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Abstract

How do farmers view precision agriculture technologies and evaluate their impacts on farming and agrifood
systems? Our study aims to answer this question using qualitative data from a sample of Greek livestock
farmers. The results indicate that farmers have a positive attitude toward these technologies. Nevertheless,
they cannot clearly define precision agriculture, while they express several concerns about the adoption
cost and the potential negative social and cultural impacts of precision technologies. These findings reveal
the many different angles through which farmers view precision agriculture technologies.
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1. Introduction

Precision agriculture refers to a set of management strategies that support farmers' agronomic
decisions by exploiting information technologies and the data on spatial and temporal variability
that these technological tools collect [1]. Technologies that enable precision agriculture involve
geographic information systems, global positioning systems, wireless sensor networks, remote
sensing, and decision support systems [2]. Notably, although several studies focus on the impacts of
precision agriculture on farms’ technical efficiency [3], productivity [4], economic performance [5]
or the environment [6-9], only a few studies have focused on farmers’ perceptions of these
technologies.

Researchers have mainly examined perception of precision agriculture as a determinant of the
farmers’ decision to adopt relevant technologies. For example, Adrian et al. [10] found that perceived
ease of using these technological tools is associated with adoption intention. Researching adoption
from a different angle, D’Antoni et al. [11] discovered that farmers’ perceptions of the benefits that
precision agriculture technologies may have and their potential importance for the future of farming
positively influence the adoption decision. Others [12, 13] have also focused on the advantages of
precision agriculture at the farm level, such as yield and income increase, convenience, and cost
reduction.
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Several studies uncover a series of negative perceptions toward precision agriculture. For
instance, Moretti et al. [14] found that farmers believe that the adoption of precision agriculture
technologies will lead them to economic losses. The high investment needed to buy these
technologies creates questions about the degree to which precision agriculture is suitable for small
farms [15]. In addition, a study in the U.S.A. revealed that farmers are skeptical toward the reliability
of precision agriculture technologies [16]. The same research uncovered that farmers can see a
positive potential in these technologies, confirming their mixed perception of precision agriculture.
Kendall et al. [17] also arrived at similar findings, showing that Chinese farmers view precision
agriculture technologies as tools that can decrease inputs, enhance productivity and improve quality
while, simultaneously, feel unsure about the capacity of such technologies to deliver the expected
benefits. Nevertheless, a recent study indicates that not all farmers are aware of precision agriculture
and its potential benefits [18].

However, a question not answered by these studies is how farmers conceive the very nature of
precision agriculture technologies. Beyond benefits and potential risks associated with adoption,
these technologies can alter the nature of being a farmer [19], the daily farming life [20] and how
farming is executed [21, 22]. In this study, we aim to uncover how Greek farmers view precision
agriculture technologies and the impacts they have on farming and agrifood systems.

2. Method

Data for this study were collected through semi-structured interviews. An interview guide was
designed to elicit information on participants’ perceptions of the benefits and potential negative
impacts of precision agriculture technologies, the meaning attributed to precision agriculture by
farmers, and their perceptions of the future of farming and the role of precision agriculture
technologies in it.

The participants were eight livestock farmers from Northern Greece. Among them, seven were
men. Their mean age was 42.1 years, and most of them noted that they continued their education
after high school, either by attending post-secondary vocational education classes (50%) or by
graduating from a tertiary institute (37.5%). Their average experience in farming was 16.7 years. Half
of the participants manage mixed crop-livestock farms. The average number of productive animals
per farm was 163, and the average size of cultivated land (for mixed farms) was 18.2 hectares.

Data were audio recorded and then transcribed, coded, and analyzed by conducting a content
analysis. This procedure led to the generation of eight overarching codes. Combining them, we
generated three main categories of content. Table 1 presents these categories, offering a description
for each code. In the next section, we present our analysis per category, summarizing our key

findings.

3. Results

3.1. Farmers’ conceptions of precision agriculture

Farmers who participated in the study do not have a clear picture of what precision agriculture
is. All of them tried to offer a definition based on their experiences. Two of them emphasized the
information and data that precision farming offers, and five farmers focused on the technologies
used in the farms and support farmers’ work, i.e., drones, GPS, robots, meteorological sensors, etc.
Finally, one farmer answered: “e-governance.” It seems that all the farmers understand that the
technological achievements are going together with precision agriculture, but none referred to the
other aspects of precision farming.

3.2. Perceptions of precision agriculture: Benefits, difficulties, and social impacts

Although there were some gaps in farmers’ understanding of precision agriculture, they were
able to mention the benefits that precision agriculture provides to farmers, agrifood systems, farms,
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and society. Most of the farmers underlined the contribution of precision agriculture to the reduction
of production cost and the improvement of products’ quality. At the same time, three of them noted
that precision agriculture technologies can facilitate the execution of everyday farm tasks. One
participant stated: “it can offer useful data to organize your next steps, while it is a kind of a tool that
facilitates the entrance of changes in the enterprise,” showing farmers’ great expectations from
precision agriculture. Notably, only one participant stressed the importance of precision agriculture
for society since he believes it can offer new job positions.

