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the context of the DigitAF Horizon Europe project, 
we present the results of a multi-stakeholder ques-
tionnaire aimed at understanding the perceptions of 
stakeholders regarding agroforestry and digitaliza-
tion, as well as the needs of these stakeholders for a 
successful implementation of this agricultural prac-
tice. In the questionnaire, there was a specific focus 
on the need for and the conditions for the use of digi-
tal tools and models, such as generalized digital tools, 

Abstract Despite its potential for fostering farm 
sustainability, the adoption of agroforestry faces 
context-dependent challenges, among which the 
(perceived) shortage of decision-supporting tools 
and barriers hindering the assessment of economic, 
environmental, and social benefits. The process 
of digitalization offers significant opportunities to 
enhance sustainability, but it remains crucial to fos-
ter a human-centric, fair, and sustainable approach. In 
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applications and mapping, climate and weather fore-
casting and recording, farm management and decision 
support, and agroforestry and environmental tools. 
The purpose of this survey was to provide insights to 
inform agroforestry actors and to foster collaborative 
initiatives that enhance the potential of digital tools to 
support the design, implementation, and maintenance 
of effective and sustainable agroforestry in the Euro-
pean context. Our questionnaire was completed by 
stakeholders from seven European countries, includ-
ing farmers, academics, policy actors, farm advi-
sors, and actors in the value chain with an interest in 
agroforestry. Stakeholders from six living labs, repre-
senting Czechia, Finland, Germany, Italy, the Neth-
erlands, and the UK, were involved in the appraisal, 
along with a multi-stakeholder group from Belgium. 
Respondents used data and digital tools for various 
purposes in farming systems and were interested in 
their potential to improve agroforestry including ani-
mal, tree, and crop performance, management guid-
ance, system design, and tree species selection. Our 
survey revealed that the perceived usefulness of 
digital tools for agroforestry was substantially higher 
than stakeholders’ awareness of existing tools, indi-
cating a need for better promotion and development 
of user-friendly, accessible solutions. Additionally, 
significant obstacles to agroforestry adoption, such 
as large up-front investments, administrative burdens, 
and fear of reduced CAP support, were identified, 
emphasizing the necessity for targeted support and 
policy improvements. Moving forward, efforts should 
focus on developing targeted solutions to promote 
agroforestry according to stakeholder perception, and 
user-friendly digital tools tailored to the needs and 
preferences expressed by stakeholders, while also 
increasing knowledge sharing and capacity building 
among practitioners and researchers.

Keywords Stakeholder perception · Participatory 
research · Actor-oriented research · Sustainable 
agriculture · Tools · Survey

Introduction

In the past decade European Union policies have 
emphasized the need to move towards more sus-
tainable and resilient economies and food systems, 
reaching net-zero emissions by 2050, and reversing 

environmental degradation (EC 2018). Simultane-
ously, the process of digitalization is radically trans-
forming both societies and economies, and the Euro-
pean Union aims to leverage digital technologies 
to promote sustainability and economic well-being 
(EC 2021a). This Digital and Green Twin Transi-
tion framework acknowledges that digital solutions 
can play a pivotal role in enhancing the efficiency 
and sustainability of food production (Muench et al. 
2022). Nevertheless, it should be acknowledged that 
the acceleration of digitalization can be accompanied 
by negative effects on the environment and socie-
ties (Zanizdra et  al. 2021), therefore requiring care-
ful context-based considerations and risk assessment. 
In line with the Digital Decade Policy Programme 
2030 (EP 2022), the aim of this work is to contrib-
ute to making digital transformation inclusive and 
human-centric, placing agroforestry stakeholders at 
the heart of innovations in digital tools and models 
for agriculture.

In the framework of urgently mitigating and adapt-
ing to climate change, agroforestry is a recognized 
practice to reduce greenhouse gas emissions (IPCC 
2023). In addition, it can address the growing soci-
etal demand for high-quality, safe, and nutritious food 
produced in a sustainable way (EC 2021b). Agrofor-
estry can be defined as the practice of deliberately 
integrating woody vegetation with crop and/or animal 
systems to benefit from the resulting ecological and 
economic interactions (Burgess and Rosati 2018).

Agroforestry systems (Fig.  1) have been catego-
rized not only based on their structure but also based 
on their productive or protective function as well as 
their environmental adaptability (Nair 1985). A sug-
gested categorization for agroforestry systems in 
Europe is presented in Table 1.

According to 2012 LUCAS Land Use and Land 
Cover data, agroforestry is present on 15.4 million 
ha in the EU27, equivalent to about 3.6% of the ter-
ritorial area and 8.8% of the utilized agricultural area 
(den Herder et al. 2017).

It is estimated that implementing agroforestry on 
only 10% of Europe’s farmland, in the area with the 
highest number of accumulated environmental pres-
sures, could lead to carbon sequestration between 8 
and 2355 million Mg  CO2eq per year depending on 
the type of agroforestry (Kay et al. 2019b). Addition-
ally, agroforestry might enhance biodiversity levels 
(Edo et  al. 2023; Torralba et  al. 2016), pollination 
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(Varah et  al. 2020), and related ecosystem services 
(Kletty et  al. 2023; Staton et  al. 2019), and has 
proven to boost soil fertility, mitigate soil erosion 
and reduce nutrient leaching (Palma et  al. 2007). In 
addition, agroforestry landscapes were also found to 
result in an overall higher economic gain compared 
to business-as-usual agricultural practices (Kay et al. 
2019a).

