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Abstract

Traditional multifunctional agroforestry landscapesprovide not onlyfood but alsosupport biodiversity
and provide a multitude of ecosystem services. However, such landscapes have been frequently lost
in the last decades. Given the multipleglobal challenges that have emerged from an industrial model
of agriculture, agroforestryas a concept based on multifunctionality is increasinglyregarded as key for
sustainable food productionsystems of thefuture. To guide future land management and policies, past
land-use change histories as well as the motivations and challenges of current land managers have to
be understood and considered.

Three articles covering different spatial and temporal scales are the basis of this thesis. In the first
article, | conducted a literature review and compiled landscape histories over 200 years of nine tree
crop landscapesin eight different countries of the Mediterranean Basin. | foundan accelerating change
of landscape processes mostly steered towards abandonment or intensification by different
interrelated driving forces, including socio-cultural, economic, political, technical, and natural drivers.
Recently, a process that | called renaissance occurred in two landscapes and raises hope for a new
appreciation of such multifunctional landscapes. Inthe second and third articles, | studied the present
challenges and motivations of land-managers by conducting social surveys. | asked them about their
perceptions of social-ecological outcomes of agroforestry land management systems and about
successful measures forfostering agroforestry. In articlell, | chose the adjacent counties Sierra de Gata
and Las Hurdes in Spain as case study sites tointerview membersof an Integrated Landscape Initiative
called Mosaico. These farmers collaborate in managing agroforestry systems for mitigating wildfires.
Article lll covered chestnut fruit cultivationin Germany as a case study of adoptinga new potentially
profitable crop to agroforestrysystems. Here, | wanted to assess the motivations and challenges of the
people that already cultivatethat tree crop. In my second and third articles, | found that both farmers
from the Integrated Landscape Initiative and the chestnut growers were highly motivated. Chestnut
growers, especially junior growers, showed the highest motivation regarding sustainable land
management. Combatting depopulation was the highest motivation for farmers of the landscape
initiative. Generally, | found the neo-rural playing an underestimated and important role in the
initiative, as they were especially motivated by practices increasing biodiversity and enhancing well-
being. Barriers were in both cases unsuitable legislation regarding perennial crops and agroforestry as
well as low funding opportunities for multifunctional systems. Besides the perceived effectiveness of
wildfire mitigation in Spain, | found diverse further positive personal and regional outcomes due to
collaborative agroforestry. Similarly, chestnut growers perceived tree crops as providing multiple
positive ecosystem services. The barriers that the farmers face and the motivations and success factors
they highlighted could help guiding land management decisions.

The results of all three articles are discussed and synthesized in a compiled story, covering the past,
and present, and future, including perspectives land management and its policies in the field of
agroforestry. This thesis covers case studies in temperate and Mediterranean climates. The insights
have to be adapted to local contexts and thus, can be transferred to other climates with similar land
change patterns.

Keywords: tree crop landscape, drivers of change, collaborative agroforestry, wildfire mitigation,
neo-rurals, perennialstaple food, chestnuts






Zusammenfassung (German abstract)

Traditionelle multifunktionale Agroforst-Landschaften liefern nicht nur Nahrungsmittel, sondem
fordern auch die biologische Vielfalt und eine Vielzahl weiterer Okosystemleistungen. Solche
Landschaften sind jedoch im Laufeder letzten Jahrzehnte durch Landschaftswandel gefahrdet worden.
Angesichts der vielfdltigen globalen Herausforderungen, die durch die industrielle Landwirtschaft
entstanden sind, wird die Agroforstwirtschaft zunehmend als Schlissel fiir nachhaltige
Lebensmittelproduktionssysteme der Zukunft angesehen. Um die politische Gestaltung der
zukinftigen Landbewirtschaftung zu lenken, missen sowohl der Landnutzungswandel der
Vergangenheit als auch die Motivationen und Herausforderungen der derzeitigen LandwirtInnen
verstanden und beriicksichtigt werden.

Drei wissenschaftliche Artikel, die unterschiedliche raumliche und zeitliche Dimensionen abdedken,
bildendie Grundlagefiirdiese Arbeit. Die erste Verdffentlichung umfasst eine Literaturstudie zur 200-
jahrigen Landschaftsgeschichte von neun Baum-Kulturlandschaften in acht verschiedenen Landemn des
Mittelmeerraums. Dabei wurde ein sich beschleunigender Wandel der Landschaftsprozesse
festgestellt, der im letzten Jahrhundert vor allem von der Aufgabe oder Intensivierung der
Landnutzung gepragt war. Eristauf verschiedene miteinander verknupfte Triebkrafte zurtickzufihren;
darunter soziokulturelle, wirtschaftliche, politische, technische und natrliche. In jingster Zeit ist in
zwei Landschaftenein Prozesseingetreten, derals Renaissance bezeichnet werden kann und Hoffhung
auf eine neue Wertschatzung solcher multifunktionalen Landschaften gibt.

In der zweiten und dritten Veroffentlichung werden mittels Interviews die gegenwartigen
Herausforderungen und Motivationen von Landbewirtschafterinnen untersucht. In dem zweiten
Artikel dienten die angrenzenden Landkreise Sierra de Gata und Las Hurdes im Westen Spaniens als
Modellregion um Mitgliederlnnen der Landschaftsinitiative Mosaico zu befragen. Diese Landwirtinnen
kooperieren, um gemeinsam durch das Bewirtschaften von Agroforstsystemen zur Minderung der
Waldbrandgefahr beizutragen. Veroffentlichung 11l befasst sich mit dem Esskastanienanbau in
Deutschland als Fallstudie fir die Einfihrung einer neuen, potenziell rentablen mehrjahrigen
Kulturpflanzein Agroforstsystemen. Sowohldie Landwirtinnender Landschaftsinitiative in Spanien als
auch die Kastanienanbauerinnen in Deutschland waren hoch motiviert. Die Kastanienanbauerlnnen,
insbesondere die jliingeren, zeigten die héchste Motivation flir nachhaltige Landbewirtschaftung. Der
Kampf gegen Landflucht war die groBte Motivation fiir die Landwirtinnen der Landschaftsinitiative
Mosaico. Generell stellte ich fest, dass die Neu-Landwirtlnnen (Neo-rurals) eine unterschatzte und
wichtige Rolle inder Landschaftsinitiative spielen, vor allem angetrieben durch den Wunsch nach mehr
biologischer Vielfalt und der Steigerung des persdnlichen Wohlbefindens. Hindernisse warenin beiden
Fillen ungeeignete Rechtsvorschriften fiir mehrjdhrige Kulturen/Agroforstwirtschaft sowie eine
unzureichende Finanzierung multifunktionaler Systeme. Neben der wahrgenommenen Effektivitat der
Waldbrandbekdampfungin Spanien wurden weitere positive personliche und regionale Auswirkungen
der gemeinschaftlichen Agroforstwirtschaft festgestellt. In &dhnlicher Weise brachten die
Kastanienanbauerlnnen eine Vielzahl positiver Okosystemleistungen mit den Baumkulturen in
Verbindung.

Die Erkenntnisse Uber Herausforderungen, mit denen die Landwirtinnen konfrontiert sind, sowie die
von ihnen hervorgehobenen Motivationen und Erfolgsfaktoren kénnen Landwirtlnnen und
PolitikerInnen dabei helfen, einen Einblick in die Komplexitdt der Lage zu erlangen und lokal
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angepasste Losungen fir eine zukunftsfahige Landwirtschaft zu finden. Die Ergebnisse aller drei
Veroffentlichungen werden in der vorliegenden Arbeit zusammengefasst und diskutiert. Sie decken
sowohl Vergangenheit und Gegenwart ab, als auch Perspektiven fir eine kiinftige
Landbewirtschaftung und Politik im Bereich der Agroforstwirtschaft. Es werden Fallstudien in
gemaRigtem und mediterranem Klima behandelt. Die MaRnahmen sollten immer an die lokalen
Gegebenheiten angepasst werden und kénnen so auch auf andere Klimazonen (ibertragen werden, in
denenahnliche Musterdes Landschaftswandels auftreten.
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1. Introduction

Traditional food production landscapesare complex social-ecological systems shaped by humans, and
land management has been an integral part of the diversity of such landscapes (Martin-Lopez et al.
2016). Worldwide, trees and shrubs have been part of or have even dominated these landscapes
(Kreitzman et al. 2020). In the Early Mesolithic (9600-7000/6500 BP), hazelnuts used to be a major
component of the humandietin Central Europe (Holst 2010). In Kyrgyzstan, walnut (see Figure 1), as
well asdiversefruitforests have beenthe basis of livelihoods, and these forests have been maintained
by humans for millenniaif they were not even created by humans inthe first place (Beer et al. 2008;
Sakbaeva et al. 2013). Acorns used to be a traditional staple food crop not only in Europe but also in
Asia and North America (Bainbridge 1986). In the Mediterranean Basin, chestnut and olive trees are
examples of tree fruits that have served as staple food crops for centuries (Infante-Amate and Molina
2013; Tagliaferriand Di Lonardo 2016). In Germany, traditional tree crop landscapes are multispecies
fruit orchard meadows, also known as Streuobstwiesen (Plieninger et al. 2015).

Figure 1: Walnut forestin Kyrgyzstan. The photo was taken by Halis Duran CC BY-SA 3.0.

The culture of the people livingand working on the land is closely linked to these tree crops (Infante-
Amate and Molina 2013). Tree crop landscapes have provided a wide range of foodthrough the mosaic
of different management intensities and crop diversity, and at the same time upheld landscape
sustainability and high levels of biodiversity (Blondel et al. 2010). Traditional tree crop landscapes are
known as biodiversity hotspots (UNEP/MAP 2016), and biodiversity is the basis for the provision of
most ecosystem services (lkerd 1993). Ecosystem services are benefits that can be received from
ecosystems and comprise provisioning, regulating, cultural, and supporting services. For example,
provisioning services contain food, wood, and geneticresources (MEA 2013). Due to their complexity
and high biodiversity, tree crop landscapes do not only supply multiple provisioning services, but also
manifold other ecosystem services, such as regulation of water cycles and climate regulation (IPCC
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2019; Schwarzer 2021), as well as cultural services including recreational and spiritual value (Oteros-
Rozas etal. 2018).

Currently, there is a polarisation of land-use in many parts of Europe: Land-use intensification is
prevalent on more favorable sites and land abandonment in marginal areas (Plieninger et al. 2006).
Intensification implies that labor as well as off-farm inputs are increased to enhance vyield.
Abandonment and intensification of multifunctional landscapes both tend to lead to a loss of
biodiversity, as an intermediate state of disturbance harbors the highest biodiversity (Uchida and
Ushimaru 2014). Loss of biodiversity leads to the degradation of ecosystem services as these are
interdependent (Isbell et al. 2015). Low ecosystem services supply negatively affects human well-
being, as, for example, a material minimum for a good life is not available or health is negatively
affected by an unbalanced diet (MEA 2003). Human well-being and drivers of change affect each other.
For example, aneconomiccrisis (economicdriver) can affect human health, whichin turn negatively
affects the economy as sick people are working less (Walker 2010). These drivers have adirectimpact
on ecosystem services, as, for example, profitability of aspecial crop can negatively affect biodiversity
through intensification (van Vliet et al. 2015). The described feedback loopis depictedin Figure 2. The
reality, however, is much more complex, for example, economic growth that is based on the
intensification of land-use systems has not only negative short-term effects, but unsustainable land-
use also has negative long-term effects on poorer groups through environmental degradation (Mace
et al. 2018).

Human wellbeing and poverty reduction

Negative
Negative effects
effect ’ \

Ecosystem services Drivers of change

S—

Negative
effect

Figure 2: Framework on the relation of ecosystem services, human well-being, and drivers of change. The direction of impact
is shown by brown arrows. Provisioning services and economical drivers are marked red as a general focus on provisioning
services supported by economical drivers foster a negative feedback loop. The figure was adapted from Iniesta-Arandia et al.
(2014).

Accordingto the Eat-Lancet commission, the current global food systemisthe single largest driver of
ecosystem degradation and transgression of planetary boundaries (Willett et al. 2019). Two examples
are biodiversity loss and climate change. Globally, annual species extinction rates have increased by
100-1000 times since the beginning of the Anthropocene, and they are expectedtoincrease about 10
fold in the current century, with land-use change being one of the major drivers (Rockstrom et al.
2009). Climate change is boosted by agriculture not only through greenhouse gas emission s (Tubiello
et al. 2013) but also through the decreased cooling effect of a reduced vegetation cover (Schwarzer
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2021). Due to unsustainable agricultural production systems, future global food security is at risk. The
conclusion of leading scientists is clear: A comprehensive food system transformation is needed
(Willettetal.2019).

In the last decades, agroforestry hasincreasinglybeen seen as atool to decrease the negativeimpacts
of food production and to enhance ecosystem provision on agricultural land (Torralba et al. 2016).
Agroforestry combines trees and shrubs with either annual agriculture (silvoarable) or grassland
(silvopastoral). Such a combination provides synergies through the integration of different
components. The tree crop systems, like the walnut forests described above, are examples of
traditional agroforestry systems including food production from perennial staple food crops. Most
modern agroforestry systems are designed as alley cropping systems, a stripe-type integration of trees
or shrubs. The perennial component often consists of energy fuel crops (mainly poplar or willow) or
trees grown for quality wood and is combined with annual agricultural systems (Nerlich et al. 2013).
The integration of tree crops, especially tree nuts, in annual agricultural systems and pasture has a high
potential for sustainable food production and is highly underappreciated (Kreitzman et al. 2020).
Agroforestry systemscan have diverse designs and managementintensities, and therefore ecosystem
and human well-being outcomes also differ. However, the integration of a perennial component is
associated with multiple positive outcomes on biodiversity and ecosystem services categories as
described above (Kreitzman et al. 2022; Veldkamp et al. 2023).

Despite the many benefits in termsof ecosystem and human well-being outcomes, thereis an ongoing
intensification and abandonment of traditional agroforestry systems. To develop strategies for
reversing this trend, a thorough understanding of the historic processes of traditional agroforestry
landscapes is needed (Antrop 2005). Knowledge about the complex driving forces that have shaped
the history of such agroforestry landscapes is of special interest for informing sustainable land
management but remainsrarely coveredin the scientificliterature (Plieningeretal. 2016). Thereis a
research gapinthe comparison of landscape historiesof tree crop landscape s across different sites, as
well as the driving forces of landscape change covering longer time frames (Frattaroli et al. 2014;
lepsenetal.2015).

The slow adoption of modern agroforestry systems and rare revitalization of traditional systems
impliesthat barriers are hampering this. To guide future decision makingitis necessary to understand
those barriers, and how agroforestry with its multiple values of ecosystem services can be fostered in
itsimplementation as wellas management (Black et al. 1998; Antrop 2005). As motivations are defined
as an energizingforce thatdrives action (Parks and Guay 2009), farmers” motivation to manage their
landis of interestaswell, asitwill form future landscapes.

Inthisthesis, | aimedto investigate the motivations and barriersof pioneers that cultivate agroforestry
systems. | found an Integrated Landscape Initiative that collaboratively manages agroforestry systems
to mitigate wildfires. Collective engagement in wildfire mitigation is currently recognized as useful in
complementing suppression measures and has been studied with different foci (Otero et al. 2018;
Gorriz-Mifsud et al. 2019; Palaiologouetal. 2020). However, little is known about the motivations and
barriers of farmers collaboratively managing agroforestry systems and about the personal and regional
outcomes of such management.
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A further approach, to revitalizing traditional and implementing modern agroforestry systems that |
identified, is the integration of innovative tree crops in supporting the profitability of a system.
Especially, trees providing staple food crops, like chestnuts, can play an importantrole in future food
production, and at the same time provide beneficial environmental outcomes (Davison et al. 2021).
Although chestnuts are increasingly cultivatedin temperate zones of Europe, littleis known about the
chestnut growers” motivations and barriers and what measures would help scale up chestnut
productionin Germany.

These topics and identified research gaps formed the objectives of my thesis that will be covered in
the following chapter.

2. Objectives and Structure
The main objectives of this thesis are to understand how land-use has changed from traditionally

diverse agroforestry systems to simple annual systems, as well as to explore current motivations and
barriers of land managers to find possible ways to maintain and revitalize such diverse land-use
systemsinorderto inform sustainableland management.

Specificobjectives are the basis of the three manuscripts that my thesisincludes. Theseare:

@ To explorethe history of tree crop landscapesin the Mediterranean basin regarding their
common and diverging patterns of land-use change (articlel)

# Toinvestigate the social-ecological characteristics of an Integrated Landscape Initiative that
seeks to reduce wildfire impacts through agroforestry (article I)

@ To assessthe status quo of chestnut cultivation in Germany as a case study of perennial
staple food crop integration in agroforestry systems (article I11)

Following these objectives, | covered different temporal and spatial scales, namely past, present, and
future as well asregional, national, and ecozone scales (Figure 3). In my firstarticle, | focused on the
past to review land-use histories in the Mediterranean, on an ecozone scale. | derived common
patterns of driving forces, which transformed these social-ecological systems in order to understand
the possible valorization of the multiple societal values that tree crop landscapes comprise. For the
second and third article, | was interested in the motivations of people managing agroforestry systems
and how these systems can be putintovalue. In case of article Il, I chose a present, regional case study
of afarmerinitiative called Mosaico. The aim of the initiative is to reduce wildfire threats through the
collaborative management of agroforestry systems. In my third article, | considered a national scale. |
aimed to examine chestnut cultivation in Germany, as chestnut growers in Germany have not been
investigated before, and chestnut trees seem to be an interesting and present case for covering
perennial staplefood crop integrationin agroforestry systems. Allthree studiesare conducted inorder
to inform future land managementand policies.
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Temperate measures for future land management
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Collaborative agroforestry for
Regional/ wildfire mitigationin Gata/Hurdes,

Spain: Motivation, barriers and
outcomes

Mediterranean

Temporal
scale

Past Present Future

Figure 3: Structure of the doctoral thesis, classifying the three articles across temporal and spatial scales.

In each of the articles, | followed the objectives described above, formulating several subsequent
research objectives:

Article | (1) describe the dominantland-use change processes across three tree crop types,
namely cork oak, chestnut, and olives, using three exemplary sites percrop
(2) identifyand classify the main drivers that determinethese landscapes’ land
change histories.

Articlell (1) explore motivations and barriers of an Integrated Landscape Initiative’s
participants
(2) getinsightsinto perceived initiative outcomes and success factors
(3) reveal differences betweenrural and neo-rural participants

Article Il (1) explore the characteristics of chestnut stands and their managementin Germany
(2) evaluate the main motivations,aims, and challenges of chestnut growers
regarding chestnut cultivation
(3) identifymeasures for upscaling chestnut production in Germany
(4) explore differences between juniorand senior chestnut growers
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3. Methodological Approaches and Data Analysis

Landscapes are complex social-ecological systems, and researching landscapes thus requires a holistic
view (Angelstam et al. 2013). The conceptual framework behind the thesisis the ecosystem services
and human well-being framework by Iniesta-Arandia et al. (2014) as described above, and the starting

points formy three articles are displayed in the following graph (Figure 4).

Human wellbeing and poverty reduction

Ecosystem services

Drivers of change

Figure 4: Ecosystem services and human well-being framework adapted from Iniesta-Arandia et al. (2014). It shows the
starting points for my three articles (loupes). Article | examines the drivers of change, while article Il covers regulating
services (wildfire mitigation) as a way to valorize agroforestry systems. In article Ill, | choose a case study on a potentially
profitable crop that could be integrated into modern agroforestry systems, covering provisioning services.

