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ABSTRACT

Digitalization in fruit production can create significant social and environmental
impacts through on-farm efficiency gains and by enabling transparent commu-
nication from farm to fork. As societal criticisms currently challenge the future of
agricultural practices, it remains unclear how the public opinion of fruit produc-
tion will change through digitalization. This study explored the perceived
impacts of digitalization on the public attitude towards fruit production by
investigating the views of stakeholders along the fruit value chain, using the
Lake Constance region in Southern Germany as a case study. Of the 33 inter-
viewed stakeholders, 73% believed that digitalization could impact the public
opinion of fruit products and production methods. Positive impacts were
anticipated more frequently than negative. Two clear pathways through
which this change could occur emerged: through (1) on-farm usage of digital
tools or (2) increased transparency along the value chain. Nevertheless, stake-
holders expressed concerns that the foundational knowledge about agricultural
practices in society is currently too low, challenging the potential benefits of
digitalization to improve public opinion. The described impact may be con-
tingent upon the narrative surrounding the use of digital technologies and their
impacts. Prioritizing honest communication about fruit production and building
trust towards farmers should be central goals of digitalization.
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1. Introduction

As the basis of all primary production, agriculture is facing major challenges
to meet the increasing demands of a growing world population. The goals of
food production and environmental protection can conflict with each other,
as agriculture also has a significant responsibility for preserving key environ-
mental assets such as soil, water, climate and biodiversity. Moreover, societal
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criticisms are challenging agricultural production practices. Concerns primar-
ily surround environmental and labourer- and animal-welfare aspects of
today’s production methods (Balmann, 2016). A disconnect between consu-
mers and farmers with the continued advancement of industrialized agricul-
ture has been observed (Duncan & Broyles, 2006; Zimbelman et al., 1995) and
the resulting deficit in agricultural knowledge or literacy has led to an
increase in concerns among consumers (Rumble & Irani, 2016). Deficient
understanding about production methods could lead to mistrust, misguided
public support for political campaigns, and a lack of understanding of price
politics, which together threaten the future of farming (Igo & Frick, 1999).

Digitalized technologies are anticipated to mitigate both environmental
and societal challenges in the agri-food sector (Nesheim et al., 2015; Wolters
et al, 2021). Impacts created through the digital transformation of agricul-
ture, such as greater environmental efficiency and increased transparency
along the value chain, could alter the public image of agricultural production
methods. As improved transparency and communication of agricultural pro-
duction methods can positively influence consumer attitudes and trust (e.g.
Fu et al., 2023; Rumble & Irani, 2016), there is hope that the transparency of
production processes and traceability that can be simplified through digita-
lization will create trust and increase appreciation of agriculture (Deutsche
Landwirtschafts-Gesellschaft, 2018). Digitalization can be helpful in the com-
munication between the agricultural sector and the consumer, in the devel-
opment of direct marketing and cooperation models, and in the recording
and presentation of process quality (Bund fir Umwelt und Naturschutz
Deutschland, 2019). For instance, blockchain-based systems and, more sig-
nificantly, the labelling of blockchain technology use on products, have been
found to have a positive effect on purchase intention via perceived product
quality (Treiblmaier & Garaus, 2023). The use of blockchain technologies in
agriculture, such as through the framework for securing agriculture-related
data as suggested by (Kassanuk & Phasinam, 2022), may enable safer record-
ing of farming data as well as public access to the data, which could function
to positively influence public opinion of agricultural products and practices
through increased transparency to the consumer (Yap et al., 2023).

Still, critical attitudes towards farmers and farming practices may not
equate to an overall lack of societal acceptance, nor do they necessarily
stem from a lack of knowledge on agricultural production, as critical
attitudes have also been observed to grow with increased societal knowl-
edge (Landwirtschaft, 2021; Sonntag et al., 2021). Consumers have
expressed negative attitudes regarding technical progress in the agri-
food sector, as they are unfamiliar and therefore uncomfortable with the
concept and have often perceived such progress as being unnatural (Mohr
& Hohler, 2023; Pfeiffer et al., 2021; Zander et al., 2013). Consumers
generally exhibit a preference for “naturalness” regarding farming and
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food systems (Romdn et al., 2017), which works in favour of organic farm-
ing and products, as they are perceived as more natural when compared
to non-organic production methods (Kuhl et al.,, 2023; Lang & Rodrigues,
2022; Zander et al., 2013).

Critical views on agricultural production are widespread among the
German population (Pfeiffer et al., 2021; Weible et al., 2016; Zander
et al,, 2013). German farmers are portrayed as pioneers of digitalization
(Bitkom & Bauernverband, 2020) and the agricultural sector has been
credited for leading national digitalization (Rentenbank, 2018). The
general attitudes of German individuals towards technology (e.g. tech-
nophilic or technophobic) strongly determines the acceptance or rejec-
tion of farming systems that use digital farming technologies (Wilmes
et al., 2022). Overall, German citizens are in favour of the use of
digitalized technologies in agriculture (Spykman et al., 2022; von
Veltheim & Heise, 2021), particularly as a means to reduce agrochemical
use (Spykman et al., 2022). Still, Pfeiffer et al. (2021) speculate that
criticism of agriculture in Germany is so widespread that potential
benefits from digitalization are unlikely to significantly increase public
acceptance of agriculture.

Horticulture as an agricultural sector is not immune to these issues related
to public perceptions. This sector faces its own unique environmental and
societal challenges (e.g. Chemnitz et al.,, 2022; Marinoudi et al., 2021).
Additionally, societal acceptance has been found to be more favourable for
organic fruit than for non-organic (e.g. Cerda et al,, 2012; Yue et al., 2009). The
development of digital technologies for fruit cultivation is progressing,
including autonomous harvesting (e.g. Baeten et al,, 2008; J. Zhang et al,,
2024), deep learning and Al for the detection of fruit characteristics (e.g.
Barbole et al.,, 2022; Kodors et al., 2020; Miranda et al., 2023; Nordmark
et al, 2021), smart sensors and modelling for improved efficiency in apple
production (e.g. Siefen, 2021; N.; Siefen et al., 2023; Biegert, 2022), and
unmanned aerial vehicles and robots for fruit farm surveillance and manage-
ment (e.g. Adarsch et al., 2018; Stefas et al.,, 2016; C. Zhang et al., 2021;
Q. Zhang et al., 2019). Still, the impact of digitalization on the public percep-
tion of fruit production has yet to be studied.

It is evident that different views exist on the relationship between digita-
lization, agricultural production, and consumers’ perceptions and expecta-
tions to address sustainability challenges. Considering the various stakes at
hand in the digitalization of agriculture, stakeholders along agricultural value
chains offer valuable insights from their areas of expertise. To this end, the
research questions that guided this study are as follows: (1) how do stake-
holders perceive the public opinion of fruit farming? (2) How do stakeholders
believe that the use of digitalized technologies in fruit farming (general,
meaning regardless of production system, and organic) will impact the public
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opinion of the products and production methods, and how do they believe
that different technologies could create this impact?

