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Abstract

Sustainable agriculture is becoming an essential pillar for sustainable development in the context
of global challenges related to climate change, natural resource degradation, and population
growth. This article explores the link between education and sustainable agriculture, with a
special focus on the role of vocational training in adopting precision agriculture. Precision
agriculture, based on modern technologies such as GPS, sensors, drones, and artificial
intelligence, promises increased efficiency and reduced negative environmental impact.
However, the success of its implementation depends significantly on the level of training of
farmers and the capacity of educational institutions to respond to the demands of the modern
agricultural market. The article analyzes the advantages and limitations of training in this field,
proposes directions for improving educational curricula such as the local specific context, and

provides recommendations for integrated public policies that support the transition to a
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sustainable and digitalized agriculture. The conclusions emphasize the need for a synergistic

approach between education, technology, and policies to ensure long-term sustainability.

Keywords: agroecological practices; agricultural policies; comparative analysis; green

transition; vocational training

1. Introduction

In a global context marked by accelerated climate change, ecosystem degradation, and increasing
pressure on natural resources, sustainable agriculture is becoming an essential condition for
achieving sustainable development goals. However, this sector transformation cannot occur
without a fundamental pillar: education (Durdn Gabela et al., 2022). Access to quality vocational
training, the development of green skills, and the promotion of lifelong learning are key elements
in supporting a resilient agriculture, capable of responding to the economic, social, and
ecological challenges of the 21 century.

The synergism between the two aspects could be of increased interest, especially when the
system is active in rural areas. Education main role is to prepare well-trained specialists in the
fields required mainly by the local economic sector. Another situation that may sustain the
necessity of implementing new farming actions and training in the field relates to the family
background. The possible heritage pass in the field to the youth may determine their career
orientation and the intention to improve productivity through new strategies (Maini et al., 2021).
In particular, the transition to modern practices, such as precision agriculture, requires a
profound reform in agricultural education systems and the public policies that support them. The
concept implementation requires investments in technology and human capital prepared to
integrate digital knowledge, analyze complex data, and make informed decisions to protect the

environment and increase efficiency. As a member of the European Union, Romania has the
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opportunity and responsibility to build a durable agricultural system by combining new

technologies with future-oriented education.

Implementing “smart” agriculture instruments could contribute to improving natural resource
management. A significant element in this area regards water managing. Use of the humidity
detection level sensor and its maintenance according to crop needs is targeted. Another aspect
that sustains the discussed technology’s implementation is improving the control of dispensed
fertilizers and pesticides. Integrating automated elements could provide good operation practices
of the three dimensions and determine a lower environmental impact of farming (Getahun et al.,
2024).

The new perspective for the domain development also sustains an increased desire among the
youth to be involved in the field. The context limits are determined by their interest in using
computer-based instruments in their professional activities and the possibility of engaging in a
green and attractive financial sector. Sanyaolu and Sadowski highlighted significant positive
correlations between the tendency to use precision farming instruments and the environmental
and economic aspects (Sanyaolu & Sadowski, 2024). The actions that sustain the results are
linked to the possible reduction of production costs. This objective could be reached through two
mechanisms. One refers to improving the efficiency of the stimulators used for crop grow by
decreasing their quantity without affecting plant productivity and characteristics. The other one
marks the possibility of accessing public grants.

Following up on intentional education in this field may decrease or eliminate some possible
limitations. Basic knowledge in accessing financial support, field data evaluation, and ensuring
their security (Mgendi, 2024), but also the ethical (Gamage et al., 2024), legislation and technical
blankness (Jerhamre et al., 2022) aspects that may drift from this field are some considerations
that might raise difficulties in adopting the future-specific instruments that are currently being

developed, but which will forestall the domain in the future. All intentions are directed to
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productivity and quality traceability to ensure the needs al the entire world population in

expansion, but with controlled use of natural resources (Kumar et al., 2024).

This paper aims to analyze the interdependencies between education and sustainable agriculture,
assess the role of vocational training in adopting “smart” agriculture, and highlight strategic
directions for the long-term development of this vital sector. The future of the agriculture sector
integrates the precision agriculture instruments, and the way to use them in the field to optimize

the domain outcomes.