Forall three articles, | chose a case study approach aiming for holisticinsightsin a complexfield (Brown
2008). The approach allows in-depth, multi-facetedexplorationsof complexissues in real-life settings.
It providesthe opportunity to explorethe key characteristics, meanings, and implications of the topic
(Crowe et al. 2011). The three articles all have an exploratory character and cover multiple social-
ecological dimensions. An overview of data elicitation and analysis of the different articlesis givenin
Table 1. The nextchapter will coverthe data elicitation method and analysis of the first article. This is
followed by the data elicitation method of articles Iland Ill, and then the data analysis of articles |l and
I, as | employed the same approachin both articles.
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Table 1: Study character, specific aims, data elicitation, and data analysis across the three articles forming this thesis.

Article Study area Method of data elicitation Data analysis
Nine selected tree Extraction and systematic
| crop landscapes Literature review toconduct categorization of landscape
across the landscape history narratives  processesand driving forces of
Mediterranean Basin change

. . . . Frequency analysis and
Sierrade Gata and Las Structuredinterviews with ; Y ) y .
I . nonparametricstatistical
Hurdes, Spain land managers i .
comparison analysis

Frequency analysis and
nonparametricstatistical
comparison analysis

Structured interviews with

" German
y chestnutgrowers

3.1. Literature Review: Landscape Processes and Driving Forces

In article |, | chose a literature review approach for nine selected tree crop landscapes, covering three
different tree crops, namely cork oak, chestnut, and olive. Foreach of the nine landscapes, | selected
four to six key papers. The borders of the landscapes were defined in accordance to the reviewed
studies. These key papers were the basis for compiling histories foreach landscape over the last 200
years, which isa period with relatively good data availability. As there was lessuseful literature for the
southern Mediterranean countries, | complemented the reviewed studies by conducting expert
interviews for the olive landscape in Morocco, the cork oak landscape in Tunisia, and the chestnut
landscape in Turkey. In a systematicapproach, | identified landscape changes and classified them into
processes. | defined alandscape process as a periodinwhich the tree landscape undergoes acertain
predominant process regarding the tree crop. For example, if the area of the chestnut landscape
increased in France in a certain period, the related landscape process was called expansion. The
landscape processes were then illustrated in a timeline to reveal common patterns and differences
across tree crop landscapes.

With the help of the driving forces framework (short: drivers), | extracted the reasons behind the
change of processes following the approach of Biirgi et al. (2004). A driver is defined as a human-
induced or natural factor that causes a change in an ecosystem (MEA 2003). Although the processes
took place mainly on the landscape scale, drivers at local to global scales were also considered. The
driving forces were categorized into socio-cultural, technical, political, economic, and natural drivers
(modified from Buirgi et al. 2004). The proportional contribution for each category of driving forces
was then calculated for six landscape processes across all landscape histories. For example, |
considered all abandonment processes and calculatedthe relative proportionof natural driving forces
compared to other driving forces categories. This helped to reveal patterns of driving forces in
connectiontothe processes. Studying landscape histories is a fruitful way of getting a holisticview of
complex nexuses andisimportantforan understanding of prerequisites for atransformation towards
sustainability (Angelstam et al. 2013).
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3.2. Interviews

Due to the exploratory character of my research, interviews are an appropriate method which | used
forthearticles Il and lll. They are well suited togetin-depthinsightsinto people’s points of view and
motivations and can reflect complexissues (Bernard 2018). A social survey was the basis of the data
for articles Il and Ill. For both articles, | developed questions and predefined answers after detailed
discussions with expertsinthe region, with whom | also conducted a pre-test.

The questionnaire of article Il sought to shed light on land manager perceptions of the Integrated
Landscape Initiative. It covers seven thematic sections on (1) land managers’ characteristics, (2) land
managers’ activities, (3) aims/motivations, (4) perceived outcomes/performance of the initiative, (5)
perceived barriers to management success, (6) perceived success factors for initiative goals, and (7)
perceptions of wildfires. Most questions were designedin Likert-scale format, for which each of the
respondents had to indicate their level of agreement on a scale from 1to 5 (e.g. 1=strongly disagree
to 5=strongly agree, with 3indicating neither agree nordisagree) (Joshi et al. 2015). Respondents could
add their options to predefined answers (e.g. adding a motivation that was not predefined). Open-
ended questions and the possibility to add own answers also helped us to explain and supplement the
data where necessary.

My goal was to survey the majority of land managers that were actively engaged in the Integrated
Landscape Initiative (Varela et al. 2020; Bertomeu et al. 2022). Contact information for 95 land
managers fulfilling this criterion was provided by the initiative. Finally, 66 land managers were
interviewed, implying a rather high response rate of 69% (Garcia-Martin et al. 2016; Carmenta et al.
2020). Face-to-face interviews were carried out by field assistants from September to December 2020.
Safety protocols for COVID-19 risk were followed, including telephone interviews if physical meetings
were not possible. Informed consent was obtained.

The questionnaire of article Il was designed following the structure of the research questions: Section
(1) covered data on the personal background of chestnut growers, such as age and profession. | also
wanted to know if chestnut cultivation was a family tradition and how they defined themselves
regarding chestnuts. Characteristics on chestnut stands such as tree number and age as well as systems
multifunctionalitywere compiled. In section (2), there was an open question, askingfor the three main
motivations for chestnut cultivation. Questions on aims and challenges had a Likert-scale format as
described forarticle Il. Section (3) focused on ecosystem services provision. To evaluate the perceived
association between certain ecosystem services and annual versus perennial crops, | provided
respondents a Likert-scale. The number 1 indicated that the ecosystem service was associated with
annual agriculture, 2 meant rather associated with annual agriculture, 3 meant not allocated or
allocated with both, 4 represented an assignment ratherto perennial staple food crops, and 5 meant
that the ecosystem services were assigned to perennial staple food crops. Concerning measures for
upscaling chestnut production and consumption in Germany, | gave predefined measures and asked
respondentstoindicate onaLikert-scaletheir perception on the easiness of implementation and how
much impact on upscaling that measure would have.

Survey participants of article Il had to fulfill the criteria of cultivating at least five chestnut trees for
fruit production in Germany. The aim was to find and cover all German chestnut growers that meet
these criteria. Therefore, existing contacts were harnessed, the internet was investigated and snowball
sampling was applied. A total of 79 potential respondents were identified, of which | could finally
interview67. After obtaininginformedconsent,interviewswere carried out by phone, and these were
recorded and transcribed. Interviews were carried out from March to July 2022.
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3.3. Data Analysis

Due to the exploratory character of my studies and the aim to show the results in a clear and easily
understandableway, | used frequency analysis for driver categoriesin article | and for all nominal and
ordinal datain article Il and Ill. To do so, | calculated how many percent of respondents chose which
answer category. For ordinal questions, | additionally calculated response mean values, to be able to
rank answer categories according to mean values to show the relative agreement of respondents. In
the case of article lll, | sorted the three major motivations of chestnut growers to cultivate chestnuts
(open-ended question) according to similar meanings and inductively grouped them according to
similar characteristics, ending with six nominal categories.

In the articles Il and Ill, | performed nonparametricstatistical dataanalysis with the program SPSS. In
the case of article Il, | was interested in statistical differences between rural and neo-rural land
managers, whereas in article Ill, | compared junior chestnut growers (up to 40 years) with senior
growers (above 40 years), deriving age categories from other papers (Gullino et al. 2020; Zafeiriou et
al. 2022). To compare ordinal data amongthe described groups, | conducted a Mann-Whitney U test.
For article Il, | applied this analysis to wildfire impact, wildfire measures, motivations, barriers,
initiatives outcomes, success factors, and policy support. For article lll, the Mann-Whitney Utest was
used for motivations, aims, challengesas wellas perceptionson outcomesand measures for ups caling.
| distinguished statisticallysignificant differencesin responses with asignificance level of p<0.05.

In article Ill, | additionally conducted pairwise comparisons between responses for junior and senior
growers on nominal data, covering questions on the personal background of chestnut growers as well
as on chestnut stands. lused SPSS for the Chi-square test, also with asignificance level of p<0.05.

3.4. Limitations

The integral complexity as well as the interrelated drivers of landscape change make research
challenging. Case studiesare asuitable approach to inductivelyderive common and diverging patterns
of e.g. landscape change (Angelstam et al. 2013). However, it must be borne in mind that
generalization, without questioning the results, is not possible due to its complexity. Limited scientific
literature availabilityin thefirst article for some of the landscapescould haveled to a certain vagueness
of some landscape histories and their driving forces, especially for the southern fringe of the
Mediterranean Basin. Therefore, | conducted interviews with experts for these three landscapes. The
case study landscapes of the northern Mediterranean fringe completely relied on scientificliterature
and potential errors could have beenreproduced.

Interviews always represent the perceptions of respondents, which are based on the social -ecological
context they live in (Bernard 2018). The results can be also be influenced by norms, for example,
respondents may think that certainanswers are favored by the interviewer. The interpretation of the
results of article Il was only possible as | had a native Spanish speaker who was also a local expert
amongst my co-authors.
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4. Study Areas and Research Objects

4 .1. Mediterranean Basin — Ecozone Scale

Figure 5: Tree crop landscapes of cork oak, sweet chestnut, and olives. The pictures are extracted from article I.

The first article covered the Mediterranean Basin, an ecozone scale. Threeiconictree crops, that shape
the Mediterranean Basin, already exist for a long time, and representimportant resources of human
subsistence, were selected, namely cork oak (Quercus suber), chestnut (Castanea sativa), and olive
(Olea europea) (Figure 5). Such tree crop landscapes are closely linked to the history, livelihoods, and
culture of people living here and exhibit different land-use intensities. For each of the selected tree
crops, | analyzed three study landscapes. | selected the landscapes with the best availability of
literature on landscape history and driving forces of land-use change as my case studies.

Cork oak landscapes Chestnut landscapes
Alentejo  Extremadura Kroumerie-Mogod Northern Corsica Aegean
(Portugal) (Spam) mountains (Tunisia) Apennines (Italy) (France) (Turkey)
/ ‘N\
@

s

Rif-region Baena  Lesvos
(Morocco)  (Spain) (Greece)

Olive landscapes
Figure 6: Map of chosen tree-crop landscapes. Taken from article I.

The nine case study landscapes are depicted in Figure 6, and in short described here. The cork oak
landscape in Alentejo, Portugal, is called montado, characterized by scattered trees, dominated by
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oaks, and extensively grazed with livestock (Mufioz-Rojas et al. 2019). In the Kroumerie-Mogod
Mountainsin Tunisia, cork oak representsthe mostabundant native tree speciesandis a key income
forthe local population (Campos et al. 2008). The scattered oak landscapes inSpain are called dehesas,
grazed by livestock, and have probably existed since prehistoric times (Stockwell 1947). The steep
mountains of north-eastern Corsica (France) and the history of the Corsicans has been shaped by
chestnut trees, which led to the region’s name La Castagniccia. In the Apennines in Italy, chestnuts
have dominated a mosaic of agroforestry systems, served as a staple food crop, and have shaped the
culture of people living there (Agnoletti 2007). The Aegean regionin Western Turkey is a mountainous
region that has been shaped by chestnut cultivation, which had also an impact on people’s traditions
(Avanzato 2009). Lesvos is a Greek island, which mountainous landscape and cultural identity have
been shaped by olive plantations (Kizos et al. 2010). Baena, a municipality in Andalusia, Spain, is the
region with the world’s most concentrated and specialized olive oil production having about 70% of
the land surface covered by olives (Infante-Amate and Molina 2013). The Rif-region of Morocco is the
centerof olive production. Inthisregion, olives trees are asign of wealth and are closely connectedto
people’sdailylives (Kholy2012).

4.2. Sierrade Gataand Las Hurdes, Spain — Regional Scale

Figure 7: Impressions of the case study area. Agroforestry landscapes for wildfire mitigation. Livestock herding, scattered tree
crops, and thinning of forests are measures of wildfire mitigation. First picture extracted from article ll, all pictures taken by
field assistants.

The case study area of the second article is on a regional scale, covering diverse landscapes (Figure 7).
| conducted my research in the rural, adjacent counties of Sierra de Gata and Las Hurdes in Spain,
which belong to the northern Caceres Province of the Extremadura Autonomous Region in Westem
Spain. Sierra de Gata comprises 19 municipalities and covers 1257.94 km?2. Las Hurdes covers 499.37
km?and consists of six municipalities (IEEX 2021). The area has a typical Mediterraneanclimate, shaped
by wet and mild winters and dry, hot summers. The remote and mountainous regions are mainly
covered by shrubland, cropland, pastures, and forests (Figure 8). Traditional agroforestry landscapes
have been substantially transformed first in Las Hurdes (since the 1930s) and later in Sierra de Gata
(since the 1960s). Forest fire occurrence increased at the time of a massive pine plantation
establishment fostered by the Franco regime (1940-1975) (lriarte-Gofii and Ayuda 2018). Since the
1950s, enhanced outmigration fostered by industrialization and socio-economic crises has left an
overaged society (Madruga et al. 2021). Outmigration also caused the abandonment of livestock
grazing and land management, which resulted in shrub and forest encroachment and flammable
biomass accumulation (Iriarte-Gofii and Ayuda 2018). Mediterranean climate with mild and wet
winters and hot and dry summers is wildfire-prone. Alone in Sierra de Gata and Las Hurdes, 2.298
wildfires burned an area of 37.500 ha between 2000 and 2015 (Bertomeu et al. 2019). One of those
wildfiresisshownin Figure 8.
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Figure 8: Left: Map of Sierra de Gata and Las Hurdes, extracted from article Il. Right: Wildfire in the study region,
picture taken by Fernando Pulido.

Although fire numberand size of burned areas decreased between 1983 and 2021, the fraction of large
(>500 ha) or very large fires (>5000 ha) increased (Ministerio de Transicion Ecoldgica 2022). A single
mega-fire burned nearly 8000 ha of Sierra de Gata (Bertomeu et al. 2022). In the region, the current
focus of authorities is rather put on wildfire suppression strategies (like increase in fire-fighting
equipment) than on treatments that mitigate the causes of mega-fires which would be biomass
removal treatments like livestock grazing. The described study area was chosen as it is home of the
Integrated Landscape Initiative Mosaico. In the following text, the study sites will be referred to as
Gata-Hurdes. The main objective of the initiative is a collaborative engagement in wildfire mitigation

through the use of productive fuel breaks, which are areas maintained by agroforestry (Varela et al.
2020).
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4.3. Germany— National Scale

Figure 9: Sweet chestnut: Fruits, chestnut tree and planted chestnut orchard.

Chestnuts are trees that can be used in a multifunctional way. In the late Middle Ages (ca. 1250-1500
AD) chestnuts were cultivated for fruit production and increasinglyseen as valuable trading good salso
for trade with other countries (Bouffier and Maurer 2009). In the second half of the 18" century,
chestnut coppices were commonin regions of grape production as the wood was used for | attice posts.
Chestnuts were animportantfoodsource in Germany during and after the two World Wars. However,
the high demand for tannin, firewood, and timber led to the over-exploitation of chestnut trees
(Bouffier 2018). Through the changein eating habits after World War 1, chestnuts lost theirimportance
as a food source (Bender 2002). Chestnutblight (Cryphonectria parasitica), afungal disease spreadin
Germanysince 1992 (Wall and Aghayeva 2014) became a major driver of chestnutdecline, espedally
in other European countries where chestnuts are more common (Pezzi et al. 2017). Hence, chestnut
cultivation and breeding in Europe will be mostly based on hybrids of C. sativa with disease tolerant
Asian chestnutspecies (C. crenata and C. mollissima) (Ecker et al. 2018).

There isarevival of chestnut cultivation and a comebackof appreciationin the last decades in Germany
and elsewhere (Bouffier 2019; Davison etal. 2021). A newly planted chestnut grove is shownin Figure
9. Chestnuts are valued for their multifunctionality not only regarding provisioning ecosystem services
but also for regulating, supporting, and cultural services they offer (Conederaand Krebs 2008). Most
chestnuttreesin Germany are located in mature forests, accounting forabout 7500 ha only (Bouffier
and Maurer 2009). Areas, that are known for their chestnut cultivation, are the regions Haardt and
Dannenfelsin Rhineland-Palatinate, the Taunus whichisan upland in Hesse, and the West of Southem
Germany.
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5. Results and Discussion

This chapter extracts central themes of my articles that contribute to the overarching aims of the
thesis. | distinguished and discussed the three articles according to a past, present, and future
perspective. The result section will include the results of all three articles following the structure
describedin Figure 10.

Objectives Result and discussion chapters
Articlel (1) describe the dominant land-use change . ——» 5.1 landscape Histories:
processes across these three crop types using __» Processes and Drivers of Land- Past
three exemplary sites per crop — use Change
(2) identify and classify the main drivers that
determine these landscapes’ change histories . 5.2. Motivations for Agroforestry
Articlell (1)explore motivation and barriers of landscape —— //‘ Land Management

initiative”s participants
(2) getinsights in perceived initiative outcomes
and success factors
(3) reveal differences between rural and neo-
rural participant

Article lll (1) explore the characteristics of chestnut stands
and their management in Germany
(2) evaluate main motivations, aims and
challenges of chestnut growers regarding
chestnut cultivation

y 5.6 Measures to Successfull
(3) identify measures for upscaling chestnut — Y Future
production in Germany Foster Agroforestry

(4) explore differences between junior and
senior chestnut growers

5.3 Challenges for Practising
Agroforestry Present
L

5.4 Effects of Agroforestry

5.5 Mutual Learning among
Agroforestry Practitioners

Figure 10: Structure of the result and discussion chapter on basis of the research objectives, covering past, present, and future.
The research questions in grey are not covered in this thesis.

5.1. Landscape Histories: Processes and Drivers of Land-use Change

In article |, | developed nine landscape histories that were compiled into landscape narratives. These
contain the main processes of landscape change as well as its driving forces. The six landscape
processes | derived from the literature were expansion (growing extent), continuity (no significant
change), intensification (increasing management effort and yield), abandonment (decreasing
management effort and yield), polarisation (land abandonment and intensification), and renaissance
(a renewed management after a phase of abandonment). The predominant landscape processes of
the nine tree landscapessince 1800 are depicted in Figure 11. |1 found that each of the nine landscapes
had a unique history, although common patterns of processes and drivers could also be detected. It
should be emphasized thatthe tree crop landscapes, at the beginning of the 19 century, were either
in a phase of expansion or continuity. In the last decades they either underwent a phase of
intensification, abandonment, polarization, or renaissance. These diverging trends were also found in
a study on land-change hotspots (Kuemmerle et al. 2016). An overall increased dynamicof landscape
change was notable. This is important to recognize for future scenarios in land-change models, as
dynamics affect scenario outputs (Liuand Andersson 2004).
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Revitalization of tree crop landscapes is a recent trend that took place in the chestnut landscape in
France and the cork oak landscape in Spain. Simultaneously, a new approach to the collaborative
management of landscapes arose, the so-called Integrated Landscape Initiatives (Garcia-Martin et al.
2016).

Cork in Alentejo, Portugal

Cork in the Kroumerie-Mogod mountains, Tunisia
Cork in Extremadura, Spain

Chestnuts on Corsica, France

Chestnuts in the Apennines, Italy

Chestnuts in the Aegean, Turkey

Olives on Lesvos, Greece

Olives in Baena, Spain

Olives in the Rif-region, Morocco

Timeline

h

1800 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

Expansion Polarisation (Abandonment and intensification) Abandonment

_Continuity _ Intensification

Renaissance

Figure 11: Landscape processes of the nine tree crop landscapes. Extracted from article I.

| categorized the drivers of change into five groups, namely socio-cultural, political, technical,
economic, and natural drivers. The landscape processes with associated drivers are depicted in Table
2. | found that landscape changes have multiple, often also interrelated drivers. Many socio-cultural
drivers appeared, which are highly complex and often neglected in debates on driving forces of
landscape change (Birgi etal. 2004), such as cultural identification, or changinglifestyle. | showed that
cultural identity was a driver of expansion, such as in the cases of Portugal and France. The multiple
demandsandalivelihoodthat depends on the landscape werealso driving expansionin historictimes.
However, a changing lifestyle led to the opposite: If young people are out-migrating from rural
landscapes, labor shortages lead to abandonment as | have shown in the French case as well as for
Italy and Greece. In all three cases, this was combined with a missing profitability or economic crisis.
Profitability was crucial on the landscape scale, as maintainingawhole landscape requires substantial
effortthat cannotbe achieved as a hobby, but has to provide a livelihood forthe people living on the
land (Howkins 2003). | also found thatabandonment was eitherdirectly orindirectly linked to missing
profitability.