2. Materials and methods

This study uses a qualitative, open, and exploratory case study approach. The
authors conducted semi-structured interviews with stakeholders along the
fruit value chain in Southern Germany and sought to understand what
stakeholders actually consider when asked about digitalization without gui-
dance from the interviewers. The chosen methodology is best suited to
answer the research questions, as it allowed themes to naturally emerge
based on the stakeholders’ individual perceptions and phrasing. The themes
were subsequently identified during the qualitative analysis of the interviews.

2.1. Region of study

The region of Lake Constance in southern Germany is the second-largest fruit
growing area in the country (Bundesministerium fir Erndhrung und
Landwirtschaft, 2016; Kosler, 2023). The geographical region of Lake
Constance includes the counties of Konstanz, Bodenseekreis, and
Ravensburg in the state of Baden-Wirttemberg, as well as the county of
Lindau in the state of Bavaria (Genuss Bayern, 2024). Mild temperatures and
the proximity to the Lake of Constance have enabled agriculture to thrive for
generations. Small- to medium-sized family farms produce cereals, potatoes,
corn and speciality crops, such as fruit, vegetables, and wine (Grimminger
et al., 2018). Just over 1017 fruit farms can be found across all four counties in
the Lake Constance region (Bundesministerium fir Erndhrung und
Landwirtschaft, 2016). Nearly 75% of the regional tree fruit area (10344 ha)
is dedicated to apple cultivation (7692 ha) (Baden Wirttemberg, 20223,
2022b, 2022c¢; Bayerisches Landesamt fiir Statistik, 2018). In the state of
Baden-Wiirttemberg, the organic-certified cultivation area for fruit is greater
than the average organic-certified cultivation area for total agriculture at 18%
and 12%, respectively (Kosler, 2023). While nearly half of all national fruit
farms are categorized as small at less than 20 ha hectares (Statistische Amter
des Bundes und der Lander, 2019), fruit farms in the Lake Constance region
are even smaller with an average of 8.8 ha (Kosler, 2023). The impact of
climate change and weather extremes, such as heightened mildew pressure
from extended wet periods which results in a greater need for plant protec-
tion products and digital tools to combat diseases (Bodensee, 2013), in
addition to changing consumer demands and societal criticisms threaten
the future of fruit production in the region.
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2.2. Stakeholder selection and mapping

Among the numerous identification methods for stakeholder analysis,
Freeman’s stakeholder definition was selected for this study: “any group or
individual who can affect or is affected by the achievement of the organiza-
tion’s objectives” (Freeman, 1984). In this study, the “organization” was
considered as the fruit production sector and the “objective” was considered
as the digitalization of the sector as a potential future scenario. Two key
criteria guided the stakeholder selection, which followed a purposive sam-
pling approach (Bryman, 2012): (1) stakeholders identified were either
intended users or developers of digital technologies; (2) stakeholders were
engaged in the fruit value chain, ranging from the farm- and retail-level to
those who viewed the fruit production industry from a wider technology or
research lens. As a result of an extensive internet search, which included
websites of research projects and groups, farmer associations, and technol-
ogy development companies, authors compiled a preliminary list of regional
stakeholders who met these criteria. An interview was conducted with
a German expert in digital farming technologies to improve the draft inter-
view guideline and to find not yet identified stakeholders. Additionally, the
authors requested the contact details of farmers who could be interested in
participating from a regional advisor on fruit cultivation and a leader of an
agricultural group. This iterative process was similar to snowball sampling
(Goodman, 1961). The stakeholders were inductively categorized into groups
based on their occupation and shared stakes or interests: farmers, cultivation
consultants, marketing and wholesale representatives, researchers, technol-
ogy developers, and representatives of nature, agricultural, and consumer
associations.

Authors of the study aimed to conduct five to six interviews for each
stakeholder group (Table 1), with the exception of fruit farmers: as they are
the intended users of digital technologies in fruit production, have potentially
more heterogeneous views, and are most affected by the consumer’s per-
spective, thus have the highest stakes, authors aimed for eight farmer
interviews.

Technology developers and nature, agricultural, and consumer associa-
tions were limited in the region and were challenging to engage. To better
understand how to prioritize activities for engaging stakeholders, the authors
used the power-interest matrix developed by Johnson et al. (2008) and
adapted from Mendelow (1981) to evaluate the interest and power of stake-
holder groups in relation to the influence of digitalization on the public
opinion of fruit production (Figure 1). This stakeholder mapping approach
identifies stakeholder expectations and power to better understand political
priorities, as well as to suggest levels of intervention in the case of engage-
ment challenges (Johnson et al., 2008). Groups with low levels of power and/
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Table 1. Result of the analysis of stakeholder groups in fruit production and their
descriptions, adapted from Gaber et al. (2024).
Stakeholder group # Description

Fruit farmers 8 Farmers predominantly engaged in fruit production on their
agricultural land, employing either integrated production’ (IP)
or organic principles.

Technology developers 5 Individuals working as employees or leaders in agricultural
machinery or technology companies, ranging from start-ups to
international corporations.

Cultivation consultants 5 Individuals, whether privately or publicly employed, advise farmers
on on-farm activities and/or the purchase and application of
agricultural inputs, such as Plant Protection Products (PPPs) and
fertilizers.

Researchers 4 Local or national-based researchers affiliated with public or private
institutions possessing knowledge of fruit cultivation, fruit value
chain conditions, and/or agricultural technologies.

Nature, agriculture and 6 Individuals who are members, employees, or leaders of public or

consumer associations private organizations dedicated to nature preservation,
agriculture, or consumer interests. These individuals play a role
in representing the interests of groups or communities related
to these sectors.

Fruit wholesalers or traders 5 Individuals serving as employees or leaders within fruit wholesale
organizations or companies or individuals in similar roles within
farm shops that offer local delivery services.

or interest would not merit extenuating efforts to adjust the methodology to
be included, whereas groups with high levels of power and/or interest would.
As the authors valued technology developers and nature, agricultural, and
consumer associations to both have high interest and high power (“key
players”) in the study, proactive efforts were required to involve these groups.
While the authors previously considered the proximity to the Lake Constance
region as a priority in the selection of possible interview partners, the authors
re-evaluated its importance for these particular groups, considering the
national and international scales at which digital technologies are developed.
Ultimately, the authors expanded the geographical focus of the stakeholder
selection methodology to meet the goal interview number for these groups.'

2.3. Stakeholder interviews

In total, 33 stakeholders across the six stakeholder groups participated in
1-hour interviews, which were conducted in German and offered both in-
person and online. The interviews were semi-structured with questions based
on the research goals. As previously mentioned, an interview guideline
(included in the Annex) was developed and improved based on the recom-
mendations provided in the expert interview. The guideline encompasses

"The two production systems used in German horticulture are integrated production (IP) and organic.
The two systems are distinguished from one another by the use of PPP and the level of holistic
integration in the production system (Augustenberg, 2023; Das Griine Lexikon Hortipendium, 2021). Of
the interviewed farmers, three farmed following IP standards, and five following organic standards.
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(low) Level of Interest (high)
. >
(low)
Minimal effort Keep informed
Fruit wholesalers or ’ Cultivation consultants ‘
marketers
Level of
Power | Researchers | Nature, agricultural. and
consumer associations
Keep satisfied Key players
‘ Technology developers ‘
(high) y

Figure 1. The power-interest matrix of the identified stakeholders regarding digitaliza-
tion in fruit production based on Johnson et al. (2008) and adapted from Mendelow
(1981).

more subjects than are pertinent to the current study because it was used for
an interview series as part of the DESIRA project (DESIRA, 2019). The most
relevant interview questions for this investigation were 26 and 26(a).
Specifically, stakeholders were asked the following questions: (1) in your
opinion, would the use of digitalized technologies in fruit production change
public opinion about the products or production methods? (Yes, no and what
reasons play a role here). (2) Does your answer differ when we speak about
the use of digitalized technologies in organic fruit production? (If yes, how
and what are the reasons for these differences).

