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ABSTRACT

This study investigates the adoption and perception of
technological innovations and sustainable practices among
farmers in the South-East region of Romania. The survey
targeted mixed crop-livestock farms and post-harvest
activities, providing a representative overview of the
sector. Findings reveal a moderate uptake of digital tools,
including farm management software, drones, and sensors,
alongside notable reluctance toward biotechnologies.
Conversely, respondents expressed greater receptivity
to renewable energy solutions and organic farming.
Overall, the level of digitalization remains low, with
traditional practices prevailing, consistent with national
patterns. These results highlight the need for targeted
interventions—such as awareness campaigns, specialized
training, financial incentives, pilot projects, and supportive
public policies—to facilitate innovation and strengthen
agricultural competitiveness. Future research should
extend to a national scale and assess the specific economic
and environmental impacts of individual technologies,
thereby informing strategies to advance a more sustainable
and resilient agricultural sector.
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Introduction

Innovations in agriculture are essential for increasing productivity, improving
sustainability and responding to global challenges such as climate change, population
growth and increasing demand for food [6]. In the specialized literature, innovation is
described as a process that involves the development, testing and implementation of
new ideas, product models, processes or functional structures intended for application
in industry [1]. [The main innovations in agriculture at European level relate to precision
farming, vertical farming and hydroponics, biotechnology and genetic modification,
automation and robotics, efficient irrigation systems, sustainable and regenerative
agriculture, blockchain technologies and digital platforms, the use of drones and
artificial intelligence (Al), alternative food production and renewable energy for farms
[17,19]. Andrei & Darvasi (2012) emphasizes that the challenges of digitalization
in Romanian agriculture are the subject of analysis in various scientific studies that
analyze the challenges and opportunities associated with the implementation of digital
technologies in the agricultural sector [6]. A recent study shows that in Romanian
agriculture, farms are medium-sized, with an average area of 150 hectares [9].

GPS and drone technologies allow farmers to monitor and manage fields with greater
precision. Drones can provide aerial images to assess crop health, while GPS facilitates
accurate planting and fertilization. Soil and climate sensors provide real-time data
on moisture, soil temperature and other variables, helping farmers make informed
decisions about irrigation and fertilizer application. Vertical farming is a method of
growing plants in vertically arranged beds, which allows for more efficient use of space
and can be carried out in urban or inland areas. Hydroponics and aeroponics involve
systems that grow plants without soil, using only nutrient solutions, which save water
and space and allow continuous production. Genetically modified (GMO) crops create
plants that are more resistant to pests, drought and disease, or with improved nutritional
value. CRISPR and other gene editing techniques allow precise modification of plant
DNA to achieve resistance to adverse conditions or to increase yields [13].

Agricultural robots are used for various tasks such as planting, harvesting and monitoring
crops. They can improve efficiency and reduce the need for manual labor. Autonomous
irrigation systems are managed by software and sensors that adjust irrigation according
to the actual needs of the plants. Drip irrigation saves water by delivering exactly the
right amount of water to plant’s roots. Sensor-controlled irrigation monitors soil moisture
and triggers irrigation only when needed, reducing water consumption. Permaculture
practices emphasize crop and livestock integration to reduce environmental impact and
enhance biodiversity. No-till farming is a technique that reduces soil erosion and better
maintains moisture.

