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Abstract

Traditional forms of agroforestry are often recognized as exemplar systems that successfully integrate
food production, biodiversity conservation and high cultural values. However many traditional
agroforestry systems in Europe are in decline or are threatened and the perspectives of local
stakeholders on the production, management, socio-economic, and environmental dimensions of
such systems are not fully understood. In order to fill this gap, we present results of participatory
research performed with ten stakeholder groups (SG) across Europe to search for solutions to improve
the economic and ecological sustainability of High Nature and Cultural Value agroforestry systems
(HNCV agroforestry). Stakeholders included both users and beneficiaries of the HNCV agroforestry.
First, SGs held open discussions (227 participants) to identify major challenges for the long-term
sustainability of HNCV agroforestry. Challenges were classified into production, management, socio-
economic and the environment categories. Second, they responded to structured questionnaires (120
respondents) that explored the positive and negative perceptions of 45 possible attributes of HNCV
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agroforestry. Third, innovative solutions were identified by individual and group discussions to address
the four categories of challenge. Challenges were mostly identified for the management and socio-
economic categories, but several challenges concerning production and environment were also
pinpointed. Besides, solutions matched poorly with the challenges identified, and, while challenges
were at some extent common across countries, solutions to address them were more case-specific.
The successful implementation of these solutions requires an in-depth understanding of the diversity
of socio-cultural and natural contexts of the HNCV agroforestry systems and building bottom-up
proposals and collective actions based on this understanding. The sustainability of HNCV agroforestry
would benefit from providing farmers and managers with a financial advantage from the high nature
and cultural value of these systems.

Keywords
Adaptive policy; European survey; Mosaic-like agriculture; Participative innovation; Regional-based
solution; Silvopastoral systems.

Introduction

High Nature Value (HNV) farmland has been defined in relation to three criteria: i) the presence of
agriculture as the major land use, ii) high biodiversity, and iii) the presence of semi-natural vegetation
and features (Andersen et al. 2003). Many of the HNV farms in Europe include silvopastoral
agroforestry systems comprising trees interspersed by grassland grazed by livestock. Examples of such
systems include wood-pastures, grazed woodlands, fodder-tree systems and meadows with pollarded
trees. Mosaics of small-scale crop fields intermixed with hedges, tree lines and small woods have also
been recognised for their high nature value (Parachinni et al. 2008). Such mosaics can also be
considered as agroforestry where the fields of grass and arable crops have significant ecological and
economic interactions with the woody vegetation components.

The biophysical, natural and economic features of traditional European agroforestry systems are
shaped by human culture, value systems, knowledge types and the bioclimatic setting. In other words,
for centuries, people have moulded these systems through their activities and these systems have
delivered a variety of ecosystem services to people (Lomba et al. 2020). Since the rich natural and
socio-cultural values of traditional European agroforestry systems are inextricably linked (Hartel and
Plieninger 2014), these systems are often referred as High Natural and Cultural Value agroforestry
systems (hereafter HNCV agroforestry, Moreno et al. 2018).

Different types of HNCV agroforestry occurs throughout Europe and these have been described in
several recent papers (e.g. Bignal and McCracken 2000; Bergmeier et al. 2010; Plieninger et al. 2015;
Moreno et al. 2018). Wood pastures, grazed woodlands, and meadows and farming mosaics rich in
hedgerows are common HNCV agroforestry in Europe (Moreno et al. 2018). While many wood-
pastures in Mediterranean and Eastern Europe are still grazed and continue to form an integral part
of farm businesses (Moreno et al 2018; Hartel et al. 2013; den Herder et al. 2017), in the lowlands of
central and northern parts of Europe, wood-pastures are often managed for nature conservation
purposes (Butler et al 2002). Hedgerow-rich farming landscapes are common in the UK, North-West



France (named bocage) and parts of Central Europe (e.g. Spreewald in Germany), but in many areas
farm intensification has reduced the length and quality of hedgerows. In Scandinavian countries,
reindeer husbandry is an extensive agroforestry system that occurs alongside other land uses such as
forestry, hunting, and tourism (Valinger et al. 2018).