Based on farmers’ responses, precision agriculture technologies can positively or negatively
impact farms and agrifood systems. As participants mentioned during the interviews, precision
agriculture technologies lead to the limited use of pesticides, agrochemicals, and fertilizers, thus
reducing agriculture’s environmental footprint. In addition, these technologies can offer a detailed
picture of farm enterprise elements. The cost of the technologies and the time and effort that farmers
must spend to understand how precision agriculture tools work are the pivotal negative impacts of

technologies mentioned by farmers.

Table 1

Categories and codes used in the analysis

Category

Code

Description

Vague understanding of
precision agriculture

Mixed perceptions of
precision agriculture

Precision agriculture and the
future of farming

Inability to define precision
agriculture

Misperceptions about
precision agriculture
technologies

Benefits of precision

agriculture

Difficulties in implementing
precision agriculture

Social impacts of precision
agriculture

Greening the agrifood sector

Farming restructuring

Improving farmers’ lives

Farmers cannot offer an
explicit definition of precision
agriculture

Farmers cannot distinguish
which tools belong to the
group of precision agriculture
technologies

Farmers believe that precision
agriculture has environmental,
economic, and managerial
benefits

Limited adaptability of
precision agriculture
technologies to the Greek
farming conditions

Precision agriculture entails
risks for some categories of
people

Farmers consider precision
agriculture technologies tools
that can reduce the
environmental footprint of
agriculture

Precision agriculture is
expected to alter the way of
doing farming

Precision agriculture
technologies are expected to
improve farmers’ working and
living conditions

The lack of fit with the conditions that characterize the Greek agrifood sector is another source

of concern for producers. One farmer expressed his doubt about precision agriculture technologies,
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stating that: “these technologies are not helpful in Greek agriculture due to fragmented land.”
Interestingly, other factors that might reduce the suitability of these technologies for Greek farming
- like the absence of basic technological infrastructure in many farms, the relatively small size of
herds which puts at question the feasibility of investing in precision agriculture technologies, the
lack of advisory support, or skill shortages on the part of farmers and farm workers — were not
mentioned.

Two respondents seem biased towards precision agriculture technologies since they mentioned
only positive impacts on farms and agrifood systems. This positivity bias can be attributed to the
ways technology providers promote these technologies to the farming population and the
expectations about the future of precision agriculture that popular media cultivate.

To further discuss the negative and positive impacts of precision agriculture technologies on
farms and agrifood systems, farmers were asked to provide some examples of technologies that have
positive or negative effects on agrifood systems. Some farmers mentioned spraying with drones and
precision irrigation systems as technological solutions that are able to improve farm productivity.
Others referred to more general concepts, like “soil analysis,” as good practices that can benefit farm
production and product quality without directly linking them with specific precision agriculture
tools.

However, one participant expressed his worries about using farm robots, highlighting the social
impacts of such a technology: “The entrance of farm robots can reduce production cost, but this change
will also reduce the number of farm workers.” This comment shows farmers’ fear of technology and
uncertainty towards it, despite their beliefs concerning the positive effects of precision agriculture
technologies on the agrifood system.

3.3. Envisioning how precision agriculture will determine the future of farming

Remarkably, farmers envision farming along with technologies. As one participant said,
“Digitalization of agriculture is the next step. Big data will facilitate farmers’ work and their everyday
life.” Farmers believe that, in the future, they can rely on technology since it can lead to improve
farm performance. Based on farmers’ interviews, precision agriculture technologies can shape a
better future for the environment since they can mitigate the environmental footprint of agriculture.

One intriguing finding was that farmers believe precision agriculture technologies will
restructure the country's farming sector, as highlighted in the following comment: “In the future,
farmers will be fewer, and the enterprises will be bigger.” Nevertheless, participants were not able to
classify this evolution as positive or negative.

4. Discussion and conclusion

Our study sought to uncover Greek livestock farmers’ perceptions of precision agriculture
technologies. The results revealed that precision agriculture is viewed as a positive development that
can reduce the environmental externalities of agriculture, and has a highly transformative potential
for farming and the agrifood sector. In parallel, a notable finding was that farmers could not define
precision agriculture.