Blockchain for supply chain traceability allows the origin of agricultural products to
be traced and ensures transparency and security in food trade. Digital trading platforms
connect farmers directly to markets, reducing intermediation and increasing producer
income [16].
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Artificial intelligence for analyzing agricultural data uses algorithms that can analyze
data collected from sensors and drones to provide precise recommendations on the
optimal time to sow, irrigate or apply treatments. Drones for spraying and monitoring
allow precise application of pesticides and fertilizers, reducing the amount needed and
minimizing waste, the use of unmanned aerial vehicles in precision agriculture, focusing
on innovations in the field of fertilization and their impact on agricultural efficiency
and sustainability, as a recent study examines [3]. Lab-grown meat is an alternative
to traditional meat, produced from animal cells in the lab, which can reduce the
environmental impact of animal farming. Protein from insects and other unconventional
sources may be a solution to the increased demand for protein, exploring alternative
sources such as insects, which require fewer resources for production. Solar panels and
wind turbines are being installed on farms to generate electricity, reducing dependence
on fossil fuels. Bioenergy involves using agricultural residues to generate energy in
the form of biogas or liquid fuel [19]. Khan et al. (2022) investigated the adoption of
mobile internet technology among wheat farmers to support sustainable agricultural
practices [5]. Zheng et al. (2019) and Done et al., (2012) analyzed technology adoption
among farmers, focusing on the factors influencing this adoption [21]. Ruzzante
and Bilton (2018) conducted a meta-analysis of the literature on the adoption of
agricultural technologies in developing countries [12]. Wongsim et al. (2018) studied
the factors influencing the adoption of agricultural management information systems
[20]. Ciurea (2020) discusses considerations regarding the digitalization of Romanian
agriculture [2]. Girip & Cojocaru (2021) explore the use of the Internet of Things in
Romanian agriculture [4]. Markovits (2024) assesses Romanian farmers’ motivation
for digitalization, using a research model based on the Unified Theory of Technology
Acceptance and Use [7]. Serban et al. (2023) investigates digitalization in Romanian
farms [17]. Petrescu-Mag et al. (2019) investigates Romanian farmers’ opinions on
the effects of pesticides and their willingness to pay for biopesticides [8]. Rodino et al.
(2023) present the challenges of digital transformation in Romanian agriculture [10].
Russian et al. (2023) study the acceptance of digital transformation, analyzing data from
Romania [11]. Stanciu & Sarbu (2016) analyze the sustainability and competitiveness of
Romanian farms through organic farming and research the use of GMOs in Romanian
food production [14-15]. Varzaru (2025) analyzes the digital revolution in agriculture
and the use of predictive models to improve agricultural performance through digital
technology [18].

The role of university education in promoting research and innovation is essential, thus
there are studies that highlight the success of a Romanian university in using European
funds to develop a horticultural research institute of excellence, demonstrating the
positive impact of investments in scientific infrastructure on research, innovation
and technology transfer [11]. These innovations contribute to a more efficient and
sustainable agriculture, better adapted to modern challenges.
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Materials and methods

The aim of this research is to assess farmers’ adoption and perception of technological
innovations and sustainable practices in agriculture. Specifically, the research aims to:

v To identify the level of use of digital technologies (GPS, sensors, drones) and
precision farming among farmers and their perceived impact on efficiency and
productivity.

v To analyze attitudes towards biotechnologies and alternative production, such
as genetically modified crops, vertical farming and unconventional protein
sources, in order to assess farmers’ openness to these innovative methods.

v The investigation of sustainability measures and renewable energy practices
implemented on farms to understand the level of awareness and involvement
in sustainable farming approaches.

The quantitative research method used was a survey, based on a questionnaire as a
working instrument, applied on a representative sample of agricultural enterprises,
mainly in the South-East of Romania. The sample consists of 157 agricultural
farms from the South-East region of Romania, taken into account as individual or
organized agricultural holdings, managed by people who have a decision-making
role regarding the technologies applied. This represents a significant section of the
national agricultural context, given that this region is characterized by a great diversity
of types of agricultural holdings and varied geographical conditions, and the results
may provide a partial but relevant picture for the entire agricultural sector in Romania.
In addition to applying the questionnaire survey, the analysis of the collected data was
carried out using descriptive and inferential statistical methods. Comparative analysis
of mean scores was used to evaluate the perception of the impact of technologies,
and t-tests for independent samples were applied to verify the statistical significance
of differences between groups (e.g. farmers using vs. non-using digital technologies).
Pearson correlations were also used to analyze the relationships between variables such
as farm size, education level and degree of adoption of innovations. The research aimed
at testing three hypotheses, as follows:

Hypothesis 1: Farm businesses that use digital and precision farming technologies have
amore positive perception of farm efficiency and productivity compared to those that do
not. This hypothesis explores the relationship between the use of modern technologies
(GPS, sensors, and drones) and farmers’ perceptions of the impact of these technologies
on farming efficiency. The hypothesis can be tested by analyzing the agreement scores
on the statements in the “Digital Technologies and Precision Farming” section of the
applied questionnaire.