HNCV agroforestry can provide outputs such as wood, crop, livestock and game products, and services
such as high biodiversity and opportunities for recreational and cultural interactions (Calama et al.
2010). Other services include carbon sequestration, nutrient retention, microclimate moderation,
control of air and water pollution and soil erosion, pollination, and biological pest control (Jose et al.
2009; Torralba et al. 2016; Kay et al. 2019). HNCV agroforestry was recently highlighted as archetypical
example of a landscape which works for biodiversity and people (Kremen and Merenlender 2018).
However, social, economic and environmental change is threatening the sustainability of much of the
HNCV agroforestry in Europe. Economic pressures can drive farmers to specialize and intensify
production often leading to simpler farming systems and greater use of external inputs (Mannig et al.
2006), often leading in the long-term to progressive soil degradation, and the loss of trees, habitat and
biological diversity (Plieninger and Wilbrand 2001; Pereira and Domingo 2004; Moreno and Pulido
2009). Conversely livestock farming can be abandoned (Pulido et al. 2010; Pantera et al. 20183;
Rossetti et al. 2014; Paulo et al. 2015; Aubard et al. 2019), resulting in woody vegetation
encroachment (Archer 2010), with can affect the function and productivity of the land (Eldridge et al.
2011; Bugalho et al. 2011; Gémez-Rey, 2013; Faias et al. 2018). Such interactions demonstrate that
HNCV agroforestry creates complex social-ecological systems that include numerous productive,
ecological and cultural trade-offs (Torralba et al 2018). One way to better achieve desired regional and
national goals and targets is to incorporate stakeholders' perceptions and values and involve
stakeholders in decision-making processes, plans and efforts (Villamor et al. 2014).

In this research we provide the first comprehensive European overview of the challenges that face
sustainable agroforestry as they are perceived by different stakeholder groups specifically focused on
HNCV agroforestry. To understand these aspects we relied on the expertise and perceptions of a wide
range of stakeholders, all closely linked to agroforestry systems, including farmers, environment
NGOs, businesses, private and public technical staff, researchers and policy makers, operating
between local and national scales. Our study covers all the major HNCV agroforestry regions and types
of Europe, from East to West and from South to North. We identified the main challenges and possible
solutions that could be implemented at the field, farm- and landscape scales in order to improve the
ecological and socio-economic sustainability of HNCV agroforestry. This approach ensured that local
effectiveness and European scale relevance were aligned.

Methods

Systems selection and description

We selected ten representative examples of HNCV agroforestry across five European bioclimatic
regions (Mediterranean, Atlantic, Continental, Pannonian and Boreal). The examples include the main
types of HNCV agroforestry found in Europe, namely grazed woodlands, wood-pastures, and
agricultural mosaics rich in hedgerows (Table 1). Although the ten systems selected varied in terms of
system structure, farming activities, and ecological and socio-economic contexts, they all provided a



range of private and public ecosystem services, had high socio-cultural values and faced socio-
economic challenges. A full description of the systems is provided by Moreno et al. (2018).

Stakeholder groups

In each country a stakeholder group (SG) was created in 2014 (Burgess and Rosati 2018). The number
of stakeholders ranged from 5 (Romanian and British SGs) to 80 (Spanish SG) stakeholders, with a total
of 227 for the ten countries (Table 1). These included both users and beneficiaries of the HNCV
agroforestry systems: farmers, breeders, foresters, agronomists, landowners, regional and national
famer associations, agricultural service companies, extension services, environmental NGOs, local
action groups, representatives of local administration, consumers and policy makers and scientists.
Many of the organization representatives operated at a regional scale, having direct experience in
working with farmers as well as decision makers.

Data compilation

Stakeholder perceptions were derived from a series of workshops with a common design, that have
been described in previous work examining stakeholder perception of the sustainability of
agroforestry in Europe (Garcia de Jaldn et al., 2018; Hernandez-Morcillo et al., 2018). However this
study focuses solely on HNCV agroforestry. Each stakeholder group held up to three meetings, with
an open discussion to identify and prioritize the main challenges faced by farmers in relation to HNCV
agroforestry.

Some stakeholders (n = 120) also completed a structured questionnaire to rank a list of 45 issues
related to either the production (9), environment (11), management (8) or socioeconomic (17) aspects
of HNCV agroforestry (Supplementary Table S1). Each respondent first selected and prioritized up to
10 aspects that were the most positive attribute of HNCV agroforestry, ranking them from 1 (highest)
to 10 within each of the four categories. Similarly, respondents also selected and prioritized up to 10
aspects that were the most negative attribute of HNCV agroforestry. In a final step, stakeholders
worked either individually or in group discussion to identify and select possible innovative solutions
to address the opportunities and challenges highlighted by the preceding discussions.

Working with the structured questionnaires, Garcia-Jaldn et al. (2018) identified positive and negative
perceptions of agroforestry systems, whereas the work conducted by Hernandez-Morcillo et al. (2018)
was based on the open discussions and focused on the main challenges that affect agroforestry and
the proposed innovative solutions. Our work takes these further by integrating both types of data
(structured questionnaires and open discussions) to provide a comprehensive overview of
interrelationships between perceptions, challenges and solutions disaggregated at the local level. We
believe that the degree of coherence between the different approaches might indicate the
opportunity to achieve sustainability. In other words, a sustainable system might show a good
agreement between its perception, the number of challenges and proposed solutions.



Table 1. Characteristics of the ten stakeholder groups that participate in the discussion meeting
and the number of respondents that responded to the structured questionnaires.

