in a number of key aspects. AI enables accu-
rate assessment and monitoring of agricultural land. The 
use of algorithms to analyse data from satellites and sen-
sors allows farmers to determine the need for fertilizers, 
irrigation and other resources, which leads to lower input 
costs and higher yields. Machine learning technologies al-
low to analyse which crops are best suited to specific grow-
ing conditions, which optimises crop rotations and im-
proves overall productivity. By predicting the best time for 
sowing and harvesting, farmers can increase their output.

In addition, AI helps to optimise water and fertilizer 
use through precise irrigation and nutrient application. 
Systems using AI algorithms can automatically adjust the 
supply of water and fertilizers depending on soil condi-
tions and plant needs, which not only reduces costs but 
also reduces the negative impact on the environment 
(Talaviya  et al.,  2020). Big data analytics and predictive 

models can also optimize the processing and storage of 
products, allowing farmers to better plan production and 
avoid surpluses, which reduces storage costs and pre-
vents losses.

Another important aspect is increasing resilience to 
climate change. AI allows farmers to respond more quick-
ly to extreme weather conditions, which helps ensure 
crop safety and reduce economic risks associated with 
unstable weather conditions. Studies show that business-
es that implement AI technologies have higher profitabil-
ity. By increasing the efficiency of resource use and im-
proving product quality, farmers can earn more income, 
which has a positive impact on their competitiveness 
(Leal Filho et al., 2022).

The introduction of the latest technologies, such as 
drones for field monitoring, robotic harvesting systems, 
and automated enterprise management solutions, cre-
ates new opportunities for optimising business process-
es, which not only reduces costs but also increases overall 
productivity. Thus, the use of AI in agriculture not only 
increases economic efficiency but also ensures sustain-
able development of agriculture, reducing its negative 
impact on the environment  (Vrochidou  et al.,  2022). In-
novative technologies are becoming an important tool in 
addressing the challenges faced by the agricultural sector 
in the modern world. The environmental aspects of land 
use play a critical role in ensuring sustainable develop-
ment, as proper management of natural resources can 
maintain ecological balance and prevent negative con-
sequences associated with anthropogenic activities. The 
main environmental issues related to land use include 
landscape change, land degradation, water management 
and the impact of urbanisation (Vyshnevska et al., 2022; 
Fedorchuk et al., 2024).

Changing natural landscapes is one of the most obvi-
ous problems. Intensive agricultural production, urbani-
sation, and industrial activities lead to the destruction of 
natural ecosystems such as forests, marshes, and prairies, 
which in turn leads to biodiversity loss as many plant 
and animal species lose their natural habitats (Wang  et 
al., 2021). The use of land for agriculture is often accompa-
nied by the drainage of marshes and deforestation, which 
has serious consequences for ecosystems. Land degrada-
tion is another important problem that arises from the 
mismanagement of agricultural land. It can manifest itself 
in the form of erosion, reduced soil fertility, salinity, and 
pollution. The intensive use of fertilizers and pesticides 
leads to soil and water pollution, which negatively affects 
ecosystems and human health (Hossain et al., 2020). With-
out proper control and remediation, such processes can 
lead to a significant reduction in land productivity and 
threaten food security.

Proper water management is critical to ensuring 
sustainable land use. Improper irrigation and pollution 
of water sources can lead to water shortages, which can 
negatively affect agricultural production. Water consump-
tion without consideration of natural resources leads to 
groundwater depletion, degradation of reservoirs and de-
terioration of water quality. Due to global climate change 
affecting precipitation patterns, it is important to develop 
adaptive strategies for the efficient use of water in agricul-
ture (Srivastav et al., 2021).
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Anthropogenic activities, including urbanisation, in-
dustry and agriculture, have a significant impact on eco-
systems and the environment. Population growth and 
urban expansion lead to increased demand for land for 
housing, infrastructure, and agriculture, which leads to 
competition for resources, degrading environmental qual-
ity (Prakash & Verma, 2022). In particular, urbanisation is 
often accompanied by air and water pollution, which has 
serious consequences for human health and ecosystems. 
Biodiversity conservation is an important aspect of envi-
ronmental management.

Shrinking areas of natural habitats and the use of 
one-sided agricultural technologies lead to the loss of spe-
cies diversity. Declining biodiversity reduces the resilience 
of ecosystems to climate change and other environmental 
stresses, which threatens the ecological balance and sus-
tainability of agricultural production. Thus, environmental 
aspects of land use are critical to achieving sustainable de-
velopment (Li et al., 2020). Effective management of natu-
ral resources, biodiversity conservation, and development 
of adaptive strategies to climate change are key tasks to en-
sure balanced land use, reduce negative environmental im-
pact, and increase the efficiency of the agricultural sector.