Hypothesis 2: Farm businesses that are open to the use of biotechnologies (such as GM
crops or gene editing) and alternative production methods (such as vertical farming or
unconventional proteins) believe that these practices can improve the competitiveness
and sustainability of their business. This hypothesis examines farmers’ openness to
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biotechnologies and innovative methods and assumes that adopters perceive a high
potential for improving yields and sustainability. Analysis of the responses in the
“Biotechnology and Alternative Production” section can provide insights into the link
between the adoption of biotechnology innovations and perceived on-farm benefits.

Hypothesis 3: Adoption of sustainability and renewable energy practices on farms
is influenced by the level of awareness and access to information on the benefits of
sustainability in agriculture. This hypothesis investigates whether farmers with high
awareness of sustainable practices (controlled irrigation, bioenergy, renewable energy)
are more likely to adopt sustainable measures. The scores obtained in the “Sustainability
and Renewable Energy” section can be correlated with respondents’ awareness and
attitudes towards sustainability.

The questionnaire on the degree of innovation applied in agriculture was constructed to
test the proposed working hypotheses and comprises three sections: Digital Technologies
and Precision Farming, Biotechnology and Alternative Production and Sustainability
and Renewable Energy. Each item corresponding to a section is constructed on a Likert-
type scale with 5 response variants, regarding the degree of agreement on a scale from
1 (strongly disagree) to 5 (strongly agree). The questionnaire was distributed by means
of a google-form to agricultural enterprises, predominantly with an activity related
to plant cultivation combined with animal husbandry and ancillary activities after
harvesting. 157 responses were validated. The results were analyzed and interpreted
using data analysis tools in Microsoft Office Excell. The survey conducted in this study
has significant scientific importance as it provides valuable information on the adoption
of modern agricultural technologies in Romania, which is essential for understanding
the country’s progress in agricultural innovation and sustainability. Professionally,
the results can influence policy decisions, guide future investments in agricultural
technology, and help develop strategies to support farmers in integrating sustainable
practices, improving productivity, and enhancing overall farm performance.

Results

The dominance of Limited Liability Companies LL.Cs (60% of respondents) among
farmers suggests that they prefer a business model that protects their personal assets,
which is essential in a sector often plagued by risk and uncertainty. This choice may
indicate an openness to adopting innovative technologies, as LLCs offer flexibility in
managing resources and integrating sustainable practices.

The limited presence of JSCs, only 6% of total respondents, suggests that farmers are
not attracted by more complex structures that impose strict requirements. This could
reflect a reluctance to innovate in ways that require large investments and considerable
financial risks. Only 1% of the surveyed enterprises have a GP as their legal form of
organization, the rarity of the use of general partnerships may indicate a preference
for structures that limit liability, which is important in the context of adopting risky
technologies or experimenting with new farming practices.
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In terms of Limited Liability Partnerships, 4% of respondents say they have this legal
form. Close to 5% have Limited Partnership as their legal form, indicating that the
limited use of limited partnerships may reflect a preference for simpler structures that
are easier to manage in the context of implementing innovations. A significant share
of 18% of ANPs suggests that many farmers opt for a simple structure, which allows
them to test technological innovations and sustainable practices without engaging in
the administrative complications of more complex organizational forms.

The 6% share for other forms of organization may indicate a diversity of approaches
among farmers, which may include specific initiatives tailored to local needs, which is
essential in the context of the adoption of technological innovations (Figure 1).