Despite its proven potential, the adoption of agro-
forestry faces context-dependent challenges, includ-
ing the perceived lack of decision-supporting tools 
and limited assessment of economic, environmental, 
and social costs and benefits. Past works examined 

current advances in agroforestry research, providing 
insight into reasons for adoption and innovation test-
ing (Burgess and Rosati 2018), perceived challenges 
and proposed solutions (Rois-Díaz et al. 2018; Tsonk-
ova et al. 2018; García de Jalón et al. 2018; Rolo et al. 
2020), as well as farmers’ knowledge and limited 
awareness of the costs and benefits of agroforestry as 
a practice (Rois-Díaz et al. 2018).

Agroforestry measures within the Common Agri-
cultural Policy 2014–2022 have had limited success 
(Lawson 2016b). In the new CAP programming 
period (2023–2027), Member States were called to 
provide a definition of agroforestry (Lawson 2023), 
being allowed to define permanent grassland to 
“include other species such as trees and/or shrubs 
which produce animal feed” (Bertomeu and Lawson 
2024). This flexibility for Member States could allow 
farmers who practice agroforestry to be eligible for 
CAP-Pillar-I Basic Income Support for Sustainabil-
ity (BISS), but in contrast, member states have often 
implemented complicated eligibility criteria during 
past CAP programming periods.

Based on our knowledge, there are no previous 
studies that discuss the perception of a range of stake-
holders regarding digital tools in agroforestry systems 
at the European level. Here, we present the results of a 
multi-stakeholder questionnaire aimed at understand-
ing the perceptions of stakeholders regarding agrofor-
estry, in addition to their needs regarding this agricul-
tural practice and digital tools. Our questionnaire was 
completed by farmers, academics, policymakers, farm 
advisors, and actors in the value chain with an interest 
in agroforestry from seven European countries. These 

Fig. 1  Agroforestry components, modified from den Herder 
et al. (2015)

Table 1  Suggested typology for agroforestry systems in Europe, in relation to agricultural, biodiversity, and climate legislator 
framework and to national Land Parcel Identification Systems (LPIS).  Modified from Lawson (2016a)

Tree location Agroforestry system Land use classification

Forest land Agricultural land

Trees within parcels Silvopastoral Forest grazing Wood pasture
Orchard grazing

Silvoarable Forest farming Alley cropping
Alley coppice
Orchard intercropping

Agrosilvopastoral Sequential mixtures of silvoarable and silvopastoral systems
Trees between parcels Linear agroforestry Forest strips Shelterbelt networks

Wooded edges
Riparian tree strips
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“pioneer” stakeholders from six DigitAF living labs, 
representing Czechia, Finland, Germany, Italy, the 
Netherlands, and the UK, answered the questionnaire, 
along with a similar multi-stakeholder group from 
Flanders, Belgium.

For the purpose of this study, we define agro-
forestry pioneers as actors that lead the way in the 
adoption, promotion, and advancement of agrofor-
estry practices within their national context and were 
therefore included in the living labs or in the selected 
group from Belgium. This is supported by the self-
assessment results, where respondents indicated pos-
sessing a good to very good understanding of agro-
forestry (~ 75%). Furthermore, we defined digital 
models as computer-based simulations or representa-
tions of processes or systems and digital tools as solu-
tions involving the use of both data and models (e.g. 
generalized digital tools, applications and mapping, 
climate and weather forecasting and recording, farm 
management and decision support, and agroforestry 
and environmental tools). We defined data as infor-
mation such as facts and numbers used to conduct 
analysis or make decisions.

By highlighting the needs and perceptions of these 
pioneers regarding agroforestry and digital tools, this 
research aims to provide insights to inform agrofor-
estry actors and foster collaborative initiatives that 
harness the potential of digitalization for sustainable 
agroforestry in the European context.

Methodology

The DigitAF project (2022 to 2026, www. digit af. eu) 
aims to co-develop digital tools tailored to the needs 
of diverse agroforestry stakeholders by adopting an 
end-user-centred multi-actor approach, including the 
establishment of and working with Living Labs. The 
development and improvement of open-source tools 
is at the core of DigitAF’s strategy, utilizing practical 
knowledge, scientific evidence, and models.

Living Labs (LLs) description

To ensure the tools align with real-world needs, the 
DigitAF project established six Living Labs (LL) 
located in Czechia, Finland, Germany, Italy, the Neth-
erlands, and the United Kingdom. Living Labs are 
collaborative platforms where representatives from 

diverse groups identify needs and gaps in agrofor-
estry practices. Through LLs, insights are formalized 
into models, guiding the development of user-centric 
digital tools tailored to empower actors in adopting 
agroforestry. LLs also serve as test beds for new tech-
nologies and facilitate the dissemination of tools to a 
broader audience, fostering widespread engagement 
in the agroforestry community. The LLs included 
stakeholders working on agroforestry policy, practi-
tioners implementing agroforestry on the ground, and 
other actors in agroforestry value chains including 
distributors and NGOs.

In the Netherlands, agroforestry is a recent bot-
tom-up phenomenon. The most widespread systems 
include silvopasture, alley cropping, and food forests 
(EURAF 2023d). The LL in The Netherlands operates 
nationally, and it was established by directly reaching 
out to farmers, policymakers, and other beneficiaries.