Country Agroforestry Stakeholders types Number of Number of = Main concerns verbalized
systems attendees respondents
Portugal Montado (grazed  technical advisors, farm 22 17 Negative consequences of
oak pastures) managers, forest shrub encroachment of cork
managers, oak woodlands for cork yield
representatives of farm and quality
and forest managers and
public institutions
Spain Dehesa (grazed farmers (livestock 80 67 Low profitability, marked
oak pastures) breeders), landowners, seasonality of fodder resources
technical advisors, and deficient tree regeneration
agrarian administrators,
environmentalists,
journalists
Italy Grazed oak Farmers, technical 15 1 The lack of forage availability
woodlands in advisors, representative and quality
Sardinia of agriculture and forest
administration
Greece Valonia oak Farmers (livestock 25 11 Oak regeneration and poor
silvopastoral breeder), agronomy pasture understory
systems student, representatives yield/quality
of municipality
France Bocage Farmers, engineer of 42 13 Decrease of hedgerow density
agroforestry in decentralized State and their reduced importance
Brittany services, technician of a in farming management and
local administration ecological services
UK Wood-pasture Estate managers, 10 5 Re-instituting tree
and parkland advisors, ecologist management, balancing the
prevention of wood-pasture
infilling with sufficient natural
regeneration
Germany  Spreewald flood Farmers, representative 5 2 Hedgerows abandonment
plain of district administration Lack of profit from trees
reducing the interest of
farmers
Flooding resulting in tree
dieback
Romania Wood-pasturesin  Farmers, 5 0 Conservation of large/old
Southern Environment NGO trees
Transylvania Need of economically and
socially viable strategies to
increase tree regeneration
Control overgrazing
Reintroduction of the
traditional livestock
Hungary Wood-pasture Farmers, livestock 17 16 Infilling of abandoned wood-
breeders, manager of pastures, and lack of public
major conservation awareness of their nature and
district of national park cultural values
Sweden Wood-pastures Njaarke Sami members 7 3 Adaptation of forest operations
and reindeer (farmers), forest owners to reindeer husbandry
Total 227 135




Data Management

Scores given by respondents to the structured questionnaire were computed and normalized to the
scale between 100 and -100, where 100 is the score when an issue was prioritized as the most positive
by all the respondents, and -100 is the score when the issue was perceived as the most negative
attribute by all. Briefly, individual scores were summed and divided by 1200 (maximum value if the
120 respondents prioritize the same issue) and then multiplied by 100. Scores related to the positive
or negative perception of issues were depicted in a scatterplot to highlight potential associations
among categories (Environment, Management, Production and Socio-Economic) and their rank within
each type of perception.

Collated data on the challenges found in the open discussions were initially examined in three ways
for each category: i) the total number of challenges found in each stakeholder group, ii) the number
of stakeholder groups where the challenge was identified, and iii) the proportion of challenges found
in each stakeholder group with respect to the total number of challenges found among stakeholder
groups. Finally, counts were made of those solutions, within each stakeholder groups and category,
which were considered as “cost-effective for farmers” were counted within each stakeholder group
and category.

Results

Stakeholders’ perception of agroforestry: structured questionnaire

In total, 120 out of the 227 stakeholders completed the structured questionnaire related to HNVC
agroforestry. Many of the most positively rated attributes were related to the improvement of the
environment by agroforestry, such as the enhancement of biodiversity and wildlife habitats, landscape
aesthetics, soil conservation, carbon sequestration and climate variation buffering (Figure 1;
Supplementary Table S1). Positive production attributes included animal welfare, tree regeneration,
and animal production. Positive management attributes included the originality and interest of the
system, and the most positive socio-economic attributes included farmer image and tourism. The
most negative attributes were generally related to the management and socio-economic category
such as the increased administrative burden, issues related to subsidy and grant eligibility, difficulties
for mechanization, inheritance and tax, low cash flows, labour costs, and the need for multiple skills.

Challenges prioritized by stakeholders: open discussion

Across the open discussions held by the ten stakeholder groups, nine main themes emerged regarding
the challenges of HNCV agroforestry sustainability: i) forage resources (quality and production), ii)
animal production, iii) system design and management, iv) tree protection and regeneration, v)
grazing schemes and cost-efficient herding, vi) nature conservation, vii) farm profitability, viii)
extension, and ix) administration policy and governance. Figure 2 shows for each stakeholder group
(SG) the relative importance of the challenges grouped into the same four categories of the structured
guestionnaire (environment, management, production and socio-economy; Table 2). There were
relatively high proportions of socio-economic and management challenges identified by the SGs in
Germany, Greece, Hungary, Portugal and the UK. Relatively high proportions of environmental
challenges were identified by the SGs in France, Hungary, Italy, Romania and the UK, and the highest
proportion of productivity related challenges were identified by the Spanish and Swedish SGs.
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Figure 1. Relationship between positive and negative scores assigned by stakeholders during the
structured questionnaire. Issues scored were grouped into four classes
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Table 2. Summary of stratified challenges identified by stakeholder groups in ten European
countries, and grouped into four categories and nine themes

