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Abstract

Pear cultivation in Greece, with an annual production of approximately 81,000 tonnes,
constitutes a significant segment of the national fruit industry, particularly in Northern
regions such as Macedonia and Thessaly. Despite ranking 8th in the EU in terms of pear
production, Greece’s cultivated area is slightly declining, and adoption of smart agriculture
technologies (SAT) remains limited. In this context, the present study investigates the pref-
erences, patterns, and barriers of SAT adoption within the Greek pear sector, aiming to lay
the groundwork for more effective digital transformation in the agri-food domain. Using a
structured interview-based survey, data were collected from 30 pear growers, revealing
critical insights into the technological landscape of the sector. A central challenge that
emerged was the insufficient internet connectivity in rural farming areas, highlighting the
urgent need for improved digital infrastructure to support SAT deployment. Furthermore,
the study emphasizes the importance of targeted education and awareness programs to
bridge the digital knowledge gap among pear farmers. An especially notable finding con-
cerns the role of the chosen tree training system in influencing SAT uptake: more than 50%
of adopters utilize the palmette training system, suggesting a strong correlation between
orchard design and technological readiness. Among the SAT categories, Data Analytics
and Farm Management Software were the most widely adopted, a trend partly driven by
attractive governmental subsidies of €30 per hectare. Importantly, all respondents who
had implemented SAT (100%) reported a measurable increase in farm income, reinforcing
the technologies’ impact on productivity and profitability. Foremost among the challenges
encountered is the deficit in technical knowledge and training. In conclusion, this study
offers a comprehensive overview of Greek pear producers’ perceptions, challenges, and
emerging opportunities related to smart agriculture.

Keywords: smart agriculture technologies; pear cultivation; Greece; technology adoption;
digital farming

1. Introduction
Pear cultivation is a major component of the global fruit sector, with more than

25 million tonnes produced annually and 1.45 million hectares under cultivation. China
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accounts for more than half of global output, while Italy leads in Europe, followed by
Spain, The Netherlands, and Greece. Greece ranks eighth among European producers
with 81,330 tonnes in 2020, though cultivated areas have been declining in recent years.
This reflects both profitability constraints and structural challenges, threatening the long-
term sustainability of the sector [1]. Despite its importance, pear cultivation continues to
rely heavily on traditional practices that are often labor-intensive, costly, and imprecise.
Mapping and monitoring of cultivars have typically been based on manual surveys, which
are resource-demanding, infrequent, and prone to inaccuracies. These limitations hinder
timely responses to changing environmental conditions, emerging pests and diseases, and
shifting market demands [2]. As a result, productivity and competitiveness in the sector
remain constrained.

Smart Agriculture Technologies (SAT) offer potential solutions to these challenges.
Tools such as precision irrigation, sensors, drones, and farm management software can
improve resource efficiency, disease monitoring, and decision-making [3]. By combining
traditional knowledge with modern data-driven approaches, SAT enables growers to
optimize orchard management, reduce costs, and enhance sustainability [4]. However,
adoption in perennial crops such as pears lags arable farming, limited by high initial
costs, infrastructure gaps, and lack of technical expertise [5]. The aim of this study is to
evaluate pear growers’ awareness, adoption, and perceptions of SAT in Northern Greece.
By identifying barriers and opportunities for digital transformation, this research seeks to
provide insights that can support the modernization of pear cultivation and secure its role
as a sustainable and competitive agricultural activity in the region.

2. Methods
A structured interview-based survey was conducted with 30 pear growers in Northern

Greece during 2023. The questionnaire covered demographic and farm characteristics,
awareness and adoption of SAT, perceptions of benefits and risks, and future investment
plans. Data were analyzed descriptively and through cross-tabulations to explore associa-
tions between adoption and farm practices (e.g., orchard training systems). The relatively
small sample size is a key limitation but provides exploratory insights for future research
and policy design.

3. Results and Discussion
The analysis of the collected data provides valuable insights into the demographic

structure, technological awareness, and adoption patterns among Greek pear growers. This
research presents a critical inquiry into the realm of SAT adoption and deployment within
the context of pear cultivation in Northern Greece. The primary objective is to delve into
the level of acceptance, utilization, and familiarity among pear growers regarding these
innovative agricultural technologies. By interpreting these findings, we aim to connect the
survey outcomes with broader implications for digital transformation in the sector.

3.1. Demographic Profile of Respondents

The survey of pear growers shows that men make up the majority at 79%, while
women account for 21% (Figure 1). Most male growers (44%) are aged 51–70, whereas
female growers are evenly split between the 30–50 and 51–70 age groups (50% each).
In terms of education, 75% of respondents have a high school education and 25% hold
a university degree. Among high school graduates, 55% are aged 51–70, while 80% of
university-educated growers are under 30. These findings highlight the gender, age, and
educational composition of the surveyed pear grower population.
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Figure 1. Demographic profile of 30 pear growers categorized by age groups (under 30, 30–50, 51–70,
over 70), gender (male, female), and educational attainment (high school, university). Percentages
represent the distribution within each demographic category (n = 30).

3.2. Geographic Distribution and Farm Characteristics

Orchards are concentrated in Imathia (35%) and Kozani (25%), with Pella and Kavala
at 15% each, and Thessaloniki and Chalkidiki at 5% each (Figure 2). Sizes are balanced,
with 35% each in the 1–3 and 3–5 hectare categories and 30% above 5 hectares, mostly on
hilly (52%) or flat (48%) terrain. Most growers (80%) plan to continue cultivation in the
next five years, largely supported by their experience, as 45% have over 10 years, 40% have
5–10 years, and only 15% have less than 5 years.