AI is being actively implemented in agriculture to re-
duce the negative impact on ecosystems, preserve soil and 
biodiversity, and reduce greenhouse gas emissions. For ex-
ample, companies such as IBM with its Watson project use 
AI to analyse data on soil conditions, weather, and water 
resources. This allows farmers to optimise the use of water 
and fertilizers, which reduces the likelihood of soil weath-
ering and water pollution. Another example is platforms 
such as Precision Agriculture, which use machine learning 
algorithms to predict yields based on historical data and 
growing conditions. This helps farmers make informed 
decisions about sowing and harvesting, reducing waste 
and resource use, which reduces pressure on ecosystems.

The Smart Farming project has developed solutions 
that use drones and computer vision to identify threat-
ened plant and animal species. This helps agronomists 
plan crop rotations and use ecological management prac-
tices to preserve biodiversity on farms. Using AI to analyse 
crop rotation data allows farmers to develop more sustain-
able practices that reduce the need for chemical fertilizers. 
For example, farmers can receive recommendations on 
how to change crops in their fields, which helps preserve 
soil structure and increase fertility. Companies such as 
Agreena are also using AI to assess the environmental im-

pact of agricultural practices. This allows farmers to better 
understand how their actions affect CO2 emissions and 
other factors contributing to climate change, and to adapt 
their practices according to the data obtained. Thus, the 
introduction of AI in agriculture not only increases pro-
duction efficiency, but also helps to reduce negative envi-
ronmental impact, conserve biodiversity, and improve soil 
health (Busse et al., 2021).

In Ukraine, the use of AI in the agricultural sector is 
growing rapidly, as farmers are actively looking for new 
solutions to improve production efficiency, optimise 
costs, and conserve natural resources. Agricultural enter-
prises are increasingly implementing precision farming 
technologies based on the analysis of large amounts of 
data obtained from satellite images, drones, and soil sen-
sors. These technologies allow for detailed monitoring of 
the condition of fields and plants, determination of mois-
ture levels, soil micronutrient content, forecasting yield 
potential, and more precise resource management.

One example of how AI is being used is the AgriLab 
platform, which implements analytics to optimise the use 
of water, fertilizers and plant protection products, helping 
to reduce farmers’ costs and minimise negative environ-
mental impact. Based on the analysis of long-term data, 
the platform recommends the most effective irrigation 
and fertilization schemes, which helps to achieve stable 
yields even in the face of climate change. In addition, the 
Ukrainian market actively supports start-ups specialising 
in the development of machine learning solutions. These 
start-ups offer innovative tools for yield forecasting, risk 
analysis, and real-time monitoring of crops. By using AI 
algorithms, agricultural companies can more accurately 
predict plant nutrient requirements and detect stressors 
such as diseases or pests in a timely manner, which helps 
reduce crop protection costs while ensuring a high level of 
environmental safety.

Overall, the introduction of AI in Ukraine’s agricultural 
sector not only increases efficiency and productivity, but 
also contributes to more sustainable development. This is 
especially important in the context of current challenges, 
such as soil depletion, climate change, and the effects of 
war, which make it difficult to maintain high yields with-
out harming ecosystems. AI technologies enable Ukrain-
ian farmers to create more environmentally responsible 
and cost-effective farming practices that are focused on 
long-term sustainability and food security. Table 1 shows 
Ukraine’s yields over the past 7 years.

Year 2017 2018 2019 2020 2021 2022 2023

Grain and legume crops 42.5 47.4 49.1 42.5 53.9 45.8 55.2

Potato 168 171 155 157 166 174 177

Vegetable crops 208 214 214 207 215 200 209

Sunflower 20.2 23 25.6 20.2 24.6 21.6 24.5

Table 1. Crop yield in Ukraine for 2017-2023, c/ha

Source: developed by the authors based on State Statistics Service of Ukraine (n.d.)

Different crops show different dynamics, which indi-
cates the need to optimise agronomic practices. In particu-
lar, the decline in soybean and rapeseed yields observed in 
studied years may be the result of environmental factors 

or insufficient implementation of innovative technologies, 
including AI, to manage these crops. This suggests that AI 
should be more actively used to monitor plant health and 
adapt agronomic measures to environmental conditions.
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At the same time, the high yields of potatoes and  
fodder sunflower demonstrate the potential for using  
precision farming technologies, which can lead to in-
creased productivity. For example, the introduction of AI-
based systems to predict yields and optimise inputs could 
significantly improve outcomes for less productive crops. 
As climate change and environmental conditions direct-
ly affect yields, the use of AI-powered analytical tools 
will help farmers respond to challenges and adapt their 
strategies more quickly, which will generally contrib-
ute to the economic efficiency of the agricultural sector  

(Shebanina et al., 2024). To create a forecast table of yields 
of major crops in Ukraine for the period of 2025-2028, 
Google Colab AI methods were used to take into account 
historical data and model various development scenari-
os. Machine learning was used to analyse past trends and 
generate forecasts for three main scenarios: optimistic, 
moderate, and pessimistic. Each scenario considers dif-
ferent levels of annual yield growth or decline depending 
on expected conditions and possible changes in the in-
dustry. Table 2 shows the yield forecasts for different cli-
mate scenarios for 2025-2028, c/year.