Table 2: Types of driving forces for landscape change. Extracted from article .

Type of drivers

Socio-cultural Political Technical Economic Natural

Over-exploitation Land development plans Technological progress Low demand for crop Pests or diseases

Livelihoods War Mechanisation Demand for crop Drought
Multiple demands Privatisation of land Agrochemicals Missing profitability Fire
Specialised demand Market liberalisation Profitability

Population growth

Outmigration

Land-use restrictions

Agricultural subsidies

Marketing strategy

Economic crisis

Changing lifestyle Conservation programmes Economic growth
Cultural identification
Community decisions

Awareness

The underrepresentation of drivers of continuity in studies was highlighted by Plieningeretal. (2016)
and identified as an important counterbalance for drivers of change (Birgi et al. 2004). | also
discovered that the drivers of continuity were rarely reported. However, in the olive landscapes of
Spain and Morocco, the drivers of continuitywere, that the landscapes provided the basis of livelihood
of people as well as multiple provisioning services, such as fruits and timber. In contrast, specified
demand was repeatedly leading to the intensification of land-use. The drivers of renaissance are
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particularly interesting: In the two respective cases, | found a combination of conservation programs,
marketing strategies, and profitability as drivers forthe cork oak landscape in Spain and a combination
of awareness, community decisions, and technological progress for the chestnutlandscape in France.
In the review of driving forces in European landscapes, cultural drivers were found as key for rural
developmentinitiatives (Plieninger et al. 2016), which could forexample be an awarenessfor the need
of sustainable land management. Understanding the drivers of these landscape processes can help to
guide future land-use and decision-making processes.

| found thatland-use restrictions can be drivers of expansion, abandonment, as well as intensification.
This highlights the large potential of political decisions but also points towards the responsibilities of
decision-makers, who might not only influence restrictions but also subsidies. My findings are
supported by a European review on driving forces highlighting political drivers as one of the major
drivers of intensification and abandonment (Plieninger et al. 2016). According to the Millennium
Ecosystem Assessment, local decision-makers can have aninfluenceon land-use changesas well as on
influencing technology and external input choice. The decision-makers on larger spatial scales can
impact macroeconomicpolicy, prices, markets, and trade barriers for goods as well as property rights
(MEA 2003).

5.2. Motivations for Agroforestry Land Management

In article Il, | discovered that land managers of the Integrated Landscape Initiative were highly
motivated by multiple motives. Theseare depicted inFigure 12. Interestingly, the strongest motivation
was combatting depopulation. Thisis understandable considering that about a third of the population
was lost between 1960and 1975 inthe region due to emigration (Rosado2018). This motivation could
imply that the initiative offers perspectives for people to make a living from the land. Preserving
landscape beauty, as the second important motivation, shows, that aesthetics play an important role
inpeople’s well-being and that the connectionto the traditional landscape could have createdasense
of identity (Roux et al. 2022). A review of Integrated Landscape Initiatives in Europe showed similar
results (Garcia-Martin et al. 2016).

combat depopulation [4.70]
preserve landscape beauty [4.62]
improve personal well-being [4.62]
preserve cultural heritage [4.61]
improve local livelihoods [4.59]
combat wildfires [4.56]

increase biodiversity [4.51]
mitigate climate change [4.48]
increase income [4.23]
like-minded people [4.06]

percentage of responses 20 A0 60 20 1
very weak weak neither M strong W very strong

[

0

Figure 12: Motivations of Mosaico farmers to collaboratively manage land. The color intensity expresses answer categories.
Numbers in brackets are the means of the response values. Extracted from article Il.

The four highest-ranked motivations were socio-cultural motives. Increased income was one of the
weakest motivations for collaborative land management, however, still mentioned by over 80% of

25



respondents as a strong motivation. Combatting depopulation as the strongest motivation can be
linked to profitability. Its absence leads to the abandonment of landscapes, as found in article I. The
low-ranked motivation of increased income might rather reflect the results of Oviedo et al. (2017),
who foundthat farmers are often similarly or more motivated by the advantages of living in nature or
by theirlifestyle than by profits. Combatting wildfires was a strong or very strong motivation for over
90% of respondents, which was also discovered by land-ownersbeing part of a Californianland-owner
cooperation (Ferranto et al. 2013). However, the strong motivation by nearly 90% of the land-
managers to mitigate climate change is surprising, as former studies found very low awareness
regarding climate change among farmers globally (Madhuri and Sharma 2020; Saliman and Petersen-
Rockney 2022).

In article Ill, | asked in an open question for the respondent’s three main motivations to cultivate
chestnuts. The motivation most often mentioned was climate change mitigation and adaptation
(mentioned by 36% of respondents). Thereby, amajor global threatis displayed, astrees not only are
a measure for adapting to changing climates but also have an important mitigation potential (IPCC
2019). The second most frequently mentioned motivation was food production (23%), followed by
aesthetics (22%). An alternative for annual agriculture was mentioned by 20%, and this relates to
chestnuts as perennial staple food crop being potentially more sustainable than annual food crops.
The same number mentioned biodiversityas one of three motivations. After grouping motivations into
six categories (cf. Table 3), | found that motivations related to sustainable food production were
mentioned most often (73% of respondents named such motivation at least once).

Table 3: Motivation of respondents to grow chestnuts. All motivations listed here were at least named twice. They were
allocated to motivation categories. The percentages show the share of respondents mentioning these motivations. Taken
from article Ill.

Sustainablefood  Personal Multifunctional  Landscape Added value Socio-cultural
production well-being uses restoration motivation
Climate change Aesthetics Food Biodiversity [20%] Innovation [19%]  Connection
mitigationand [22%] production ) [8%]
adaptation [36%) [23%] Multifunctionality Marketing [6%]

Fun/pleasure forthe Knowledge
Alternative for [17%] Honeyplant environment[6%]  Addedvalue transfer [6%]
annual [9%] [3%]
agriculture [20%] ~ Gusto/taste Shade[3%] Food

[8%] Multifunctional LOVY sovereignty
Subsistence [8%] uses [8%] maintenance [5%]

effort [3%]

Regionality [6%] Wood [5%] Awareness for

Diversification of
production [6%]

Resilience [6%]
Longevity [6%]

Orchard
meadow

conservation
[5%]

Vitaltree [3%]

transformation
[3%]
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Itwas followed by personalwell-being (41%) and multifunctional uses (36%). Although nobody directly
mentioned profitability or earning money as motivation, the motivations of the category added value
are related to economic motivations. Furthermore, | found in a Likert scale question that over 60%
aimedto earn money with the chestnuts. In contrast, income and soil erosion control were the highest
motivation to implement agroforestry in the southern Philippines (Magcale-Macandog et al. 2006).
This reveals that there are many reasons for agroforestry adoption that are dependent on the socio-
ecological context.

As motivations were asked in different ways for article Il and lll, the results are not one-to-one
comparable. The open question provides a clearer picture of motivations as answers are not
predefined (and only three motivations were allowed), but the results are more difficult to interpret
because of answer diversity. | found common patterns of motivation in article Il and Ill. Mitigating
climate change was a high motivation for farmers in Spain and played a major role in motivating
chestnut growers in Germany. Another motivationof high importance forboth groups was preserving
landscape beauty/aesthetics, which is also one of the most often mentioned cultural ecosystem
servicesinareview on cultural Ecosystem services and well-being (Kosanicand Petzold 2020). In artide
Il and Ill, enhancing biodiversity is a common motive for managing agroforestry systems, and this is
also discovered by Garcia de Jaldn et al. (2018) for European agroforestry stakeholders. Fighting
depopulation seems to be a motivation only in the case of article Il. One reason could be the history
of abandonment in the rural areas of Gata-Hurdes, but also that the collaborative approach of the
initiative seems to offer perspectives for livelihoods. On the contrary, an alternative for annual
agriculture as well as a connection to other people and nature were very important motivations for
chestnutfarmers but were not mentioned as missing answer categories by respondents in Spain.

5.3. Challenges for Practicing Agroforestry

In article Il, | found that some challenges for collaborative agroforestry management affected many,
whereas others only affected only afew farmers (cf. Figure 13). The strongest challenge to farmers by
far was the lack of adapted legislation with 82% of respondents regarding it as a high or very high
barrier. Additionally, 65% were faced with high or very high challenges caused by a lack of political
support.

lack of adapted legislation [4.26]
lack of politcal support [3.80]

lack of funding [3.47]

lack of profitability [3.29]
challenging climate conditions [2.90]
lack of administrative skills [2.83]

pests and diseases [2.60]

lack of experts [2.31]

percentage of responses 0 20 40 60 80 100
very low low medium m high m very high

Figure 13: Barriers to collaborative agroforestry management. Numbers in brackets are the means of the response values.
Taken from article II.
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Still, 55% suffered from a lack of funding. In other European Integrated Landscape Initiatives, lack of
funding was by far the major challenge (Garcia-Martin et al. 2016). The unadapted legislation, pointed
out by the respondents, may be regionaland national regulations that often prohibit grazing in forests
andrestricttransformation to agricultural land. Among other professional groups, farmers particularly
often faced narrow andinflexible policies that were not adapted to the local context (Garcia-Martin et
al. 2016). Climaticconditions were already problematicfor 41% of respondents.

In article Ill, the challengesfor chestnut cultivation differed not much in their extent among growers
(cf. Figure 14), showing mean values around three out of five. However, missing long-term thinking of
institutions was the highest-rated challenge, as 66% mainly or fully agreed. The second highest barrier
was a missing traditional connection to chestnut culture and cultivation (58% of respondents mainly
or fully agreed). Too low yearly subsidies have closely followed with 57% of responses in these
categories.

institutions missing long term thinking .|
too low yearly subsidies [ W
missing traditional connection [ I
missing processing opportunities [
missing regional cooperation e |
missing support for planting |
missing marketing opportunities IS
missing practical experience |
nature conservation restrictions I
Missing knowledge I

Percentage of responses 0 20 40 60 80 100

fully disagree mainly disagree M neither M mainly agree M fully agree

Figure 14: Barriers for chestnut cultivation in Germany. Taken from article Ill.

Both a lack of adapted legislation(in articlell)and institutions missing long-term thinking (in article ll),
referto policiesthatare notadapted to agroforestry land management. In both cases, itis the highest-
ranked barrier. [t was also an important driverin the tree crop landscape histories as discussed above.
Although agroforestry systems are seen as important contributors to solutions for different global
challenges including climate change and soil erosion (IPCC 2019; Willett et al. 2019), policies lack
adaptation to foster the transition towards more multifunctional and complex land-use systems
(Garcia de Jalén et al. 2018). Too low subsidies and fundingare also among the highest-ranked barriers
in both cases (article Il and Ill). Subsidies can have a high effect on the profitability of a certain crop.
As | showed, subsidies were one majordriver of landscape change (article ). Missing knowledge ora
lack of experts were the lowest barriers in both cases (article Il and Ill). The histories of tree crop
landscapes rather showed that it was a lack of work force due to outmigration that led to the
abandonment of landscapes. This implies that there is a need to increase the attractiveness of
multifunctional land management. The missing traditional connection to chestnut culture and
cultivation was an important barrier for chestnut growers in Germany (article Ill). In the landscape
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histories (article 1), this connectionwas referred to as identity and was an important driver of tree crop
expansion. The tree crop histories (article I) showed that challenging climatic conditions like drought
can lead to intensification and abandonment (cf. Portugal and Tunisia) and were also a barrier to
Mosaico farmers (article I1). In Germany, the last five years showed a strong increase in drought
intensity (Boeing 2023), probably a harbinger of climate change. This implies that barriers such as
challenging climate conditions and wildfires could also play an increasing role in current temperate
climate zones as with climate change high temperature and increasing weather extremes are expected.

5.4. Effects of Agroforestry

| found diverse positive outcomes of agroforestry systemsin both temperate and Mediterranean
climates. For the Mediterranean climate, | found manifold personal and regional effects of the
collaborative management of agroforestry landscapes, which are the results of social collaboration as
well as of agroforestry systems. As|showed in article I, the highest perceived regional outcome of
collaborative agroforestrywas combating wildfires (86% agreed or stronglyagreed). This was followed
by increased local ecological knowledge, enhanced biodiversity, and more sustainable land
management (over 80% of agreement, respectively). Over 50% also attributed counteract
abandonment, improve the regional economy, and increase the well-being of locals as outcomes of
collaborative agroforestry. The highest-rated personal outcome was more enthusiasm for traditional
land management (72% agreement). The personal outcome with the highest percentage of strong
agreement was that both, collaboration and support from the initiative, helped to overcome
administrative barriers.

In article Ill, | asked respondents if they would allocate certain ecosystem services more toward
perennial food crops or annuals. The mean answer for all ecosystem services outcomes tended more
towards the provision through perennial food crops. The ecosystem service, that was most clearly
matchedto perennial food crops was biodiversity with 98% of respondents allocatingitto perennials
and 2% allocatingit neithertoannuals norto perennials. Biodiversity was also a strong motivation for
chestnut cultivation as shown above. My results are supported by a study on chestnuts in Greece
where 94% of respondents attributed anincrease in biodiversity to agroforestry systems (Zafeiriou et
al. 2022). The increase in structural complexity aswell as habitatand landscape heterogeneity due to
trees and shrubsin agroforestry systems has a high potentialforincreasing biodiversity (Torralba et al.
2016). As shown above, an increase in biodiversity was not only a high motivational factor but it was
also perceived as an outcome of (collaborative) agroforestry systemsinthe Mosaico case in Spain, as
well as for chestnut growers in Germany. As depicted in the ecosystem services and well-being
framework (Figure 2), biodiversity is the basis for other ecosystem services. This is supported by our
findings in which agroforestry systems foster biodiversity as well as other ecosystem services. These
ecosystem services directly affect people’s well-being, asit can be seenin the framework as well asin
the results of articles Il and Il as agroforestry outcomes.

If there are no sufficient mitigation strategies such as collaborative agroforestry, wildfires can create
high damage to the landscape and people and even be a driver of abandonment of landscapes as
shown in the case of Tunisia in article I. If wildfires increasingly occur in temperate climates,
agroforestry systems may alsobe valued in asimilar way to my results of articleIl. In Germany, wildfires
already destroyed an increasing amount of land in the last years with a peak in 2022 of 4,293 ha
(STATISTA 2023). With climate change, droughts are expected toincrease,and hence wildfires, too.
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5.5. Mutual Learning among Agroforestry Practitioners

Nearly half of the respondentsinarticle Il were neo-rurals. Theyare characterized as people that move
from the city to the countryside as a response to industrial agriculture and unsustainable city life
(Escribano and Mormont 2007). Neo-ruralismisanincreasingly common trendin Europe and therefore
getting enhanced attention (Bender and Kanitscheider 2012; Dal Bello et al. 2021). Comparing neo-
rural to rural respondents, | found statistically significant differences in their motivations: Neo-rurals
were stronger motivated by the opportunity to increase biodiversity, grow their own food, and
improve personal well-being. These are also general motivations of neo-rurals forleaving former city
life (Orriaand Luise 2007; Dal Belloetal. 2022). However, | found that climate change was a stronger
motivation to collaboratively manage agroforestry systems for rurals. This may be explained as they
have experienced the increase of climate extremes like droughtsin the last decades.

In article lll, | found statistically significant differences across junior and senior chestnut growers for
three motivation categories. Juniors more often mentioned motivations that | pooledinthe category
of sustainable food production, whereas seniors rather tended to mention personal well-being and
multifunctional uses as motivations. l also found that seniors were more oftenisolated whilst juniors
were better connected to otherchestnut growers.

In both surveys (article Il and IIl), most of the differences among groups (neo-rural/rural and
junior/senior) occurred in motivations. In the light of increasing abandonment of rural agricultural
landscapes, the movement of neo-ruralism could provide new opportunities for the revitalization of
rural economies and the maintenance of cultural landscapes (Pérez and Gurria 2010; Del Romero
Renau 2018). The increased motivation towards pro-environmental performance and global thinking
could prosperously complement practical experiences and local ecological knowledge of rurals.
Similarly, the higher motivation for sustainable food production of junior chestnut growers and their
better connection amongst each other could give hope for stronger implementation of agroforestry
practicesinthe future. While junior growers can take advantage of the long-term experience of senior
growers, seniors can learn being better connected to other growers in Germany but also world-wide
through social-media.

5.6. Measures to Successfully Foster Agroforestry
Having asked respondents of article Il on success factors for collaborative agroforestry, fighting a

common and immediaterisk like fire was regarded as one of the mostimportant parameters (97% find
it important or very important). As climate change is an ongoing process and the effects of human
actionis challengingto assess, our results could helpto explain the difficultyin implementing measures
to mitigate climate change. Cooperation between different stakeholders and sectors was seen as an
equallyimportant success factor, followed by knowledge sharing and active participation with similar
results. This supports the importance of mutuallearningamong agroforestry land managers described
inthe chapterabove.

In article lll, | provided different measuresthat could enhance the production and consumption of
chestnut cultivation and by that the implementation of agroforestry. The respondents had to spedify
their perception of how easy these measures are to implement and how high they assessthe impact
onthe production and consumption of chestnuts. The results are shownin Figure 15. Blue lines indicate
the meanvalue of all measures. The highestimpact for upscaling chestnut cultivation is expected due
to betterfunding (mean 4.50) followed by breeding disease-tolerant trees (mean 4.37). The measures
easiesttoimplementare creatingacultivation guideline (mean 4.27) and conducting seminars (mean
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4.19). The measures in the right upper quarter are most critical as they are expected to be easy to
implement and have a high impact, namely creating a cultivation guideline (mean implementation
4.27, mean impact 4.27), establishing lighthouse projects, networking, and creating variety gardens.
As chestnut fruit cultivation is rare in Germany, all the measures, that are perceived as easy to
implement and having a high impact (upper right quarter of Figure 15), are about a cultivation
guideline, connecting people, and improving availability of model farms and plant material. All these
measures are also listed as key needs for professionalizing chestnut cultivation in the US (Davison et
al. 2021). The highestimpact was attributed to betterfundingwhich isalso a key need mentionedin
the study on chestnut cultivationinthe US (ibid).

4.5
Samiiiine Cultivation
c @ guideline
@

@
£ 40
S
£ Chestnut Dégustation Lighthouse
o 35 festivities events Variety project
: - ® garden @ @
" & Networking
)
= ®R h
‘n esearc P
g oA i Marketi Better
o Processing arketing ;
°:-0 structures structures funding
‘»
S 25 © )
= ' | ® Breeding Breeding
E tetS:S i ik drought disease
- s tolerance tolperance

2.0

3.6 3.8 40 4.2 4.4 4.6

Increasing impact

Figure 15: Measures for upscaling chestnut production and consumption in Germany. Respondents rated the given measures
according to their perception of easiness to implement (from 1 to 5) 1=very difficult, 5=very easy) and impact on upscaling
(1=very low impact, 5=very high impact) chestnut production and consumption in Germany. Measures are depicted as mean
values with green spots. Blue lines show mean values across all measures to indicate critical measures in the upper right
quarter. The figure is extracted from article Ill.

