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Abstract

The digital transformation of agriculture represents a key catalyst for enhancing 
competitiveness, productivity, and sustainability within the rural economy. In 
recent years, the integration of digital technologies- such as precision farming, 
smart sensors, data analytics, drones, and artificial intelligence- has reshaped 
traditional agricultural practices, contributing to more efficient resource 
management, reduced environmental impact, and improved decision-making 
processes. This paper explores the role of digitalization as a strategic driver of 
rural development, emphasizing its potential to increase value creation, foster 
innovation, and strengthen the resilience of rural communities. The analysis 
highlights both the opportunities and challenges associated with digital adoption, 
including issues related to digital infrastructure, technological literacy, financial 
accessibility, and policy support. The findings underline that digitalization, when 
supported by coherent policies and inclusive strategies, can significantly boost the 
competitiveness of the agricultural sector and promote long-term sustainability 
of rural economies within the broader context of the European Green Deal and 
global sustainable development goals.
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Introduction

Digitalization is one of the priorities of European public policy. Achieving the 
objectives set out in the European Green Deal is conditional on the capacity of 
member countries to implement solutions and public policies adapted to this area 
(Abbasi & Zhang, 2024).

The digitalization of the agricultural sector contributes directly to improving 
competitiveness by enhancing productivity, reducing operational costs, and 
optimizing resource allocation. Technologies such as precision farming, remote 
sensing, and automated irrigation systems enable farmers to increase yields while 
minimizing waste and environmental degradation (Barbero & Rodríguez-Crespo, 
2022). Moreover, digital platforms and e-agriculture tools facilitate access to 
information, financial services, and supply chains, thus strengthening the position 
of farmers within increasingly globalized markets. These advancements contribute 
not only to the economic performance of farms but also to the overall sustainability 
of rural regions, which remain crucial for social cohesion and food security 
(Afonasova et al., 2019).

At the same time, the adoption of digital solutions in agriculture faces considerable 
challenges. Rural areas often struggle with insufficient broadband infrastructure, 
limited digital literacy, and financial constraints that hinder the integration of 
advanced technologies (Rolandi et al., 2021). Furthermore, the digital divide 
between large, capital-intensive farms and smallholder or subsistence producers 
poses a risk of widening socio-economic disparities within rural communities, 
posing systemic competitiveness and sustainability threats (Istudor et al., 2025). 
Therefore, the digitalization process must be supported by coherent public policies, 
targeted investments, and capacity-building initiatives that ensure inclusiveness 
and long-term sustainability.

The main research methods used by this study are: 1. Bibliographic study of 
documents, decisions, legislative acts, strategies and scientific articles published in 
the field of e-agriculture at European and national level in the selected countries; 
2. Analysis of relevant statistical data published by Eurostat; national statistical 
offices in the case of the analyzed countries; 3. Formal/informal consultations 
with relevant Romanian actors (Ministry of Agriculture; Farmers; Farmers’ 
Associations; NGOs, etc.).
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Agriculture and Digitization

Digitalization is one of the cornerstones of the European Commission’s priorities. 
The EU’s digital strategy will bring a new generation of technologies to citizens, 
including farmers and rural communities (Clapp & Ruder, 2020).

The digitalization of the European agricultural sector will bring significant 
transformations to both the EU’s agricultural sector and rural areas (Esses et al., 
2021). Digital and data technologies have the potential to revolutionise agriculture, 
helping farmers work more efficiently and sustainably. Through data collection 
and processing, technological automation and robotisation, they can contribute 
to more sustainable agricultural production. Digital technologies can increase 
the efficiency and competitiveness of the agricultural sector, while reducing its 
environmental footprint. They can also contribute to the development of rural 
areas by improving accessibility and connectivity, in line with the EU’s long-term 
vision for rural areas (Klauser, 2018).

At the same time, innovation remains a central driver of agricultural competitiveness, 
not only in digital systems but also in processing technologies. As highlighted by 
Lădaru et al. (2024), technological innovation plays a crucial role in boosting the 
competitiveness of agri-food products. By integrating advanced technologies into 
farming and food processing, producers can enhance both efficiency and product 
quality, which ultimately strengthens their competitive position in the market. 