Year 2025 2026 2027 2028
Optimistic scenario

Grain and legume crops 58.68 61.45 63.17 66.09
Potato 185.75 192.39 200.46 208.00

Vegetable crops 220.58 228.06 235.06 243.00
Sunflower 26.18 27.29 29.31 30.23

Moderate scenario
Grain and legume crops 56.19 58.51 59.86 61.25

Potato 180.00 185.06 190.08 195.09
Vegetable crops 215.19 220.06 225.01 230.60

Sunflower 25.19 26.98 26.52 27.29
Pessimistic scenario

Grain and legume crops 53.77 52.15 51.00 50.86
Potato 170.30 165.29 160.22 155.17

Vegetable crops 210.01 205.67 200.04 195.68
Sunflower 24.03 23.73 23.33 22.00

Table 2. Yield forecasts for different climate scenarios for 2025-2028, c/ha

Source: developed by the authors using Google Colab

The optimistic scenario envisages a significant in-
crease in yields for the major crops, with grain and legume 
crops reaching 66.09  c/ha by 2028, an increase of 21% 
compared to the 2023 yield of 55.2 c/ha. Similarly, potato 
yields are expected to rise to 208.00 c/ha, a 17% increase 
from 177 c/ha in 2023. Vegetable crop yields are projected 
to grow by 16% to 243.00  c/ha, and sunflower yields are 
forecast to reach 30.23 c/ha, a 25% increase from 24.5 c/ha  
in 2023. The moderate scenario takes a more conserva-
tive approach with moderate growth across all crop types. 
Grain and legume crops are expected to reach 61.25 c/ha 
by 2028, marking a 10% increase from the 2023 yield. Po-
tato yields are projected to grow by 10% to 195.09  c/ha, 
while vegetable crops are anticipated to increase by 10% 
to 230.60 c/ha. Sunflower yields are expected to grow by 
10% to 27.29  c/ha by 2028. The pessimistic scenario en-
visages a decline or slower growth in yields, with grain 
and legume crops decreasing by 9% to 50.86 c/ha by 2028. 
Potato yields are expected to fall by 12% to 155.17  c/ha, 
while vegetable crop yields are anticipated to decrease by 
7% to 195.68 c/ha. Sunflower yields are also projected to 
decrease by 8% to 22.00 c/ha by 2028.

These forecasts provide essential insights for long-
term strategic planning, helping the agricultural sector 
prepare for different scenarios and optimise land use 
management, ultimately improving the economic ef-
ficiency and sustainability of Ukraine’s agro-industrial 
complex. For the effective implementation of AI in land 
use management in Ukraine’s agricultural sector, several 

key recommendations should be considered. It is impor-
tant to ensure proper infrastructure for data collection 
and processing, which involves investing in modern tech-
nologies such as drones, satellite monitoring systems, and 
Internet of Things sensors for measuring soil and climate 
parameters. This will allow to collect the necessary data 
for analysis and decision-making. It is worth focusing on 
the development and implementation of machine learn-
ing algorithms that can process large amounts of data and 
offer insights into optimising resource use, crop selec-
tion, yield forecasting and risk management (Shebanin et 
al., 2024; Mema et al., 2024).

Agribusinesses should provide training and upskilling 
of their employees in data and AI, as this will allow them 
to make the most of new technologies and adapt to the 
changing environment. The fourth recommendation is to 
develop partnerships between agribusinesses, research 
institutions, and technology start-ups, which will allow for 
joint projects, experience sharing, and innovation  (Hafi-
yya et al., 2024). It is also important to take into account 
the environmental aspects of AI implementation, ensur-
ing sustainable development of the agricultural sector 
and reducing the negative impact on ecosystems. As part 
of this, agricultural companies should actively implement 
environmental regulations and standards that would en-
courage the conservation of natural resources and biodi-
versity. Finally, state support, in particular in the form of 
subsidies for the introduction of AI technologies, can sig-
nificantly contribute to the development of innovations 
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in the agricultural sector, ensuring the competitiveness 
of Ukrainian producers in the international market. Im-
plementation of these recommendations can be the key 
to successful integration of AI into land use management, 
which in turn will have a positive impact on the productiv-
ity and sustainability of Ukraine’s agricultural sector.