Germany has a number of long-established agro-
forestry systems such as meadow orchards, wind-
breaks, forest farming, and hedgerows (DeFAF 
2023). Some unique German landscapes include 
the "Knicks" in Schleswig–Holstein and the “Hag”-
landscapes in Bavaria (EURAF 2023b). The LL in 
Germany comprises experienced practitioners in the 
agroforestry scene in Brandenburg.

Italy claims the fourth-largest agroforestry area in 
Europe, encompassing approximately 1.4 million ha, 
with a significant portion dedicated to silvopastoral 
systems (EURAF 2023c). The Italian LL is based in 
Tuscany, a region where field hedgerows, silvopas-
toralism for cattle, sheep, and goats are widespread 
agroforestry activities. The Italian LL evolved from 
a pre-existing network established during the EIP-
AGRI OG NEWTON project (Baronti et al. 2023).

The United Kingdom LL was specifically cre-
ated for the DigitAF project and brought together 
agroforestry policymakers, practitioners, and actors 
in the value chain in the East Midlands and Eastern 
England. Traditional agroforestry practices in the 
UK include hedgerows, shelterbelts, grazed orchards, 
wood pastures, and parklands (Burgess 2017).

The LL In Czechia is comprised of stakehold-
ers located predominantly in Central Bohemia and 
South Moravia. Despite Czech agroforestry nearly 
disappearing with the intensification of agriculture, 
silvopastoral systems remain in mountainous sites. 
Home gardens also remain a very common practice 
(IUAF 2021).

http://www.digitaf.eu
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Finland has a rich tradition of agroforestry with 
practices including reindeer husbandry, collection 
of non-wood forest products, and grazing of for-
ests and wood pastures. While reindeer husbandry 
and the collection of non-wood forest products are 
still widely applied in northern Finland, there was 
a decline in forest grazing and management of tra-
ditional wood pastures, mainly in southern Finland 
(EURAF 2023a). The LL was initiated based on 
active stakeholders in the AFINET project (GA ID: 
727,872) and the Finnish Agroforestry Network. It 
centers around two regions: Uusimaa, focusing on 
silvoarable agroforestry, and North Karelia, focus-
ing on silvopastoral agroforestry.

In addition, a multi-stakeholder group from Flan-
ders, Belgium was selected by local project part-
ners. This group, connected to agroforestry-related 
exchange programs for quite some time, can be con-
sidered as a kind of Living Lab as well, although 
not officially defined like that in the context of the 
DigitAF project. In Belgium, a wide range of agro-
forestry systems can be found, including particu-
larly alley cropping, silvopastoral systems, hedge-
rows, and traditional fruit orchards.

The estimated extent of agroforestry in all seven 
countries is shown in Table 2.

Survey conceptualization, structure, and 
administration

The complete questionnaire can be accessed online 
on the DigitAF website (https:// digit af. eu/). Sec-
tion  1 collected the general characteristics of the 
respondents.  Section  2 consisted of four questions 
in which all respondents were asked about their cur-
rent use of tools and data in farming systems. Sec-
tion  3 consisting of six questions, looked at agro-
forestry knowledge and the use of digital tools in 
agroforestry systems. A detailed set of questions 
on agroforestry and digital models and tools was 
presented in Sect. 4 divided into policy-related (13 
questions), technical, economic, and administra-
tive issues (6 questions), and tree, crop, and animal 
interactions (21 questions).

The structured questionnaire was designed to be 
self-administered online via Google Forms. The 
survey was initially designed in English and then 
translated by LL coordinators into the native lan-
guages used by the LLs with minor modifications, 
to adapt to the local context. This resulted in sepa-
rate databases for each country and language used. 
The results were subsequently re-translated into 
English using language consistent with the initial 
version to allow for database merging and analysis. 
The survey was made specific to different actors as 
illustrated in Table 3, by using conditional logic in 
Google Forms. This resulted in variations in com-
pletion time depending on the stakeholder type. 
Due to the length of the survey, users also had the 
option to skip some sections by stating they were 
not interested in a specific topic. Before admin-
istering, the survey was pre-tested and shortened 
or modified when needed. The final survey had an 
estimated total time for completion of around 1–1.5 
h. All LLs conducted initial briefings or meetings 
introducing the contents and methodologies for 
completing the survey between December 2022 and 
March 2023. The survey took place between March 
and June 2023. In total, 92 stakeholders completed 
the questionnaire, although the number answering 
individual questions varied by section depending 
on relevance and the willingness to respond. The 
final number of respondents per section is shown in 
Table 3.

Table 2  Extent and distribution of agroforestry in Europe 
based on LUCAS data combining arable agroforestry, livestock 
agroforestry, and High-value tree agroforestry. Modified from 
(den Herder et al. 2017)

Country Utilized agri-
cultural area 
(UAA)

Agroforestry Estimated 
proportion of 
UAA 

1000 ha 1000 ha %

Belgium 1358 43.7 3.2
Czech Repub-

lic
3484 45.8 1.3

Finland 2291 158.1 6.9
Germany 16,704 263.5 1.6
Italy 12,856 1403.9 10.9
Netherlands 1872 27.8 1.5
United King-

dom
16,882 551.7 3.3

EU-27 total 174,499 15,421 8.8

https://digitaf.eu/
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Data analysis

Data was analyzed and summarized using Excel 
pivot tables and Power Query functions. To present 
the results in an effective manner, we calculated a 
Weighted Average Likert Score for questions in the 
sections regarding technical, economic, and administra-
tive issues (4.b) and tree, crop, and animal interactions 
(4.c). We assigned weights to the Likert scale responses 
based on their perceived importance or severity and 
then calculated a weighted average to represent the 
overall sentiment or perception for each issue by con-
sidering the frequency with which each response was 
selected (Likert 1932).