2. Literature Review

The studies in the field underline that the interdependence between education and agricultural
sustainability is increasingly highlighted. Vocational training could be considered a strategic
factor in achieving durable development goals. Numerous studies have highlighted that farmers’
education level is directly correlated with the degree of adoption of modern technologies,
ecological practices, and efficient agricultural management methods. Kang et al. highlighted
several possible benefits of implementing a smart farming learning manufactory in an
educational institution. The advantages could be encountered at the students' practical and
theoretical abilities acquisition level and for the economic actors. By benefiting from similar
equipment to production units, students have acquired skills complementary to those acquired
through on-the-job training courses. In this way, employers' costs for their practical training can
be reduced (Wee et al., 2024).

European Council of Young Farmers (CEJA) makes a clear remark regarding three essential
factors that contribute to the development of the future farmer. These relate to training for
knowledge, education, and skills acquisition. Another important factor is the possibility of
benefiting from innovative techniques, technology, and strategies. Neither of the two previous
aspects could be performed without financial resources. Chen mentioned in his study the

necessity of well-trained farmers for the future development of the rural areas. One important
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element in their training is the skill to work with informational technologies (Chen, 2025). To

accomplish such an objective, it is necessary to have an up-to-date curriculum, use active
teaching methods, integrate the industry, and increase social awareness concerning vocational
education for the field's development.

Being at the start of the implementation and a continuous development process, it is advisable to
be flexible. For that, there is a need to adapt the teaching strategies to the specific realities of the
field (Charles et al., 2020). Being involved in a seasonal activity, very much influenced by the
weather conditions, the people interested in the field tend to prefer intensive, focused learning
activities such as workshops and seminars (Oli et al., 2025). Forms of information, such as
meetings, tutorials, or forums, could be adapted to online channels to ensure enlarged access to
those interested. Chuang et al. underlined the necessity for lifelong learning in the field and the
importance of disseminating the information related to the smart farming concept among farmers
(Chuang et al., 2020). Some studies also mention a possible limiting factor for automated
strategies besides the educational level and the enterprise size (Caffaro & Cavallo, 2019). Since
the novel technologies initially have increased costs, small farmers are less likely to access them.
Another important linked aspect concerns the possible expenses of training to get the needed
knowledge to operate the technologies. There could be a reason why the entrepreneurs in the
field have an increased yield of having more knowledge.

Although ten years ago, there were studies that underlined lower correlations between the
farming practice adopted and the training level of the persons involved in the field (Meiguran &
Basweti, 2016), there were recommendations for developing and raising awareness of literacy
needs. Even if many of the employees in the farming sector had a low educational level, the
current developments in the field tend to push the situation in a new direction: the need for
specialized training. Some studies negatively correlate the willingness to implement new
technologies in the field with the respondents’ studies (Ewulo et al., 2025). The situation might

be an alarm signal suggesting a possible gap between the current curriculum, the field’s
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socio-economic needs, and the necessity to form current skills and attitudes (Gemtou et al.,

2024) and up-to-date visions in the education field (Yameogo et al., 2024). The intention to
implement new development in the farming area could also be determined by the experience in
the field or the specific local context (Erekalo et al., 2025). Considering these premises,
educational policy implementation should be based on evaluating the concrete individual

situations (Suebsombut et al., 2020).

3. Materials and Methods

The present investigation comprises an empirical evaluation of different EUROSTAT data
regarding the evolution of the areas under green farming in Romania between 2006-2022.
Comparative trends in vocational education and economic background for agriculture

development in our country are also included.

4. Results and Discussions

4.1. Eco-friendly perspectives in farming areas

The interest in these data is justified by assessing the current status and trends in the field. The
results are presented in Figures 1 and 2. The need to implement specific educational policies
must also be sustained by the signals transmitted from the real socio-economic areas. Figure 1
suggests increased interest in adopting environmentally friendly practices, especially after 2016.
In the next six years, the percentage of the green regions' growth was over three times. That year

was also the one declared as the International Year of Pulses by the Food and Agriculture

Organization of the United Nations. Such initiatives tend to stimulate the various crop production
sectors to ensure healthy natural nourishment sources and sustain the produce from a certain

yield area.
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Figure 1. Organic farming share in Romania

Source: EUROSTAT

Another aspect targeted referred to the possibilities offered by the farming domains to the youth.
There, the study concentrated on determining the percentages of used areas to assess if there are

possibilities to begin an entrepreneurial activity.
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Figure 2. Organic farming share comparative evolution in Romania and the European Union
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Source: EUROSTAT

Figure 2 shows the transition to organic farming in Romania and the European Union. It reveals
the trend of the indicator that measures the share of total utilised agricultural area (UAA)
occupied by organic farming. This class includes the existing organically-farmed regions and
areas in the conversion process. As observed, the percentage of land used in Romania’s based on
this concept is almost three times lower than that reported at the EU level. This situation may be
considered an opportunity for study in the field with a sustainable perspective on professional

further activating.