▶ Discussion
This section discusses the results of a study on the intro-
duction of AI in the agricultural sector to improve eco-
nomic efficiency and ensure sustainable development. 
The findings show that the use of AI allows for accurate 
monitoring and assessment of land conditions, which 
enables farmers to use resources more efficiently and op-
timise fertilizer and irrigation costs. Modern algorithms 
for processing big data collected by satellites and sensors 
help farmers better understand the needs of crops and in-
crease their yields.

In particular, predicting the optimal timing of sowing 
and harvesting makes a significant contribution to eco-
nomic efficiency, allowing farmers to increase production. 
Optimising water and fertilizer use through precise irri-
gation and nutrient application methods also helps to re-
duce costs and minimise negative environmental impact. 
These results correlate with the findings of other authors, 
who emphasise the benefits of precision agriculture tech-
nologies in production planning and avoiding surpluses. 
V. Vidric et al. (2023) focused on analysing the economic 
benefits of precision agriculture. They found that the use 
of AI in irrigation management could reduce costs and im-
prove crop quality. These results are in line with current 
research on the efficient use of water and fertilizer, but 
it was noted that the economic impact could be lower in 
conditions of poor resource management.

In the study by I. Laktionov et al. (2023), the authors 
analysed in detail the impact of AI on grain yields. The 
authors focused on the use of drones to monitor crops, 
which allowed not only to increase productivity but also 
to reduce losses at the stages of growing and harvesting. 
The findings are consistent with current research findings, 
confirming that optimisation technologies contribute to 
the rational use of resources, increasing the overall pro-
ductivity of agricultural enterprises. The environmental 
aspects of land use management are an integral part of the 
discussion, as biodiversity conservation and proper use of 
natural resources ensure the sustainability of agriculture. 
Based on the analysis of Ukrainian agricultural enterpris-
es, it was found that precision farming technologies are 
already being actively used, which allows for a reduction 
in the use of chemical fertilizers and minimises the impact 
on ecosystems. For example, yield prediction platforms 
allow farmers to make informed decisions about planting 
crops, reducing costs and ecosystem impact.

To better understand environmental performance, 
this study applies a yield forecasting model based on cli-
mate change scenarios. This approach allows to assess po-
tential threats to production and develop measures to neu-
tralise them. In his work, O.B. Akintuyi (2024) emphasised 
the importance of environmental aspects of land man-
agement. He argued that without proper management of 
natural resources, even the most advanced technologies 
can be ineffective. This is in line with current findings that 

have pointed out that AI can compensate for governance 
shortcomings if applied correctly. J.A.  Aznar-Sánchez  et 
al. (2019) also investigated sustainable land use practices 
in the context of climate change. They found that farmers 
who used AI to analyse soil data earned more income by 
reducing the risk of losses due to extreme weather events. 
These findings are in line with current findings on increas-
ing climate resilience.

H. Dadashpoor et al. (2019) studied the impact of AI 
on key microeconomic indicators of agricultural enter-
prises, including profitability and market position. The 
study showed that enterprises that actively integrated AI 
into management and forecasting processes significant-
ly improved their competitiveness, especially in interna-
tional markets. This is in line with current findings, as it 
confirms the significant contribution of technology to im-
proving the economic stability and competitive advantage 
of agricultural companies.

For a deeper understanding of the impact of AI on 
the economic efficiency of the agricultural sector, it is 
also important to take into account specific aspects such 
as access to information technology and the level of edu-
cation of farmers. The adoption of AI technologies can be 
hampered by insufficient infrastructure in rural areas or 
limited access to the Internet, which hinders the potential 
for innovation. C. Feijóo et al. (2020) drew attention to the 
role of government support in the adaptation of AI in the 
agricultural sector. They believed that without financial 
support and infrastructure development, the effective-
ness of AI adoption would be limited. This differed from 
the results of the previous survey, which focused more on 
the need for farmers to organise themselves and to adopt 
innovative approaches.

An important aspect of the introduction of new tech-
nologies in the agricultural sector is the willingness of 
farmers to adapt to modern management methods, which 
often requires a change in traditional approaches to farm-
ing. The use of AI provides for more accurate planning and 
forecasting, which can significantly increase the efficien-
cy of crop cultivation and processing costs. However, the 
success of implementing the latest technologies depends 
not only on the availability of AI, but also on the ability of 
farmers to use these tools, interpret data, and adapt man-
agement decisions based on the forecasts. W. Leal Filho et 
al. (2022) examined how the impact of AI can affect farmers’ 
total costs in the context of production. They concluded 
that farmers who use AI to predict product prices can sig-
nificantly reduce the risks associated with unpredictable 
market fluctuations. The current research findings show 
that AI does indeed help reduce costs, but it is important 
to take into account the limited technical capabilities of 
small and medium-sized farms, lack of awareness of tech-
nology, and the lack of proper infrastructure that would 
allow for the integration of AI into all stages of production.