The assigned weights ( wi ) for section 4b were as fol-
lows: not relevant = 0, not problematic at all = 1, slightly 
problematic = 2, problematic = 3, very problematic = 4, 
extremely problematic = 5. The assigned weights ( wi ) in 
section4c are as follows: 1 (not useful at all) = 1, 2 = 2, 
3 = 3, 4 = 4, 5 (extremely useful) = 5.

where WALS is the Weighted Average Likert Score, 
n is the total number of responses, wi is the weight 
assigned to the Likert scale response for the i-th 
response, and fi is the Likert scale score for the i-th 
response, meaning the number of times an answer 
was selected by respondents.

WALS =

∑n

i=1
(wi × fi)

∑n

i=1
fi

Results

General characteristics of respondents

The agroforestry “pioneers” that completed the ques-
tionnaires were from the Czech Republic (30), Fin-
land (8), Germany (13), Italy (12), Netherlands (14), 
United Kingdom (8), and Belgium (7). Among the 92 
respondents, there were 40 farmers or landowners, 15 
academics, 14 policymakers, 13 farm advisors, and 
10 other stakeholders in the value chain.

Detailed demographic information is available in 
Table 4.

A vast majority of farmers (74%) and farm advi-
sors (69%), work directly with agroforestry, either on 
their own farms or on the farms they advise.

Experience of digital data and tools in farming 
systems

Stakeholders used digital tools for decision support 
(75%), research (37%), and training (23%). As shown 
in Table 5, data is also used in a wide range of the-
matic areas, including policy or subsidies (57%), tree 
and crop species selection (47%), economy or market 
(46%), and soil and nutrients (41%). Digital models 
are mostly used in technical or managerial aspects 
(40%).

Table 3  Survey structure and number of respondents for each section

Section Topic Stakeholder type Number of 
respond-
ents

1 General characteristics of respondents All 92
2 Experience of digital tools in farming systems All 92
3 Agroforestry knowledge and perception and digital tools in agrofor-

estry systems
All 92

4 Detailed questions on agroforestry and digital tools and models:
a. Policy-related questions Farmers & policymakers 53
b. Technical, economic and administrative issues All 89
c. Tree, crop and animal interactions questions All 74
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Some concrete examples of digital tools used by 
respondents include but are not limited to:

• Versatile digital tools (Excel, Google sheets, You-
Tube, Google Scholar, CAD),

• GIS applications and mapping tools (QGIS, 
Google Earth, LPIS, Sollumis, ruimtelijkeplan-
nen.nl),

• Climate and weather tools (Met Office, SunCalc, 
Meteoblue, ČHMU, klimatickazmena.cz),

• Farm management and decision support tools 
(FarmOS, Farm Carbon Calculator, Geofolia),

• Agroforestry and Environmental tools (Yield 
Safe/Farm Safe, LandIS, Metsään.fi, Food for-

ests calculation model HAS, Ecological Site 
Classification ESC).

Around 65% of respondents openly stated that 
the ideal tool should be simple, clear, intuitive, and 
user-friendly.

Respondents’ expectations and relevant take-
home messages regarding the usability and interface 
design of tools in farming systems are as follows:

• Simplicity and clarity: respondents emphasize 
the importance of simple and clear controls, 
intuitive operation, and a structure separating 
basic and advanced functions. Tools should be 

Table 4  General 
characteristics of 
respondents include 
stakeholder type, country, 
gender, age, and educational 
background

Category Frequency (n°) Frequency (%)

Stakeholder type Academic 15 16.30
Farm advisor 13 14.13
Farmer or landowner 40 43.48
Other stakeholder in the 

value chain
10 10.87

Policymaker 14 15.22
Total 92 100

Country Belgium 7.0 7.61
Czech Republic 30.0 32.61
Finland 8.0 8.70
Germany 13.0 14.13
Italy 12.0 13.04
Netherlands 14.0 15.22
United Kindgdom 8.0 8.70
Total 92 100

Gender Male 53 57.61
Female 38 41.30
Prefer not to say 1 1.09
Total 92 100

Age 18–35 years old 28 30.43
36–50 years old 34 36.96
51–65 years old 28 30.43
66 + 2 2.17
Total 92 100

Educational background Secondary school 1 1.09
High school 9 9.78
Bachelor’s degree 14 15.22
Master’s degree 43 46.74
Doctoral or above 24 26.09
Prefer not to say 1 1.09
Total 92 100
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easily accessible either free of charge or at an 
accessible fee.

• Intuitive interface: a recurring theme is the need 
for an intuitive graphical interface that minimizes 
the learning curve for users. Respondents empha-
size the importance of tools being easy to under-
stand and navigate, allowing individuals to quickly 
grasp its functionalities and apply it effectively.

• On-site accessibility: tools should be readily 
accessible on-site or in the field, enabling users 
to consult and utilize them in real-time. Clear and 
updated information enhances the relevance and 
practicality of digital solutions in diverse environ-
ments.