The interviewed stakeholders were predominantly males between 41 and
60 years and most of them lived in mostly rural or mixed regions (Figure 2). All
of them had post-secondary training or education. The self-evaluation of
knowledge on digitalization in fruit production showed a wide range, with
most responses falling in the rather low (39%), medium (30%), and rather
high (18%) knowledge categories.

2.4. Interview analysis

The interviews were transcribed and analysed using qualitative content
analysis (Mayring, 2000) supported through MaxQDA 2020 software.
Authors employed a two-part inductive coding process as outlined by
Saldafa (2013). Structural coding was conducted as the first cycle to
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Declared Gender Description of living region

" mostly rural # mixed = 30-40 = 41-50
* female "male = mostly urban  no answer = 51-60 61-70
Region of Work Self-evaluation of knowledge on

digitalisation in fruit production

\‘

30% |
= Lake Constance Region = high = rather high
= medium rather low
= rest of Gemmany = low = N0 answer

Figure 2. Characteristics of interviewed stakeholders (n=33).

break the information into clear sections from within which the authors
could further code. For example, for the question “In your opinion,
would the use of digitalized technologies in fruit production change
public opinion about the products or production methods?”, stake-
holders responded with either “yes”, “no”, “I don’t know”, or “it
depends”, and thus these four responses became the initial four struc-
tural codes. The second cycle of coding involved pattern coding. This
coding type was the most suitable for the aims of this study and the
open structure of the interview responses as it enabled the description
of similarly coded responses through an emerged pattern: in other
words, codes were grouped and regrouped as an iterative process to
identify emerging patterns in the content per question (Figure 3). First,
excerpts within each structural code were descriptively coded. For
instance, within the “yes”-coded responses, the responses were given
descriptive titles to best describe the excerpt, such as “reduction of
PPP”. Through this descriptive coding, patterns began to emerge within
the “yes” codes; thus, the sub-codes were subsequently grouped into
overarching codes to describe these patterns. To continue with the
example of the “reduction of PPP” coded excerpt, this stakeholder
was describing impact through on-farm usage. Thus, the overarching
code “impact through on-farm usage” was used to group this and
similar responses. The other identified pattern within the “yes” codes
was “impact through increased transparency”. All “yes” codes belonged
to one of these two patterns. Then, within both of the overarching
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Ist cycle I I 2ndcycle: pattern coding l
Structural Descriptive Pattern Pattern
coding coding identification identification
and grouping and grouping
Stakeholder #5: “Of course, if we have a
better overview of the pest situation in the Yes Reduction of Impact through Positive ]
plant and have to apply less crop ¥ PPP on-farm usage
protection, then that can only be a good
thing in terms of public perception. Yes.”
Stakeholder #14: “Well, there are certainly
people who think that's great... It will then
certainly also be possible to farm more ) Improved Impact through g
land... But definitely, yes, it can change s efficiency on-farm usage Positive
public opinion. . -
Stakeholder #10: . Digitalization can
create transparency and thus perhaps a
public opinion about products, if you can
track it via the Internet... then I can assess Better Impact through
it myself when I actually see what work yes understanding increased Positive
steps are necessary. And how cheaply some of price politics transparency
goods are sold, that doesn't fit in at all with
the way we think about food production. So
I think that could contribute to
understanding price politics. yes.”
Stakeholder #3: “The problem will be, of
course, if I have a consumer who expects Transparency Impact through
my apple not to be sprayed at all, I won't yes leads to negative increased
be able to help them. But that's just this image change transparency
distorted picture. That apple does not exist™

Figure 3. Example of interview coding process using pattern coding (Saldafa, 2013).

codes, a final pattern was identified, namely if the described impact
was positive or negative. These patterns are elaborated upon further in
the results.

Frequencies of codes per stakeholder group were calculated in an Excel
spreadsheet and incorporated into the results as descriptive statistics.
However, due to the small sample size and because many stakeholders
provided multiple responses (e.g. “yes” and “no”) for the questions, the
descriptive statistics provided are a minor portion of the results, intended
to compliment the more extensive qualitative analysis.

3. Results

Results of the interview responses are provided in the following para-
graphs and are structured in the order of the research questions: first,
the stakeholder perceptions of public opinion of fruit farming are
examined. Second, stakeholder views on how the use of digitalized
technologies in fruit farming can influence public opinion are addressed
and the emerged themes are explored. The elaborations of the
responses are qualitatively reported to explore viewpoints, explana-
tions, and arguments from stakeholders.
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3.1. Stakeholder perceptions of public opinion of fruit farming

Based on the responses to the semi-structured interview questions, authors
could interpret the stakeholder perceptions of the public opinion of fruit
farming. Stakeholders from all groups, regardless of their categorical
response to the interview questions, expressed frustration with the public
and their current lack of understanding of fruit production methods and
agricultural production as a whole. A fruit wholesaler (Stakeholder [S]13)
credited agriculture as a sector for this perceived inadequacy, rather than
society: “when we talk about public opinion, | think we have to say that
agriculture as a whole has forgotten to take society with it in its development”.
Other stakeholders described false information in the media to perpetuate
inaccurate ideologies of agricultural production methods. An organic farmer
(S20) reported: “The public has no idea about agriculture anymore . . . there is no
knowledge and what is being spread are the personal perceptions of individuals.
You can also simply say that they are teachers. And we need to get the knowl-
edge about agriculture, how it works or how it is done, what opportunities and
difficulties there are, into the population”. Stigmas against agricultural produc-
tion methods, which were reported to cause misunderstandings and low
acceptance of agricultural production methods, lack of willingness to pay,
and misguided pressure on politics were described to originate from narra-
tives provided by the media. A damaging discourse surrounding the use of
pesticides has been created at the sake of farmers, despite their invaluable
role in feeding the population, described a consultant (S6): “It is conveyed to
society in such a way that the fruit grower gets the feeling that he has only
sprayed poison. And that’s his hobby, spraying poison and driving a tractor and
polluting the environment. | don’t know a single farmer who sprays without
having to do it. Because it's unpleasant for everyone and it also costs money. But
this social service, which actually benefits the world’s population, has no social
recognition here in our affluent state or in Central Europe”. A researcher (S3)
credited marketing by retail chains to project an unattainable image that
high-quality products can be made at a low-cost for the end consumer, and
this is causing dangerous inaccuracies: “nothing has diverged as much as the
production methods in agriculture and fruit growing and the way they are
marketed. That’s why the consumer has been continuously misled”.