4.2. Education in the vocational field and a specific economic setting
Since the enrolment in farming education could be determined by personal initial affinities,
family background, and skills were also analyzed the data regarding the children who follow

vocational programs. Figure 3 shows the situation reported in 2022.
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Figure 3. Percentage of students pursuing vocational education by level of training

Source: EUROSTAT

Compared to the situation on the European level in Romania, there is a higher interest in the
post-secondary non-tertiary level of vocational education. There is no data regarding the lower
secondary or short-cycle stages.

There is a need to increase the awareness of the necessity to improve specific skills in automated,
machine learning concepts for future farmers. Process optimization will determine a less
environmental impact of the activity and also economic efficiency. A forthcoming responsible
agriculture has to be based on training models for farming education that require responsibility
and knowledge for improved results (Farid et al., 2020). The learning process refers to the
current persons involved in the domain and the youth, who could consider such a domain
attractive. Active learning is also necessary, determined by the unpredictability of nature,
characterized by multiple variables. These could be difficult to manage without integrating the
current element of technological progress (Ritz et al., 2019).

To increase the youth's aspiration to be involved in the agriculture domain and be willing to

study it, a key element could be represented by the performance registered in the sector. Using
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the net entreprencurial income of agriculture (Indicator C), Figure 4 was obtained. A

comparative chart of the data reported for Romania and the European level for ten years was

made.
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Figure 4. The annual /ndicator C variation

Source: EUROSTAT

From Figure 4 can be observed that the tendencies in Romania mostly follow the ones
encountered at the European Union level. The trend differences appear between 2023 and 2024,
where the directions are opposed, to the disservice of our county. The sector revigoration could
happen since it closely depends on climate conditions and the region's market evolution.

Low educational participation could be correlated with low adoption of precision agriculture and
organic practices. The transition to sustainable agriculture remains limited without a coherent

national strategy for continuously training farmers.
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5. Conclusions, Recommendations, and Future Developments

The results of the theoretical and empirical analysis highlight a clear relationship between the
level of education and the ability of farmers to adopt sustainable practices, especially in the
context of precision agriculture and the ecological transition. In the case of Romania, the
underdevelopment of the vocational training infrastructure and the low participation in
continuing education constitute major obstacles to the modernization of agriculture. To improve
the situation, different initiatives may contribute. Some may refer to program reviewing,
educators' coaching platforms, cooperation between schools, other educational institutions,
farmers, national and local administrative institutions, and equipment developers (Nugroho et al.,
2024).

It is essential to update the curricula in agricultural high schools and universities to integrate
topics related to sustainability, digitalization, precision agriculture, and green skills. The
programs should include theoretical and applied practice, collaborating with model farms and
innovation centers.

Through the Ministry of Agriculture and local structures, the government should support
continuous training through free or subsidized courses in collaboration with agricultural
chambers, NGOs, and universities. A functional reactivation of the farming advisory system is
necessary. Making access to certain forms of subsidies (e.g., investments in precision or organic
agriculture) conditional on participation in training courses can be an effective method for
accelerating the development of relevant skills. Creating a national digital platform for
agricultural education, with free and interactive resources, can facilitate access to training for
farmers in isolated or disadvantaged areas.

The transition to sustainable agriculture in Romania is impossible without a coherent and
long-term investment in education. Both initial and continuous training are essential in equipping
farmers with the necessary skills to adopt modern, efficient, and environmentally responsible

practices. Precision agriculture, a symbol of innovation in the agricultural sector, cannot be
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implemented effectively without well-trained human capital. The data support the idea that there

is a correlation between the level of education and farming performance regarding productivity
and sustainability to overcome the differences between the expectations and the reality (Simdes
& Brito do Rio, 2020).

Thus, to achieve the sustainable development goals, Romania must create an educational
ecosystem adapted to the needs of future agriculture, in which training, innovation, and

knowledge transfer become central pillars of national agricultural policies.
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