Digital technologies can act as enabling tools for all specific objectives of the 
Common Agricultural Policy (CAP), in particular economic, environmental, 
climate and rural objectives. An indirect beneficial aspect of increasing the usage 
of digital technologies in agriculture would be reflected in improved food security 
levels, due to increased productivity in output (Andrei et al., 2021). By creating 
an enabling environment, the European Union is working towards people-centred 
digitalization. This will bridge the digital divide between urban and rural areas 
and enable farmers and rural communities to adopt and use digital technologies 
effectively. A key objective of the CAP for the period 2023-2027 is to modernise 
agriculture and rural areas by promoting and sharing knowledge, innovation and 
digitalization (Lioutas et al., 2021).

The CAP promotes a comprehensive approach to digitalization for agriculture 
and rural areas, not only at farm level but also for modernising administration. 
For the first time, EU countries have developed digitalisation strategies as part of 
their CAP strategic plans, facilitating the progress of digitalisation in agriculture 
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and rural areas. These strategies are tailored to the unique situation of each country. 
They explore the potential of digital technologies to align with the specific and 
cross-cutting objectives of the CAP and identify requirements for promoting the 
uptake and sustainable use of digital technologies. EU countries are also working 
to find mutual benefits with other policy instruments and actions, which will 
ensure a holistic approach to digitalization. (McMichael, 2013).

Building on their portfolio of CAP measures, EU countries are strategically 
promoting digitalization, focusing on critical areas such as infrastructure, 
training, skills development and the adoption of advanced technologies, including 
precision agriculture (Soma & Nuckchady, 2021). The digitalization of public 
services has been a key priority in the European Union, and the COVID-19 
pandemic has accelerated the sense of urgency in this regard (Constantin et al., 
2021; Popescu et al., 2020). The Integrated Administration and Control System 
serves as the central technical component for the financial management and 
monitoring of the common agricultural policy. Pre-filled online aid applications 
simplify the application process for farmers, reducing administrative complexity 
and improving the accessibility of support mechanisms. At the same time, the 
integration of satellite images and geo-located photographs allows for more 
accurate and reliable data collection.

The use of digital technologies in agriculture can bring several benefits (Ordieres-
Meré et al., 2024):

•	 optimizing production- digitalization can help farmers make better decisions, 
streamline operations and increase productivity, leading to higher profits and 
a more sustainable agricultural sector. Precision farming technologies reduce 
inputs and production costs, as well as the environmental footprint of farming 
activities, by optimizing resource use and reducing waste.

•	 improving animal welfare- digital applications can enhance animal welfare, 
for example by tracking health conditions (see Figure 1).

•	 improving working conditions- automation and optimization through digital 
technologies, including robotics, reduce the physical and mental workload of 
farmers, leading to improved working conditions.

•	 increased transparency- specific digital technologies, such as blockchain, 
improve the traceability and transparency of agricultural products along the 
value chain, allowing consumers to make informed choices.
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•	 increasing competitiveness- digitalisation helps the European agricultural 
sector remain globally competitive, offering innovative solutions and creating 
new business opportunities for all actors along the value chain.

Current status of the field’s digitalization

According to the latest evaluations of the Digital Economy and Society Index, 
Romania ranks last in the European Union (Figure 1). This index is developed at 
the level of the entire economy. 

Agricultural sectoral statistical data are less accessible as they are not collected in 
official national or European statistics.

Consequently, the main components of the DESI index were complemented by 
Romanian and European statistical data available within the analyzed chapters, 
namely: human capital; connectivity; integration of digital technologies; and 
digital public services.

Figure 1. Digital Economy and Society Index 2024 Ranking
Source: European Comission (2024)

From the perspective of digital skills and abilities of human capital, Romania 
ranks last among member countries, being well below the average level of the 
European Union. From the perspective of qualification level, it can be observed 
that Romanian agriculture relies mainly on farm managers, 98% of whom have 
acquired their professional experience solely on the basis of practical experience 
directly on the farm. A small percentage (below 2%) have benefited from basic 
training, and even less in the field of digitalization. At the opposite end are countries 
such as Denmark, France, the Czech Republic and especially the Netherlands, 
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where over 50% of farm managers have at least basic training, many of whom 
have complete training including in the digital field.

In general, the level of education is lower in small-scale farms (below EUR 8,000). 
The larger the farm, the higher the level of education of farm managers. From 
this point of view, Romania reports high shares of farm managers who base their 
activity solely on practical experience acquired on their own farm, even in large-
scale agricultural holdings that produce exclusively for commercial purposes.