3.2. General stakeholder views on how digital technologies in fruit
farming can impact public opinion

Across all stakeholder groups, 73% believed that digitalization could change
the public opinion of general fruit production, regardless of the production
system (Figure 4). All consultants and nearly all fruit farmers and representa-
tives from nature, agriculture, and consumer associations reported this. Two
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Figure 4. Stakeholder views on if the use of digitalized technologies in fruit production
would change public opinion about the products or production methods. Multiple
answers were possible.

", u

stakeholders were undecided and responded “it depends”: “not on the use of
digitalized technologies, but rather how the collected data are used” (fruit
farmer, S28); “the answer depends, because just using it won’t change anything
if it's not known to the public. That means there has to be some kind of
marketing” (technology developer, S33). Of the stakeholders who responded
“no” (21% total), most were researchers. Five stakeholders (two researchers,
two representatives from nature, agriculture, and consumer associations, and
one wholesaler) responded with multiple answers; all but one responded first
with “no”, then followed up with “yes” during their elaborations. Unless
otherwise specified, both responses were considered to have equal value
and therefore are included in the results of this study.

Stakeholders were asked if their answer would differ when speaking about
the use of digitalized technologies in organic fruit production. This phrasing
of this question enabled an open discussion around production system
differences. This question can also be interpreted as whether the production
system makes a difference in the impact digitalization could have on public
opinion of fruit farming. Nearly half (48%) of all stakeholders believed the
production system plays a role in the impact digitalization could have on
public opinion (Figure 5). For instance, a developer responded, “I can only
imagine that it will have an even stronger effect on the organic ones, because
the higher price simply requires greater credibility ... | think it is perhaps even
more valuable for organic farms to demonstrate this traceability and this
modernity, and also this progress in principle, if they communicate it accord-
ingly. Of course, it's also an exciting question, because this digitalization doesn’t
fit in with the dream of many people that farming has to be idyllic and small and
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m Technology developers

Figure 5. Stakeholder views on whether production system plays a role in how
digitalization could impact public opinion of fruit farming. Multiple answers were
possible.

with ten different animals on the farm, but yes". (S33). Meanwhile, 30% of
stakeholders did not believe this, such as an organic farmer, who mentioned,
“I don't think so, because practically the population or public opinion doesn’t
even know what technologies are being used ... No, there is no difference. So,
organic and IP will not differ”, (514). A greater number of stakeholders chose
not to respond to this question than for the previous interview question,
without justification. Researchers, for instance, either did not provide an
answer or did not believe that the production system makes a difference in
how digitalization could impact public opinion. The reasons provided by
stakeholders will be explored in the following section.

3.3. Digitalization can impact public opinion: Emerged themes

Within the responses from stakeholders who answered “yes” to the interview
questions, “In your opinion, would the use of digitalized technologies in fruit
production change public opinion about the products or production meth-
ods” and “Does your answer differ when we speak about the use of digitalized
technologies in organic fruit production?”, both positive and negative
impacts were anticipated. Overall, positive impacts were described more
often than negative. Cultivation consultants and fruit farmers were particu-
larly optimistic in this regard, whereas representatives from nature, agricul-
ture, and consumer associations believed negative impacts could occur more
than any other group. However, the key stakeholder group, fruit farmers,
expected negative impacts to occur with regard to digitalization in organic
fruit production more than any other group. As previously mentioned, inter-
viewed researchers either did not provide an answer to the question
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regarding differences between production systems, or they did not believe
the production system played a role.

Two sub-categories for how this change could occur became apparent: (1)
through increased transparency from the use of digital tools, and (2) direct
on-farm impacts from the use of digital tools (Figure 6). For instance, some
stakeholders saw positive potential in the increased transparency from farm
to fork through digital technologies, while others perceived possible risks that
could occur when consumers have the opportunity to see into every day
farming activities for the products they consume. Similarly, while the direct
impacts from on-farm usage of tools (e.g. automated tractors or drones), such
as reduced application of inputs, was seen as promising, adverse effects were
also described, including farming practices being perceived as becoming
more removed from nature. The reasons behind the categories and sub-
categories are listed in Table 2 and will be detailed in the following sections.

3.3.1. Positive impact on public opinion

3.3.1.1. Digital tools for increased transparency. Increased transparency
through digital tool use was the most anticipated impact on public opinion
among stakeholders (see Figure 6). Stakeholders reported improved trust of
farmers and/or farming practices, better understanding of price politics, and

General fruit production Organic fruit production
Total stakeholders M= Total stakeholders ==
==} [==5 5]
Fruit farmers = Fruit fammers
] —_
Fruit wholesalers or Fruit wholesalers or
marketers e marketers e
Nature, agriculture, and e Nature, agriculture, and
consumer associations  S—" consumer associations  se—
Researchers | Researchers
e
Cultivation consultants === Cultivation consultants e
J—
Technology developers === Technology developers ==
0% 20% 40% 60% 80% 100% 0% 10% 20% 30% 40% 50%
Positive change: Digital tools for increased Positive change: Digital tools for increased
transparency transparency
m Positive change: On-farm usage of digital tools m Positive change: On-farm usage of digital tools
Negative change: Digital tools for increased Negative change: Digital tools for increased
transparency transparency
m Negative change: On-farm usage of digital tools ® Negative change: On-farm usage of digital tools

Figure 6. Themes of perceived impacts (positive and negative, through increased
transparency or on-farm usage of digital tools) that digitalized technology use in general
(regardless of production system) and organic fruit production could have on public
opinion, per stakeholder group. Multiple answers were possible.
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Table 2. Reasons provided by stakeholders for how digitalized technology use in fruit
production could impact public opinion, including specific effects for organic produc-
tion. The number of stakeholders who mentioned this reason during the interviews is
provided. Multiple reasons could be given.

Positive impact # Negative impact #
Digital tools for increased transparency
improved public understanding of farming 7 change of existing 5
practices perception
improved trust of farmers/farming practices 7
better understanding of price politics 2
unification of quality standards 1
greater understanding of IP production 3
practices
specific effects for ~ greater understanding of organic production 1 transparency 3
organic practices communicates reality
production: of organic methods
more marketing chances for niche bio products 1
higher credibility for organic prices 1
organic consumers are easier to positively 1

influence through transparency than non-
organic consumers
On-farm usage of digital tools

reduction of inputs 3 trust human worker more 1
than automated tool

improved quality, price reduction 1 technologies concern 1
citizens

increased efficiency 1 more technology means 2
more removed from
nature

improvement through environmental practices 4 labour reduction 1

digitalization may reduce differences between 2
production methods

specific effects for does not fit to ‘natural’ 4
organic organic image
production:

unification of quality standards when describing the potential positive
impacts on public opinion through increased transparency. For instance,
digitalization was described to offer a chance for the public to learn about
fruit production”.l think that’s an important thing for public opinion, that
people can understand everything in detail and know that this is coming from
the farmer”, described a developer (S30). Another developer mentioned that
just using digitalized technologies, i.e. on-farm digital technology use, would
not change public opinion on its own. Rather, the technologies should be
used to “open the doors” of the farms to the public and communicate the
reality of their production methods: “Digitalization in the sense that we're
talking about in the production chain doesn’t help. Unless digitalization also
describes communication with the outside world. Then yes. .. digitalization can
have a positive influence on public opinion if digitalization is used for this
purpose” (532). Specifically for organic fruit production, potential change
was anticipated more often through improved transparency of the
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production method as a function of digital technologies, as this could help to
justify the higher price of organic products in the eyes of the consumer.
A consultant (S5) explained”,As far as organic farming is concerned, | would say
that if we can now, for example, as | have just described, transparently show how
the organic farming system and plant protection work using a field index and
corresponding evaluation software, then we will encounter very broad public
approval”. Still, improved transparency was not exclusively perceived to
favour organic production. A representative from a nature association (57)
described transparency as a motivation for conventional or IP farms to com-
municate the reality of their methods to the public, in order to achieve
greater understanding of their cultivation practices: “[farming] simply
becomes more transparent, you can compare better, you can adhere to stan-
dards better, you can present standards and you can also say that these
standards are being adhered to accordingly. Yes, digitalization is standardizing
everything, so | think that conventional fruit production could score points in
public opinion.”