The results of article Il and Ill are not directly transferable. In the former article, success factors for
collaborative agroforestrywere asked while in the latter article, the question focused on measures for
upscaling chestnut production, having the focus on a single crop. However, both articles addressed
how to successfully foster agroforestry in the future. My results in article Ill show the need for very
basicrequirements,such as knowledge and variety gardensfor chestnuts. However, also socio-cultural
factors such as networking and collaboration with different stakeholders are crucial (as also discussed
inthe chapteron mutual learning).
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6. Conclusion

6.1. Major Findings
The main objective of this thesis was to get insights into land-use change from traditional

multifunctional to simple annual systems and to explore ways to maintain and revive multifunctional
agroforestry systems. Therefore, | first aimed to understand the histories of land-use changes across
differentlandscapes.

In the first article, | compiled nine unique histories of olive, chestnut, and cork landscapes in eight
different countries of the Mediterranean basin. | found common patterns of landscape processesand
driving forces of change across different landscapes. There was a general acceleration of landscape
change that took place in the last century compared to the century before. While most of the studied
tree crop systems were in a process of expansion in the time from 1800-1900, the following century
was shaped by phases of intensification and abandonment, especially in the second half of the 20t
century. These processes were driven by complex andinterrelated drivers that | categorized as socio-
cultural, political, technical, economic, and natural. | found a surprisingly high number, occurrence,
and importance of socio-cultural drivers, such as multiple or specialized demands, changing lifestyle or
culturalidentity. However, profitability seems to be key for maintaining whole landscapes as it needs
too much effortto do that as a side activity. Demand for multiple products from the landscapes (such
as forfruits, timber, and livestock grazing) fostered tree crop expansion. On the contrary, a specialized
demand (like only for olives) led to either abandonment on marginal sites or intensification on
favorable sites. Inrecent decades, anew process occurred that| called renaissance: The revitalization
of traditional tree crop landscapes due to drivers such as new marketing strategies, nature
conservation programs, and awareness. With this article, | contributed to the social-ecological
understanding of complex driving forces and processes of agroforestry landscape change that can
guide future decision-making.

The second article focused on a case study of collaborative agroforestry in Gata-Hurdes in Spain to
mitigate wildfires. | found collaborative agroforestry was perceived as a successful way for wildfire
mitigation, including manifold other positive personal and regional benefits, such as enthusiasm for
traditional land management, biodiversity,and counteracting abandonment. Respondents were highly
motivated, mostly by counteracting the decreasing depopulation. Lack of adapted legislation was the
strongest challenge, even higher than lack of funding, which was also a serious barrier. Interestingly,
fighting a common and immediate risk was seen by nearly all respondents as a success factor for
collaborative agroforestry. An especially high number of respondents were neo-rurals, people that
return to the rural areas searching for a more sustainable lifestyle. These people could fruitfully
complementruralsintheirabilitiesand revive rural landscapes. With this article, I shed light not only
on an innovative way of wildfire mitigation but also on an opportunity for the valorization of
agroforestry landscapes, as wildfire mitigation is a further reason for the multifunctional use and
management of such landscapes. | also highlight the role of neo-rurals in their underestimated
contribution to sustainablelandscape management.

In the third article, | aimed to assess the status quo of chestnut cultivation in Germany as a case study
of aninnovative perennial staple food crop integration in traditional and modern agroforestry systems.
| found that chestnut growers were highly motivated by diverse motivations, mostly by motives |
allocated to the category of sustainable food production. Climate change mitigation and adaptation
was the most common motivation mentioned, indicating high awareness of climate change and the
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chestnut tree as potentially being adapted to future climates in Germany. The biggest challenge was
institutions missing long-term thinking, which is necessary if dealing with perennial crops. Too low
yearly subsidies and missing connection to chestnut culture followed as barriers. This shows the
importance of the profitability of land managementbutalso the relevance of identity and connection
to food and its production landscapes. Respondents allocated all given ecosystem services such as
biodiversity and carbon sequestration towards perennial crops rather than annuals, except for food
production which was nearly equally attributed to both. | found junior growers to be stronger
motivated by sustainable food production and better connected to each other compared to senior
growers. The mostimpactful measureforupscaling chestnut production and consumptionin Germany
was perceived as creating a better funding situation for agroforestry. However, if combined with
easiness of implementation, a cultivation guideline, lighthouse projects, and networking seem to be
the most critical measures.

This thesis sheds light on histories of multifunctional tree crop landscapes and current challenges,
motivations, and outcomes of agroforestry managementin temperate and Mediterranean climates. It
covers challenges that are faced in many places of theworldsuch as land-use polarisationand wildfires
and offers insights into strategies for regional solutions, such as collaborative agroforestry and the
integration of new tree cropsintraditional landscapes.

6.2. Insights for Future Land Managementand its Policies

The multifunctional tree crop landscapes that | studied harbored high biodiversity and multiple
ecosystem services while forming a local identity. In the last century, they were abandoned or
intensified due to different drivers, most importantly a changing lifestyle and missing profitability.
Positive environmental outcomes of multifunctional agroforestry systems are well-known in the
literature and confirmed by my respondents. They saw socio-cultural outcomes such as reviving the
rural areas and enhancinglandscape beauty as a result of their multifunctional land management and
were highly motivated. However, they faced serious barriers that hampered agroforestry farming.
Barriers have to be reduced as society is highly dependent on land-managers and their treatment of
ecosystems and its effect on biodiversity. My respondents were very innovative land-managers that
found ways to cope withchallenges and maintain productive and multifunctional agroforestry systems.
However, there are many land-managers worldwide that do not have the opportunity to produce food
with positive outcomes on ecosystems as they are under high financial pre ssure.

The responsibility for sustainable land management has to be carried by the whole society, as we are
all consumers of the food produced in these landscapes and hence are responsible for the effects.
Eatingdiverse fruits as wellas nuts and grass-fedoutdoor meat as staplefood could create diverse and
multifunctional tree crop landscapes. Ideally, the role of farmers will change in future towards being
creators of landscape beauty, providers of food, and savers of landscape sustainability. Media and
education play animportantrole in transforming these norms.

In order to mainstream agroforestry practices that provide long-term sustainability, challenges like
those my respondents faced have to be overcome. Decision-makers have large responsibilities in
transforming the food system, for example by changing the allocation of subsidies. As the landscape
histories showed, profitability is one key driver of landscape abandonment and intensification.
Multifunctional agroforestry that enhancesecosystem services has to be supported as prices compete
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with products that are based on the exploitation of nature and farmers trough industrialized and
competitive annual agriculture. Asdiverse land-use systems are complex and need more effortto be
managed, funding should especially support a high diversity of crops and perennial crops due to their
high ecological value and benefitto human well-beingin general. Tree crops as staple food crops are
often neglectedintheirrole in providingfood and ecosystem services. Transparentand clear policies
that are adapted to local contexts are needed. What we can learn from my respondents is to be
innovative, collaborateand to personally contribute to a sustainable common future.
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7. Personal Reflections

Since my childhood, | have felt deeply connected to nature and cultural landscapes. Playing and
working on my father’s farm gave me deepinsightsinto the challenges of working on the land, but also

into the opportunity of having a sense of purpose. To me, the industrial agricultural model seems
neither socially nor ecologically sustainable or acceptable. | studied geo-ecology to get a deeper
understanding of the ecology of our planetand how to save it from the negative impact of humans. |
found thatthe negative impact of food productionis soimmensethatitis not enough to create nature
conservation areas. We have to produce food sustainably if we want to sustain ecosystem health for
future generations.

Followingthis aim, | got the great opportunity of a 50% position as a scientific employee working on
the topicof agroforestryin the section of Social-ecological Interactionsin Agricultural Systems atthe
University of Kassel, Germany. As | love holisticapproaches and as agroforestry seemed to be a topic
worth spending some years on, | moved to Witzenhausen to start this new chapter of my life. In the
lastfive years, agroforestrygrew from a marginalland-management practice and research topicto one
major solution of asustainablefood system for the future.l had the opportunity to become one of the
founding members of the German professional association for agroforestry (Deutscher Fachverband
fur Agroforstwirtschaft, in short DeFAF). Agroforestry not only became my research topic but also an
integral component of my life. Fulfilling my teaching obligations, | had the opportunity to teach
landscape stewardship inthe bachelor course and agroforestry inthe master course. | supervised many
studentreports, including 18 bachelor and mastertheses. | enjoyed beingincontact with the students,
the co-supervisors and getting insights on many different topics.

As my position was only a 50% part-time contract, | had time to start a side business, includingatree
nursery, an agroforestry consulting business, and planting my own agroforestry system —all together
with my partner Hendrik, whom I metin Witzenhausen. All of these activities fruitfully complemented
each other. Scientific literature and research taught me a lot that | could implement on the land and
vice versa. |l also absorbed alot of inspiration and motivationfrom working with the trees.lt shows the
fruits of your work in a more direct way than science. | can highly recommend such a practical side
activity for physical and mental health. Two highlights were the field trip to Spain and Portugal in 2018
where we visited two of the tree crop landscapes from article | and Gata-Hurdes, where the
organization Mosaico from article ll is located, and the World Agroforestry Congressin Montpellier. |
have enjoyedworking withourresearchteamalot. Especially in times before the pandemic, therewas
a nice feeling of team spirit. The restrictions dueto the pandemichampered common activities, butin
time, the awareness of the value of cooperation, physical meetings, and workshops rose.

Inthe course of these five years, | learnedthe importance of considering the context of any statement
and scientific result. | found writing the discussion of the first two articles difficult, not knowing the
language, the people, and the land-use systems of my study sitesvery well. | felt very dependent on
local collaborators, but | was lucky that my partners felt very responsible for their tasks. | like the
concept of transdisciplinarity a lot and also recognized the increased attention of public funding
bodies. | hope that people with different backgrounds will be increasingly integrated into research
projects and that it will be a central requirement by funding bodies. This should happen during an
early-stageinordertoinclude theminthe process of developing research aims.

The last five yearswere ajourneyin which | learnedalot, including how much we do not know. | found
the research topicof my life aswell asa new home.
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Figure 16: New Forest Farm in Wisconsin US. Source: Mark Shepard.
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Abstract

Agroforestry landscapes in the Mediterranean Basin have emerged in a co-evolution between humans and nature and provide
numerous ecosystem services to society. Tree crops are iconic elements of these landscapes and have frequently been man-
aged in a sustainable way over centuries, shaping multifunctional landscapes and local people’s cultural identities. However,
many Mediterranean tree-crop landscapes are undergoing substantial land-use changes, threatening important ecosystem
services as a result. The overarching goal of this study is to explore common and diverging patterns of land-use change
across different tree crops (oaks, chestnuts, olives) and contrasting landscapes in the Mediterranean Basin over a 200-year
period. Specifically, we aim to: (1) describe the dominant land-use change processes across these three crop types using
three exemplary sites per crop; and (2) identify and classify the main drivers that determine these landscapes’ land change
histories. We find a general acceleration of landscape dynamics and identify expansion, continuity, polarisation, intensifica-
tion, abandonment and renaissance as dominant processes. Although each landscape history is contextualised, we observe
a general trend from multifunctional tree-crop landscapes (expansion) towards intensification or abandonment in the last
70 years. The landscapes of the southern fringe of the Mediterranean Basin show predominant trends towards intensifica-
tion, while the northern landscapes evolve towards abandonment. The driving forces identified are diverse and interrelated,
comprising sets of socio-cultural, political, technical, economic and natural factors. We offer some key lessons for sustainable
landscape management in highlighting the undervalued potential of tree crops, the inherent complexity of landscapes, the
interdependencies of drivers and the importance of economic and socio-cultural driving forces.

Keywords Agroforestry - Driving forces - Land management history - Landscape change - Tree crops - Sustainable
landscape management

Introduction

The landscapes of the Mediterranean Basin are not only
shaped by different climatic, topographic and geologic cir-
cumstances but are also strongly interconnected by human
culture and common land management practices (Blon-
Electronic supplementary material The online version of this del 2006). Mediterranean landscapes have been described
article (https://doi.org/10.1007/s11625-020-00806-w) contains as complex and adaptive systems that co-evolve through
supplementary material, which is available to authorized users. . . . .
human-nature interactions, creating the ecological as well
54 Franziska Wolpert as social foundations to provide multiple ecosystem services
franziska.wolpert @uni-kassel.de (Martin-Lépez et al. 2016). Different types of land use as
well as various management intensities create a mosaic of
diverse landscape types and hence habitats for vast biodi-
versity (Blondel 2010, UNEP/MAP 2016). In particular,
Department of Agricultural Economics and Rural Mediterranean tree-crop systems maintain multiple ecosys-
Development, University of Gottingen, Platz der Gottinger . P Sy . P y
Sieben 5, 37073 Gttingen, Germany tem services compared to annual arable agriculture, which
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is disturbance-based and thus often associated with sus-
tainability challenges such as high water run-off rates, net
soil loss through erosion and/or nutrient and carbon losses
(Crews et al. 2016; Martin-Lépez et al. 2016). The Medi-
terranean Basin harbours iconic tree-crop landscapes that
have been formed by traditional management over centu-
ries (Grove and Rackham 2001). Characteristically, these
landscapes consist of scattered trees with a diverse, grazed
and/or cultivated understorey, which are often located on
nutrient-poor and dry soils and are well-known for their spe-
cies diversity (Olea and San Miguel-Ayanz 2006). The oak
tree-crop landscapes of the Iberian Peninsula, called dehe-
sas in Spain and montados in Portugal, are famous exam-
ples of such systems. Other landscape-shaping tree crops in
the Mediterranean include pine nuts, chestnuts, beechnuts
and olives (Grove and Rackham 2001). These systems are
used to obtain multiple goods and services, including food,
firewood, leaves and understorey as food for livestock and
material for handicraft. Thus, tree-crop landscapes contrib-
ute in multiple ways to local people’s well-being and play a
key role in their cultural identity (Kizos and Koulouri 2006;
Infante-Amate and Molina 2013).

In the last few decades, Mediterranean landscapes have
frequently experienced polarisation in their development: on
the one hand industrialisation and/or intensification of land
management, for example through increased inputs of agro-
chemicals and mechanisation; and on the other hand aban-
donment of land, for example through the migration of rural
people to urban areas (Jones et al. 2011). Both processes
may lead to a loss of biodiversity and a decline in the pro-
vision of ecosystem services, including important cultural
services such as cultural heritage or spiritual and aesthetic
values (Bugalho et al. 2011; Plieninger et al. 2016). Sustain-
able landscape management (i.e. a holistic approach promot-
ing a landscape’s long-term capacity to provide a variety
of ecosystem services) represents one major approach to
addressing these pressures, and agroforestry especially has
recently received growing scientific and policy interest as
part of broader sustainable landscape management strategies
(Plieninger et al. 2015; Sanz et al. 2017).

An important foundation of future-oriented landscape
management strategies is a thorough understanding of past
land-use systems (Antrop 2005; Black et al. 1998; Palang
et al. 2005). In particular, a better knowledge of past tree-
crop landscapes and their dynamics may offer inspiration
for future decisions on Mediterranean land uses. Compari-
sons of historical approaches are increasingly used to inform
landscape science and practice (e.g. Acha and Newing 2015).
However, there is a research gap in cross-site comparisons
to investigate landscape histories and the driving forces of
landscape change over longer time frames (Frattaroli et al.
2014; Jepsen et al. 2015). Furthermore, knowledge about the
complex interactions of socio-cultural, political, technical,

@ Springer

economic and natural drivers remains scant (Biirgi et al.
2004; Plieninger et al. 2016). Therefore, this study aims to
provide knowledge and insights into the complexity of land-
scape history. We analyse the landscape histories of the last
200 years for three key Mediterranean tree crops (olives,
cork and chestnuts) in three contrasting Mediterranean land-
scapes. Our specific goals are to: (1) explore the history of
change processes in tree-crop landscapes through the devel-
opment of narratives; and (2) identify and classify the main
drivers of change acting on these landscapes. Finally, we
discuss and derive a series of key lessons for sustainable
landscape management.

Methods
Tree crops in the Mediterranean region

We selected three iconic tree crops of the Mediterranean
region that shape landscapes, represent important resources
for human subsistence and have been sustained over a long
time span, namely cork oaks (Quercus suber), chestnuts
(Castanea sativa) and olives (Olea europea) (Fig. 1). These
landscapes represent a wide range of land-use intensities and
are closely interwoven with the socio-economic and cultural
histories of the people living in these landscapes.

Cork oak is limited to the Western Mediterranean Basin
(Stockwell 1947). The landscapes are characterised by wide-
spread pastures with scattered oak trees, occurring either in
pure stands or mixed with holm oaks (Quercus ilex). Cork
oaks have been grown for multiple uses, but the main and
most desirable product is the outer bark of the tree. It can be
harvested every nine years and is regenerated in that time by
the tree. Cork oak is adapted to poor and dry soil conditions
but demands a lot of light and is therefore naturally replaced
by other trees as soon as light becomes scarce (Grove and
Rackham 2001).

Chestnuts are long-lived trees that are often landscape-
forming. Their high yield and their nutrient composition
facilitate their use as a staple food as an alternative to
grain. Therefore, in many cultures chestnuts are referred to
as ‘bread trees’ (Tagliaferri and Di Lonardo 2016). Their
fruits are often used as food, their wood for construction and
heating and the tannic acid they contain for tanning leather
(Perry 1967).

Olives are assumed to be the most traditional tree crop
in the Mediterranean Basin. In fact, the existence of olive
trees was frequently used to define the border of the Mediter-
ranean region. From antiquity to the present day, olive cul-
tivation has been widespread and has shaped many cultural
landscapes in this area (Cecchini et al. 2019). Olives have
formed the basis of many people’s livelihoods, most notably
by providing olive oil (Kizos and Koulouri 2006).
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Landscape and literature selection

For each crop, we chose three landscapes distributed across
different countries and dominated by the respective crop. We
selected these landscapes and the corresponding literature
as follows. In the first step, we searched the Web of Science
and Google Scholar databases for each tree crop in combi-
nation with the different Mediterranean countries (i.e. we
searched for “chestnut” and “Spain”) to identify potential
case study landscapes in the countries of the Mediterranean
Basin. We chose the landscapes to identify landscape change
processes and driving forces and examined the suitability
of available publications for that purpose. We selected the
landscapes with the best availability of literature on land-
scape history as our case studies. In the second step, we
used the same databases to search for the keyword combi-
nation “landscape” and “crop” (i.e. we searched for “chest-
nut” and “Corsica” and worked through the first 200 studies
returned by Google Scholar and all studies found in the Web
of Science). We complemented the findings with relevant
literature from the previous search as well as by snowball-
ing. We used the framework of driving forces (short: driv-
ers) to describe the reasons behind landscape change (cf.
Biirgi et al. 2004) and diligently selected four to six key
papers to compile regional landscape histories. We priori-
tised publications by different authors over multiple pub-
lications by the same author but ultimately selected those
publications with the most relevance. We chose contrasting
landscape histories regarding the main processes and driv-
ers and covered as many different countries and cultures as
possible. To do so, we picked one Southern Mediterranean
country and two Northern Mediterranean ones for each crop
(Fig. 2). Given that literature for the southern fringe of the
Mediterranean Basin was scant, we additionally conducted
one expert interview (with university-based experts with
profound knowledge of the particular crop and landscape)
for each of the three landscapes. The case study regions for
cork landscapes were Alentejo in Portugal, the Kroumerie-
Mogod Mountains in Tunisia and Extremadura in Spain. The

chestnut landscapes comprised Corsica in France, the North-
ern Apennines in Italy and the Aegean region of Turkey.
For olive landscapes, we chose Lesvos in Greece, Baena in
Spain and the Rif region of Morocco. Interpretations of the
boundaries of each landscape were based on the information
and spatial references of the primary publications. In our
cases, the landscapes were either defined by administrative
units or by natural borders (Table 1).