Figure 1. Distribution of responses by legal form of agricultural enterprises

the legal form of the agricultural enterprise

= Authorized Natural Person

m others

Source: author’s processing

In terms of the development region to which the agricultural enterprises participating
in the survey belong, a majority 71% are from the South-East region, followed by a
smaller percentage of 8% from the South-Muntenia region, then in equal percentages
of 6% each from the North-West and South-West regions (Figure 2).
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Figure 2. Distribution of responses by development region to which agricultural enterprises
belong

the development region to which the agricultural
enterprise belongs
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Source: author’s processing

With regard to the percentage distribution of responses for the form of ownership
of the agricultural enterprises participating in the survey, the majority of 84% of
the respondents had private ownership, followed by mixed and state ownership in
relatively small percentages. (Figure 3)

Figure 3. Distribution of responses by form of ownership of agricultural enterprises

the form of ownership of the agricultural
enterprise

1% 2%

‘\‘

m state-owned m private  mmixed = communal = cooperative

Source: author’s processing
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With regard to Section [ of the questionnaire entitled “Digital technologies and precision
farming”, the distribution of responses and the score obtained for each of the statements
in the section are presented in Table 1.

Table 1. Distribution of responses and score obtained for Section I

Strongly Strongly

Disagree Dls(a;lig)ree Ne(lz)t)ral Azglr)ee Agree Total Sti;::)l;l:nt
(-2) Q)
We use GPS
technologies for
officient field 17 22 20 74 24 157 | 0.420382
management.

We constantly
monitor soil
moisture and 19 31 13 63 31 157 | 0.356688
conditions using
Sensors.

We use drones
to monitor

crop health 36 44 25 29 23 157 |[-0.261146
and optimize
resources.

Digital
technologies help
us make more
informed and
quicker decisions 29 28 2 67 31 157 | 0.273885
regarding
irrigation

and fertilizer
application.
Digital platforms
facilitate our
access to markets
and new clients.

6 16 3 41 91 157 | 1.242038

Source: author’s processing

Claim 1 - “We use GPS technologies to effectively manage our fields” Score: 0.420.
This positive but relatively low score indicates moderate agreement with the use of GPS
technologies. GPS is probably used but is not an essential or very common element of
field management.

Claim 2 - “We constantly monitor moisture and soil conditions using sensors” Score: 0.357

Similar to the first statement, this low positive score indicates poor agreement. Moisture
and soil condition monitoring is probably used, but not intensively or consistently.

Claim 3 - “We use drones for crop health monitoring and resource optimization” Score:
-0.261. The negative score indicates weak disagreement, suggesting that drones are
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rarely or only occasionally used, and their deployment for monitoring and optimization
is not common practice in this context.

Claim 4 - “Digital technologies help us make more informed and faster decisions about
irrigation and fertilizer application” Score: 0.274. A positive but low score, indicating
a slight acceptance that digital technologies are useful in irrigation and fertilizer
decisions, but they are not seen as a central solution in decision making.

Claim 5 - “Digital platforms facilitate our access to markets and new customers”
Score: 1.242. This significantly positive score shows strong agreement, indicating that
digital platforms are seen as a highly valuable tool for expanding access to markets and
customers, likely to bring significant benefits to marketing and sales activities.

Figure 4. Distribution of responses Section |

Digital Technologies and Precision Agriculture

100 91
31
1719
. H -
Strongly Disagree Disagree (-1) Neutral (O Agree (1) Strongly Agree (2)

B We use GPé l%chnologles for efficient field management.
B We constantly monitor soil moisture and conditions using sensors.
B We use drones to monitor crop health and optimize resources.
Digital technologies help us make more informed and quicker decisions regarding irrigation and

fertilizer application.
M Digital platforms facilitate our access to markets and new clients.

Source: author’s processing

Overall, the scores indicate a varied use of digital technologies in agriculture, with
the highest appreciation for the impact of digital platforms in opening access to new
markets.

Regarding Section II of the questionnaire entitled “Biotechnology and Alternative
Production”, the distribution of responses and the score obtained for each of the
statements in the section are presented in Table 2.
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Table 2. Distribution of answers and score obtained Section II

Strongly
Disagree

-2

Disagree | Neutral | Agree Strongly Statement
Agree Total
(-1) 0) a ) score

We are implementing
genetically modified
crops (GMOs) to 37 24 20 65 11 157 | -0.070064
increase yield and pest
resistance.

Genetic editing
technologies such as
CRISPR have been
used to improve

the quality of our
production.