A plausible explanation for farmers’ inability to fully understand the meaning of precision
agriculture while they view it as an evolution with a highly positive potential can be the persuasive
nature of the techniques used to promote digital technologies, which overemphasize the promises of
digitalization [23, 24] thus cultivating public trust toward precision technologies [25]. Although more
work is needed to examine this contention, farmers in our sample seem confident that precision
agriculture technologies can improve the economic performance of farms and assist in effectively
managing farms without fully understanding what precision agriculture is. Hence, despite
producers’ concerns about the negative social impacts of precision technologies, their misfit with the
specific characteristics of the Greek agricultural sector, the high cost of technology purchase, and
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the cultural and structural disruptions they can cause, farmers’ general attitude toward these
technologies continues to be positive.

Despite the fact that we based our analysis on data derived from a small sample, our work offers
some evidence for understanding how livestock farmers conceive of precision agriculture. However,
since the distance between expectations and the reality of practicing precision agriculture can be
vast [26], future research could explore if adopters of such technologies share the same views with
potential adopters and how the new socio-technical architectures and relational contexts that emerge
after adoption [27] affect farmers’ perceptions of precision agriculture.

Acknowledgements

The study is part of an ongoing project titled “BOOSTing agribusiness acceleration and digital
hub networking by an advanced training program on sustainable Precision Agriculture”. The
research project is co-funded by the European Union. Project number: 101056291.

Declaration on Generative Al

The author(s) have not employed any Generative Al tools.

References

[1] I Cisternas,I. Velasquez, A. Caro, A. Rodriguez, Systematic literature review of implementations
of precision agriculture, Computers and Electronics in Agriculture 176 (2020), 105626. doi:
10.1016/j.compag.2020.105626

[2] I Bhakta, S. Phadikar, K. Majumder, State-of-the-art technologies in precision agriculture: a
systematic review, Journal of the Science of Food and Agriculture 99 (2019) 4878-4888. doi:
10.1002/jsfa.9693

[3] M.]J. Carrer, H. M. de Souza Filho, M. D. M. B. Vinholis, C. I. Mozambani, Precision agriculture
adoption and technical efficiency: An analysis of sugarcane farms in Brazil, Technological
Forecasting and Social Change 177 (2022) 121510. doi: 10.1016/j.techfore.2022.121510

[4] S.Higgins, J. Schellberg, J. S. Bailey, Improving productivity and increasing the efficiency of soil
nutrient management on grassland farms in the UK and Ireland using precision agriculture
technology, European Journal of Agronomy 106 (2019) 67-74. doi: 10.1016/j.eja.2019.04.001

[5] J. Schiefter, C. Dillon, The economic and environmental impacts of precision agriculture and
interactions with agro-environmental policy, Precision Agriculture, 16 (2015) 46-61.
https://doi.org/10.1007/s11119-014-9382-5

[6] S. Getahun, H. Kefale, Y. Gelaye, Application of precision agriculture technologies for
sustainable crop production and environmental sustainability: A systematic review, The
Scientific World Journal, 1 (2024) 2126734. https://doi.org/10.1155/2024/2126734

[7] S. Nath, A vision of precision agriculture: Balance between agricultural sustainability and
environmental stewardship, Agronomy Journal, 116 (2024) 1126-1143. doi: 10.1002/agj2.21405

[8] A. Balafoutis, B. Beck, S. Fountas, ]J. Vangeyte, T. Van der Wal, I. Soto,... V. Eory, Precision
agriculture technologies positively contributing to GHG emissions mitigation, farm
productivity and economics, Sustainability, 9 (2017) 1339. https://doi.org/10.3390/su9081339

[9] A. Kassam, H. Brammer, Environmental implications of three modern agricultural practices:
Conservation  agriculture, the system of rice intensification and precision
agriculture, International Journal of Environmental Studies73 (2016) 702-718. doi:
10.1080/00207233.2016.1185329

[10] A. M. Adrian, S. H. Norwood, P. L. Mask, Producers’ perceptions and attitudes toward precision
agriculture technologies, Computers and Electronics in Agriculture 48 (2005) 256-271. doi:
10.1016/j.compag.2005.04.004

68


https://doi.org/10.1016/j.compag.2020.105626
https://doi.org/10.1002/jsfa.9693
https://doi.org/10.1016/j.techfore.2022.121510
https://doi.org/10.1016/j.eja.2019.04.001
https://doi.org/10.1155/2024/2126734
https://doi.org/10.1002/agj2.21405
https://doi.org/10.1080/00207233.2016.1185329
https://doi.org/10.1016/j.compag.2005.04.004
https://doi.org/10.1016/j.compag.2005.04.004

[11] J. M. D’Antoni, A. K. Mishra, H. Joo, Farmers’ perception of precision technology: The case of
autosteer adoption by cotton farmers, Computers and Electronics in Agriculture 87 (2012) 121-
128. doi: 10.1016/j.compag.2012.05.017

[12] N. M. Thompson, C. Bir, D. A. Widmar, ]. R. Mintert, Farmer perceptions of precision agriculture
technology benefits, Journal of Agricultural and Applied Economics 51 (2019) 142-163. doi:
10.1017/aae.2018.27