The focus of our research was on the landscape scale,
but we considered drivers of different scales from local
to global levels. We chose a time span from 1800 to the
present, as this represents a relatively long time frame for
which good evidence is available. Indeed, short time frames
are disadvantageous because it is difficult to differentiate
between parallel occurring drivers and their effects (Jepsen
et al. 2015).

Landscape histories, processes and driving forces

We first compiled a model narrative for one of the land-
scapes. This template was then used to compile narratives
for all nine study landscapes (see Supplementary Mate-
rial). Once these were written and harmonised among
each other, we started a more systematic approach of
classifying changes into processes and categorising driv-
ers. For each landscape and period, we synthesised the
main process and the main driving forces behind it and
compiled a summary of each of the landscape narratives.

A landscape process is defined here as the time period
in which the landscape (shaped by a tree crop) undergoes
a specific prevalent process related to the main crop. For
example, if the extent of the chestnut landscape increases
on Corsica, the landscape process of Corsica in that time
period is “expansion”. We must emphasise that a land-
scape does not exist as a fixed state, but rather is always
in a co-evolving process of humans and nature and there-
fore can be defined as a “process”. The turning point from
one “process” to another is the moment at which there is
a shift in the prevalence of the process. We illustrated the

Fig. 1 Examples of tree-crop landscapes in the Mediterranean Basin. Left: Cork oak landscape in Alentejo, Portugal (picture by Tobias
Plieninger); Centre: Chestnut landscape in the Northern Apennines, Italy (picture by Johannes Schantl); Right: Olive landscape in the Rif region

of Morocco (picture by Tobias Plieninger)

@ Springer



1270

Sustainability Science (2020) 15:1267-1283

Fig.2 Location of the nine
tree-crop landscapes across the

Alentejo
Mediterranean Basin

(Portugal)

Rif-region
(Morocco)

landscape processes in a timeline to explore differences
as well as common patterns across distinct landscapes.
For each landscape process, we extracted the driv-
ing forces and depicted them in a table. We used five
categories of drivers: socio-cultural, technical, political,
economic and natural (modified from Biirgi et al. 2004).
For each of the six landscape processes, we evaluated
the proportional contribution of each category of driving
forces to the process. As an example, we considered all
processes of “abandonment” across all landscapes and
examined the proportion of natural driving forces com-
pared to the other categories. This enabled us to ascer-
tain whether there was any pattern in the distribution of
drivers regarding the processes. The results are displayed
in the following ways: (a) short summaries of the nine
landscape histories; (b) systematic comparison of the
change processes in different periods; and (c) systematic
comparison of the driving forces of landscape change.

Results

Nine comprehensive narratives of tree-crop landscape
histories serve as the basis for the compiled narratives
summarising the main processes and driving forces of
landscape change (Supplementary Material).

@ Springer

Cork oak landscapes
Extremadura Kroumerie-Mogod
(Spain) mountains (Tunisia)

Chestnut landscapes
Northern Corsica Aegean

Apennines (Italy) (France) (Turkey)

Lesvos

Baena
(Spain) (Greece)
Olive landscapes

Tree-crop landscapes
Cork oak cultivation

Cork oak in Alentejo, Portugal Before 1820, cork oaks
did not play a major role for people in Alentejo. From the
1820s to the 1950s, the cork oak landscape (called montado)
underwent a period of expansion, promoted by the liberali-
sation of the markets. Multiple demands on the use of cork
landscapes and new technological advancements in the cork
processing sector enhanced the profitability of the monta-
dos for land managers. At this time, the montados shaped
people’s cultural identity. In the period from 1950 to the
present, there was a polarisation of land use in the cork oak
landscape: market liberalisation and the resultant decline in
profitability led to the abandonment of less productive sites,
whereas the most productive sites were cultivated even more
intensively. These developments were additionally fostered
by the use of agrochemicals and the over-exploitation of
the landscape. A labour shortage due to outmigration fur-
ther accelerated this evolution. In particular, in recent years
droughts and pests have applied further pressures on the
cork oak landscapes.

Cork oak in Extremadura, Spain Cork oak landscapes con-
stitute a traditional form of land use in Spain and have been
used for multiple goods as a major source of livelihoods.



Sustainability Science (2020) 15:1267-1283

1271

In the period from the 1800s to the 1950s, the cork oak
landscape of Extremadura expanded. Among other reasons,
the turmoil that resulted from the Napoleonic Wars and the
associated abandonment of the pastures facilitated cork
oak’s expansion in south-western Spain, as the absence of
livestock allowed young cork oaks to become established.
Moreover, the over-exploitation of other crops like vines
leached the soil and necessitated the use of less demanding
crops like cork. The rising demand for cork combined with
market liberalisation increased the profitability of cork pro-
duction in the second half of the nineteenth century. Popula-
tion growth as well as a privatisation wave further fostered
this evolution in the first half of the twentieth century. How-
ever, the situation changed from the 1950s to the 1990s with
the polarisation of land use, primarily driven by industri-
alisation (e.g. the input of agrochemicals) and the related
loss of profitability of traditional production. During this
period, fertile areas were intensified and often converted to
intensive agricultural croplands, whereas steeper and unfer-
tile areas were abandoned. Outmigration led to even greater
polarisation. However, agricultural subsidies supported cork
production and some conservation measures prohibited tree
felling which, despite some considerable losses, ultimately
saved vast areas of cork oak landscape. The renaissance of
the cork oak landscape began in the 1990s and is still taking
place today. It has been driven by conservation programmes
that support the traditional management and replanting of
oak trees. Nowadays, new marketing strategies, such as the
labelling of “organic agriculture” or a “protected designa-
tion of origin”, further enhance the profitability of other
landscape products like ham while contributing to multi-
functionality.

Cork oak in the Kroumerie-Mogod Mountains, Tunisia Tuni-
sia’s cork oak history is rather young: cork oak landscapes
were planted around 1860 and were first harvested in the
1880s. The land covered by cork oak (and therefore also
the exploited cork) is state-owned. Nevertheless, these
landscapes have offered multiple goods and subsistence to
locals. The 1930s until the 1950s saw the intensification
and the over-exploitation of the cork landscape, driven by
new government restrictions on what was previously free
utilisation (e.g. of firewood) by locals. These restrictions
as well as droughts threatened local livelihoods and led to
the disregard of these laws. Since the 1950s, there has been
an ongoing decline of cork oak landscapes, mainly driven
by population increase connected with over-exploitation,
which has prevented tree and grass regeneration. Given that
locals are allowed to engage in grazing, there has been an
ongoing conversion to treeless rangelands. Furthermore,
natural forces like droughts and fire have played a major role
as driving forces of abandonment.

Chestnut cultivation

Chestnuts in Corsica, France In Corsica, chestnuts have not
only represented a natural resource for multiple purposes
and a key component of local livelihoods, but also an impor-
tant part of cultural identity, expressed for example through
the traditional craft products developed by local people.
French rule aimed to defame chestnuts as a staple food. It
labelled chestnut as “the food of laziness” and restricted
chestnut growing to undermine Corsicans’ quest for inde-
pendence. However, this restriction did not stop the cultiva-
tion of chestnuts and ultimately made Corsicans more aware
of their independence from global food systems. Chestnut
cultivation became a symbol of resistance and Corsican
freedom. From the 1850s, the chestnut culture collapsed and
chestnut cultivation was increasingly abandoned for multi-
ple reasons. One driver was the changing lifestyle of the
people on the French mainland and the desire of Corsicans
to adapt to this. An outmigration wave commenced, result-
ing in Corsicans migrating to the French mainland and other
European countries. World War 1st and 2nd led to worker
shortages for the harvest season. In addition, chestnut dis-
eases (mainly chestnut blight and ink disease) reduced the
number of chestnut stands, while economic profitability
suffered from the opening up of the market and resultant
greater competition. During the 1980s, the chestnut land-
scape began to undergo a period of renaissance, driven by
local initiatives that revived the chestnut culture and the
related economy, buttressed by technological progress in
processing (e.g. shell-opening machines). To date, there
have been tensions between the aim of multifunctional and
diverse traditional systems and less diverse, economically
more profitable production systems, the former often being
more labour-intensive.

Chestnuts in the Northern Apennines, Italy Traditional
culture in the Northern Apennines has been closely linked
to chestnut cultivation as a staple crop. The entirety of the
nineteenth century was a period of the expansion of chest-
nut cultivation, driven by population growth. In this region,
chestnuts were grown for multiple uses (e.g. food, fodder
for animals, heating) within subsistence agriculture, but also
constituted a profitable trading good. From the 1900s until
the present day, a period of abandonment of the chestnut
landscape emerged, driven by multiple forces. Increasing
pest pressure and hence high tree damage and yield losses
have led to a reduction in profitability. Simultaneously, the
changing lifestyle of the local population has led to outmi-
gration and a loss of interest in chestnut cultivation. In the
last decade, the preservation of local knowledge about chest-
nut management and the prevalence of cultural connections
to chestnuts as well as rising consumer interest have given
hope for a renaissance of the chestnut culture and landscape.
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Chestnuts in the Aegean region, Turkey From ancient
times up to the middle of the twentieth century, chestnut
landscapes prospered in the Aegean region of Turkey. They
contributed as a profitable good to locals’ livelihoods for
multiple purposes, such as by constituting an importance
source of food, timber and honey. However, since the begin-
ning of the twenty-first century, the land use of chestnut
stands became polarised across the region. The demand for
chestnuts in Turkey was higher than the supply, but it was
risky to plant traditional chestnut trees that are not resistant
to widespread diseases. High demand for chestnuts led to a
transformation of chestnut landscapes to industrial produc-
tion as well as the abandonment of marginal areas owing
to a lack of profitability. To control the diseases that were
threatening chestnut cultivation, the state restricted the
management of chestnuts to local people in nature reserves.
However, this prevented people from removing infested
trees, which enhanced the spread of the disease problems
and further instigated abandonment. Although local peo-
ple have increased the sustainability of chestnut stands by
developing small-scale agriculture and fostering tree health,
more work-intensive, small-scale agriculture is no longer
profitable because of the competition posed by global mar-
kets. This presents an uncertain future for the conservation
of these landscapes.

Olive crop landscapes

Olives on Lesvos, Greece On the Greek island of Lesvos,
olive cultivation expanded from 1800 until the 1920s. At
this time economic development and population growth
combined with high demand for olive oil promoted olive
cultivation. Technological developments in the transport
sector supported this evolution, meeting overseas demand.
An intensification process of olive land use started in the
1920s and persisted until the 1970s. It was driven by an
economic crisis and associated outmigration to the main-
land. Unlike other land uses (e.g. annual crop cultivation),
olive production remained in demand and profitable. How-
ever, the use was specialised on olive oil production instead
of multiple demands. Since the 1970s, olive cultivation is
no longer profitable. Therefore, there has been an ongoing
abandonment process, driven by the low profitability of
olive cultivation and reinforced by an economic crisis, out-
migration and a lack of appreciation of farming related to
a changing lifestyle. However, this process has been some-
what offset by the cultural connectedness of farmers to their
olive trees, continuing to grow them despite their uncertain
profitability.

Olives in Baena, Spain In the period 1800-1820, olive

growing continued as before, representing an aspect of local
livelihoods and an important tree species within diverse

@ Springer

agroforestry systems. From the 1820s to the 1930s, olive
cultivation was intensified and expanded simultaneously.
This process was fostered by the liberalisation of global
markets and a resulting economic crisis. Olives were valued
for their versatility (e.g. table olives, olive oil, fodder for
animals, wood) as well as general demand in global mar-
kets, increasing their profitability. These developments were
further reinforced by the privatisation of land, population
growth and the mechanisation of land management. In the
period from 1936 to 1975, the disorder of the Spanish Civil
War led to the temporary abandonment of olive cultivation.
From 1975 until the present day, there has been a second
wave of intensification and expansion of olive cultivation,
bringing large-scale olive monocultures to the contempo-
rary landscape of Baena with a particular emphasis on olive
oil production. This process has been driven by high demand
for olive oil and the considerable profitability of olive culti-
vation, reinforced by subsidies. Mechanisation and the input
of agrochemicals have also increased in recent decades.

Olives in the Rif region, Morocco As a staple food source,
olive landscapes have continuously contributed to the liveli-
hoods of local people in the Rif region of northern Morocco.
In this region, olives have been used for multiple purposes,
such as for fruit consumption, oil, wood harvesting for heat-
ing and as a fodder source for livestock. From the 1910s,
olive cultivation expanded due to the privatisation of land
and as people converted forests into olive agroforestry sys-
tems, fearing that political will would transform their forests
into state- or public-owned land. From 1956 the olive land-
scape of northern Morocco underwent a process of inten-
sification. The main driving force was the global demand
for olive oil and the Moroccan government’s running and
financing of programmes to enhance olive production to
supply global markets. However, industrialisation and the
specialisation on olive oil production have engendered vari-
ous problems, such as vitality losses of olive trees and lower
productivity, for example the fact that tree nurseries cut the
tap-roots, which does not allow the trees to reach ground-
water.

Processes of landscape change

We have identified and characterised six distinct processes
of change in the chosen Mediterranean landscapes:

e Expansion. A tree-crop landscape that is flourishing
and growing in its extent as well as in its importance for
human use.

e Continuity. A landscape that is not significantly chang-
ing but rather remaining in the same state over a period
of time. The tree crop is either still one of many trees or
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already enjoys a certain level of importance, depending
on the landscape.

e Polarisation. Concurrent processes of abandonment on
less fertile, steeper places as well as intensification on
fertile zones.

e Abandonment. A tree-crop landscape that is undergoing
a process of decreasing inputs as well as outputs.

e [ntensification. A tree-crop landscape whose manage-
ment has resulted in an increased yield per area. This
often but does not necessarily coincide with an inten-
sified use of industrial inputs, such as machinery and
agrochemicals.

e Renaissance. The process of returning to expansion fol-
lowing a phase of abandonment, intensification or polari-
sation.

Figure 3 shows the different processes for each of the
nine landscapes between 1800 and the present. A general
trend that has been observed was an increased dynamic in
land change processes in the last century compared to pre-
viously. It is noteworthy that in all landscapes, sooner or
later there was a time of expansion. However, this process
was interrupted by either abandonment, intensification or
both (polarisation) between 1850 and 1970. Recently, the
cork landscape in Extremadura and the chestnut landscape
in Corsica have evolved towards renaissance.

Driving forces

Table 2 shows the main driving forces for each period in
which a certain process has proved prevalent in each of the
nine landscapes. Some drivers have repeatedly led to par-
ticular processes. The profitability of the crop for land man-
agers, population growth, multiple demands for tree uses
(e.g. food, timber, fodder), being a part of local livelihoods
and shaping cultural identities have represented the main
drivers of expansion. However, uncommon reasons for the
expansion of a tree-crop landscape have also emerged, such
as in Morocco, where political reforms and community deci-
sions have led to the expansion of the olive landscape, even

though most people would prefer a landscape with more
diverse agroforestry systems.

Pests and diseases stand out as a very severe driver as
they have always been accompanied by reduced profitabil-
ity or an economic crisis and have mainly affected chestnut
landscapes. While population growth has often seemed to be
a driver of expansion, outmigration has typically led to the
abandonment. Missing profitability, agrochemicals, market
liberalisation, outmigration, pests and diseases as well as
land-use restrictions have proved to be the main drivers of
polarisation. The simplification of land use has often led to a
process of intensification, but it can also drive abandonment.
Most processes have been driven by multiple interrelated
factors, although for some only a few or even just one driv-
ing force has been responsible (e.g. the abandonment of the
olive landscape in Spain was the result of the Civil War).
Counterintuitively, war may lead to a rise (expansion) and
a fall (abandonment) of a landscape, as seen for the olive
landscape in Baena, Spain (abandonment) and the cork oak
landscape in Extremadura, Spain (expansion).

We can allocate the driving forces into five categories:
socio-cultural, political, technical, economic and natural.
The socio-cultural category contains the highest number
of individual drivers, followed by political and economic
drivers. Natural and technical drivers present a smaller
number of individual drivers (Table 3).

For each of the six landscape processes (i.e. expansion,
continuity, polarisation, intensification, abandonment,
renaissance) we may depict the proportional contribu-
tion of the driving force categories to the process of land-
scape change (Fig. 4). Socio-cultural drivers have played
a major role across the six landscape processes. This is
particularly the case for continuity, expansion and aban-
donment. Technical drivers have not emerged as drivers
for continuity and abandonment, whereas natural driving
forces only contribute to abandonment, polarisation and
intensification.

Cork in Alentejo, Portugal

Cork in the Kroumerie-Mogod mountains, Tunisia
Cork in Extremadura, Spain

Chestnuts on Corsica, France

Chestnuts in the Apennines, Italy

Chestnuts in the Aegean, Turkey

Olives on Lesvos, Greece

Olives in Baena, Spain

Olives in the Rif-region, Morocco

Timeline

1800 1820

1840

h

1880 1900 1920 1940

1960 1980

2000

Expansion
Continuity

Polarisation (Abandonment and intensification)
Intensification

Abandonment
Renaissance

Fig. 3 Historical periods of the nine tree-crop landscapes from 1800 until present
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Table 3 Categorisation of drivers of landscape change

Type of drivers

Socio-cultural Political

Technical

Economic Natural

Over-exploitation Land development plans
Livelihoods War

Multiple demands Privatisation of land
Specialised demand Market liberalisation
Population growth Land-use restrictions
Outmigration Agricultural subsidies
Changing lifestyle Conservation programmes
Cultural identification

Community decisions

Awareness

Technological progress
Mechanisation
Agrochemicals

Pests or diseases
Drought
Missing profitability Fire
Profitability

Marketing strategy

Low demand for crop
Demand for crop

Economic crisis

Economic growth

Discussion

While sustainable landscape management is a forward-
looking planning practice, considerable knowledge can be
derived for sustainability by focusing on past landscape
evolutions. From 1800 to the present, the Mediterranean
landscapes analysed in this study generally evolved from
expansion towards either abandonment or intensifica-
tion and showed increased spatial and temporal dynam-
ics. Our results (Fig. 3) show common patterns among
the crops: Olive systems tended to be intensified, chestnut
systems were generally abandoned and cork was rather
polarised between intensification and abandonment in the
last 70 years. The landscapes in the northern fringe of the
Mediterranean Basin have shown a tendency of abandon-
ment due to outmigration from rural areas. The decline
of agricultural population is a typical phenomenon of the
northern Mediterranean fringe (Benoit and Comeau 2005).
By contrast, the landscapes of the southern fringe have
faced considerable population pressure. The driving forces
behind these landscape changes are diverse. However, they
can be categorised into socio-cultural, political, technical,
economic and natural drivers. Remarkably, socio-cultural
drivers have played a major role in most land-use change
processes.

Besides the individual landscape histories and their driv-
ing forces, a pattern can be discerned in most of the land-
scape histories: The landscapes faced multiple demands, by
being (for instance) sources of food, fodder and wood, ren-
dering them an important part of local people’s livelihoods.
During the course of the nineteenth and especially the twen-
tieth centuries, there was a substantial decline in traditional
land uses due to the overall industrialisation of agriculture
(mechanisation, agrochemicals) and the reduced profitability
of traditional systems, resulting in either intensification or
abandonment. However, local people’s cultural associations

and initiatives have emerged, valuing cultural heritage and
contributing to its recovery. A similar history has been iden-
tified for other tree crops, such as in almond landscapes in
the Apennines in Italy by Frattaroli et al. (2014).