Investments in AI in the agricultural sector can have 
a significant impact on productivity, efficiency, and food 
safety. M.  Ryan  (2023) emphasised that, despite the sig-
nificant initial costs, investments in AI technologies pay 
off within three years on average, especially if resources 
are properly managed, which can accelerate this pro-
cess even in conditions of market volatility. At the same 
time, J. Azizi  (2024) pointed out that the use of AI in the 
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agricultural sector contributes to increased production, 
which has a positive impact on food security, especially in 
regions where there are risks of food shortages. Thus, the 
introduction of AI not only increases the competitiveness 
of agricultural enterprises, but also ensures stability and 
security in the face of climate change, which underscores 
the importance of farmers’ readiness to adapt new ap-
proaches to efficient resource management and improve 
the economic sustainability of the agricultural sector.

In general, it is important to introduce AI in the field 
of agricultural production, which not only increases eco-
nomic efficiency but also contributes to the sustainable 
development of the industry. Research shows that the use 
of AI technologies enables farmers to use resources ration-
ally, optimise fertilizer and irrigation costs, and increase 
productivity by accurately monitoring land conditions 
and predicting the optimal time for sowing and harvest-
ing. In particular, the use of AI-based systems, such as yield 
forecasting platforms, allows for more efficient produc-
tion planning, reducing costs and environmental impact.

▶Conclusions
The study results confirm that the introduction of AI in 
the Ukrainian agro-industrial complex can significantly 
increase the economic efficiency of agricultural produc-
tion and ensure the sustainable development of the in-
dustry. In particular, the use of AI technologies helps to 
optimise the use of resources, such as fertilizers, water, 
and pesticides, thanks to the ability to accurately monitor 
and forecast. The use of predictive models to determine 
the optimal timing of sowing and harvesting allows farm-
ers to achieve stable production volumes even in the face 
of climate instability. Projects such as Watson, Precision 
Agriculture, Smart Farming, Agreena and Agrilab have 

become important elements of the analysis. They have 
demonstrated how innovative solutions based on AI data 
and algorithms can optimise crop cultivation processes, 
reduce input costs, and improve crop quality and yield. In 
particular, the Precision Agriculture and Smart Farming 
projects use technologies that allow farmers to obtain ac-
curate data on field conditions, predict yields, and control 
resource consumption, which significantly increases the 
economic efficiency of production.

The study of crop yields in Ukraine for 2017-2023 
analysed their dynamics and considered yield forecasts 
for different climate scenarios for 2025-2028. The impor-
tance of this study is driven by the rapid development of 
technologies and their ability to significantly increase ag-
ricultural productivity, which, in turn, contributes to the 
country’s food security. Based on the results obtained, it 
can be argued that the introduction of AI in the agricultur-
al sector of Ukraine is not only appropriate, but also nec-
essary to ensure sustainable agricultural development. 
Given the predictions of climate change and the growing 
need for food, it is important to continue research in this 
area to identify new opportunities for increasing produc-
tivity. A limitation of the study is the use of historical data, 
which may not take into account possible abrupt changes 
in climate and economic factors that affect yields. Further 
research could focus on integrating more accurate climate 
models and considering regional specifics to improve the 
accuracy of forecasts.

▶Acknowledgements
None.

▶Conflict of interest
None.

▶References
[1]	 Akintuyi, O.B. (2024). Adaptive AI in precision agriculture: A review: Investigating the use of self-learning algorithms 

in optimizing farm operations based on real-time data. Research Journal of Multidisciplinary Studies, 7(2), 16-30. 
doi: 10.53022/oarjms.2024.7.2.0023.

[2]	 Azizi, J. (2024). The prospect of food security with artificial intelligence. SSRN. doi: 10.2139/ssrn.4825112.
[3]	 Aznar-Sánchez, J.A., Piquer-Rodríguez, M., Velasco-Muñoz, J.F., & Manzano-Agugliaro, F. (2019). Worldwide 

research trends on sustainable land use in agriculture. Land Use Policy, 87, article number 104069. doi: 10.1016/j.
landusepol.2019.104069.

[4]	 Ben Ayed, R., & Hanana, M. (2021). Artificial intelligence to improve the food and agriculture sector. Journal of Food 
Quality, 2021(1), article number 5584754. doi: 10.1155/2021/5584754.

[5]	 Bhat, S.A., & Huang, N.-F. (2021). Big data and AI revolution in precision agriculture: Survey and challenges. IEEE 
Access, 9, 110209-110222. doi: 10.1109/ACCESS.2021.3102227.

[6]	 Busse, M., Zoll, F., Siebert, R., Bartels, A., Bokelmann, A., & Scharschmidt, P. (2021). How farmers think about insects: 
Perceptions of biodiversity, biodiversity loss and attitudes towards insect-friendly farming practices. Biodiversity 
and Conservation, 30, 3045-3066. doi: 10.1007/s10531-021-02235-2.