27 38 13 54 25 157 | 0.076433

We are interested

in using insect
proteins or other
unconventional
sources to expand our
product range

We are considering
integrating

vertical farming or 54 51 2 33 17 157 | -0.585987
hydroponics into our
production systems
We believe that no-till
farming could enhance
the sustainability of
our farm

61 30 25 23 18 157 | -0.592357

45 61 3 19 29 157 | -0.471338

Source: author’s processing

Claim 1 in section II: “We implement genetically modified crops (GMOs) to increase
yield and pestresistance” scores -0.070063694, being close to zero, with a slight negative
trend, indicating a rather balanced perception, where the potential advantages of GMOs
are recognized, but there are also reservations about possible risks or disadvantages.

Claim 2 in section II: “Gene editing technologies such as CRISPR have been used
to improve the quality of our output” scores 0.076433121, being close to zero, with
a slight positive skew, reflecting a moderately favorable attitude towards the use of
CRISPR, possibly due to the recognition of the advantages in terms of efficiency and
quality, but also to a focus on ethics and safety.

Claim 3 in Section II: “We are interested in using insect protein or other unconventional
sources to expand our product offerings” scores -0.592356688. This stronger negative
score suggests a significant reluctance to introduce insect proteins, likely due to cultural
perceptions and consumer acceptance concerns.
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Claim 4 in Section II: “We are considering integrating vertical farming or hydroponics
into our production systems” scores -0.585987261. This moderate negative score
indicates a clear hesitancy towards the adoption of vertical farming or hydroponics,
possibly due to high initial investment, yield uncertainty or technical limitations.

Claim 5 in Section II: “We believe that no-till farming could improve the sustainability
of our farm” scores -0.47133758. The moderate negative score suggests a somewhat
reserved stance towards no-till farming, perhaps due to implementation challenges on
the farm or a perception that the benefits are not very clear in the current context.

Figure 5. Distribution of responses Section I

Biotechnology and Alternative Production

100 3727515445 2438305181 591325, i54233319 1125181729
u

0 | | 1 | [ — ] -

Strongly Disagree (-2) Disagree (-1) Neutral (0) Agree (1) Strongly Agree (2)

B We are implementing genetically modified crops (GMOs) to increase yield and pest
resistance.

M Genetic editing technologies such as CRISPR have been used to improve the quality of
our production.

We are interested in using insect proteins or other unconventional sources to expand
our product range

We are considering integrating vertical farming or hydroponics into our production
systems

Source: author’s processing

Overall, the scores reflect a cautious openness to modern technologies and innovative
production methods, combined with a pragmatic assessment of risks and challenges.

As regards Section III of the questionnaire entitled “Sustainability and Renewable
Energy”, the distribution of responses and the score obtained for each of the statements
in the section are presented in Table 3.
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Table 3. Distribution of answers and score obtained Section IIT

Strongly
Disagree

(-2)

Disagree | Neutral | Agree Strongly Statement
Agree Total
-1) 0) ) @ score

We use solar
panels or wind
turbines to 11 31 1 77 37 157 0.624203822
generate energy
on the farm.

We have
implemented drip
irrigation systems
to reduce water 15 19 0 47 76 157 0.955414013
consumption
and improve
efficiency.

Our irrigation
systems are
controlled

by sensors,
optimizing water
resources.
Sustainability

is a priority in
our agricultural 17 16 2 72 50 157 0.777070064
management
decisions.

30 47 0 39 41 157 0.089171975

We use or are
considering
using agricultural
residues to
generate
bioenergy.

19 35 18 51 34 157 0.292993631

Source: author’s processing

Claim 1 in Section III: “We use solar panels or wind turbines to generate energy on
the farm” scores 0.624203822, a moderate positive score, indicating good support for
the use of solar or wind energy, suggesting that this practice is seen as beneficial, even
though there may be some degree of reluctance to full or continued implementation.

Claim 2 in Section III: “We have implemented drip irrigation systems to reduce water
use and improve efficiency” scores 0.955414013, a high positive score, shows strong
agreement, suggesting that drip irrigation is considered highly effective and desirable
for the goals of saving water and increasing efficiency on the farm.