Landscape processes

We have noted a common trajectory from an expand-
ing, multifunctional landscape towards either intensified
or abandoned systems, similar to Pinto-Correia and Vos
(2004). This polarisation has largely occurred due to mar-
ket liberalisation and the related competition among goods.
Market liberalisation in most cases has brought about a loss
of profitability, due to the presence of competition among
suppliers from different contexts, such as climatic and soil
conditions, labour costs and political restrictions. However,
in the case of cork oak cultivation, which is only distributed
in the Western Mediterranean region, market liberalisation
has had a positive effect, especially because a product like
cork can neither be produced in a different climate nor in a
more industrialised production system.

Our landscape histories demonstrate the overall increased
dynamics of landscape processes in the second half of the
studied period, as additionally observed by Jepsen et al.
(2015). This may partly be an artefact due to a lack of docu-
mentation in the past, but also an expression of an actual
increase in land-use dynamics. We have found that in most
cases the transition from one process to another was not
aligned among different landscapes. The land-use regimes
of the European case studies show more homogeneous pat-
terns of change from one regime to the next. We assume
that we can cover more individual trajectories at a landscape
scale compared to a national scale (Jepsen et al. 2015). There
may also be distinct time lags between land-use regimes and
actual visibility in the different landscapes.

The common trajectory of a trend towards polarisation
can be broken down into trends among the different tree-crop
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Fig.4 Driving forces that shape 100%
the processes of landscape
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change
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landscapes for olives, chestnuts and cork oaks. The main
process of chestnut landscapes in the nineteenth century was
expansion, as chestnut culture has a long and widespread
history (Avanzato 2009), while the importance of olives
and cork mainly developed in the twentieth century. In olive
landscapes, intensification has been a prevalent process over
the last 70 years, driven by the combination of high demand
for olive oil and the fact that olives can be grown in intensi-
fied systems (cf. the olive landscape in Baena). By contrast
and despite high demand, chestnut systems have been largely
abandoned over the past century, primarily due to diseases.
Cork landscapes have exhibited especially polarised land-
use patterns (i.e. intensification and abandonment). Such
polarisation of cork landscapes in Portugal and Spain has
in both cases been driven by the overall industrialisation
of agriculture and hence the intensification of more profit-
able sites as well as the abandonment of marginal sites. The
driving forces behind the process of abandonment of the
Tunisian cork landscapes have been governmental land-use
restrictions aimed at counteracting over-exploitation.

We can see a tendency of the landscape processes in the
northern fringe of the Mediterranean Basin to move towards
abandonment and renaissance. Abandonment has occurred
in the olive landscape on Lesvos as well as the chestnut
landscapes in the Northern Apennines due to the outmigra-
tion of local people. Renaissance has been observed in the
case of the cork oaks in Extremadura and the chestnuts in
Corsica owing to regained profitability, but also awareness
and conservation programmes. The cork oak landscape in
Alentejo has undergone a process of polarisation, whereas
the olive landscape in Baena fails to fit this pattern. Indeed,
this landscape represents a very special case as it is the only
one that has undergone expansion and intensification simul-
taneously and that also did not start as a cultural landscape.
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The landscapes of the southern fringe have generally been
focused on intensification, buttressed by a rising demand
for food due to a rapidly growing population (Benoit and
Comeau 2005; Zdruli 2014). We can observe intensification
in the olive landscape of Morocco and polarisation in the
chestnut landscape of Turkey. The abandonment process in
Tunisia can be understood if the context is considered: high
population pressure has led to over-exploitation, resulting in
local people’s restricted use and hence abandonment.

Driving forces of landscape change

We have found that most of the landscape processes are
influenced by multiple interrelated driving forces that can
be categorised as socio-cultural, political, technical, eco-
nomic and natural.

Socio-cultural factors are important drivers of change and
are essential for expansion and renaissance to occur. Simi-
larly, a review of driving forces of landscape change across
Europe has identified cultural drivers as a key reason for
rural development activities (Plieninger et al. 2016). Multi-
ple demands for the use of a tree-crop landscape are tending
to lead landscapes towards expansion. However, the opposite
trend—the intensified exploitation of a single crop—has led
to landscape simplification. Socio-cultural drivers enjoy con-
siderable importance in landscape management because they
are prevalent in all landscape processes and usually play the
dominant role. However, there is no evidence of their actual
proportional contribution to decision making, which might,
therefore, be investigated in future research via interviews
regarding people’s perceptions.

Political drivers do not only influence the legal frame in
which a landscape develops but also directly determine prof-
itability for land managers through subsidies (cf. Table 2).
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Agricultural subsidies are usually named among the politi-
cal drivers and have contributed to both intensification and
abandonment. Land-use restrictions also play an important
role and seem to instigate polarisation. This is supported by
the European review on driving forces, where political driv-
ers have appeared most often as a driver for intensification
and represent the second-most common driver of abandon-
ment (Plieninger et al. 2016).

In terms of technical driving forces, agrochemicals
emerged most often, followed by mechanisation and tech-
nological progress, indicating an industrialisation of agri-
culture. Technical drivers seem to enjoy considerable
importance in the case of polarisation of a landscape, but
surprisingly no technical drivers were found to lead to aban-
donment. However, indirectly the technical opportunities
for industrial intensification fostered the abandonment of
less productive and particularly steeper slopes that cannot
be managed as mechanised systems (Lasanta et al. 2017;
Strijker 2005).

Economic drivers, in particular profitability or missing
profitability, represent major drivers of landscape manage-
ment, as it is necessary for people to make an income from
the land. Therefore, missing profitability mostly leads to
abandonment, whereas profitability fosters expansion, inten-
sification and renaissance. The demand (or low demand) for
a crop is closely connected to its profitability, as the two rise
or fall together.

In general, natural drivers rarely appear, but within these,
pests or diseases and droughts are prominently mentioned in
the literature included within this study. Natural drivers play
an important role in processes of abandonment and polarisa-
tion but not for expansion and scarcely for intensification.
They mainly reflect negative aspects such as catastrophic
events. Pests and diseases are very influential, especially for
chestnuts. Traditional chestnut landscapes consist of pure
Castanea sativa trees that are not resistant to diseases like
chestnut blight, whereas Castanea sativa that is interbred
with Castanea crenata and/or Castanea molissima can show
resistance (Ramos Guedes-Lafargue et al. 2005). Pests and
diseases determine the yield and thus people’s livelihoods
as well as the profitability of land management.

What is the future of Mediterranean landscapes?

Today, external shocks seem to be on the rise: the pressures
posed by pests have increased due to globalisation and land-
scape simplification (Roossinck and Garcia-Arenal 2015;
Rusch et al. 2016), the prices of cork, chestnut and olive
products are dependent on the world market and extreme
weather events are expected to increase in magnitude and
frequency, including droughts in the Mediterranean Basin
(Beniston et al. 2007). Most contemporary forms of land use
are unsustainable, as they are unable to maintain the multiple

societal values of Mediterranean landscapes, such as biodi-
versity, food security, wood, aesthetic value and recreation
for future generations (MclIntyre 2008; Kremen et al. 2012).
Our landscape histories demonstrate that tree-crop land-
scapes have met many of these needs in the past and seem
to have considerable potential to meet current and future
challenges (Hernandez-Morcillo et al. 2018; Howlett et al.
2011). In fact, most of the renaissance activities in the tree-
crop landscapes have been driven by cultural values such as
tourism, outdoor recreation or sense of place. Nevertheless,
these often fail to lead to increased profitability for land
managers (Flinzberger et al. 2020). With the Mediterranean
Basin being heavily affected by climate change, tree-crop
landscapes may offer manifold adaptation and mitigation
options, in addition to the cultural values they provide. Thus,
finding the right financial instruments that would present
incentives to land managers to support multifunctional tree
crops represents the key to sustainable land management
(Hernandez-Morcillo et al. 2018). However, considering the
increasing pressures, traditional systems that are typically
centred on one dominant tree species may be at risk under
changing climatic conditions. Introducing a mix of profit-
able tree-crop species as a crucial component of agroforestry
systems (e.g. combined with pastoralism) may offer a way
forward towards sustainability. Such traditional and novel
systems should be sophisticatedly designed and carefully
managed for diversity, profitability and multifunctionality.
Emerging questions are: how can the attractiveness of sus-
tainable landscape management be enhanced for locals? And
which will be the incentives supporting this?

Limitations

Our study has covered some of the most iconic tree crops
that shape landscapes and are important for human liveli-
hoods in the Mediterranean region. We have utilised a novel
approach to analyse and compare the processes and driv-
ers of tree-crop landscapes, hence some limitations of our
method need to be considered. We selected three important
tree crops that occur at the landscape scale in the Mediter-
ranean region, but other tree crops, for example pine nuts
or almonds (Salas-Salvadé et al. 2011), have yet to be con-
sidered. Akin to other studies of landscape history (Frat-
taroli et al. 2014; Turner et al. 2018), published material on
the historic development of our study landscapes remains
limited, especially as regards those landscapes in the Mid-
dle Eastern and North African part of the Mediterranean
Basin. Even if there are no natural risks named in certain
periods, this does not necessarily mean the absence of these
drivers. The authors of the literature that we used could
have regarded them as not relevant for their publication. In
particular, there is scant information available on the peri-
ods of continuity. Furthermore, there may be an inherent
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trade-off between our wish to generalise findings across
time and space and the consideration of the complexity of
these landscape histories. This complicates the unravelling
of processes, driving forces, challenges and solutions of the
system (in this case the landscape) because there are many
interdependencies across scales (Mufioz-Rojas et al. 2019).
Given that our study has been based on a review of primary
literature, biases in the identification of relevant drivers of
change or in the assessment of processes in primary sources
will have translated into similar biases in our study. Fur-
thermore, our cross-site comparative approach has implied
that we could not use literature published in local languages
(with the exception of Spanish), potentially presenting
another source of bias. Especially for the southern fringe
of the Mediterranean Basin, there is little English language
information about landscape history available. We attempted
to reduce these biases via triangulation between different
sources concerning each study landscape and by performing
additional interviews with local landscape experts.

Conclusions

Global challenges raise the question of and the need for sus-
tainable landscape management, with agroforestry likely to
play a key role. In this study, we have found that many land-
scapes across the Mediterranean Basin have a long history
of biodiverse and sustainable tree-crop systems, although
they have undergone substantial changes over time. Our
analysis of nine tree-crop landscapes in the Mediterranean
Basin offers the following key lessons for future sustainable
landscape management:

e Landscape history enables us to learn lessons for future
sustainable landscape management. It points to the inher-
ent complexity of landscapes, which must be embraced
to guide land uses towards greater sustainability.

e Driving forces mostly appear in bundles and interde-
pendencies across natural, political technological, socio-
cultural and economic factors, calling for a multi-sec-
torial and holistic approach to landscape management.
However, in some cases single drivers, such as political
restrictions or civil strife, can transform landscapes and
may require particular attention.

e Profitability is a key driver for the existence and the per-
sistence of tree-crop landscapes.

e Cultural and social drivers play an important role for
landscape management, but they have not always been
fully acknowledged.

e Tree-crop histories present considerable potential for
multifunctional and diverse systems to cope with future
challenges, compared to forestry or annual cropping sys-
tems.

@ Springer

Acknowledgements Open Access funding provided by Projekt DEAL.
This research has been funded by the Deutsche Forschungsgemeinschaft
(DFG, German Research Foundation), project number 426675955. We
thank the following experts for providing valuable case study informa-
tion: Sana Dallali, Silvo-Pastoral Institute, Tabarka University of Jen-
douba, Tunisia, on cork oak landscapes in Tunisia; Jeffrey Wall, Depart-
ment of Natural Resources, Cornell University, Ithaca, USA, on chestnut
landscapes in Turkey; and Ulrich Deil, Institute of Biology II, University
of Freiburg, Germany, on olive landscapes in Morocco. This study con-
tributes to the Global Land Programme (www.glp.earth) and the Pro-
gramme on Ecosystem Change and Society (www.pecs-science.org).

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Acha A, Newing HS (2015) Cork oak landscapes, promised or com-
promised lands? A case study of a traditional cultural land-
scape in Southern Spain. Hum Ecol 43(4):601-611. https://doi.
org/10.1007/s10745-015-9768-7

Agnoletti M (2007) The degradation of traditional landscape in a
mountain area of Tuscany during the 19th and 20th centuries:
implications for biodiversity and sustainable management. For
Ecol Manag 249(1-2):5-17. https://doi.org/10.1016/j.forec
0.2007.05.032

Antrop M (2005) Why landscapes of the past are important for
the future. Landsc Urban Plan 70(1-2):21-34. https://doi.
org/10.1016/j.1andurbplan.2003.10.002

Aumeeruddy-Thomas Y, Moukhli A, Haouane H, Khadari B (2017)
Ongoing domestication and diversification in grafted olive—
oleaster agroecosystems in Northern Morocco. Reg Envi-
ron Change 17(5):1315-1328. https://doi.org/10.1007/s1011
3-017-1143-3

Avanzato D (ed) (2009) Following chestnut footprints (Castanea spp.).
Cultivation and culture, folklore and history, traditions and uses.
Scripta horticulturae, vol 9. ISHS, Leuven

Beniston M, Stephenson DB, Christensen OB, Ferro CAT, Frei C, Goy-
ette S, Halsnaes K, Holt T, Jylhi K, Koffi B, Palutikof J, Scholl R,
Semmler T, Woth K (2007) Future extreme events in European cli-
mate: an exploration of regional climate model projections. Clim
Change 81:71-95. https://doi.org/10.1007/s10584-006-9226-z

Benoit G, Comeau A (2005) A sustainable future for the Mediter-
ranean: the Blue Plan’s environment and development outlook.
Earthscan, London

Black A, Strand E, Wright G, Scott M, Morgan P, Watson C (1998)
Land use history at multiple scapes: implications for conservation
planning. Landsc Urban Plan 43:49-63

Blondel J (2006) The ‘design’ of Mediterranean landscapes: a millen-
nial story of humans and ecological systems during the historic
period. Hum Ecol 34(5):713-729. https://doi.org/10.1007/s1074
5-006-9030-4


http://www.glp.earth
http://www.pecs-science.org
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s10745-015-9768-7
https://doi.org/10.1007/s10745-015-9768-7
https://doi.org/10.1016/j.foreco.2007.05.032
https://doi.org/10.1016/j.foreco.2007.05.032
https://doi.org/10.1016/j.landurbplan.2003.10.002
https://doi.org/10.1016/j.landurbplan.2003.10.002
https://doi.org/10.1007/s10113-017-1143-3
https://doi.org/10.1007/s10113-017-1143-3
https://doi.org/10.1007/s10584-006-9226-z
https://doi.org/10.1007/s10745-006-9030-4
https://doi.org/10.1007/s10745-006-9030-4

Sustainability Science (2020) 15:1267-1283

1281

Blondel J (2010) Mediterranean region: biological diversity in space
and time, 2nd edn. Oxford University Press, New York

Bozoglu M, Baser U, Alhas Eroglu N, Kiliz Topuz B (2019) Devel-
opments in the chestnut market of Turkey. KSU Tar Doga Derg
22(1):19-25. https://doi.org/10.18016/ksutarimdoga.vi.430319

Bugalho MN, Caldeira MC, Pereira JS, Aronson J, Pausas JG (2011)
Mediterranean cork oak savannas require human use to sus-
tain biodiversity and ecosystem services. Front Ecol Environ
9(5):278-286. https://doi.org/10.1890/100084

Buonincontri MP, Saracino A, Di Pasquale G (2015) The transition of
chestnut (Castanea sativa Miller) from timber to fruit tree: cul-
tural and economic inferences in the Italian peninsula. Holocene
25(7):1111-1123. https://doi.org/10.1177/0959683615580198

Biirgi M, Hersperger AM, Schneeberger N (2004) Driving forces of
landscape change—current and new directions. Landsc Ecol
19:857-868

Campos P, Daly-Hassen H, Ovando P (2007) Cork oak forest manage-
ment in Spain and Tunisia: two case studies of conflicts between
sustainability and private income. Int For Rev 9(2):610-626. https
://doi.org/10.1505/if0r.9.2.610

Campos P, Daly-Hassen H, Oviedo JL, Ovando P, Chebil A (2008)
Accounting for single and aggregated forest incomes: applica-
tion to public cork oak forests in Jerez (Spain) and Iteimia (Tuni-
sia). Ecol Econ 65(1):76-86. https://doi.org/10.1016/j.ecole
con.2007.06.001

Campos P, Ovando P, Chebil A, Daly-Hassen H (2014) Cork oak wood-
land conservation and household subsistence economy challenges
in northern Tunisia. In: Aronson J, Pereira JS, Pausas JG (eds)
Cork oak woodlands on the edge. Island Press, Washington DC

Cecchini M, Zambon I, Pontrandolfi A, Turco R, Colantoni A, Mav-
rakis A, Salvati L (2019) Urban sprawl and the ‘olive’ landscape:
sustainable land management for ‘crisis’ cities. GeoJournal
84(1):237-255. https://doi.org/10.1007/s10708-018-9848-5

Costa A, Pereira H, Madeira M (2009) Landscape dynamics in endan-
gered cork oak woodlands in Southwestern Portugal (1958—
2005). Agrofor Syst 77(2):83-96. https://doi.org/10.1007/s1045
7-009-9212-3

Crews TE, Blesh J, Culman SW, Hayes RC, Jensen ES, Mack MC,
Peoples MB, Schipanski ME (2016) Going where no grains have
gone before: from early to mid-succession. Agric Ecosyst Environ
223:223-238. https://doi.org/10.1016/j.agee.2016.03.012

Daoui K, Fatemi ZEA (2014) Agroforestry systems in Morocco: the
case of olive tree and annual crops association in Sais region. In:
Behnassi M, Shahid SA, Mintz-Habib N (eds) Science, policy
and politics of modern agricultural system, vol 94. Springer,
Dordrecht, pp 281-289

Flinzberger L, Zinngrebe Y, Plieninger T (2020) Labelling in Medi-
terranean agroforestry landscapes: a Delphi study on relevant
sustainability indicators. Sust Sci. https://doi.org/10.1007/s1162
5-020-00800-2

Fonseca HA (2003) Agrarian elites and economic growth in nineteenth-
century Portugal: the example of the Alentejo in the Liberal Era
(1850-1910). Soc Hist 28(2):202-226

Frattaroli AR, Ciabo S, Pirone G, Spera DM, Marucci A, Romano B
(2014) The disappearance of traditional agricultural landscapes in
the Mediterranean basin. The case of almond orchards in Central
Italy. Plant Sociol 51(2):3-15

Grove AT, Rackham O (2001) The nature of Mediterranean Europe: an
ecological history. Yale University Press, New Haven

Guzmén Alvarez JR (2016) The image of a tamed landscape: dehesa
through history in Spain. Cult Hist Dig J 5(1):e003. https://doi.
org/10.3989/chdj.2016.003

Hernandez-Morcillo M, Burgess P, Mirck J, Pantera A, Plieninger T
(2018) Scanning agroforestry-based solutions for climate change
mitigation and adaptation in Europe. Environ Sci Policy 80:44-52.
https://doi.org/10.1016/j.envsci.2017.11.013

Howlett DS, Moreno G, Mosquera Losada MR, Nair PKR, Nair VD
(2011) Soil carbon storage as influenced by tree cover in the
Dehesa cork oak silvopasture of central-western Spain. J Environ
Monit 13(7):1897-1904. https://doi.org/10.1039/c1em10059a

Infante Amate J (2012) La ordemacion des espacio agrario en econo-
mias preindutriales. El caso del cultivo del olivo el sur de Espana.
El Futuro del Pasado 3:403—438

Infante-Amate J (2012) The ecology and history of the Mediterranean
olive grove: the Spanish great expansion, 1750-2000. Rural Hist
23(2):161-184. https://doi.org/10.1017/S0956793312000052

Infante-Amate J, de Molina MG (2013) The socio-ecological transi-
tion on a crop scale: the case of olive orchards in Southern Spain
(1750-2000). Hum Ecol 41(6):961-969. https://doi.org/10.1007/
$10745-013-9618-4