[7]	 Chen, L., et al. (2023). Artificial intelligence-based solutions for climate change: A review. Environmental Chemistry 
Letters, 21(5), 2525-2557. doi: 10.1007/s10311-023-01617-y.

[8]	 Dadashpoor, H., Azizi, P., & Moghadasi, M. (2019). Land use change, urbanization, and change in landscape pattern 
in a metropolitan area. Science of the Total Environment, 655, 707-719. doi: 10.1016/j.scitotenv.2018.11.267.

[9]	 Espinel, R., Herrera-Franco, G., Rivadeneira García, J.L., & Escandón-Panchana, P. (2024). Artificial intelligence in 
agricultural mapping: A review. Agriculture, 14(7), article number 1071. doi: 10.3390/agriculture14071071.

[10]	 Fedorchuk, M., Popov, A., & Fedorchuk, V. (2024). Addressing the spatial shortcomings of agricultural land use: Legal 
aspects and obstacles. Studia Iuridica Lublinensia, 33(4), 57-72. doi: 10.17951/sil.2024.33.4.57-72.

[11]	 Feijóo, C., et al. (2020). Harnessing artificial intelligence (AI) to increase wellbeing for all: The case for 
a new technology diplomacy. Telecommunications Policy, 44(6), article number 101988. doi:  10.1016/j.
telpol.2020.101988.

https://doi.org/10.53022/oarjms.2024.7.2.0023
https://dx.doi.org/10.2139/ssrn.4825112
https://doi.org/10.1016/j.landusepol.2019.104069
https://doi.org/10.1016/j.landusepol.2019.104069
https://doi.org/10.1155/2021/5584754
https://doi.org/10.1109/ACCESS.2021.3102227
https://doi.org/10.1007/s10531-021-02235-2
https://doi.org/10.1007/s10311-023-01617-y
https://doi.org/10.1016/j.scitotenv.2018.11.267
https://doi.org/10.3390/agriculture14071071
https://doi.org/10.17951/sil.2024.33.4.57-72
https://doi.org/10.1016/j.telpol.2020.101988
https://doi.org/10.1016/j.telpol.2020.101988


Shebanina et al.

Ekonomika APK. 2025. Vol. 32, No. 1

89

[12]	 Hafiyya, R.M., Jemsheer, A.P., Nabhan, P.A., Melethil, S., Mohammed, N., & Muhammed Murshid, A.P. (2024). AI-
enhanced precision crop rotation management for sustainable agriculture. In Proceedings of the international 
conference on e-mobility, power control and smart systems (pp. 1-6). Thiruvananthapuram: IEEE. doi:  10.1109/
ICEMPS60684.2024.10559310.

[13]	 Hossain, A., et al. (2020). Agricultural land degradation: Processes and problems undermining future food security. 
In S. Fahad, M. Hasanuzzaman, M. Alam, H. Ullah, M. Saeed, I.A. Khan & M. Adnan (Eds.), Environment, climate, 
plant and vegetation growth (pp. 17-61). Cham: Springer. doi: 10.1007/978-3-030-49732-3_2.

[14]	 Jha, K., Doshi, A., Patel, P., & Shah, M. (2019). A comprehensive review on automation in agriculture using artificial 
intelligence. Artificial Intelligence in Agriculture, 2, 1-12. doi: 10.1016/j.aiia.2019.05.004.

[15]	 Laktionov, I., Diachenko, G., Rutkowska, D., & Kisiel-Dorohinicki, M. (2023). An explainable AI approach to 
agrotechnical monitoring and crop diseases prediction in Dnipro region of Ukraine. Journal of Artificial Intelligence 
and Soft Computing Research, 13(4), 247-272. doi: 10.2478/jaiscr-2023-0018.

[16]	 Leal Filho, W., et al. (2022). Deploying artificial intelligence for climate change adaptation. Technological Forecasting 
and Social Change, 180, article number 121662. doi: 10.1016/j.techfore.2022.121662.

[17]	 Li, H., Zhao, Y., & Zheng, F. (2020). The framework of an agricultural land-use decision support system based on 
ecological environmental constraints. Science of the Total Environment, 717, article number 137149. doi: 10.1016/j.
scitotenv.2020.137149.

[18]	 Mema, O., Jojic, E., Laze, P., Khramov, M., & Lymar, O. (2024). Application of analytical hierarchical process in assessing 
the suitability of land for growing grain crops. Scientific Horizons, 27(12), 79-89. doi: 10.48077/scihor12.2024.76.

[19]	 Peng, Y., Xiao, Y., Fu, Z., Dong, Y., Zheng, Y., Yan, H., & Li, X. (2019). Precision irrigation perspectives on the sustainable 
water-saving of field crop production in China: Water demand prediction and irrigation scheme optimization. 
Journal of Cleaner Production, 230, 365-377. doi: 10.1016/j.jclepro.2019.04.347.