3.3.1.2. On-farm usage of digital tools. Some stakeholders expressed
optimism that the on-farm use of digital tools could positively influence
public opinion of fruit cultivation products or production systems, particularly
regarding the potential to improve environmental standards in production,
such as precision application methods that could allow for reduction of
agricultural inputs and increased on-farm efficiency. “From my point of view,
it's all about environmental quality. And if [digitalization] results in improve-
ments, then public opinion will also improve”, reported a representative from
a nature organisation (54). Researchers reported potential positive impacts
through on-farm usage of digital tools more than any other stakeholder
group, while fruit wholesalers or marketers did not anticipate any positive
changes related to on-farm usage. A developer described increased efficiency
through on-farm technologies to improve the quality of products over time
while also reducing the costs of production and therefore price for the
consumer (S31). Positive on-farm impacts on public opinion were also
reported for organic fruit production, though only by stakeholders within
the cultivation consultant and technology developer groups. Stakeholders
expected the use of digitalized technologies to decrease the higher produc-
tion costs of organic fruit farming, which they credited to the higher manual
labour and lower yields compared to conventional or IP fruit farming, ulti-
mately reducing the price- and acceptance- gap between conventional and
organic products.

3.3.2. Negative impact on public opinion
3.3.2.1. Digital tools for increased transparency. While transparency
enabled through digital technologies can offer a positive change through
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knowledge sharing, trust, and improved communication, the publication of
farm-level information could also negatively influence the opinions of con-
sumers. According to an IP farmer, “Farms are becoming more and more
transparent. This means that the quantities of pesticides and the application
and so on are all becoming public. And that can go in one direction or the other
under certain circumstances. So | see it in two ways.” (524). Transparency could
de-romanticize production methods for consumers. Stakeholders particularly
described this risk for organic production, as consumers with disillusioned
concepts of the production method might react negatively to the reality
gained through increased transparency. A researcher reported, “The problem
will be, of course, if | have a consumer who expects my apple not to be sprayed at
all, | won't be able to help them. But that’s just this distorted picture. That apple
does not exist.” (S3).

3.3.2.2. On-farm usage of digital tools. Negative impacts were anticipated
through direct on-farm use of digital technologies. Mistrust of technologies,
particularly flying or autonomous driving technologies like smart tractors or
drones, was a common theme: “And drones are not only a blessing, but also
a bit of a curse in the eyes of some people. Yes, because it's simply uncomfor-
table. Not just because of the noise, but simply because you feel like you're being
watched, you don’t know what they're filming for", reported a representative
from an agricultural association (519). The possibility of human labour reduc-
tion or replacement through the implementation of on-farm digital tools
additionally concerned stakeholders, and was described to risk a negative
impact on public image and societal acceptance of farming practices. More
stakeholders reported organic fruit farming to be at risk for a negative impact
through on-farm use of digital technologies than through increased transpar-
ency through digitalization. The presence of digital technologies in organic
fruit farming was perceived to contradict the current public opinion: “In terms
of perception, of course, it's somehow bad when you say: 'Yes, the organic
farmer, he’s flying over there with the drone. Is that even organic? And does he
have a computer-controlled harvesting machine? | thought they were using
a ladder to get the fruit down from the high trunks’ and things like that ...
they say that organic farming is actually like it was 100 years ago. At least that’s
how people imagine it. And digitalization doesn't fit in there” explained a fruit
wholesaler and marketer (S17).

3.4. Digitalization (alone) cannot impact public opinion: emerged
themes

In comparison to the responses by stakeholders who believed digitalization
can impact public opinion of fruit production, stakeholders who did not
believe this provided limited explanations. Three themes emerged from
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these responses: (1) the use of digital technologies are “unseen” by the public;
(2) society does not know/care how fruit is produced; and (3) information
gained through digitalization is not interesting for the public. Stakeholders
who answered “no” were often discouraged by the lack of digital knowledge
among consumers, which limits the public’s ability to learn about fruit pro-
duction through increased transparency as a function of digitalization. Still,
the majority of “no” responses centred on a perceived lack of societal under-
standing or interest in agricultural methods. Some stakeholders believed
society is already too distanced from food production and digitalization
cannot bridge this gap. A researcher (S11) mentioned that digitalization
would not impact public opinion on fruit production, “because the population
or public opinion doesn’t even know what [current] technologies are being
used”. Another researcher (S3) expanded on this point by describing the
digital literacy in the general public to be too low for any sort of impact:
“the consumer we're talking about now doesn’t have any digital skills either. We
are already talking about the fact that consumers are far too far removed from
agricultural production processes and that food marketing is characterized by
selling a myth of a manufactured world ... Consumers are not interested in
[digitalization] at all because they actually tend to say that even more technol-
ogy, even more distance from the land, is not good . .. The consumer is educated
to believe that modern technology is actually disruptive and feeds the agribusi-
ness lobby, so to speak, at the expense of the consumer and lots of chemicals.”
Researcher (S3) described this “myth of food production” to be a lie: “As long
as people believe that, | as a producer have actually lost completely. All these
tools won't help me, | first need to build up a new image of production, new
confidence in myself as a person in my business. These documentation tools can
help me a little with that”. An organic farmer argued that, first and foremost,
the foundational knowledge in society around agricultural production meth-
ods is in need of improvement: “what we can do with digitalization, with digital
technologies, is that we can document that we are doing everything in accor-
dance with the law. But if people don’t understand the meaning and purpose
behind it, it's no better because of that”, reported an organic farmer (520).
While digital tools like social media can help to give a realistic picture to the
fruit, this is only feasible if the farmers have the capacity to use the tools.
Researcher S3 described this as an unrealistic task to add on top of the
extensive daily workload of a farmer.

Impact on public opinion of fruit farming may not be contingent upon the
use of digital technologies in fruit farming, but rather the narrative surround-
ing their use and impacts. “On the producers’ side, the only chance now is not to
talk about digitalization or technology, but to talk about what they really do.”
reported researcher S3. This researcher recommends that producers use
digitalization to communicate to the public that they (1) understand the
concerns of the public and (2) are taking all possible measures to reach
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their demands. Stakeholders suggested that a positive change on the public
image of fruit production could occur if the communication about digitaliza-
tion were to focus on environmental aspects. “/ can imagine that if the press
were to report that the use of pesticides can be reduced with new technologies,
then | think it would certainly have a positive impact on public opinion,”
reported a researcher (511). Still, the discourse on digitalized fruit production
must remain neutral and informative to improve societal knowledge and
build trust between producers and consumers. “If the customer has the feeling
that digitalization helps to grow the product in an even more environmentally
friendly, climate-friendly and healthy way, then they are in favour of it. But if they
just think: ‘It's just a technology that observes us even more, controls us more. It
calls certain things into question in terms of data protection’, then there is simply
a lack of transparency as far as the consumer is concerned”, described
a representative from an agricultural organization (S19).