Infante-Amate J, Villa I, Aguilera E, Torremocha E, Guzman G, Cid A,
Gonzalez de Molina M (2016) The making of olive landscapes in
the South of Spain. A history of continuous expansion and inten-
sification. In: Agnoletti M, Emanueli F (eds) Biocultural diversity
in Europe, vol 5. Springer, Cham, pp 157-179

Jepsen MR, Kuemmerle T, Miiller D, Erb K, Verburg PH, Haberl
H, Vesterager JP, Andri¢ M, Antrop M, Austrheim G, Bjorn I,
Bondeau A, Biirgi M, Bryson J, Caspar G, Cassar LF, Conrad
E, Chromy P, Daugirdas V, van Eetvelde V, Elena-Rossell6 R,
Gimmi U, Izakovicova Z, Jan¢ak V, Jansson U, Kladnik D, Kozak
J, Konkoly-Gyur6 E, Krausmann F, Mander U, McDonagh J,
Pérn J, Niedertscheider M, Nikodemus O, Ostapowicz K, Pérez-
Soba M, Pinto-Correia T, Ribokas G, Rounsevell M, Schistou D,
Schmit C, Terkenli TS, Tretvik AM, Trzepacz P, Vadineanu A,
Walz A, Zhllima E, Reenberg A (2015) Transitions in European
land-management regimes between 1800 and 2010. Land Use Pol-
icy 49:53-64. https://doi.org/10.1016/j.landusepol.2015.07.003

Jones N, de Graaff J, Rodrigo I, Duarte F (2011) Historical review of
land use changes in Portugal (before and after EU integration in
1986) and their implications for land degradation and conserva-
tion, with a focus on Centro and Alentejo regions. Appl Geogr
31(3):1036-1048. https://doi.org/10.1016/j.apgeog.2011.01.024

Kholy ME (ed) (2012) Following olive footprints (Olea europaea L.).
Cultivation and culture, folklore and history, traditions and uses.
Scripta horticulturae, vol 13. ISHS, Leuven

Kizos T, Dalaka A, Petanidou T (2010) Farmers’ attitudes and land-
scape change: evidence from the abandonment of terraced cultiva-
tions on Lesvos, Greece. Agric Hum Values 27(2):199-212. https
://doi.org/10.1007/s10460-009-9206-9

Kizos T, Koulouri M (2006) Agricultural landscape dynamics in the
Mediterranean: Lesvos (Greece) case study using evidence from
the last three centuries. Environ Sci Policy 9(4):330-342. https://
doi.org/10.1016/j.envsci.2006.02.002

Kizos T, Koulouri M (2010) Same land cover, same land use at the
large scale, different landscapes at the small scale: landscape
change in olive plantations on Lesvos island, Greece. Landsc Res
35(4):449-467. https://doi.org/10.1080/01426390802048297

Kizos T, Plieninger T (2008) Agroforestry systems change in the Medi-
terranean: some evidence from Greek and Spanish examples. In:
International conference "studying, modeling and sense making
of planet Earth", Mytilene, 1-6 June 2008

Kmoch L, Pagella T, Palm M, Sinclair F (2018) Using local agroeco-
logical knowledge in climate change adaptation: a study of tree-
based options in northern Morocco. Sustainability 10(10):3719.
https://doi.org/10.3390/su10103719

Kremen C, Iles A, Bacon C (2012) Diversified farming systems: an agro-
ecological, systems-based alternative to modern industrial agricul-
ture. Ecol Soc 17(4):44. https://doi.org/10.5751/ES-05103-170444

Lasanta T, Arnaez J, Pascual N, Ruiz-Flafio P, Errea MP, Lana-Renault
N (2017) Space-time process and drivers of land abandonment in
Europe. CATENA 149:810-823. https://doi.org/10.1016/j.caten
a.2016.02.024

@ Springer


https://doi.org/10.18016/ksutarimdoga.vi.430319
https://doi.org/10.1890/100084
https://doi.org/10.1177/0959683615580198
https://doi.org/10.1505/ifor.9.2.610
https://doi.org/10.1505/ifor.9.2.610
https://doi.org/10.1016/j.ecolecon.2007.06.001
https://doi.org/10.1016/j.ecolecon.2007.06.001
https://doi.org/10.1007/s10708-018-9848-5
https://doi.org/10.1007/s10457-009-9212-3
https://doi.org/10.1007/s10457-009-9212-3
https://doi.org/10.1016/j.agee.2016.03.012
https://doi.org/10.1007/s11625-020-00800-2
https://doi.org/10.1007/s11625-020-00800-2
https://doi.org/10.3989/chdj.2016.003
https://doi.org/10.3989/chdj.2016.003
https://doi.org/10.1016/j.envsci.2017.11.013
https://doi.org/10.1039/c1em10059a
https://doi.org/10.1017/S0956793312000052
https://doi.org/10.1007/s10745-013-9618-4
https://doi.org/10.1007/s10745-013-9618-4
https://doi.org/10.1016/j.landusepol.2015.07.003
https://doi.org/10.1016/j.apgeog.2011.01.024
https://doi.org/10.1007/s10460-009-9206-9
https://doi.org/10.1007/s10460-009-9206-9
https://doi.org/10.1016/j.envsci.2006.02.002
https://doi.org/10.1016/j.envsci.2006.02.002
https://doi.org/10.1080/01426390802048297
https://doi.org/10.3390/su10103719
https://doi.org/10.5751/ES-05103-170444
https://doi.org/10.1016/j.catena.2016.02.024
https://doi.org/10.1016/j.catena.2016.02.024

1282

Sustainability Science (2020) 15:1267-1283

Mansoura AB, Garchi S, Daly H (2001) Analyzing forest users’
destructive behavior in northern Tunisia. Land Use Policy
18(2):153-163. https://doi.org/10.1016/S0264-8377(01)00004-7

Marathianou M, Kosmas C, Gerontidis S, Detsis V (2000) Land-
use evolution and degradation in Lesvos (Greece): a historical
approach. Land Degrad Dev 11(1):63-67

Martin-Lépez B et al (2016) Ecosystem services supplied by Mediter-
ranean Basin ecosystems. In: Potschin M, Haines-Young R, Fish
R, Turner RK (eds) Handbook on ecosystem services. Routledge,
London, pp 405414

Mclntyre BD (2008) International assessment of agricultural science
and technology. Island Press, Washington, D.C., Eurospan [dis-
tributor], London

Michon G (2011) Revisiting the resilience of chestnut forests in Cor-
sica: from social-ecological systems theory to political ecology.
Ecol Soc 16(2):5. https://doi.org/10.5751/ES-04087-160205

Mouillot F, Paradis G, Andrei-Ruiz M-C, Quilichini A (2008) Corsica.
In: Mannion AM, Pungetti G, Vogiatzakis IN (eds) Mediterra-
nean island landscapes. Natural and cultural approaches, vol 9.
Springer, New York, pp 220-244

Mouillot F, Ratte J-P, Joffre R, Mouillot D, Rambal SA (2005) Long-
term forest dynamic after land abandonment in a fire prone
Mediterranean landscape (central Corsica, France). Landsc Ecol
20(1):101-112. https://doi.org/10.1007/s10980-004-1297-5

Muiioz-Rojas J, Pinto-Correia T, Hvarregaard Thorsoe M, Noe E
(2019) The Portuguese Montado: a complex system under ten-
sion between different land use management paradigms. Silvicult
Manag Conserv. https://doi.org/10.5772/intechopen.86102

Olea L, San Miguel-Ayanz A (2006) The Spanish dehesa. A traditional
Mediterranean silvopastoral system linking production and nature
conservation. Grassl Sci Eur 11:3-13

Palang H, Helmfrid S, Antrop M, Alumée H (2005) Rural landscapes:
past processes and future strategies. Landsc Urban Plan 70(1-
2):3-8. https://doi.org/10.1016/j.1andurbplan.2003.10.001

Perry PJ (1967) Economy, landscape and society in La Castagniccia
(Corsica) since the late eighteenth century. Trans Inst Br Geogr
41:209. https://doi.org/10.2307/621337

Pezzi G, Lucchi E, Maresi G, Ferretti F, Viaggi D, Frascaroli F (2017)
Abandonment or survival? Understanding the future of Castanea
sativa stands in function of local attitude (Northern Apennine,
Italy). Land Use Policy 61:564-574. https://doi.org/10.1016/j.
landusepol.2016.10.049

Pezzi G, Maresi G, Conedera M, Ferrari C (2011) Woody species com-
position of chestnut stands in the Northern Apennines: the result
of 200 years of changes in land use. Landsc Ecol 26(10):1463—
1476. https://doi.org/10.1007/s10980-011-9661-8

Pinto-Correia T, Mascarenhas J (1999) Contribution to the extensifica-
tion/intensfication debate: new trends in the Portuguese montado.
Landsc Urban Plan 46:125-131

Pinto-Correia T, Muifioz-Rojas J, Thorsge MH, Noe EB (2019) Gov-
ernance discourses reflecting tensions in a multifunctional land
use system in decay; tradition versus modernity in the Portuguese
Montado. Sustainability 11(12):3363. https://doi.org/10.3390/
sul1123363

Pinto-Correia T, Vos W (2004) Multifunctionality in Mediterranean
landscapes—past and future. In: Jongman RHG (ed) The new
dimensions of the European landscape. Springer, Berlin, pp
135-164

Plieninger T, Draux H, Fagerholm N, Bieling C, Biirgi M, Kizos T,
Kuemmerle T, Primdahl J, Verburg PH (2016) The driving forces
of landscape change in Europe: a systematic review of the evi-
dence. Land Use Policy 57:204-214. https://doi.org/10.1016/j.
landusepol.2016.04.040

@ Springer

Plieninger T, Hartel T, Martin-Lopez B, Beaufoy G, Bergmeier E,
Kirby K, Montero MJ, Moreno G, Oteros-Rozas E, van Uyt-
vanck J (2015) Wood-pastures of Europe: geographic coverage,
social-ecological values, conservation management, and policy
implications. Biol Conserv 190:70-79. https://doi.org/10.1016/j.
biocon.2015.05.014

Ramos Guedes-Lafargue M, Franzini R, Laigret F (2005) Evaluation
of INRA chestnut interspecific hybrids. Acta Hortic. https://doi.
org/10.17660/ActaHortic.2005.693.40

Roossinck MJ, Garcia-Arenal F (2015) Ecosystem simplification, bio-
diversity loss and plant virus emergence. Curr Opin Virol 10:56—
62. https://doi.org/10.1016/j.coviro.2015.01.005

Rusch A, Chaplin-Kramer R, Gardiner MM, Hawro V, Holland J,
Landis D, Thies C, Tscharntke T, Weisser WW, Wingvist C,
Woltz M, Bommarco R (2016) Agricultural landscape simpli-
fication reduces natural pest control: a quantitative synthesis.
Agric Ecosyst Environ 221:198-204. https://doi.org/10.1016/j.
agee.2016.01.039

Salas-Salvadé J, Casas-Agustench P, Salas-Huetos A (2011) Cultural
and historical aspects of Mediterranean nuts with emphasis on
their attributed healthy and nutritional properties. Nutr Metab Car-
diovasc Dis NMCD 21(Suppl 1):S1-6. https://doi.org/10.1016/j.
numecd.2010.10.013

San Roman Sanz A, Fernandez C, Mouillot F, Ferrat L, Istria D, Pas-
qualini V (2013) Long-term forest dynamics and land-use aban-
donment in the Mediterranean mountains, Corsica, France. Ecol
Soc 18(2):38. https://doi.org/10.5751/ES-05556-180238

Sanz MJ, Vente JL de, Chotte J-L, Bernoux M, Kust G, Ruiz I, Alma-
gro M, Alloza JA, Vallejo R, Castillo V, Hebel A, Akhtar-Schuster
M (2017) Sustainable land management contribution to successful
land-based climate change adaptation and mitigation: a report of
the Science-Policy Interface. United Nations Convention to Com-
bat Desertification (UNCCD), Bonn, Germany

Serdar U, Akyuz B, Ceyhan V, Hazneci K, Mert C, Er R, Ertan E,
Coskuncu KS, Uylaser V (2014) An overview of chestnut pro-
duction in Turkey. Acta Hortic 1019:211-214. https://doi.
org/10.17660/ActaHortic.2014.1019.31

Stockwell P (1947) The culture of cork oak in Spain. Econ Bot
1(4):381-388

Strijker D (2005) Marginal lands in Europe—causes of decline.
Basic Appl Ecol 6(2):99-106. https://doi.org/10.1016/j.
baae.2005.01.001

Tagliaferri G, Di Lonardo S (2016) Chestnut management practice as
tool for natural and cultural landscaping. In: Agnoletti M, Ema-
nueli F (eds) Biocultural diversity in Europe, vol 5. Springer Inter-
national Publishing, Cham, pp 353-367

Turner S, Bolos J, Kinnaird T (2018) Changes and continuities in a
Mediterranean landscape: a new interdisciplinary approach to
understanding historic character in western Catalonia. Landsc Res
43(7):922-938. https://doi.org/10.1080/01426397.2017.1386778

UNEP/MAP (2016) Mediterranean strategy for sustainable develop-
ment 2016--2025, Valbonne. Plan Bleu, Regional Activity Centre

Vicente AM, Alés RF (2006) Long term persistence of dehesas.
Evidences from history. Agrofor Syst 67(1):19-28. https://doi.
org/10.1007/s10457-005-1110-8

Wall J, Kose C, Kose N, Okan T, Aksoy EB, Jarvis D, Allred S (2019)
The role of traditional livelihood practices and local ethnobot-
anical knowledge in mitigating chestnut disease and pest severity
in Turkey. Forests 10(7):571. https://doi.org/10.3390/£10070571

Zagaria C, Schulp CJE, Kizos T, Gounaridis D, Verburg PH (2017)
Cultural landscapes and behavioral transformations: an agent-
based model for the simulation and discussion of alternative


https://doi.org/10.1016/S0264-8377(01)00004-7
https://doi.org/10.5751/ES-04087-160205
https://doi.org/10.1007/s10980-004-1297-5
https://doi.org/10.5772/intechopen.86102
https://doi.org/10.1016/j.landurbplan.2003.10.001
https://doi.org/10.2307/621337
https://doi.org/10.1016/j.landusepol.2016.10.049
https://doi.org/10.1016/j.landusepol.2016.10.049
https://doi.org/10.1007/s10980-011-9661-8
https://doi.org/10.3390/su11123363
https://doi.org/10.3390/su11123363
https://doi.org/10.1016/j.landusepol.2016.04.040
https://doi.org/10.1016/j.landusepol.2016.04.040
https://doi.org/10.1016/j.biocon.2015.05.014
https://doi.org/10.1016/j.biocon.2015.05.014
https://doi.org/10.17660/ActaHortic.2005.693.40
https://doi.org/10.17660/ActaHortic.2005.693.40
https://doi.org/10.1016/j.coviro.2015.01.005
https://doi.org/10.1016/j.agee.2016.01.039
https://doi.org/10.1016/j.agee.2016.01.039
https://doi.org/10.1016/j.numecd.2010.10.013
https://doi.org/10.1016/j.numecd.2010.10.013
https://doi.org/10.5751/ES-05556-180238
https://doi.org/10.17660/ActaHortic.2014.1019.31
https://doi.org/10.17660/ActaHortic.2014.1019.31
https://doi.org/10.1016/j.baae.2005.01.001
https://doi.org/10.1016/j.baae.2005.01.001
https://doi.org/10.1080/01426397.2017.1386778
https://doi.org/10.1007/s10457-005-1110-8
https://doi.org/10.1007/s10457-005-1110-8
https://doi.org/10.3390/f10070571

Sustainability Science (2020) 15:1267-1283

1283

landscape futures in East Lesvos, Greece. Land Use Policy 65:26—
44. https://doi.org/10.1016/j.1andusepol.2017.03.022
Zapata S (ed) (2009) Cork oak woodlands and cork industry: present,
past and future. Museu del Suro de Palafrugell, Palafrugell
Zdruli P (2014) Land resources of the Mediterranean: status, pressures,
trends and impacts on future regional development. Land Degrad
Dev 25(4):373-384. https://doi.org/10.1002/1dr.2150

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.landusepol.2017.03.022
https://doi.org/10.1002/ldr.2150

Article 1l

Collaborative agroforestry to mitigate wildfires in Extremadura, Spain:
land manager motivations and perceptions of outcomes, benefits, and
policy needs.

Wolpert, F., Quintas-Soriano, C., Pulido, F., Huntsinger, L., & Plieninger, T. (2022).

Published in Agroforestry Systems, 96(8), 1135-1149.

65



Agroforest Syst
https://doi.org/10.1007/s10457-022-00771-6

q

Check for
updates

Collaborative agroforestry to mitigate wildfires
in Extremadura, Spain: land manager motivations
and perceptions of outcomes, benefits, and policy needs

Franziska Wolpert® - Cristina Quintas-Soriano *
Fernando Pulido - Lynn Huntsinger -
Tobias Plieninger

Received: 29 August 2021 / Accepted: 22 September 2022
© The Author(s) 2022

Abstract Wildfires are increasing in severity, and
magnitude in the Mediterranean Basin in recent
years, reaching a yearly average of 450 000 ha over
the last decade. Drivers include climate change, land-
use change, and land abandonment. Wildfire mitiga-
tion requires landscape-level action as impact to each
parcel is affected by the conditions of the others. We
conducted a case study of a regional-level initiative
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that develops community efforts to mitigate wildfires
through silvo-pastoral agroforestry systems, using
an integrated landscape management approach. This
approach involves collaboration among stakehold-
ers to achieve multiple objectives. In order to derive
insights into its potential, we asked participating
land managers: (1) What motivates their participa-
tion?, (2) How do they perceive initiative outcomes?,
and as urban outmigrants with non-traditional goals
are increasing in rural areas, (3) Do responses dif-
fer between rural and neo-rural participants? Our
results show that managers feel highly affected by
wildfires and are strongly motivated to reduce wild-
fire risk. Land abandonment and inappropriate policy
were major concerns. The initiative was seen to have
positive outcomes for individual participants as well
as the region, and to stimulate community connect-
edness. We conclude that fit to local contexts, inte-
grated landscape management can be a well-received
approach to reducing wildfire risk. Agroforestry
systems in Extremadura can act as “productive fuel-
breaks” that reduce fire risk over extensive areas,
while restoring traditional landscapes. We suggest
that programs to reduce wildfire risk can also be used
as a leverage point for financing rural revival and pro-
vision of multiple ecosystem services.

Keywords Productive fuelbreaks - Wildfire
mitigation - Mediterranean - Silvopastoralism -
Agroforestry - Land abandonment - Integrated
landscape management
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Introduction

Mediterranean vegetation—a mosaic of shrublands,
woodlands, pastures, and fields—is wildfire prone.
Mild and wet winters promote biomass accumula-
tion and are followed by hot summers that make the
vegetation dry and flammable (Keeley et al. 2012;
Moreira et al. 2020). Historically, intentional, low
intensity burning was a common land management
practice based on traditional know-how, and used
to expand pasture and cropland (Rego et al. 2010).
Clearing dense vegetation contributed to a diverse
landscape and reduced fuel loads (Ortega et al.
2012; Damianidis et al. 2021). However, things have
changed. Today, one of the major causes of wildfires
is escaped fire from intentional burning (Rego et al.
2010). In recent years, hot and fast spreading fires, so
called megafires, increasingly threaten whole social-
ecological systems and have become a problem for
Mediterranean regions globally (Lindenmayer and
Taylor 2020; Safford et al. 2022). In the last decade
an annual average of 450 000 ha have been burned in
the Mediterranean Basin (FAO and Plan Bleu 2018).
Large fires are defined as fires that affect more than
500 ha and cannot be controlled due to flame size,
fire speed, or canopy fire (All6 and Loureiro 2020).
Drivers include climate change, land-use change, land
abandonment and short-sighted fire suppression poli-
cies (Moreira et al. 2011, 2020; Moreno et al. 2014,
Gan et al. 2015; Varela et al. 2020).