Categories Themes Challenges Stakeholder Groups
Production Pasture quality / Overcome strong seasonality of “natural” forage ES, HU, SE
fodder autonomy Increase pasture productivity and quality ES, IT, RO, SE
Restoration of degraded pastures / disturbed areas SE
Animal production  Genetic selection. Docility & Browsing behaviour. Local ES, UK
races
Diversification (Geese, Turkeys, Red Deer ...) ES
Livestock Health (water quality, reinfection from wild PT, ES, GR, RO, FR, SE
fauna, sheltering ...)
Control of Predators/wildlife animals IT, RO, SE
Management System design & Design and management of the systems to (new) IT, DE, FR, SE

management

multiple purposes. Synergies among three components
(tree, pasture and livestock). Adaptive design of
hedgerows

Tree layer management. Three dimensional design and
management (layers, width, connections)

Livestock management

Infrastructures for livestock transport. Transhumance

PT, GR, RO, HU, DE, FR, SE

PT, IT, RO, DE, SE
IT, SE

Tree protection &
regeneration

Reconciling grazing with trees (cost-efficient protectors)

Tree species diversity. Native species

PT, GR, RO, HU, DE, UK
PT, RO, HU, DE, FR, SE

Tree decay (pests, diseases and wildfire), and fruit losses  PT, ES, DE, UK
Grazing schemes More efficient and even use of extensive forage ES, GR, RO, DE,
and cost-efficient resources
herding Livestock species RO, UK
Cost-efficient herding. Technology ES, HU, UK, SE
Environment Nature Soil Protection. Stocking rate matching to forage PT, ES, IT, FR
conservation resources and soil capacities.
Organic matter and Soil carbon Sequestration ES, IT, UK
Fire Control IT, RO
Cultural landscapes IT, RO, HU
Protection of ancient trees IT, RO, HU

Biodiversity conservation

IT, RO, HU, FR, UK

Socio-
Economic

Farm profitability

Branding HNCV agroforestry product. Trademark
Product diversification. New products

ES, GR, RO, HU, DE, UK
Es, GR, RO

Halt abandonment GR, RO, DE
Access to tree products HU, DE
Quality of tree products (e.g. cork quality vs PT
management)
Green Accounting System. PT, ES, DE
Economical Evaluation of ES & Ecological footprint
Extension Public research centre ES
Maintenance of local knowledge PT, ES, RO, FR
Encouraging local state officials in extension activities PT, GR, FR
Policy and Specific Measures & Grants (CAP). Long Term PT, IT, GR, HU, DE, FR
governance Regulations. Comprehensive

Support to extensive pastoralism
Social Participation. Operational groups.

Public / Communal pastures
Associationism
Land ownership. Grazing allowed

ES, IT, RO

ES, IT, RO, HU, DE
RO

ES, RO, HU

RO, HU, DE, SE




In total, 16 common challenges were identified across the SGs (Figure 3; see also Tables S2 for details
by SG). Eight challenges were related to management, four to socio-economic issues, and two each to
production and the environment. Under the management category, the management of the tree layer
and the need to reconcile grazing livestock with tree regeneration in HNCV agroforestry were common
challenges. The need to improve system design and management (including the use of local breeds
and practices) was seen as a challenge by most of the groups. Some of the stakeholders also expressed
the willingness to use but at the same time the lack of cost-effective technologies that ease livestock

management.
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Figure 3. Match-finding between challenges and solutions identified by stakeholders in at least four
countries. Arrow width depict the relative importance of the challenge (number of countries where
the challenge was identified) or solution (number of solutions proposed).

Within the socio-economic category there was a general perception of the need to increase the public
acknowledgment of ecosystem services and the cultural value provided by HNCV agroforestry. The
lack of effective agricultural extension services in relation to agroforestry was seen as critical by four
groups. Poor policy measures for HNCV agroforestry, such as illegibility for single farm payments
above a certain tree density was identified by most SGs. In some countries, such as Hungary, the total

legal exclusion of grazing in woodlands was a challenge.

In terms of production-related challenges, the Spanish, Italian, Romanian, Hungarian and Swedish SGs
highlighted the need for increasing on-farm forage production and quality in order to improve farm
self-sufficiency. The Portuguese, Spanish, Greek, Romanian, French, and Swedish SGs also highlighted
the challenge concerning livestock-wildlife conflicts, such as predation and transmission of diseases.
Environmental challenges included the need to halt biodiversity loss and soil degradation.