Digital skills are very low in rural Romania. Only around 20% of people have basic 
digital skills. In comparison, countries with high-performance agriculture report a 
human capital that has basic digital skills in a proportion of over 50%, including 
in rural areas. From the perspective of the degree of connectivity, Romania has 
an average level of connectivity. This is also the area in which Romania presents 
the best situation in the field of digitalization. A worsening of the position of 
Romania in 2024 can be noted, compared to 2023 when Romania was ranked 10th 
among EU member countries. Furthermore, an obvious disparity can be observed 
between households located in rural areas and those in urban areas. The answer 
to this unfavorable situation lies in the investment funds provided for under the 
National Recovery and Resilience Plan, as well as in the financing possibilities 
from the Cohesion Fund, the European Agricultural Fund for Rural Development, 
InvestEU, EIB loans, etc.

Figure 2. Structure of households with internet access at home  
by area of residence

Source: INSSE (2024)
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Currently, a good coverage of 56% of rural areas is reported (double the EU 
average of 28%). A rural-level gap can be observed in households with internet 
access at home (Figure 2). Furthermore, there is a rural-urban connectivity gap in 
terms of access to broadband internet connection (>100 MB/s). 

Romanian companies use digital technologies to a small extent in management and 
production processes. From this point of view, Romania ranks last in the European 
Union, being well below the European average 

Relevant statistical data on the integration of digital technologies in European 
agriculture are rather limited. Moreover, they are not available at the Romanian 
level. It is estimated that precision agriculture will become widespread in 
terms of the management of the main agricultural works with the reduction of 
specific consumption of agricultural inputs, better environmental protection 
and the reduction of labor requirements (irrigation, fertilization, herbicides, 
planting) (Figure 4).

Figure 3. Proportion of people who used the internet in the last 3 months 
by access devices and areas of residence

Source: INSSE (2024)

In the field of agriculture and rural development, obtaining sources of financing 
within the Agency for Financing Rural Investments (AFIR); the Payment and 
Intervention Agency for Agriculture (APIA); or the Operational Program for 
Fisheries and Maritime Affairs is based on digital public services developed as a 
result of European Union requirements in the process of committing and spending 
non-reimbursable funds. In contrast, the vast majority of interactions with the state 
apparatus rely to a small extent on digital public services.
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Figure 4. Trends in the use of precision agriculture worldwide
Source: European Comission, 2024

Conclusion

European public policies in the field of agriculture and rural development 
emphasize the essential role that agriculture and rural areas play in achieving the 
ambitious objectives set out in the European Green Deal, such as the neutrality 
of greenhouse gas emissions by 2030. The efforts made so far have proven to 
be insufficient, with the agricultural sector still responsible for a significant share 
of greenhouse gas emissions at European level. In this sense, e-agriculture is an 
essential condition for achieving the objectives of sustainability, reducing input 
consumption and increasing the traceability of agri-food products. This allows for 
the large-scale collection of data on the environment and the operation of the main 
agricultural machinery and equipment, on the basis of which farmers will be able 
to adopt real-time decisions regarding the sustainable management of plant and 
livestock production.

Technologies such as artificial intelligence (AI), robotics, the Internet of Things 
(IoT), Edge Computing, 5G, blockchain and supercomputing have the potential to 
make agriculture more efficient and sustainable.

Moreover, the widespread adoption of precision agriculture is a mandatory step in 
terms of maintaining and increasing the competitiveness of agricultural businesses 
in the single market and internationally. 

In Romania, agriculture, forestry and pisciculture contributed 3 times more to 
GDP formation compared to the European average. Despite the relatively large 
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agricultural area and production, Romanian agriculture is generally characterized 
by lower yields and greater dependence on agro-environmental conditions and 
mainly on precipitation compared to other EU countries. 

In order to reduce this gap, investments in modern means of production, such as 
those specific to precision agriculture, are necessary. Currently, the use of digital 
solutions in rural areas is relatively low. Precision technologies applied in large 
European farms are often prohibitive both in terms of investment cost, access and 
know-how for the domestic market. The lack of digital solutions adapted to small 
farms as well as the very poor training of Romanian farmers stand out among the 
main causes of this phenomenon.
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