• Ease of use and reliability: ease of use is central, 
with respondents highlighting the importance of 
smooth operation, and reliable performance. A 
clear graphical user interface, simple data entry, 
and intuitive controls contribute to a positive user 
experience.

• Compatibility and flexibility: tools should be com-
patible with other applications, allowing seamless 
integration among them and data transfer. Flex-
ibility in adjusting parameters and customization 
options is deemed to enhance usability across dif-
ferent contexts.

• Clear outputs and practicality: users expect tools 
to provide clear, understandable outputs and rec-
ommendations that are relevant to their work. 
Practicality, usefulness, and time-saving features 
are essential considerations in tool design and 
implementation.

Agroforestry knowledge and use of digital tools in 
agroforestry systems

Most of the stakeholders indicated they had a good 
or very good level of knowledge, with 74 indicating 
“good knowledge” or more on the five-point Lik-
ert scale. Respondents associate the following prac-
tices with agroforestry systems: silvopastoral sys-
tem (89%); wood pasture (86%); silvoarable system 
(82%); shelterbelts and windbreaks (66%); and alley 
cropping (61%).

Stakeholders expressed their perception regard-
ing the potential usefulness of new or enhanced digi-
tal tools or models in agroforestry. Results shown 
in Fig.  2, indicate that over 90% of all stakeholders 
stated that a new digital tool or model could be either 
useful or very useful in all thematic areas. Moreover, 
most stakeholders would rather use laptops and desk-
tops (75%), followed by smartphones (56%), and tab-
lets (33%).

Policy-related aspects

Most farmers were interested in tree-planting schemes 
within the Common Agricultural Policy (CAP) 
2014–2022 (62%), while the rest were not or were 
not familiar with subsidies. As far as the new agro-
forestry and carbon farming in the Common Agricul-
tural Policy (CAP) 2023–2027, most of the farmers 
expressed their interest (86%). Regarding tree land-
scape features (hedges, isolated trees, lines of trees, 
groups of trees) on their farm in accordance with the 

Table 5  Stakeholder usage of data and digital models per thematic area

Proportion of respondents (%)

Data usage per thematic areas Not used before Used before Currently using Not applicable

Animal nutrition and welfare 30.4 15.2 22.8 31.5
Biodiversity (e.g. wild species) 29.4 22.8 33.7 14.1
Economy / market (e.g. prices) 18.5 18.5 45.7 17.4
Energy and GHGs emissions (CO2 eq) 35.9 18.5 19.6 26.1
Policy (e.g. subsidies) 12.0 22.8 56.5 8.7
Soil and nutrients (e.g. fertilization plans) 18.5 21.7 41.3 18.5
Tree/ crop species selection 25.0 15.2 46.7 13.0
Digital model usage per thematic area
Economy (including financial and labour) 30.4 12.0 26.1 31.5
Policy (including subsidies) 32.6 14.1 31.5 21.7
Technical (agronomic and managerial aspects) 26.1 13.0 40.2 20.7
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CAP 2023–2027, 66% of respondents had identified 
them, while the rest had not (10%), or they were not 
familiar with the concept (12%). Most of the farmers 
stated they will be planting more tree landscape fea-
tures (hedges, isolated trees, lines of trees, groups of 
trees) on their land (76%), as well as implementing 
new agroforestry systems (74%).

Farmers proved to be skeptical about the possible 
application of a voluntary carbon farming scheme, 
with 64% indicating that it would depend on the 
details and 7% saying they would not. Respondents 
mentioned the main obstacles they face regarding 
the voluntary carbon farming scheme as the lack of 
details or lack of information in their native language. 
Only 57% of farmers declared their willingness to 
apply for a (potential) agroforestry scheme, while the 
rest were negative about the rigid settings of the sub-
sidy program, limiting eligibility criteria, or lack of 
knowledge of the local agricultural intervention fund 
workers. One farmer expressed his skepticism as fol-
lows: “I don’t know about subsidies, and I don’t feel 
like studying it. I find it complicated and incompre-
hensible”. (CZ).

When farmers were asked how data collection 
by the European Land Parcel Identification System 
(IACS/LPIS) in their country could be improved, they 
suggested enhancing accountability, reducing dis-
parities in subsidy allocation, incorporating a stronger 
emphasis on agroforestry, and validating identifica-
tion systems through field observations. They also 
suggested simplifying the LPIS interface and opti-
mizing data entry processes and ensuring accurate 
registration of tree elements within LPIS.

"I don’t know what to improve on the data. But 
when working with the application, I could 
imagine an AI chatbot that knows the sys-
tem and can find/show/mediate/explain what I 
need." (CZ)

Regarding tree-planting schemes under the CAP 
2014–2022, policymakers identified erosion protec-
tion, microclimate improvement, and biodiversity 
increase as advantages. As challenges, they cited: 
the limited integration of farming and forestry, a per-
ceived inconsistency in EU rule interpretation across 
countries, a high investment threshold for agrofor-
estry projects, limited tree planting options within 
specific schemes, lack of recognition of agroforestry 
within CAP, and overall administrative complexities.