4. Discussion
4.1. Methodological considerations

Several methodological aspects limited this study. To begin, the average farm
size in the region is significantly smaller than the national average, which may
influence how digitalization was perceived. This region is known for its small-
to medium- sized family farms, which have been found to lack digitalization
(Regan et al,, 2018) and to adopt digital technologies less frequently than
larger farms due to structural challenges (Kernecker et al., 2020; Linsner et al.,
2021). German family-run farms tend to favour well-established solutions
over innovations (Cravotta & Grottke, 2019). The self-evaluation of knowledge
on digitalization in fruit production ranged greatly, with most responses
falling in the rather low (39%), medium (30%), and rather high (18%) knowl-
edge categories. This was to be expected, as only some of the stakeholders
work directly with digitalization, and others were selected based on their
knowledge of the regional fruit value chain. Additionally, stakeholders were
not provided with a definition or examples of digitalization in fruit produc-
tion; therefore, their responses are dependent upon their personal interpre-
tation of digitalization in fruit production. Considering that the adoption of
digital technologies in the fruit sector is lagging behind other agricultural
sectors (Ossevoort et al., 2016), variations in experience with the topic among
stakeholders are to be expected. Digitalization in agriculture has been notor-
iously challenging to define, as numerous terms have emerged to explain the
different forms of digitalized agricultural systems (Klerkx et al., 2019). While
the variations in interpretations provided valuable insights for this study, they
also suggest a need to disambiguate the term “digitalization” for all potential
users within this sector. Finally, while the frequent criticisms expressed by
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stakeholders over societal knowledge on agricultural practices could have
hinted towards a stakeholder bias, the authors of this study see value in these
results as they are as follows: despite an overall negative outlook on the
current state of public opinion, stakeholders still see the value that functions
of digitalization can offer.

4.2. The digitalization narrative

Stakeholders in this study largely conveyed optimism that digitalization could
create a positive change in the public perception of fruit production and lead
to a variety of trickle-down impacts, such as improved price politics. On the
other side, stakeholders who expressed frustration with society’s current
knowledge on agricultural production frequently credited media for this
perceived lack and noted that digitalization’s impact on public opinion of
fruit production may be contingent upon the media’s chosen narrative
surrounding it. In this way, the narrative around the employment and effects
of digital technologies in fruit farming may have a greater influence on public
opinion of the industry than their actual use. Indeed, media reports hold
immense power in how the public think about issues (McCombs &
Valenzuela, 2021). Yet the supply of information is rarely neutral, as media
have incentives to provide eye-catching, often controversial narratives
around current topics (McCluskey & Swinnen, 2004). A study by Yuksel et al.
(2017) found that society pays more attention to negative reporting, which is
referred to as the bad-news hypothesis. Still, research shows that German
media tend to support new technologies (e.g. Metag & Marcinkowski, 2014).
A study by Mohr and Hohler (2023) conducted a content analysis of German
media content published from 2016 to 2019 on digitalization in agriculture
and found that the majority of analysed arguments were positive (59%), while
almost 24% were negative and around 18% were neutral. Favourable media
coverage of this topic was encouraged in the study by Mohr and Hoéhler as an
opportunity to improve societal acceptance of digitalized agriculture. The
stakeholders in this study expand this opportunity to include societal accep-
tance of agriculture methods in fruit production.

Furthermore, while technical details of agricultural processes are unli-
kely to interest the public (Pfeiffer et al., 2021), the potential for digitaliza-
tion to improve environmental or social conditions, such as those
anticipated by stakeholders in this study, can be used as an argument to
support the use of digital technologies. Literature indicates that commu-
nication of the positive effects of digital technology use is a critical part of
the narrative as digitalization progresses; without this narrative, studies
initially yielded neutral or negative results on the impact on public percep-
tion. The representative study conducted by Wilmes et al. (2022) first
indicated that German citizens perceive a negative affect of digital
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technologies on willingness to buy food products from large and conven-
tional farms. However, when environmental arguments for the use of the
technologies were introduced to the participants, a positive influence on
the willingness to buy food products from those farming systems was
observed. Furthermore, the outcomes of the study by Treiblmaier and
Garaus (2023) highlighted that the benefits of blockchain technology use
in the food supply chain could only be realized by informing the public of
these benefits, such as through blockchain labels, which were found to
have a positive effect on purchase intention through perceived product
quality.

5. Implications and conclusions
5.1. Change through on-farm use of digital tools

Stakeholder responses to the interview questions demonstrated two cate-
gories of potential change-positive or negative-and two sub-categories
for how this change could occur-through increased transparency or
through the on-farm use of digital tools. Other functions of digitalized
technologies that enable improved transparency, such as communication
between farmers and other value-chain actors for knowledge exchange or
improved management of farms through digitalized management systems,
were not mentioned. While it can be assumed that the interviewed stake-
holders did not value these missing functions to have a potential impact
on public image, it is also possible that these tools were not known by
stakeholders to belong to digitalized fruit production. The digital tools and
their functions described to have potential positive impacts on public
image, such as improved efficiency and reduction of PPP, were localized
to on-farm activities and fit most closely to the concept of precision
farming (Eastwood et al., 2019). This could imply that the stakeholders
who responded optimistically regarding on-farm usage of digital technol-
ogies might be lacking information on the concept of digitalization in
agriculture. While precision farming is a component of the broader con-
cept of digital agriculture, it does not consider the transfer, collection, and/
or analysis of data to improve on- and off-farm activities and decision-
making (Leonard et al., 2017) as a farm system technologization (DLG e.V.
& Griepentrog, 2019), which is the typical understanding of digital agricul-
ture (Ingram & Maye, 2020). Interestingly, most of the described negative
impacts through on-farm usage of digital technologies, including mistrust
of automated technologies and possible redundancy of human labourers,
fit better to the concept of digital agriculture. These results suggest that it
may not be the digitalization of fruit production as a whole that stake-
holders perceive to impact public image, but rather specific aspects of
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digitalization, such as automation. Future research initiatives should con-
tinue to explore these aspects, the outcomes of which are valuable for
understanding how public opinion on agriculture could be impacted by
the use of digital tools in food production.