Claim 3 in Section III: “Our irrigation systems are controlled by sensors, optimizing water
resources”, gets a Score: 0.089171975, close to zero, this score suggests a neutral perception,
perhaps with slight support for the use of sensors in irrigation. This may reflect some caution,
either due to cost or a lower level of confidence in fully implementing the technology.
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Claim 4 in Section III: “Sustainability is a priority in our agricultural management
decisions” scores 0.777070064, a strong positive score suggesting high agreement,
showing that sustainability is perceived as a clear priority in agricultural management
decisions, although there may be a small reservation about implementation.

Claim 5 in Section III: “We use or are considering the use of agricultural residues
to generate bioenergy” scores 0.292993631. This positive, but lower, score indicates
moderate support, suggesting an interest in bioenergy, but perhaps a lack of full
implementation at present, either due to technical challenges or costs involved.

Figure 6. Distribution of responses Section III

Sustainability and renewable energy

100
47 47
50 30 31 35 39
1115 5 1719 . 100 2 I I
, mmllmm E=lsl l l
Strongly Disagree  Disagree (-1) Neutral (0 Agree (1) Strongly Agree (2)

(-2)

B We use solar panels or wind turbines to generate energy on the farm.

B We have implemented drip irrigation systems to reduce water consumption and
improve efficiency.

Our irrigation systems are controlled by sensors, optimizing water resources.

Sustainability is a priority in our agricultural management decisions.

Source: author’s processing

Overall, these scores suggest a clear openness and support for renewable energy and
sustainability practices, with varying levels of enthusiasm, but all in a positive direction,
indicating a commitment to sustainable practices on the farm.

The results of this questionnaire contributed to the assessment of the degree of
innovation in agriculture and the identification of potential areas for development. The
interpretation of the scores obtained using the Likert scale is based on the analysis
of the mean values of the responses, their trends and variation in order to understand
the degree of agreement or disagreement of the respondents with different statements.
The low or medium scores obtained indicate that innovation management requires
additional support, such as funding, training or awareness campaigns to be better
adopted in Romanian agriculture.
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As regards the evaluation of hypotheses based on the results obtained, the following
is observed:

Hypothesis 1: Partially confirmed. Farmers using digital technologies have a positive
perception of efficiency and productivity, but the scores suggest varied and moderate
use of these technologies. The use of digital platforms for market access scored highest,
indicating an appreciation of their impact, but not all technologies (e.g. drones) have
been widely adopted.

Hypothesis 2: Not confirmed. Farmers show reluctance towards biotechnologies and
alternative production methods such as GM crops and insect proteins. Negative scores
suggest considerable reluctance to adopt these innovations, which contradicts the
hypothesis that these practices are seen to improve competitiveness and sustainability.

Hypothesis 3: Partially confirmed. There is evidence that levels of awareness and access
to information affect the adoption of sustainability and renewable energy practices.
Although farmers consider sustainability a priority, actual implementation of sustainable
practices is not uniform, suggesting that information and awareness may influence their
decisions, but are not sufficient to ensure full adoption. The present study highlighted
that most farms in the South-East region of Romania use traditional technologies,
with a limited adoption of advanced digital tools, which reflects the concordance with
national trends, according to a recent report published by the Government of Romania
[12], the level of digitalization in Romanian farms is low, although the use of advanced
technologies such as sensors, drones, satellite imaging or artificial intelligence could
significantly increase the profitability of the sector.