"The CAP 2014–2022 did not recognize agro-
forestry as an agricultural form and allowed a 
limited number of trees per hectare in combina-
tion with grassland or arable land." (NL)

There were mixed responses regarding whether the 
new agroforestry carbon farming in CAP 2023–2027 
meets national needs: some believe it meets needs 
due to its focus on climate mitigation and tree plant-
ing, while others express uncertainty or dissatisfac-
tion with the inclusion of agroforestry in the CAP or 
the effectiveness of the subsidy rates. Suggestions for 
improvement include simplifying parcel registration, 
recognizing agroforestry as a distinct system, and 
questioning the appropriateness of the eco-scheme for 
all agroforestry forms.

"Some improvements have been made (recogni-
tion of agroforestry as an agricultural method, 
basic premium for non-productive landscape 
elements, eco-scheme where a number of agro-
forestry systems can score points), but there is 
still room for improvement." (NL).

Policymakers’ responses demonstrate a positive 
attitude towards the proposed EU Framework on Car-
bon Removals, although some called for transparency 
to prevent greenwashing and were skeptical towards 
carbon capture, and concerned about potential admin-
istrative costs.

"Agroforestry can contribute to the storage and 
retention of carbon. A reward for this service 
would be appropriate." (NL)

Some policymakers express unfamiliarity or 
uncertainty regarding LPIS/IACS data. Many high-
light the need to make improvements to this system 
and make parcel registration easier for agroforestry 
farmers. Suggestions regarding their simplified use 
include recognizing and registering agroforestry sys-
tems as cohesive entities instead of separate rows 
with existing crop codes, and monitoring agroforestry 
as a whole, indicating a desire for more comprehen-
sive tracking and analysis.

Technical, economic, and administrative issues

This section referred to potential technical, economic, 
and administrative issues relating to the application 
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of agroforestry, using a scale from “not relevant” to 
“extremely problematic”.

The categories with the highest WALS were the 
necessity of large investments to set up agroforestry 
systems, the fear that an increased number of trees/ 
ha would result in losing CAP support, the adminis-
trative burden when implementing AF systems, the 
technical knowledge of agricultural workers, the man-
agement costs of agroforestry systems, and the level 
of knowledge regarding the management of trees on 
farmland (Table 6).

We asked stakeholders if they perceived certain 
aspects of agricultural management to become more/
less or equally complex when implementing agrofor-
estry systems. Crop harvesting operations (78% of 
respondents), crop species selection (56% of respond-
ents), and soil tillage practices (50% of respondents) 
were perceived as becoming more complicated. On 
the contrary, the reduction in pesticide use (50% 
of respondents), and the management of pests and 
diseases (46% of respondents) were mentioned as 
becoming less complicated. The respondents openly 
highlighted additional technical challenges, includ-
ing long-term planning, resource availability and 
support, machinery accessibility, wildlife interaction, 
mechanization post-planting, growth maintenance, 
weed management, lack of advisory and peer support, 
local tree sourcing, crop herbicide application, market 
route identification, integration into training and stud-
ies, availability of harvest machinery, and phytosani-
tary treatments. "It is impossible to quickly adapt the 
agroforestry system to new conditions." (CZ).

Respondents express a wide range of preferences 
for information, tools, and support regarding agri-
cultural management aspects related to agroforestry. 
Desired resources include estimated crop harvest 
dates, links to informative websites, information on 
the effects of herbicides and pesticides on woody 
plants and fruit quality, as well as nutrient monitor-
ing, planning online tools for establishing agrofor-
estry systems, and biological weed control methods. 
Furthermore, they expressed a need for practical 

guidance and technical advice such as support for 
crop, plant, and tree selection based on soil and land-
scape aesthetics; tools for optimal area design and 
harvesting efficiency, as well as experienced advisors, 
websites, and directories with examples.

Respondents expressed their views on further eco-
nomic challenges, mentioning implementation issues 
such as high investment costs, lack of locally based 
data on cost/benefit analysis of different agroforestry 
systems, considerations of long-term benefits and 
diversification complexity, profitability, the need for 
loans, uncertainty of subsidy reimbursement; market-
related issues such as the difficulty in finding species 
with assured markets and profitable investment, the 
uncertainty of markets for new products and diffi-
culty in evaluating future sales, challenges in small-
scale distribution issues in finding buyers for special 
wood products; and management related issues such 
as the lack of manpower, and machinery cost for 
agroforestry.

"The conditions for subsidies for agroforestry 
are too restrictive.” (BE)

Administrative and policy-related obstacles iden-
tified by respondents include policy and legal con-
straints, ignorance of local administration, lack of 
political support, policy issues regarding harvesting 
and tenancy, complex application for CAP funds, 
challenges in parcel registration combined with other 
administrative tasks, potential replanting obligations, 
and the perception that local support rules do not 
encourage agroforestry systems. Stakeholders remain 
concerned about the limitations of the number of 
trees per hectare to remain eligible for subsidies.

There is “bloated bureaucracy” (CZ) and “little 
recognition of the benefits of agroforestry on the envi-
ronment, climate, and landscape.” (BE).

Tools for tree, crop, and animal interactions

We asked respondents to rank the need for and use-
fulness of a digital model or tool by selecting a score 
from a 1–5 (not useful at all to extremely useful) Lik-
ert scale and expressing whether they knew of any 
tool or model within this topic. Following the process 
described in the methodology section, we calculated 
a Weighted Average Likert Score. Results are shown 
in Table 7.