5.2. Change through increased transparency

Stakeholders in this study emphasized the risk that data transparency to
consumers could create a negative impact on public opinion of fruit farming,
depending on the consumers’ prior knowledge and expectations. Increased
transparency through digital technologies goes hand-in-hand with the topic
of on-farm data use and governance. Some studies have found that digitali-
zation of farming practices adds a new vulnerability for farmers regarding
data ownership. Misuse of on-farm data may lead to reputation damage of
the participating farmers. A number of studies reveal risks perceived by
stakeholders in the agricultural sector to surround the ownership and sharing
of on-farm data (e.g. Jakku et al.,, 2019; Lioutas et al., 2019; Regan, 2019;
Wiseman et al., 2019). Improving the foundational knowledge of society
around agricultural production methods, which could mitigate the risk of
negatively influencing opinions of the public with incorrect conceptions of
farming, was encouraged as a critical first step towards improved public
acceptance. However, studies have found that access to more comprehensive
information on a topic does not always lead to greater acceptance
(Scholderer & Frewer, 2003; Weary & Von Keyserlingk, 2017; Wuepper et al.,
2019). Opinions on agricultural practices are deeply rooted and are based on
personal experience, knowledge, values, and beliefs (Te Velde et al.,, 2002).
Because of this, simply providing more information on a topic is not likely to
significantly improve public opinion (Grunert et al., 2003). Therefore, increas-
ing foundational knowledge of agriculture through digitalization should not
be the main priority of digitalization. Instead, direct engagement with the
public could be more successful with mitigating public concerns than educa-
tion strategies. This strategy has been successful in other agricultural sectors,
such as animal husbandry (Weary & Von Keyserlingk, 2017). Digital technol-
ogies that would enable two-way communication between the public and
farmer, such as digital platforms and apps that facilitate direct marketing and
social innovations like community-supported agriculture (CSA), would sup-
port the expressed interests of the stakeholders. Nevertheless, the perceived
deficit in digital literacy among both the farmers and the public suggest
a necessary first-step of capacity building. This could include digital training
for farmers through, for instance, the tool development companies, and the
use of simplified, non-technical language in the public discourse, including
media, around digitalized fruit cultivation. Additionally, the use of these tools
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must not significantly increase the already heavy workload of farmers, but
rather ease the tensions between farmers and the public.

When asked about the role of digitalization and fruit production’s public
image, stakeholders prioritized finding ways of fair communication, which on
the one hand show a bit of honesty towards the consumer but also improve
the image of the farmer. Public acceptance of digitalization has been found to
not only be determined by the characteristics and impacts of the digital
technologies but also on the trust of the farmers, who are given the respon-
sibility to use digitalization in the best way possible (Pfeiffer et al., 2021). The
main drivers of public acceptance of farming systems are citizens trust in
those systems (Birkle et al., 2022); thus, building trust through the use of
digitalized technologies would take a critical step towards improved societal
acceptance of agriculture.

5.3. Digital transformation as an ongoing process

Considering the challenges posed by societal criticisms of modern agricul-
tural practices and the persistent, rapid development of digital technologies
for the sector, actors should seize the perceived opportunity to improve the
public acceptance of fruit cultivation. At the same time, the possible risk of
worsening public acceptance cannot be ignored, nor should the described
contingency regarding the narrative around digitalization and the concerns
over low foundational knowledge on agriculture. Lessons learned from pre-
vious rapid technological advancements in agriculture should be considered;
for instance, one-sided technology driven approaches to the development
and use of agri-biotechnology previously led to negative public acceptance
issues (Krlger et al., 2018). This lesson is particularly critical to consider, given
that there is evidence of a similar one-sided technology-push (versus market-
pull) in the digital transformation of the German fruit cultivation sector
(Gaber et al,, 2024). On the other side, existing research also indicates how
other sectors could counteract their previously low public acceptance
through similar opportunities to those highlighted in this article. Trust and
perceived benefits to modern practices have been found by Birkle et al. (2022)
to be drivers towards acceptance of animal husbandry systems from German
citizens. Similarly, knowledge, transparency, and communication between
sectoral stakeholders and the public were found to increase trust in novel bio-
economic products (Kriiger et al., 2018).

In contrast to the rapid progression of digitalization, understanding the
impact that it may have on public opinion of agriculture must take a slower
approach. Values, such as public opinion and acceptance, are maintained
within individuals, but are deeply embedded in the social-ecological context
and evolve over time (Manfredo et al., 2017). Change, especially value shift in
response to social-ecological change, is likely to be slow and over long
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periods of time (Kendal & Raymond, 2019; Manfredo et al., 2017). Particularly
in established, traditional agricultural regions, such as in the Lake Constance
region, the landscape interface, or the dynamic physical and cultural space
resulting from the interaction between social and ecological systems, shapes
and is shaped by the local value system (Horcea-Milcu et al., 2018). Changes
to the landscape interface, such as the introduction of digital technologies to
the fruit cultivation sector, and the resulting changes in actors’ values may
experience a “value change debt” or time lag (Horcea-Milcu et al., 2018). This
value change debt suggests that the lasting impact on public opinion may
not be determinable in-situ with the digital transformation of fruit cultivation,
but will rather continue to evolve past the initial “boom” of development and
implementation.

Understanding how digital technology use influences public opinions is still in
its infancy. While many studies exist on the acceptance of digital technologies in
various sectors and in agriculture, fewer studies exist on how digital technology
use may influence the public acceptance or perception of the sectors. Although
the results of this study provide novel insights into this topic and the first of its
kind for the German fruit cultivation sector, the previously mentioned methodo-
logical considerations indicate the need for further research. As the digital
transformation in fruit cultivation and agriculture as a sector is an ongoing
process, it is important to consider that as researchers, we can analyse continuous
change, yet impacts should be considered as interim and plenary (Fischer et al.,
2021). The recording of these impacts during a transformation can serve for
comparison between different phases of the transformation and may indicate
which interventions impacted changes within the interim results during the
process. Continuous monitoring of the impact of digital technology use on the
public opinion of fruit products and production systems would provide a more
comprehensive understanding of how these perceptions change over time.

Encouraging a gradual pace of change would be fruitful for understanding
the impact that digital technologies may have on the public acceptance of
agriculture, including fruit cultivation. Incremental approaches grounded in the
findings of this study may best support this gradual change of public opinion
of fruit cultivation over time. First, influential actors such as policy makers,
industry leaders, and technologists should set realistic expectations for digita-
lization's ability to shift public perception. The use of non-technical and factual
language around digitalization in fruit production in the public discourse at
these levels (government, industry, and research) and in the media would
support this. This could also function to foster public trust of the information
provided and discourage myths surrounding digital technology use in agricul-
ture, which could negatively influence the public opinion. Given their influ-
ence, these groups should set the precedent for how the narrative around
digital technology use in fruit cultivation and agriculture in general is used.
Following the establishment of a consistent, factual narrative to the public and
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to the intended users, these actors should aim to provide and support training
opportunities for users, such as farmers, on the use of digital tools to improve
digital literacy at the farm level. Next, development efforts and support should
focus on creating technologies that function to ease tensions between farmers
and public, building trust towards farmers and their farming practices.
Ongoing research initiatives to monitor the change in public opinion during
and beyond this digital transformation, as well as differences in impacts based
on specific aspects of digitalization like automation, are encouraged.