Innovations identified and selected by stakeholders: individual and group discussion

The ten SGs discussed, identified and selected potential innovations which were grouped into the four
groups mentioned above (Table 3; see also Supplementary Tables S2a to S2i for details by SG). The
number of proposed innovative solutions ranged from more than ten in Spanish, Hungarian and
Romanian SGs, whilst five solutions were proposed by Italian and British SGs (Figure 4). The majority
of solutions fell into the management and socio-economic, rather than the production and
environmental categories. Generally, there was a mismatch between the number of challenges and
number of solutions proposed, with fewer solutions than the number of challenges in most categories.
In the case of the socio-economic category in Romania, the production category in Italy, and the
environment category in Hungary and the UK, the SGs did not identify a potential solution to the
identified challenges. By contrast, in the management category in Romania and Hungary, the SGs
proposed a higher number of solutions than the challenges found.

Table 3. List of innovations proposed and prioritized by stakeholders groups.

Experimental topic

Specific experimental work

System
design/management:
refers to conservation of
specific elements, as
native species, veteran
trees, reintroduction of
formerly used species,
hedges and windbreaks
conservation and/or
rejuvenation

Shifting from single model of novel hedgerow to modular/diversified
adaptable design and progressive management techniques. Rebuilding
connections between hedgerows and scattered farms across the
landscape.

Combining crop rotation management, pasture management and 3
dimensional design and management of hedgerows to avoid soil
erosion.

Renewing encroach-abandoned wood-pastures

Effect of different understory management options on cork

growth/calibre and cork quality

Tree regeneration: cost-
efficient protection of
regenerate

Seeding combined with dead branch/wood, mulches (e.g., Ramial
Chipped Wood), thorny and/or nursery shrubs

Artificial thorny protectors

Mix of species for "auto-protection

Livestock management:
cost-efficient herding,
optimisation of fodder
resources use, and
halting system
degradation

Viability and cost-effectiveness of “invisible fencing”

GPS collar, equipped or not with negative-stimuli devices

Holistic or grazing (intensive fast-rotational grazing) to improve soil and
pasture quality and protect tree regeneration

Effects of grazing exclusion on the vegetation structure, biodiversity and
wildfire

Fodder resources

Selection of species/varieties of legume pastures adapted to shade and
tree competition

Selection of double-cropped winter-forages (e.g. Triticale) adapted to
shade and tree competition

New products

Questionnaire to assess the willingness to pay a premium price for
different AF products (e.g. acorn-derived products) and services (e.g.,
biodiversity, historical/aesthetic landscapes).

Questionnaire to identify mechanisms to promote efficient marketing of
AF products (e.g. human consumption of acorns in different products)

Conservation

Ramial wood chips and other organic mulch

Adoption of optimal livestock species in wood-pastures to halt soil
degradation and to reinforce biodiversity

Testing the openness of local communities to value/protect ancient trees
on WP

Governance

Favouring the design (and diffusion) of a model of cooperative (e.g. skills
and machines pool) for re-developing HNCV agroforestry
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Figure 4. Number of solutions proposed for each country and category. Points depict the number of
challenges identified in each country and category.

Only a few management and socio-economic innovations were common among the SGs (Figure 3),
indicating that most proposed solutions were restricted to a local scale. There was common
agreement on some of the innovations related to tree protection, system design and grazing schemes.
A wide range of methods for more cost-effective protection of tree saplings from livestock were
proposed including shelters made of woody debris, thorny and/or nursery shrubs, artificial thorny
protectors, visual deterrents, chemical organic repellents, and innovative fencing systems using
inexpensive RFID (radio-frequency identification) tags and sensors worn by cattle. GPS devices were
proposed for cost efficient herding, for reducing contagious diseases from wildlife by providing
livestock with exclusive access to watering points and supplementary food, to control livestock health
(by automatic analysis of movements), and for precision-herding. “Invisible fencing” of grazing areas,
which incorporates a buried loop of insulated wire that interacts with a collar fitted to each animal,
was also proposed.



Three innovations related to the improvement of system’s design and management were mentioned.
First, Swedish boreal forests have often only been managed for timber production. A proposed
innovation was to develop a consultative process for long-term planning between foresters and the
Sami people (who manage reindeer in the same forests) to enable better reindeer movement and
herd control. Secondly, Portuguese, Hungarian, and German SGs proposed innovative designs for
HNCV agroforestry that include the use of new tree species either to resist livestock damage or
rejuvenate windbreaks and abandoned wood-pastures. The third innovation was proposed by the
French SG, where there was an interest in moving to more diversified forms of hedgerow structure
and management that would reconnect hedgerows and deliver more ecosystem services across the
bocage landscape, in line with local requirements and farmers’ priorities.