Fig. 2  Results regarding the preferred platform for digital 
tools or models for agroforestry (a), self-assessed knowledge 
of agroforestry systems on a scale from 1-very poor to 5-very 
good (b), perceived usefulness of a new or enhanced digital 
tool or model for agroforestry systems regarding management 
(c), economic (d), or environmental (e) aspects

◂
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Table 6  Information regarding the list of obstacles that were presented to the stakeholders alongside the corresponding Weighted 
Average Likert Score

Category: 
Technical: T, 
E: Economic,
P: policy- 
administrative

Full table obstacles Weighted Aver-
age Likert Score

1 E Necessity of large investments to set up AF systems 3.20
2 P Fear that an increased number of trees/ ha would result in losing CAP support 3.13
3 P Administrative burden when implementing AF systems 3.08
4 T Technical knowledge of agricultural workers (employees) 3.04
5 E Management cost of agroforestry systems 3.03
6 T Level of knowledge regarding the management of trees on farmland 3.03
7 T Changes in agro-mechanical operations 2.96
8 P Entity of support of Common Agricultural Policy measures 2.90
9 E Insufficient future revenue to manage the AF systems 2.88
10 E Access to financing 2.86
11 P Issues related to permits for removing trees 2.85
12 T Availability of resources regarding the management of AF systems 2.84
13 T Presence of a network of knowledge regarding technical issues related to AF systems 2.82
14 T Increased complexity of AF systems 2.76
15 P Issues related to land ownership 2.76
16 T Water provision of young trees 2.75
17 P Issues related to permits for planting trees 2.70
18 E Diminished income related to the primary crops 2.63
19 T Effect on the yields of the main crop 2.58
20 T Harvesting fruits/ nuts from the trees 2.49
21 T Pruning of the trees 2.37
22 T Interaction with livestock 2.37
23 P Issues related to permits for agroforestry-related infrastructure 2.35
24 P Issues related to accountancy 2.23
25 T Availability of cereal and fodder species adequate to be grown in AF systems 2.18
26 P Issues related to food safety 1.70

Table 7  Results of the tree-crop-animal interaction section; 
perceived usefulness of a digital tool or model expressed via 
the Weighted Average Likert Score (WALS, 1 (not useful at 

all) to 5 (extremely useful), as well as the proportion of people 
who did not know of an existing tool (%)

Category of interest Perceived usefulness of a digi-
tal tool or model (WALS)

Proportion who did NOT 
know of an existing tool 
(%)

Tree species or variety selection 4.28 84
Agroforestry system design (ex. species selection, architecture of the 

system, etc.)
4.05 74

Predicting crop and/or tree performance to support decision-making 3.92 86
Tree management 3.74 91
Animal performance to support decision-making 3.49 96
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Tree species or variety selection had the highest 
score of 4.28 indicating high perceived usefulness. 
However, it is noteworthy that 84% of respondents 
reported not having knowledge of any existing digi-
tal models or tools in this category. This overall 
result was the same in all categories: agroforestry 
system design ( WALS 4.05, 74% no tool knowl-
edge); prediction of plant and/or tree performance 
( WALS 3.92, 86%), tree management ( WALS 3.74, 
91%) and animal performance ( WALS 3.49, 96%). 
Results show that while stakeholders perceived 
potential digital tools or models to be extremely 
useful, they had a very scarce knowledge of existing 
ones.

We asked which parameters they would like to 
see incorporated further in digital models or tools. 
Stakeholders showed a high level of interest, being 
particularly interested in hydrology for system 
design (71.6%), climate requirements for tree spe-
cies selection (85.1%), nutrient availability for crop 
and tree performance (75.7%), and animal health 
and animal performance tools (71.6%).

Around 76% of respondents would like additional 
user-friendliness, followed by improved visualiza-
tion (32%), scale (27%), and language (13%). These 
results confirm what already emerged in  Section  2 
(Table 3), indicating that respondents value greatly 
the user-friendliness and simplicity of tools.

Respondents expressed various perspectives on 
the usefulness of a decision-support digital model 
or tool for agroforestry system design, with a range 
of explanations provided. Some include the simpli-
fication of work, better monitoring of parameters, 
the ability to process complex data quickly through 
a decision support system (DSS), clear implemen-
tation and long-term projection of agroforestry sys-
tems, better clarity in future planting planning and 
landscape design, assistance in balancing manage-
ment requirements and costs, help with tree selec-
tion and system simulation. Other responses include 
the enhancement of existing design tools with spe-
cific functions for agroforestry, support for grant 
applications and subsidy submissions, the adapta-
tion to local conditions, and the filling of expertise 
gaps.

"A decision support digital model or tool for 
agroforestry system design would be useful 
for me to relate the different components of 

an agroforestry system, analyzed individually 
and then correlated together to result in a mul-
tifunctional management of the system." (IT).

Discussion

Our results offer valuable insights into the percep-
tions and needs of diverse stakeholders regarding 
digital tools for agroforestry. While acknowledging 
the non-random sampling method and inherent bias 
in the respondent pool, it’s essential to recognize 
the valuable perspectives shared by informed stake-
holders deeply engaged in agroforestry practices. As 
compared to the overall statistics for the entire EU 
farming population, the respondents were typically 
younger and we had a higher proportion of female 
respondents in our survey population (Eurostat 2018).

In general, the use of data by the respondents 
was greater than their use of tools. The proportion 
of respondents citing that they were using tools for 
research (37%) can partly be explained by the fact 
that 26% of respondents had obtained a PhD degree, 
indicating that research was likely to be a part of their 
day-to-day work.