[13] D. E. Kolady, E. Van der Sluis, M. M. Uddin, A. P. Deutz, Determinants of adoption and adoption
intensity of precision agriculture technologies: Evidence from South Dakota, Precision
Agriculture 22 (2021) 689-710. doi: 10.1007/s11119-020-09750-2

[14] D. M. Moretti, C. M. Baum, M. H. Ehlers, R. Finger, S. Broring, Exploring actors' perceptions of
the precision agriculture innovation system-A Group Concept Mapping approach in Germany
and Switzerland, Technological Forecasting and Social Change 189 (2023) 122270.
https://doi.org/10.1016/j.techfore.2022.122270

[15] H. Kendall, P. Naughton, B. Clark, J. Taylor, Z. Li, C. Zhao,... L. J. Frewer, Precision agriculture
in China: Exploring awareness, understanding, attitudes and perceptions of agricultural experts
and end-users in China, Advances in Animal Biosciences 8 (2017) 703-707.
https://doi.org/10.1017/S2040470017001066

[16] R. K. Gallardo, K. Grant, D. J. Brown, J. R. McFerson, K. M. Lewis, T. Einhorn, M. M. Sazo,
Perceptions of precision agriculture technologies in the US fresh apple industry,
HortTechnology 29 (2019) 151-162. https://doi.org/10.21273/HORTTECH04214-18

[17] H. Kendall, B. Clark, W. Li, S. Jin, G. D. Jones, J. Chen,... L. J. Frewer, Precision agriculture
technology adoption: a qualitative study of small-scale commercial “family farms” located in the
North China Plain, Precision Agriculture 23 (2022) 319-351. https://doi.org/10.1007/s11119-021-
09839-2

(18] T. Wang, H. Jin, H. Sieverding, S. Kumar, Y. Miao, X. Rao, X,, ... S. Cheye, Understanding farmer
views of precision agriculture profitability in the US Midwest, Ecological Economics 213 (2023)
107950. doi: 10.1016/j.ecolecon.2023.107950

[19] E. D. Lioutas, C. Charatsari, Innovating digitally: The new texture of practices in agriculture
4.0, Sociologia Ruralis 62 (2022) 250-278. doi: 10.1111/soru.12356

[20] A. R. Abdulai, R. Gibson, E. D. Fraser, Beyond transformations: Zooming in on agricultural
digitalization and the changing social practices of rural farming in Northern Ghana, West Africa,
Journal of Rural Studies 100 (2023) 103019. https://doi.org/10.1016/j.jrurstud.2023.103019

[21] A. Michailidis, C. Charatsari, T. Bournaris, E. Loizou, A. Paltaki, D. Lazaridou, E. D. Lioutas, A
first view on the competencies and training needs of farmers working with and researchers
working on precision agriculture technologies, Agriculture, 14 (2024) 99. doi:
10.3390/agriculture14010099

[22] E. M. Preininger, How agriculture performs urbanity: connecting urbanization and socio-
practical shifts in farming cultures, Fennia-International Journal of Geography 202 (2024) 103-
121. https://doi.org/10.11143/fennia.129582

[23] M. Carolan, The perilous promise of productivity: Affective politics of farming media and its
consequences for the future of agriculture, New Media & Society, 25 (2023) 1913-1934. doi:
10.1177/14614448231174521

[24] E. Duncan, A. Glaros, D. Z. Ross, E. Nost, New but for whom? Discourses of innovation in
precision  agriculture, Agriculture and Human Values 38 (2021) 1181-1199.
https://doi.org/10.1007/s10460-021-10244-8

[25] M. Gardezi, R. Stock, Growing algorithmic governmentality: Interrogating the social
construction of trust in precision agriculture, Journal of Rural Studies 84 (2021) 1-11.
https://doi.org/10.1016/j.jrurstud.2021.03.004

[26] M. Kernecker, A. Knierim, A. Wurbs, T. Kraus, F. Borges, Experience versus expectation:
Farmers’ perceptions of smart farming technologies for cropping systems across Europe,
Precision Agriculture 21 (2020) 34-50. https://doi.org/10.1007/5s11119-019-09651-z

69


https://doi.org/10.1016/j.compag.2012.05.017
https://doi.org/10.1017/aae.2018.27
https://doi.org/10.1016/j.ecolecon.2023.107950
https://doi.org/10.1111/soru.12356
https://doi.org/10.3390/agriculture14010099

[27] M. De Rosa, C. Charatsari, E. D. Lioutas, M. Masi, Y. Vecchio, M. Francescone, (2024).
Contextualising digitalisation through ambidexterity and new territorial proximities, Journal of
Rural Studies 109 (2024) 103322. https://doi.org/10.1016/j.jrurstud.2024.103322

70