Figure 2. Distribution of pear growers by geographic area, orchard size, topography, and future
cultivation intentions. Percentages represent the distribution within each category (n = 30).

3.3. Technology Preferences and Training System Correlations

The survey shows that 85% of respondents are aware of financial resources supporting
the adoption of smart agriculture technologies (SAT), while 15% are not. Among those
aware, 55% attend agricultural exhibitions once a year, 15% attend more often, and another
15% less often (Figure 3). In contrast, only 15% of those unaware of grants attend such
events, split equally across once, more than once, and less than once a year. These findings
suggest a link between financial awareness and event participation. A related European
study found that 16% of farmers attended trade fairs less than once a year, 30% once a year,
and 50% more than once a year, highlighting higher overall engagement across Europe [6].

Figure 3. Factors influencing Smart Agriculture Technology (SAT) adoption, showing the relationship
between internet access and awareness of financial support with growers’ participation in agricultural
events (n = 30).
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3.4. Benefits and Challenges of SAT Implementation

The survey reveals that 40% of pear growers are familiar with SAT, while 60% lack
awareness, reflecting limited knowledge in the sector (Figure 4). Similarly, 90% of respon-
dents are unfamiliar with creating management zones in orchards, with only 10% reporting
some awareness. These findings mirror international studies: in the U.S. (2003), over
55% of farmers lacked SAT familiarity; in Spain, fewer than 20% of orchardists used man-
agement zones; in Italy, adoption was below 10%; and in France, usage remained at early
stages. In contrast, Germany showed higher familiarity, though only about 50% reported
implementation. Overall, the results highlight consistently low adoption and awareness
of SAT and management zones, suggesting significant opportunities for education and
industry support.

Figure 4. Growers’ awareness and familiarity with Smart Agriculture Technologies (SAT) and
practices such as orchard management zones, based on survey responses from 30 growers (n = 30).

3.5. Future Perspectives and Investment Plans

The survey shows that 85% of pear growers have adopted at least one SAT, with
adoption higher among those using the palmette training system (Figure 5). Preferred tech-
nologies include farm management software (33%), smart irrigation (28%), and precision
spraying (22%), while weather tools (11%) and soil sensors (6%) are less common.

Figure 5. Adoption of Smart Agriculture Technologies (SAT) among pear growers, showing the
correlation with orchard training systems and the distribution of specific technologies used, based on
survey responses from 30 growers (n = 30).

These results highlight both the role of training systems and growers’ preferences in
shaping SAT adoption.

3.6. Comparison with International Studies

The survey shows that pear growers are most satisfied with SAT for improving ef-
ficiency (29%), reducing resources and enhancing fruit quality (17% each), while fewer
value pest control, cost reduction (7% each), or yield, sustainability, and competitiveness
(5% each). Overall, 56% rated their experience positive, 6% very positive, and 39% neu-
tral. Nearly all adopters agreed SAT is useful (100%), superior to traditional tools (94%),
improves decision-making (94%), reduces pollution (89%), and increases farm income
(100%) (Figure 6).
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Figure 6. Motivations, overall experience, and specific impressions of pear growers regarding Smart
Agriculture Technologies (SAT), based on responses from the 30 SAT adopters (n = 30).

3.7. Study Limitations and Implications

Moreover, internet connectivity emerged as a crucial barrier for farmers in rural
areas of Northern Greece, despite the country’s EU membership and associated digital
infrastructure development programs. Additionally, farmers primarily engaged in crop
production tended to have a lower perception of barriers to adoption, while cattle farmers
perceived more obstacles.

Furthermore, studies conducted in various European countries and covering different
crops corroborate our findings. They emphasize that, aside from the initial investment
cost, uncertainty regarding the return on investment (ROI) poses a substantial barrier to
adopting SAT (Figure 7) [7].

Figure 7. Challenges and barriers to Smart Agriculture Technology (SAT) adoption among pear
growers, based on survey responses from 30 growers (n = 30).

4. Conclusions
This study revealed key demographic and structural features of pear growers in

Northern Greece that shape the adoption of Smart Agriculture Technologies (SAT). Most
respondents were experienced male growers with a high-school education, highlighting
both the presence of practical know-how and the need for more formal training oppor-
tunities. Internet connectivity emerged as a critical bottleneck, with half of the growers
lacking reliable access in their production facilities. Despite widespread financial readi-
ness and engagement with agricultural events, awareness and knowledge of SAT remain
limited—60% of growers reported unfamiliarity, and 90% had no experience with man-
agement zones. Adoption patterns showed a clear link between training systems and
technology uptake, with the palmette system being associated with higher levels of adop-
tion. Among technologies, Data Analytics and Farm Management Software dominated,
supported by national subsidies and eco-scheme incentives.

Adopters reported highly positive experiences: efficiency gains, improved decision-
making, and even unanimous agreement on increased farm income. Yet barriers
remain—chiefly the lack of technical knowledge and training, alongside high upfront
costs. Taken together, these findings highlight both the potential and the challenges of
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digital transformation in pear cultivation. Targeted education and advisory services im-
proved rural connectivity, and financial support mechanisms will be critical to accelerate
SAT adoption and ensure the long-term sustainability and competitiveness of the Greek
pear sector [3].
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