6. Conclusion

This study established novel insights on the anticipated impacts of digitalization
on the public opinion of fruit cultivation. Digital technology use in fruit cultiva-
tion in the Lake Constance region may create both positive and negative impacts
through increased transparency and on-farm use of the tools, according to
stakeholders in this study. In addition to an honest discourse surrounding the
use of digital technologies in fruit production, authors emphasize that enabling
personal dialogue between the public and farmers should be a central goal of
digitalization to improve the public image of agriculture. Digitalization can be
a tool for fair, honest communication directly from farmer to consumer, under
the right conditions. Access and use by farmers should be supported through
trainings and straightforward, efficient operation. However, to impact public
opinion or to work against stigmas around agricultural production, digitalization
is not the focus, but rather a means to an end. Ultimately, digitalization cannot be
viewed as a silver bullet, as it is sometimes perceived, for current challenges in
fruit cultivation like societal acceptance; due to the complex nature of public
image and societal acceptance of the agriculture and food sector, any change will
be gradual and cannot be impacted by digitalization alone.
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Appendix
Interview Guideline

Questions for Interviewees

1. How old are you?

(9) No answer

2. What gender do you identify as?

)

) male

) diverse
) no answer

3. Which county do you live in?
4. How would you describe the area you live in?

Mostly rural
Mixed
Mostly urban
No answer

(a)
(b)
(©)
(d)

5. What is your highest level of completed education?

(@) Primary school

(b) Secondary school

c) Post-secondary at a university or technical college (e.g. Diplom, Magister,
Bachelor, Master, PhD)

(d) Other (please specify)

(e) No answer

—

6. Do you have a specific training in one of these topics?

(@) Agriculture

(b) Food science

(c) Forestry

(d) Sustainability

e) Digital technologies (e.g. IT, electrician, engineering, etc.)
(f) Other (please specify)

(9) No answer

(
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7. Where do you get your information about digitalization in fruit production or in
your professional field? (multiple responses are possible)

(a) Magazines, newspapers

(b) Social media

(c) Colleagues and neighbours

(d) Agricultural fairs or conferences

(e) Training courses

(f) Other (please specify)

(9) No answer

(h) 1 do not have any information on digitalization in fruit production or my profes-
sional field

8. Please self-grade your knowledge on digitalization in fruit production

(@) High

(b) Rather high
(c) Medium
(d) Rather low
(e) Low

(f) No answer

9. Which role do you play in the digitalization of agriculture? (multiple responses are
possible)

(@) Agricultural production
(b) Agricultural advising
(c) Agricultural organization or association
(d) Mechanical engineering
(e) PPP manufacturer
(f) Fruit storage and/or processing
(g) Wholesaler and/or marketing
(h) IT- and digital sector
(i) Administration
(j) Research
(k) Education
(I) Technology development
(m)
)
)

(
(

Local community initiatives or groups
n) Community service/charitable foundations
o) No professional/institutional area

10. Which sector do you work in? (multiple responses are possible)

(@) Private
(b) Public

(c) Non-profit
(d) Civil society

(e) Other (please specify)
(f) No answer
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Questions only for owners or leasers of farming enterprises

11. Which production system do you use on your farm? (multiple responses are
possible)

(a) Integrated production (IP)
(b) Organic production

(c) Certified organic production
(d)

(e)

Demeter production
No answer

12. How large is your farming enterprise? (answer in hectares)
13. Please provide the main products of your farming enterprise (multiple responses
are possible)

a) Plant products

(1) Stone fruits
(2) Soft fruits/berries
(3) Other fruits

(4)

(5)

5

Cereals
Other

b) Animal products

(1) Eggs
(2) Milk
(3) Other
c) Services
1) Lodging

2) Vacation apartments

Q)]
)
(3) Maintenance work for the community
(4) Other

d) No answer
14. Please describe the ownership of your farming enterprise (multiple responses
are possible)

(@) Own property

(b) Lease

(c) Community of joint heirs/civil law association/community of farms/cooperative/
Ltd

(d) Other form (please specify)

(e) No answer

15. Do you use digital tools or technologies on your farming enterprise?
(a) If yes, which ones? Or rather for which purposes do you use the tools?

(b) If no, why not?
(c) No answer
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16 .How do you store your products? (multiple responses are possible)

(@) On-site storage

(b) Off-site storage

(c) Storage in communal storage facility
(d) Storage in commercial storage facility
(e) Other (please specify)

(f) No answer

17. How do you market your products? (multiple options are possible)
a) Direct marketing

(1) Farm shop
(2) Delivery service
(3) Shipping

b) Intermediary trade
c)Wholesaler
d) Communal marketing over e.g. farming cooperative
e) Export
f) Other form (please specify)
g) No answer

Challenges in fruit production (your farming enterprise/the Lake
Constance region)

18. Describe the most important environmental challenges of fruit production in the
Lake Constance region

a) Do these differ from those in organic fruit production?

(1) If yes, which challenges differ, and what are the reasons for these differences?

b) Are there differences based on farm size?

(1) If yes, which challenges differ, and what are the reasons for these differences?
Please name the farm sizes in hectare for small/large.

19. Describe the most important socioeconomic and social challenges of fruit produc-
tion in the Lake Constance region

a) Do these differ from those in organic fruit production?

(1) If yes, which challenges differ, and what are the reasons for these differences?

b) Are there differences based on farm size?

(1) If yes, which challenges differ, and what are the reasons for these differences?
Please name the farm sizes in hectare for small/large.
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20. What do you understand by the term “digitalization in fruit production”?
Please give examples. 21. Do you believe that digitalization can help mitigate
the previously mentioned ecological challenges? If yes, which challenges and
how?

22. Do you believe that digitalization can help mitigate the previously mentioned
socioeconomical and social challenges? If yes, which challenges and how?

23. What are the advantages of digitalization in fruit production? a)Do these differ
from those in organic fruit production?

(1) If yes, which challenges differ, and what are the reasons for these differences?
b) Are there differences based on farm size?

(1) If yes, which challenges differ, and what are the reasons for these differences?
Please name the farm sizes in hectare for small/large.

24. What are the disadvantages of digitalization in fruit production?
a) Do these differ from those in organic fruit production?

(1) If yes, which challenges differ, and what are the reasons for these differences?
b) Are there differences based on farm size?

(1) If yes, which challenges differ, and what are the reasons for these differences?
Please name the farm sizes in hectare for small/large.

25. What barriers do you see to the introduction/use of digital technologies and
innovations in fruit production?

a) Do these differ from those in organic fruit production?
(1) If yes, which challenges differ, and what are the reasons for these differences?
b) Are there differences based on farm size?

(1) If yes, which challenges differ, and what are the reasons for these differences?
Please name the farm sizes in hectare for small/large.

26. In your opinion, would the use of digitalized technologies in fruit production
change public opinion about the products or production methods? (Yes, no and what
reasons play a role here)

a) Does your answer differ when we speak about the use of digitalized technologies in
organic fruit production? (if yes, how and what are the reasons for these differences)

27. Please indicate which of the following groups of people or organizations you think
would benefit (winners), not benefit (losers) or neither benefit nor lose (neutral) from
the digitization of fruit growing, and add if any should be missing from your point of
view (your farm/region).

(@) Organic fruit producers
(b) Conventional or integrated fruit producers
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Small to medium sized farms

Larger farms

Fruit wholesalers and marketers
Production cooperatives/associations
Agricultural researchers

Manufacturers of agricultural technologies
Companies in the field of digitalization/digital technologies in agriculture
Consultant for fruit production

Consultant for digitalization

Crop protection manufacturers
Consumers
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