Innovations to increase the efficiency of the use of local forage resources included holistic grazing
(intensive fast-rotational grazing), the optimization of the location of facilities (e.g. watering points,
supplementary fodder, salt) and the selection of specific livestock breeds (e.g. cattle and buffalo in
Romania). A potential innovation for increasing pasture productivity and quality and for ensuring a
better seasonal distribution of forage resources included the use of legume-rich pastures and fodder
crops such as triticale and/or ryegrasses (hay/silage, grazing, double use) adapted to shade and tree
competition.

Two types of innovation were identified to increase profitability; the branding of HNCV agroforestry
products and the diversification of products. The creation of an agroforestry brand and an improved
awareness by customers was identified by five SGs. For example, despite the local recognition of the
cultural importance of the wood-pastures in Romania, there was no local market for their products.
Determining consumers’ responses to agroforestry products and services was judged important to
identify (i) the potential demand for such products and services; (ii) the willingness to pay a price
premium for that service, and (iii) potential marketing mechanisms. Branding was identified as the
single common challenge across SGs within the socio-economic category.

Discussion

Most stakeholders from our study positively valued the natural and cultural dimensions of HNCV
agroforestry in their regions but were concerned about the low profitability and future economic and
ecological resilience of their systems. Responses from the ten SGs highlighted that low profitability is
undermining the sustainability of these systems. To our knowledge there is no systematic evaluation
of the farm profitability of HNVC agroforestry systems in Europe, with the exception of the Iberian
dehesas and montados (Campos et al 2018). Whilst most HNCV agroforestry systems may use less off-
farm inputs, such as fertilizers and agrochemicals, than conventional agriculture, they still incur
relatively high labour costs that can threaten their economic sustainability (Campos et al. 2018), which
according to stakeholder responses seems to be case of all the HNCV agroforestry systems here
studied. Campos et al. (2019) reporting the results of a comprehensive analysis of commercial (timber,
cork, firewood, nuts, livestock grazing, conservation forestry, hunting, residential services and private
amenities) and non-commercial (fire services, free access recreation, free access mushroom, carbon,
landscape conservation, threatened biodiversity and water yield) products on Spanish dehesa farms
found that extended account that includes non-commercial ecosystem services multiplied by 5.4 times



the total value of farm products. The policy challenge is to maintain livestock grazing in these HNCV
agroforestry systems on the basis of joint provision of multiple public ecosystem services through
stable compensation policy (Campos et al. 2018).

Stakeholders require innovative solutions to improve the sustainability of their farms and, with that,
the conservation of the nature that they harbor and the valuable landscapes they create (Moreno et
al. 2018). All the SGs identified multiple challenges concerning the management of HNCV agroforestry,
most of them identified challenges concerning production and socio-economic issues, but only four
SGs were concerned by environmental issues. Our results further support this finding by showing that
most negatively rated attributes were related to management and socio-economic aspects, while the
most positively rated attributes were related to environmental aspects and tree regeneration. In fact,
it can be argued that a straightforward way to support the sustainability of HNCV agroforestry are
policy measures to conserve the nature values of European HNV farming systems (Strohbach et al.
2015), and according to our results supporting tree regeneration practices seem critical for the
conservation of environmental attributes of HNCV systems. Despite the SGs across Europe sharing
many common policy challenges, the selected solutions were often site-specific, which would indicate
the benefit of “bottom-up” plans and public funds to support sustainable agriculture (Toderi et al.
2017). We also observed that several SGs were unable to identify cost-effective solutions to the
identified environmental and productive challenges. This mismatch points to the need of further
scientific research and technological development within a framework that addresses economic and
social-ecological constraints to advance innovative solutions affordable by local farmers (Partelow
2016). Although SGs did not identified solutions for every challenge, they selected sets of solutions
that could be implemented at the field, farm- or landscape scale to improve the ecological and socio-
economic sustainability of HNCV agroforestry under specific socio-ecological conditions.

Challenges and solutions regarding production

New commercial products that acknowledge the high cultural and natural benefits of HNVC
agroforestry, such as the well-known Iberian ham and wild pear and wild apple vinegars from
temperate countries (Moreno et al. 2018), were identified by the SGs. Some stakeholders also
identified the economic value of trees in terms of using surplus biomass for energy, or ramial chipped
wood (Dodelin et al. 2007) and charcoal (Kimetu and Lehmann 2010) for mulching. Renewed uses of
acorns to feed livestock and humans (e.g. gluten-free flours, Molavi et al. 2015, and cookies from acorn
flour, Pantera at al. 2018b) and oils rich in unsaturated fatty-acids (Charef et al. 2008) and tannins for
leather and antioxidant uses (Onem et al. 2014; Abdalla et al. 2015, Pantera et al. 2018b) were also
highlighted. In Hungary, formerly abandoned areas are being farmed again as wood-pastures to meet
the demand of organic and high quality foods (Dénes et al. 2013). In Sweden forest plans of boreal
forest management are being adapted to support reindeer husbandry (Horstkotte et al. 2018).