The survey highlighted that the perceived use-
fulness of digital tools related to agroforestry was 
substantially higher than the knowledge of existing 
digital tools. While stakeholders expressed high per-
ceived usefulness across various categories, a sub-
stantial percentage reported a lack of awareness of the 
existence and availability of such tools. This could be 
a result of a lack of awareness or a result of the fact 
that existing digital tools for agroforestry are not fit 
for purpose or not easily accessible. If the issue is the 
first, then this can be addressed by raising awareness, 
through better promotion of these tools and through 
education initiatives. As reported by Giannitsopoulos 
et al. (2023) in a study on a grassland tool, respond-
ents commonly request for tools to be simpler and 
to incorporate more features. Additional features 
included hydrology, climate requirements, nutrient 
availability, and animal health. However, stakehold-
ers’ preference for enhanced user-friendliness also 
emphasizes the importance of simplicity and acces-
sibility in digital tools. One way of resolving this ten-
sion is through improved visualization and documen-
tation so that the tools can effectively convey complex 
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information to a diverse audience (Giannitsopoulos 
et al. 2023).

We also analyzed technical, administrative, and 
economic obstacles to the application of agroforestry. 
Beyond the technical obstacles, our findings indicated 
that other major obstacles to widespread agroforestry 
adoption were the necessity of large investments to 
set up agroforestry systems, the fear that an increased 
number of trees per hectare would result in losing 
CAP support, and the administrative burden and man-
agement costs when implementing agroforestry sys-
tems. These results are consistent with those from 
previous research, indicating that low profitability 
was a key preoccupation of stakeholders despite their 
positive valuation of the natural and cultural dimen-
sions of agroforestry (Rolo et  al. 2020). A recent 
systematic literature review highlighted the occur-
rence of perceived issues from participatory research. 
It identified some recurring issues in Europe being 
the necessity of large upfront investment, the lack of 
knowledge, the increased costs, administrative bur-
den as well as the faulty design of policy and subsidy 
measures (Tranchina et al. 2024).

These results also match those of previous research 
with European stakeholders working with agrofor-
estry, in which it emerged that the main negative per-
ceptions of agroforestry included increased labor, the 
complexity of work, management costs, and adminis-
trative burden (García de Jalón et  al. 2018). Camilli 
et  al. (2018), focusing on stakeholders in Italy, also 
highlighted that the bureaucratic complexity of the 
CAP discourages farmers from applying for grants: 
farmers perceived that trees in fields could be obsta-
cles because they caused the reduction of CAP pay-
ments. In 2017, a study investigating farmers’ reason-
ing behind the uptake of agroforestry found that they 
are often influenced by their awareness of successful 
existing systems and that limited awareness of the 
term "agroforestry" results in misconceptions. In fact, 
farmers expressed willingness to adopt agroforestry if 
provided with knowledge on profitability and practi-
cal aspects (Rois-Díaz et al. 2018). In 2018, a study 
on agroforestry stakeholder perception involving 
183 farmers suggested that the current legal frame-
work and low financial rewards from ecological ben-
efits are the major barriers to the uptake and main-
tenance of agroforestry in Germany, despite farmers 
recognizing the non-market benefits of agroforestry 
(Tsonkova et al. 2018). Qualitative interviews held in 

north-eastern Germany report results that also align 
with our findings, indicating that administrative barri-
ers and high start-up costs currently impede the tran-
sition from conventional agriculture to agroforestry 
systems (Litschel et  al. 2023). Past studies showed 
that farmers in Mediterranean areas perceived the 
main drawbacks of silvoarable systems to be intercrop 
yield decline, whereas farmers in Northern Europe 
tended to highlight the general complexity of work 
and difficulties with mechanization (Graves et  al. 
2017). Results from research carried out in the con-
text of the SAFE (2001–2005) project showed that 
the main concern of farmers in Spain, France, Eng-
land, Italy, Greece, Germany, and the Netherlands in 
relation to silvoarable systems was the yield and qual-
ity of crops, followed by work complexity, mechani-
zation and project feasibility (Liagre 2005). In our 
study, mechanization issues were also deemed as very 
challenging, ranking seventh overall and third among 
the technical issues, preceded only by knowledge-
related technical challenges.

Conclusions

The questionnaire results provide valuable insights 
into the current landscape of digital tool utilization, 
data preferences, and stakeholder perceptions on eco-
nomic, technical, and administrative issues in agro-
forestry. The identified gaps between perceived use-
fulness and knowledge of existing tools highlight the 
importance of targeted efforts to bridge these gaps. 
Moving forward, addressing the specific needs and 
preferences expressed by stakeholders will be essen-
tial in developing effective, user-friendly digital tools 
that can contribute to the advancement of sustainable 
and efficient agroforestry. Compared to previous stud-
ies, our stakeholders’ responses highlight concerns 
about the financial investment required to establish 
and maintain agroforestry systems. Together with 
pressing administrative and policy issues, they remain 
key constraints to the advancement of agroforestry. 
Conversely, pioneering stakeholders identified knowl-
edge-related constraints as key barriers. Based on our 
findings, further initiatives should focus on improv-
ing and developing agroforestry tools, simplifying 
and standardizing the legal status of agroforestry in 
the CAP and other related policy frameworks, and 
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increasing, sharing, and co-developing knowledge 
among practitioners, advisors, and scientists.
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