[20]	 Prakash, S., & Verma, A.K. (2022). Anthropogenic activities and biodiversity threats. International Journal of 
Biological Innovations, 4(1), 94-103. doi: 10.46505/IJBI.2022.4110.

[21]	 Ryan, M. (2023). The social and ethical impacts of artificial intelligence in agriculture: Mapping the agricultural AI 
literature. AI & Society, 38(6), 2473-2485. doi: 10.1007/s00146-021-01377-9.

[22]	 Shams, M.Y., Gamel, S.A., & Talaat, F.M. (2024). Enhancing crop recommendation systems with explainable artificial 
intelligence: A study on agricultural decision-making. Neural Computing and Applications, 36(11), 5695-5714. 
doi: 10.1007/s00521-023-09391-2.

[23]	 Shebanin, V., Shebanina, O., Kormyshkina, I., Reshetilov, G., & Kormyshkin, Iu. (2024). Development of monitoring 
and evaluation mechanisms for the efficiency of the management system for the comprehensive recovery of 
territorial communities. Scientific Bulletin of Mukachevo State University. Series “Economics”, 11(4), 147-159. 
doi: 10.52566/msu-econ4.2024.147.

[24]	 Shebanina, O., Kormyshkin, Iu., Kliuchnyk, A., Reshetilov, G., & Zhebko, O. (2024). Management of sustainable 
land use projects in accordance with EU requirements. Scientific Horizons, 27(10), 148-161. doi:  10.48077/
scihor10.2024.148.

[25]	 Singh, R., Srivastava, S., & Mishra, R. (2020). AI and IoT based monitoring system for increasing the yield in crop 
production. In Proceedings of the international conference on electrical and electronics engineering (pp. 301-305). 
Gorakhpur: IEEE. doi: 10.1109/ICE348803.2020.9122894.

[26]	 Srivastav, A.L., Dhyani, R., Ranjan, M., Madhav, S., & Sillanpää, M. (2021). Climate-resilient strategies for sustainable 
management of water resources and agriculture. Environmental Science and Pollution Research, 28(31), 41576-
41595. doi: 10.1007/s11356-021-14332-4.

[27]	 State Statistics Service of Ukraine. (n.d.). Agriculture. Crop production. Retrieved from https://www.ukrstat.gov.ua/
operativ/menu/menu_u/cg.htm.

[28]	 Talaviya, T., Shah, D., Patel, N., Yagnik, H., & Shah, M. (2020). Implementation of artificial intelligence in agriculture 
for optimisation of irrigation and application of pesticides and herbicides. Artificial Intelligence in Agriculture, 4, 
58-73. doi: 10.1016/j.aiia.2020.04.002.

[29]	 Usigbe, M.J., Asem-Hiablie, S., Uyeh, D.D., Iyiola, O., Park, T., & Mallipeddi, R. (2024). Enhancing resilience in 
agricultural production systems with AI-based technologies. Environment, Development and Sustainability, 26(9), 
21955-21983. doi: 10.1007/s10668-023-03588-0.

[30]	 Vidric, V., Paulus, C., Grebner, S., Treiber, M., Mayr, M., & Mandler, A. (2023). Re/upskilling the agricultural labour 
force: Micro-credentials as innovative LLL Strategy. In Proceedings of the 51st annual conference of the European 
Society for Engineering Education (SEFI). Dublin: Technological University Dublin. doi: 10.21427/BNHC-RF97.

[31]	 Vrochidou, E., Tsakalidou, V.N., Kalathas, I., Gkrimpizis, T., Pachidis, T., & Kaburlasos, V.G. (2022). An overview 
of end effectors in agricultural robotic harvesting systems. Agriculture, 12(8), article number 1240. doi: 10.3390/
agriculture12081240.

[32]	 Vyshnevska, O., Dovgal, O., Kozachenko, L., & Velychko, O. (2022). Priorities and features of guaranteeing 
psychological security in conditions of sustainable society development. Financial and Credit Activity: Problems of 
Theory and Practice, 6(47), 447-457. doi: 10.55643/fcaptp.6.47.2022.3921.