Deriving financial benefit from the aesthetic and cultural value of HNCV agroforestry landscapes is a
challenge, but several initiatives were identified which help to address this. In the UK, the City of
London Corporation which manages Epping Forest, and the associated livestock grazing, uses income
from elsewhere to enable conservation and open access to the public that has an economic value
that is substantially greater than any livestock products. Elsewhere in the UK, charities such as the



National Trust charge membership or entrance fees for the public to access properties and estates
that often have a parkland landscape, with the fees partly used to sustain the management of such
ecosystems. In the Romanian case study, there have been ecotourism initiatives linking several
villages to tourist routes that recognize the value of ancient wood-pasture systems. For example, the
village of Mercheasa has attracted hundreds of visitors by highlighting the cultural importance of
one of the largest ancient oak wood-pasture in lowland Europe (i.e. over 1000 hectares and over 400
ancient oak trees). In Greece, there are ongoing attempts to draw eco-touristic interest to oak
valonia forests, but so far the additional income has been lower than the investment in the
initiatives. Besides, the literature has recently reported many examples where tourism has become
an outstanding economic activity in silvopastoral territories of high nature and cultural value through
positive interactions among livestock farmers and other actors. Some examples are the Sami
community in Sweden (Leu et al. 2018), extensive livestock farms in Mediterranean silvopastures of
Sardinia and Creta islands (Farinella et al. 2017) or transhumance landscape heritage in Spain (Amat-
Montesinos 2017). Market distinction, collective organization, and short supply chains have been
identified as important strategies to meet new demand for high-value local food and for local
tourism development (Beudou et al. 2017; Berriec-Solliet et al. 2018). Nevertheless, diversifying on-
farm incomes is not risk-free, and various skills are required for farmers to make a successful
endeavor (McElwee and Bosworth 2010). In this regard, Genovese et al. (2017) pointed out that a
concrete and sustainable innovation in the traditional business model need to be supported by the
proactive intervention of a supra-farm dimension, while maintaining the peculiarities of the
individual farms. Across the sites studied, there remains a need for better branding of products so
that consumers are aware of the nature and cultural benefits of agroforestry and a fair share of
additional revenue generated by tourists and others can be used to supporting the management of
HNCV agroforestry. The greater integration of the social and environmental value of HNCV
agroforestry into marketable products and services would help ensure that both the benefits and
the costs can be realized and shared.

Challenges and solutions regarding management

The SGs were generally able identify innovations to address specific management challenges, probably
because they could draw on their actual experiences of work already being undertaken. For instance,
managers of some HNCV silvopastoral systems are introducing invisible fencing and GPS-based
innovative tools that reduce the cost or increase the effectiveness of livestock herding (Markus et al.
2014; Umstatter et al. 2015, Muminov et al. 2016). However the development of lower-cost and lower
energy-consuming devices is still required. These technologies can also help protect specific habitats
whilst minimising the effect on wildlife. However in places like Hungary and Romania, the most cost
effective strategies are still the use of herders that use traditional knowledge about livestock
management to enhance nature conservation (Molnar et al. 2016).

The lack of tree regeneration was recognized as an important challenge for the sustainability of HNCV
agroforestry by many groups. One proposed solution was the use of artificial wire thorny shelters and
natural protectors built from pruned branches or living thorny shrubs. The use of nurse shrubs also
seems a promising option (GOmez-Aparicio 2009) but further research is needed to disentangle
environmental, management and productive effects (Rolo et al. 2013). Experiences in grazed wood-



pastures in Romania (Hartel et al. 2014) suggests that effective tree regeneration initiatives need to
be strongly embedded in the local social and institutional context. Some pasture owners and pasture
management associations in Romania have started to recognize the value of scattered trees for
livestock and the overall pasture environment. For example, initiatives have been launched to assist
tree regeneration by using the facilitative role of thorny shrubs for example on the Cobor Farm in
Romania (Hartel personal experience as collaborator). In some situations, it is necessary to engage
with and secure support from local stakeholders beyond the immediate farmer, as many farmers are
unable to fund the practices that favor tree regeneration because the low return from their grazing
activities.

Grazing can substantially reduce the risk of wildfire in Mediterranean silvopastoral landscapes
(Rigueiro-Rodriguez et al. 2005; Silva and Catris et al. 2006; Franca et al. 2012; Damianidis et al. 2020).
However, to effectively provide this important ecosystem service, a multi-actor program implemented
at landscape scales is typically needed. For instance, in Southern Spain, the RAPCA program (Network
of Firebreak Areas Managed with Grazing) works with 222 shepherds that graze 6690 hectares of
wood-pastures with 78,000 sheep, 17,000 goats and 1,200 cattle to reduce wildfire risk in >100000 ha
of Andalusian forests (Varela et al. 2018).