Conclusions

Based on the results obtained from research and the assessment of hypotheses, several
recommendations are highlighted to support the adoption of digital technologies,
biotechnologies and sustainability practices in agriculture: awareness and education
campaigns, financial support and subsidies, partnerships with research institutions,
implementation of favorable policies, pilot projects, feedback and continuous
adjustments. The study on the adoption of innovative technologies in Romanian
agriculture highlights a moderate degree of their use, confirming hypothesis H1 on
the positive impact of digital technologies on farm performance. The results show that
farmers using digital technologies, such as farm management software or drones for
crop monitoring, reported significant improvements in efficiency and productivity.
Also, larger farms, with a size of over 50 ha, play an important role in the adoption of
modern technologies, which supports hypothesis H3 on the impact of farm size on the
capacity to implement innovations. In contrast, reluctance towards biotechnologies and
advanced technologies, such as genetically modified organisms, is mainly due to lack
of information and restrictive regulations, and this aspect aligns with the perceptions of
farmers reported in the survey.
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Develop awareness campaigns to inform farmers about the benefits of using digital
technologies, biotechnologies and alternative production methods. These campaigns
could include training sessions, workshops and seminars addressing the myths and fears
associated with these technologies. Implement subsidy and financial support programs
for farmers willing to invest in digital technologies, biotechnologies and sustainable
farming practices. This could include providing funds for the purchase of equipment,
such as sensors or drones, and for the implementation of efficient irrigation systems.
Increase collaboration between farmers, research institutions and universities to
develop innovative solutions tailored to local needs. These partnerships could facilitate
technology and knowledge transfer between researchers and practitioners. Advocate
for agricultural policies that support the adoption of innovations, such as regulations
favoring the use of genetically modified organisms (GMOs) and incentives for organic
production methods. Pilot projects demonstrate the effectiveness and benefits of digital
technologies and alternative production methods. These projects can serve as case
studies for other farmers and encourage wider adoption. Create feedback mechanisms
for farmers to share their experiences and challenges in adopting new technologies.
This feedback could be used to adjust training and support programs.

These recommendations can contribute to increasing innovation and adoption of
sustainable practices in Romanian agriculture, facilitating a transition towards a more
competitive and sustainable agriculture. The results of the study suggest that, although
there is a growing interest in sustainable technologies, such as renewable energy
sources and organic farming, more support from authorities is needed to encourage
the transition to digital technologies and to facilitate smallholder farmers’ access to
resources and training. Public policies need to focus on the education and continuous
training of farmers, as well as on developing the infrastructure necessary for the large-
scale integration of these technologies. Implementing subsidies and incentives for
investments in digital technologies and renewable energy sources would significantly
contribute to accelerating the modernization process of the Romanian agricultural
sector. Steps for future research could include expanding the study to include a larger
sample of farms from other regions of Romania, in order to obtain a complete picture of
the adoption of innovative agricultural technologies at the national level. It would also
be useful to analyze the specific impact of each technology on the sustainability and
economic performance of farms, as well as the socio-economic factors that influence
farmers’ decision to adopt these technologies.
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Annex:1 Questionnaire

Instructions: For each statement, please indicate the degree of agreement using the scale from
1 (strongly disagree) to 5 (strongly agree).

Section I: Digital Technologies and Precision Farming

Claim

disagreement

Total .
ota Disagreement

Whatever

Agreement

Total
agreement

1. We use GPS
technologies for the
efficient management of
our fields

2. We constantly monitor
moisture and soil
conditions using sensors

3.We use drones to
monitor crop health and
optimize resources.

4. Digital technologies
help us make more
informed and faster
decisions on irrigation
and fertilizer application.

5. Digital platforms
facilitate our access
to markets and new
customers.

Section II: Biotechnology and Alternative Production

Claim

disagreement

Total .
ota Disagreement

Whatever

Agreement

Total
agreement

1. We implement genetically
modified (GM) crops to
increase yield and pest
resistance.

2. Gene-editing technologies
such as CRISPR have been
used to improve the quality
of our production.

3. We are interested in
using proteins from insects
or other unconventional
sources to expand our
product offering.
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Claim . Total Disagreement| Whatever | Agreement Total
disagreement agreement
4. We consider integrating
vertical farming or | ) 3 4 5

hydroponics into our
production systems

5. We believe that no-till
farming could improve the 1 2 3 4 5
sustainability of our farm.

Section III: Sustainability and Renewable Energy

Claim . Total Disagreement | Whatever | Agreement Total
disagreement agreement
1. Use solar panels or wind
turbines to generate energy 1 2 3 4 5
on the farm
2. We have implemented drip
irrigation systems to reduce 1 2 3 4 5

water consumption and
improve efficiency.

3. Our irrigation systems
are controlled by sensors, 1 2 3 4 5
optimizing water resources.
4. Sustainability is a
priority in our agricultural 1 2 3 4 5
management decisions.

5. We use or consider using
agricultural residues to 1 2 3 4 5
generate bioenergy
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