[33]	 Wang, S., Bai, X., Zhang, X., Reis, S., Chen, D., Xu, J., & Gu, B. (2021). Urbanization can benefit agricultural production 
with large-scale farming in China. Nature Food, 2(3), 183-191. doi: 10.1038/s43016-021-00228-6.

https://doi.org/10.1109/ICEMPS60684.2024.10559310
https://doi.org/10.1109/ICEMPS60684.2024.10559310
https://doi.org/10.1007/978-3-030-49732-3_2
https://doi.org/10.1016/j.aiia.2019.05.004
https://doi.org/10.2478/jaiscr-2023-0018
https://doi.org/10.1016/j.techfore.2022.121662
https://doi.org/10.1016/j.scitotenv.2020.137149
https://doi.org/10.1016/j.scitotenv.2020.137149
https://doi.org/10.48077/scihor12.2024.76
https://doi.org/10.1016/j.jclepro.2019.04.347
https://doi.org/10.46505/IJBI.2022.4110
https://doi.org/10.1007/s00146-021-01377-9
https://doi.org/10.1007/s00521-023-09391-2
https://doi.org/10.52566/msu-econ4.2024.147
https://doi.org/10.48077/scihor10.2024.148
https://doi.org/10.48077/scihor10.2024.148
https://doi.org/10.1109/ICE348803.2020.9122894
https://doi.org/10.1007/s11356-021-14332-4
https://www.ukrstat.gov.ua/operativ/menu/menu_u/cg.htm
https://www.ukrstat.gov.ua/operativ/menu/menu_u/cg.htm
https://doi.org/10.1016/j.aiia.2020.04.002
https://doi.org/10.1007/s10668-023-03588-0
http://doi.org/10.21427/BNHC-RF97
https://doi.org/10.3390/agriculture12081240
https://doi.org/10.3390/agriculture12081240
https://doi.org/10.55643/fcaptp.6.47.2022.3921
https://doi.org/10.1038/s43016-021-00228-6


90
Application of artificial intelligence...

Ekonomika APK. 2025. Vol. 32, No. 1

Застосування штучного інтелекту  
для підвищення економічної ефективності  
управління землекористуванням в агропромисловому комплексі
Олена Шебаніна
Доктор економічних наук, професор
Миколаївський національний аграрний університет
54008, вул. Георгія Ґонґадзе, 9, м. Миколаїв, Україна
https://orcid.org/0000-0001-7663-5991

Світлана Тищенко
Кандидат педагогічних наук, доцент
Миколаївський національний аграрний університет
54008, вул. Георгія Ґонгадзе, 9, м. Миколаїв, Україна
https://orcid.org/0000-0001-7881-8740

Олександр Пархоменко
Кандидат фізико-математичних наук, доцент
Миколаївський національний аграрний університет
54008, вул. Георгія Ґонґадзе, 9, м. Миколаїв, Україна
https://orcid.org/0000-0002-7940-7414

Іван Хилько
Старший викладач
Миколаївський національний аграрний університет
54008, вул. Георгія Ґонґадзе, 9, м. Миколаїв, Україна
https://orcid.org/0000-0001-7983-8276

Володимир Крайній
Кандидат економічних наук, старший викладач
Миколаївський національний аграрний університет
54008, вул. Георгія Ґонґадзе, 9, м. Миколаїв, Україна
https://orcid.org/0009-0008-0481-4083

▶ Анотація. Метою дослідження була оцінка економічної ефективності використання штучного інтелекту (ШІ) 
для прогнозування екологічних змін у землекористуванні та оптимізації аграрного виробництва. Визначено, 
що впровадження алгоритмів машинного навчання та аналізу великих даних може значно покращити 
точність прогнозів щодо стану сільськогосподарських земель, оптимізувати використання ресурсів, зокрема 
добрив і води, та знизити витрати. Проаналізовано, як застосування ШІ може сприяти більш раціональному 
вибору культур і плануванню посівів та збирання врожаю, що позитивно впливає на врожайність. Додатково, 
у дослідженні розглянуто екологічний аспект: використання ШІ дозволяє зменшити негативний вплив на 
довкілля завдяки точному управлінню ресурсами та зниженню забруднення ґрунтів і водних ресурсів. Робота 
включала моделювання врожайності для різних кліматичних сценаріїв, що дозволяє прогнозувати можливі 
результати та розробляти адаптивні стратегії для стабільного розвитку агропромислового комплексу 
України. Дослідження продемонструвало, що впровадження ШІ в агропромисловий сектор України 
сприяє підвищенню ефективності землекористування, дозволяючи фермерам оперативніше реагувати на 
змінні кліматичні умови. За допомогою алгоритмів машинного навчання, зокрема на основі аналізу даних, 
зібраних із супутникових знімків і сенсорів, можна своєчасно визначати потребу рослин у добривах та воді, 
що забезпечує раціональне використання ресурсів і знижує виробничі витрати. Моделі прогнозування, 
застосовані у статті, відображають можливі сценарії врожайності на період 2025-2028 років для різних 
кліматичних умов, що дозволяє підприємствам краще планувати агротехнічні заходи та мінімізувати ризики. 
Таким чином, результати дослідження підкреслюють важливість ШІ як інструмента для довгострокового 
стратегічного планування в аграрному секторі

▶ Ключові слова: прогнозування врожайності; сільське господарство; аналіз даних; інновації; машинне 
навчання
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