Challenges and solutions regarding the conservation of nature and cultural values

Although the natural and cultural values of the agroforestry systems are generally acknowledged by
stakeholders, their long-term sustainability can still be improved by encouraging positive attitude of
local communities towards their HNCV agroforestry systems. These initiatives should take into
account the specificities of each local community. In this line, for instance, our results showed that
environmental challenges were more important in the Italian SG than in Spanish and Portuguese SGs.
This finding highlights the potential differences among local communities, despite sharing a
potentially similar background. In traditional wood-pasture agroforestry systems, there is also a need,
at the level of the local communities, to increase the recognition and appreciation of ancient trees
(Hartel et al. 2017). In Romania, several measures were initiated in the past decade to promote the
social-ecological values of wood-pastures in Southern Transylvania. These measures include i)
involving local communities in the preservation and valuing of the ancient trees and wood-pastures,
ii) protecting 85,000 hectares of wood-pastures as Natura 2000 sites, iii) collectivizing the market of
traditional milk-based products and motivating farmers to use their wood-pastures, and iv) using
education and awareness. Example education and awareness projects include “The Remarkable Trees
of Romania”, “Find the oldest tree”, “One oak for every pupil”, and old tree artistic events to popularize
ancient trees (Hartel et al. 2016). Still, a recent study implemented in a pastoral area with the some
of the most ancient oak wood-pastures within Central and Eastern Europe suggested that local people
still do not recognise the cultural, historical and legacy values of ancient oaks (Torralba et al. 2018).
This highlights the continued need to improve the communication of the multiple values and

opportunities of these agroforestry systems to local communities.

An awareness of the conservation value of grazed and pollarded woodlands has led to the re-
introduction of pollarding and grazing activities at the case study site in the UK. In Western Greece,
various NGOs are also supporting the regeneration of valonia oak by replanting which suggests an



optimism future for such systems. A plan for the rejuvenation of the abandoned hedgerows in the
German Spreewald floodplain (called "Spreewald Grassland Shares") aims to stimulate public
involvement in maintaining this traditional landscape. In the bocage system in Brittany in France, new
hedge planting schemes have been implemented since the 1990s. The objectives in hedgerow planting
include the maintenance of the cultural landscape and the regulation of nitrate and phosphorus
pollution. In both Germany and France, the use of tree biomass is also viewed as a renewed
opportunity for farmers. For instance, in the German Spreewald floodplain, an increased value placed
on biomass is allowing the re-opening of excessively thickened wood-pastures.

Conclusions

In spite of numerous ecological and economic benefits described for agroforestry systems, numerous
studies highlight the difficulty in conserving traditional HNCV agroforestry and adopting new
innovative forms of agroforestry across the world (Matthews et al. 1993; Udawatta and Godsey 2010;
Coe et al. 2014). One possible reason for this is the low engagement between appropriate local
stakeholders and high-level institutions (Cavender-Bares et al. 2015; Dumont et al. 2019). Here we
have used a standardized participatory approach to assess across Europe the benefits and
disadvantages of HNCV agroforestry perceived by local stakeholder groups. At the same time,
stakeholder groups selected possible cost-effective innovations to address a range of challenges.
Although the challenge categories were common across countries, the proposed innovations were
typically more locally focused. This highlights the need to integrate local famers with other actors with
different interests and territorial focus in the process of developing innovative solutions.

Innovations and research on the best agroforestry design and management practices to deliver the
most valuable products and public services are still needed. Surprisingly, few products are marketed
as products of HNCV agroforestry, even though some consumers are willing to pay for high quality and
environmentally-beneficial products. Hence, better branding is identified as one solution to improve
the sustainability of these systems. Further support to specific commercialization strategies could
provide an added value to the high variety of products from HNCV agroforestry in order to alleviate
their profitability problems. Given the low level of agricultural production per unit area of many of
the systems, it is also important for the farmers and managers to derive financial advantage from the
high nature and cultural value of these systems. Hence although labelling and branding have a role,
local and national governments should also support the sustainability of HNCV agroforestry by placing
a monetary value on public cultural benefits. The stakeholder groups were generally unable to identify
many innovations to address the socio-economic challenges, which suggests that more research is
needed in this area. A systematic evaluation of the technical and cost-effectiveness of socio-economic
innovations to support European HNVC agroforestry could bridge this gap and identify actions for
policy makers to adopt.

Agroforestry can help farmers to address many of the targets in current agricultural policies, there are
experienced stakeholders on the ground who are ready to take action, and there is increasing shared
awareness of the innovations that can work. As a matter of fair social and environmental approach,
the challenge for policy makers, working with stakeholders including researchers, is to create a policy



and financial framework that brings together these components so that HNVC agroforestry can deliver
profitable and healthy food and the enhanced delivery of natural and cultural services to wider society.
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