Mediterranean rural landscapes are subject to land
abandonment and rural depopulation (Azevedo et al.
2011). The resulting land use change challenges the
biodiversity and ecosystem services supported by
traditional agro-silvo-pastoral systems characteristic
of these areas (Varela et al. 2020; Quintas-Soriano
et al. 2022). Without grazing, burning, cultivation, or
clearing to keep regrowth in check, abandoned lands
and burned areas become dense shrublands and for-
ests, increasing fuel loads, and creating continuous
fuels fostering wildfire spread (Varela et al. 2020).
Such lack of forest management results in larger, hot-
ter, and faster spreading wildfires (Damianidis et al.
2021).

For decades, existing top-down wildfire mitiga-
tion policies have focused on fire suppression in
Spain and other Mediterranean regions (Moreira
et al. 2020). However, the result is a “fire paradox”:
when fires are suppressed, absent other vegetation

@ Springer

control methods, vegetation grows freely, and bio-
mass accumulations build fuel loads over time, even-
tually feeding megafires (Rego et al. 2010). Creating
fire-resistant landscapes (DeRose and Long 2014)
has therefore emerged as key to reducing large wild-
fires (Moreira et al. 2020). One option is creating a
network of linear strips of bare soil (fire breaks) or
low biomass vegetation (fuel breaks) (Ascoli et al.
2018). Fire and fuel breaks can slow down fire spread
and can act as an anchor for fire suppression (Duguy
et al. 2007; Oliveira et al. 2016). However it is neces-
sary to transform a high percentage of the landscape
(e.g. 20-30%) into fuel or fire breaks to effectively
change fire incidence (Oliveira et al. 2016), calling
for the integration of local community engagement
into wildfire mitigation at the landscape scale. Pay-
ment schemes for implementing fire breaks and fuels
reduction through shrub clearing and/or grazing have
been successfully implemented, for example, in La
Rioja and Andalusia (Lasanta et al. 2018; Varela et al.
2018).

Implementing and maintaining agroforestry sys-
tems can be an important pathway for mitigation
wildfire risk by decreasing fuel loads, changing fuel
characteristics, and acting as fuel breaks that cover
extensive areas (Moreira et al. 2020; Damianidis et al.
2021). They can maintain aesthetically pleasing land-
scapes, provide products for human use, and support
carbon sequestration in trees unlikely to be consumed
by fire. Trees are fewer than in forests and spaced
more widely, while management for grazing and/or
cropping results in less continuous understory bio-
mass and less woody vegetation than in unmanaged
grasslands and shrublands (Varela et al. 2020; Damia-
nidis et al. 2021). In the Spanish region of Extrema-
dura, they may also restore and maintain traditional
agro-silvo-pastoral landscapes such as dehesa.
Dehesa landscapes have been found to be among the
most fire-resistant in Spain but are in decline, while
more fire-prone landscapes have increased (Ortega
et al. 2012). Extensive agroforestry systems can act as
“productive fuelbreaks” for communities surrounded
by fire-prone vegetation (Bertomeu et al. 2022).

Essential components of successful wildfire miti-
gation are bottom-up strategies with region-wide
stakeholder collaboration (Gan et al. 2015). World-
wide, such multi-stakeholder collaborations have been
promoted under the umbrella of “integrated landscape
initiatives.” An integrated landscape initiative is a
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group of people from different sectors with com-
mon goals, supporting a variety of landscape values.
They actively engage in land management, awareness
raising, and education (Garcia-Martin et al. 2016;
Carmenta et al. 2020). In many parts of Europe, neo-
rurals (people that have moved in the last two dec-
ades from urban to rural areas for living and work-
ing on the land) play a role in integrated landscape
management as they are growing in number and often
seek new models of sustainable land management,
the experience of living close to nature, and engage-
ment in local, healthy food production (Escribano and
Mormont 2007; Orria and Luise 2007).

Considered a holistic approach to landscape man-
agement (Garcia-Martin et al. 2016), integrated
landscape initiatives are increasingly supported by
funding bodies at local to global scales (Sayer et al.
2017). In recent years, “landscape thinking” and the
need to empower rural communities has been widely
recognized in risk mitigation strategies, and in par-
ticular as a complement to top-down wildfire sup-
pression approaches (Prior and Eriksen 2013; Carroll
and Paveglio 2016). Collective engagement in wild-
fire mitigation in the Mediterranean Basin has been
analysed by Gorriz-Mifsud et al. (2019), with a focus
on community-based fire preparedness and suppres-
sion. How to expand fuel treatment strategies to the
landscape scale on Lesvos island, Greece, was studied
by Palaiologou et al. (2020). Otero et al. (2018) did
research on integrating local communities into deci-
sion making for wildfire suppression and preventive
mitigation planning in Catalonia, Spain. However, lit-
tle is currently known about participant motivations
and perceptions of the outcomes of integrated land-
scape initiatives in wildfire mitigation. In particular,
the role of stakeholder cooperation in land manage-
ment in relation to the use of traditional practices and
local knowledge has not yet been studied. Here, we
contribute to the literature the perspectives of diverse
land managers on wildfire mitigation. Our study
aims to explore the social-ecological dimensions of
the integrated landscape initiative in Extremadura,
Spain, known as “MOSAICO” (further referred to
as “the initiative). The Initiative seeks to reduce
the impact of wildfires through management of fire-
resistant multifunctional mosaic landscapes and use
of productive fuel breaks that are often adaptations
of traditional agricultural systems, most notably
silvo-pastoral agroforestry. Drawing on a survey of

participating land managers, we address the follow-
ing questions: (1) What motivates land manager par-
ticipation?, (2) How do participants perceive the out-
comes of the integrated landscape initiative? And, (3)
Are there differences in responses about motivations,
barriers, outcomes, and wildfire-related measures
between rural and neo-rural land managers? We pre-
sent our results and discuss the integrated landscape
initiative as a model for collaborative wildfire mitiga-
tion, highlighting agroforestry as a tool for promot-
ing fire-resistant landscapes, and closing with policy
recommendations.

Methods

We chose an in-depth case study approach aiming for
holistic insights in a complex field (Brown 2008). The
approach allows in-depth, multi-faceted explorations
of complex issues in their real-life settings. It pro-
vides the opportunity to explore the key characteris-
tics, meanings, and implications of the topic, identify-
ing areas for further research (Crowe et al. 2011).

Study area and local context

The case study area is in a rural part of western
Spain, the adjacent counties of Sierra de Gata and Las
Hurdes in northern Caceres Province of the Extrema-
dura Autonomous Region (Fig. 1). Sierra de Gata is
1257.94 km? in size with 19 municipalities. The ini-
tiative is active in several of these municipalities such
as the municipality of Valverde del Fresno with 2250
inhabitants and Gata with 1413 inhabitants. Las Hur-
des is 499.37 km? in size and consists of 6 munici-
palities, including the largest two, Caminomorisco
with 1181 inhabitants, and Pinofranqueado with 1692
inhabitants (IEEX 2021). The climate in the area is
typically Mediterranean, with mild, wet winters and
hot, dry summers.

Sierra de Gata and Las Hurdes are far away from
major transportation routes. Isolation has contrib-
uted to local development of a rich cultural heritage
and ecological knowledge linked to traditional land-
scape management (Catani 2004; Solymosi 2011).
The landscape was largely a mosaic of agroforestry
uses, dominated by pasture with tree crops (Montiel-
Molina et al. 2019). Dry stone terraces used for fruit
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Fig. 1 Maps of the study site, the counties of Gata and Las
Hurdes in Extremadura, Spain (REDIAM 2007)

and vegetable cultivation have been common (Abel-
Schaad et al. 2014). The afforestation policy of the
Franco regime (1940-1975) resulted in massive pine
plantations which are positively correlated with forest
fire occurrence (Iriarte-Gofii and Ayuda 2018). Since
the 1950s, industrialisation and socio-economic cri-
ses have fueled outmigration, leaving a population of
rising average age (Madruga et al. 2021). This rural
depopulation also caused land abandonment, aban-
donment of livestock grazing and resulting in forest
encroachment, and in consequence flammable bio-
mass accumulation and a more fires (Iriarte-Goiii and
Ayuda 2018). The traditional agroforestry that once
blanketed the rough topography of our study region
has substantially decreased in area, first in Las Hurdes
(since the 1930s) and later in Sierra de Gata (since
the 1960s). Nowadays, national and regional regu-
lations hamper land use change from forest to agri-
cultural land, and grazing is rarely allowed in public
forests. An abandoned agroforestry system crowded
with trees is typically reclassified as forest, limiting
its use for livestock husbandry and cultivation. If a
forest burns down, the land can be converted to farm-
land only after 30 years. Forest ownership is related
to forest condition, with public forests receiving the
highest investment in silvicultural treatments and fire
suppression infrastructure. Private forests are short
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of active management due to low or no profitabil-
ity, except in those areas managed under public—pri-
vate agreements. In Sierra the Gata and Las Hurdes,
2.298 wildfires burned on 37.500 ha between 2000
and 2015 (Bertomeu et al. 2019). Despite a decline
in fire occurrence and burned area between 1983 and
2021, a greater fraction of area was burned in large
(>500 ha) or very large (>5000 ha) fires (Ministe-
rio de Transicion Ecoldgica 2022). In 2015, a single
megafire in Sierra de Gata burned nearly 8000 ha
(Bertomeu et al. 2022). In the region, most resources
are allocated to fire suppression infrastructure (most
commonly firebreaks and firefighting equipment).
Prevention is generally small-scale fuel removal treat-
ments around cities and preventive silvicultural treat-
ments in pine stands.

The MOSAICO initiative

The major aim of the MOSAICO initiative in Sierra
de Gata and Las Hurdes is to foster mutual learn-
ing among local stakeholders and collaboratively
engage in wildfire mitigation using “productive fuel
breaks,” areas maintained by agroforestry practices
(Varela et al. 2020). The initiative is supported by
the University of Extremadura, the Government of
Extremadura, and the European Union. Land man-
agers apply to for initiative membership, and are
accepted if they contribute to fuel reduction through
forest management, livestock grazing, crop culti-
vation, or agroforestry. Examples of such activi-
ties include establishment of goat herding, planting
of fruit trees, resin harvesting, pine tree biomass
harvesting, and implementation of new practices
like rotational grazing. The average size of prop-
erties managed as part of the initiative is 63.8 ha.
The initiative provides administrative, field techni-
cal advice, and other services, including support in
completing and submitting funding applications.

Survey design

Our questionnaire sought insight into land manager
perceptions of the integrated landscape initiative
and consisted of 7 thematic sections about: (1) land
managers characteristics, (2) land managers activi-
ties (3) aims/motivation, (4) perceived outcomes/
performance of the initiative, (5) perceived barriers
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to management success, (6) perceived success factors
for initiative goals, and (7) perceptions of wildfires
(Supplementary Material 1). We developed questions
and statements covering these themes after intense
discussions with experts in the region. Most answer
options were in a likert scale format, i.e. for each the
respondents had to indicate their level of agreement
on a scale from 1 to 5 (e.g. 1=strongly disagree to
5 =strongly agree, with 3 indicating neither agree or
disagree) (Joshi et al. 2015). In some cases, respond-
ents could complement predefined answers with their
own options (e.g. motivations). To help explain and
supplement answers to predefined questions, and to
allow respondents to add issues they felt were miss-
ing in the predefined questions, we added open-ended
questions (e.g. on outcomes of the initiative).

Data collection and analysis

We surveyed land managers that were part of the inte-
grated landscape initiative MOSAICO (Varela et al.
2020; Bertomeu et al. 2022). Some landowners may
not live on or manage the land. We are interested
in the land managers perceptions, who are actively
involved in full or part time land management and
often live on the land. Contact information for 141
land managers was provided by the initiative. We
aimed to include all land managers that considered
themselves active members. Applying this criterion
reduced eligible respondents to 95. Out of these 95,
10 declined participation and 19 were not available
via phone and/or did not respond to our emails. In the
end we conducted 66 interviews, corresponding to a
rather high response rate of 69% (Garcia-Martin et al.
2016; Carmenta et al. 2020). Wherever possible, face-
to-face interviews were conducted by field assistants
from September to December 2020. Enumerators fol-
lowed safety protocols for COVID-19 risk. Informed
consent was obtained.

Nine respondents prefered telephone, two e-mail
interviews. Field assistants recorded participant
answers for digitizing and translating into Eng-
lish. Of the 66 respondents, three responses had to
be removed from the analysis because interviews
revealed that they were not actively engaged in land
management, so a total of 63 surveys were used for
the analysis.

Due to the exploratory character of our study
(and as variance of responses was low across all

categories), we most often used frequency analysis.
We calculated response mean values and ranked them
according to levels of agreement. For the comparison
of rural versus neo-rural participants, we conducted
nonparametric statistical comparison analysis (Mann
Whitney test) including 62 surveys, as one respondent
could not be identified as rural or neo-rural. Answers
to open-ended questions were used to support, sup-
plement or challenge the findings of the quantitative
analysis.

Results
Land managers and farming activities

The majority of land managers were 36 to 50 years
old (57%). 14% were younger, 24% were 51 to 65
and a very few (5%) were 65+ years old. Of the inter-
viewed land managers 27% were female. With 42%,
nearly half were neo-rurals. Participation in the ini-
tiative lasted from 1 to 5 years and a similar num-
ber of people joined the initiative each year leading
to our cumulative total participants. The majority
of respondents practiced land management as a side
job—62% earned 25% or less of household income
from farming activities. Only 19% of farming activi-
ties contributed 76—-100% to household income, while
11% of land managers earned 51-75% and 8% of land
managers earned 26-50% of household income from
land management. Farms were mostly managed by
single persons (38%) or families (44%), only 10% of
the farms had 2-5 workers and 8% had more than 5
workers.

Land managers had between one and ten differ-
ent activities on their farm (Tab. 1). Farms were
often agroforestry systems, e.g. sheep husbandry
in a chestnut orchard (Fig. 2). The most common
land management activities were olive and chest-
nut orchards, livestock husbandry, and agroforestry.
Other fruit trees grown included cherries, almonds,
pistachios and figs. Around 15% of land manag-
ers produced fuelwood, resin, timber, dairy and/or
aromatic plants. Production of honey, vegetables,
herbs, poultry, cereals, cork and snails as farm-
ing activities was rare. In an open-ended question,
we asked the respondents how they defined them-
selves as a land manager. We got diverse answers
such as: “a farmer for hobby and entertainment; as
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Table 1 Respondent’s most
common activities on their
farms

Within-farm activities Portion of all farms Within-farm activities Portion of
[%] all farms
[%]
Livestock husbandry 40 Wood fuel 16
Olive trees 35 Resin tapping 14
Agroforestry 32 Forestry for wood 14
Chestnut trees 32 Dairy farming 14
Other fruit trees 27 Aromatic plants 14

Fig. 2 Common agroforestry practices in the integrated land-
scape initiative: Sheep and sweet chestnuts (top left), cows
with kiwi (top right), goat herding in a semi-open landscape
(bottom left), unburned grazed fruit orchard surrounded by

a motivated beginner; as a caretaker, responsible
for the environment; as a happy farmer; as a rural
farmer and rancher; as an example for people to fol-
low; as a fighter for agroforestry.”

@ Springer

burned forests (bottom right). Note the discontinuous tree can-
opies and the sparce understory fuels in the agroforestry sys-
tems

Wildfires: Impacts and approaches

Respondents were asked about wildfire impacts
and suitable measures for combating them. More
than half fully or mainly agreed they were strongly
affected by wildfire (Fig. 3a), with the vast majority
in full agreement. Only a fifth fully disagreed that
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they were strongly affected. Half mainly or fully
agreed that wildfires caused psychological distress
for a member of their farm. Nearly 40% of the farms
were physically damaged by wildfire. About half of
the land managers fully or mainly agreed that com-
bating wildfire was their main reason for joining the
initiative.

We listed potential measures against wildfires
and asked about their usefulness (Fig. 3b). All land
managers indicated that three were either very help-
ful or helpful: “promoting agroforestry,” “promot-
ing cultivation” and “promoting grazing.” Almost
all managers agreed with “promoting forestry.”
There was some disagreement with “strengthen-
ing prevention,” “more regulations,” and “increas-
ing resources for conventional measures,” such
as increasing number of fire-fighting helicopters,
though more than half still agreed these were help-
ful or very helpful.

Motivations

We asked about the importance of various motiva-
tions for their land management as part of the ini-
tiative (Fig. 3c). Over 80% agreed that most of the
items listed strongly or very strongly motivated

o 20 40 60 &0
k neither W strong W very strong

them to engage in land management and the initia-
tive. The most motivating was “combating depopula-
tion” followed by “preserving landscape beauty” and
“improving personal well-being,” with no respond-
ents ranking them as weak or very weak motivations.
These were followed by “preserving cultural herit-
age,” “improving local livelihoods,” and “combating
wildfires.”

Barriers to success

We asked land managers to agree or disagree with
statements about the severity of possible barriers to
success for their activities (Fig. 3d). Interestingly,
lack of legislation adapted to the current fire situa-
tion and of political support were perceived as hav-
ing a greater negative impact than a lack of funding
and profitability. More than half of the land managers
found a “lack of adapted legislation” to be a high or
very high barrier. The barrier with the second highest
impact was a “lack of political support,” followed by
a “lack of funding” and a “lack of profitability.” Lack
of experts was considered the lowest barrier.

(b)

promote a

promote cultiv
promote grazing [4.87]
promote forestry [4.76]
strengthen prevention [4.34]

more regula

increase conventional measul
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Fig. 3 Farmer perceptions of a Wildfire impacts, b Measures against wildfires, ¢ Motivations for land management and d Barriers to
success. Color intensity reflect answer categories. Mean values are shown in brackets. (Color figure online)
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Outcomes

We enquired about perceived regional and personal
outcomes of the initiative. Regarding regional out-
comes, “helped combating wildfires” was agreed with
by the most respondents (Fig. 4a). “Increased local
ecological knowledge” was second, very closely fol-
lowed by “increased biodiversity” and “increased
sustainable land management.” Over 80% agreed or
strongly agreed with four statements above, and only
2% strongly disagreed. “Counteracted abandonment,”
“improved the regional economy,” and “improved the
well-being of locals” were agreed with by more than
half of the land managers, while only 2 to 4% strongly
disagreed with them.

The rate of agreement about personal outcomes
was more differentiated (Fig. 4b). The strongest
agreement, by more than half, was that they had
“more enthusiasm about traditional land manage-
ment.” There was a similar distribution of agreement
with “fullfilled personal expectations.” As we found
out from an open-ended question, this fulfillment
mostly referred to advice and consultation for land
management and coping with bureaucracy (about

increased biodiversity [4.05]

sustainable land management [4.04]

counteracted abandonment [3.82]

20 40 60 80 100

neither Magree Wstrongly agree

common go.
viewpoints and skills diversity [4.51]

percentage of responses 0 20 40

60 100
[ ant

unimportant little important neither mimportant

30% of participants). About 13% of respondents
stated in the open-ended question that collaboration,
combating wildfires, or an increase in yield/profit-
ability from joining the initiative were expections
fulfilled. There were also a few that mentioned that
fighting abandonment fulfilled personal expectations.

The third personal outcome most respondents
agreed with, and with the highest percentage strongly
agreeing, was that the initiative “helped to over-
come administrative barriers.” This was followed by

ELIT3S

“increased management skills,” “increased collabo-
ration among land managers,” “improved personal
wellbeing,” “increased crop diversity,” “increased
profitability,” and “led to closer contact with con-
sumers.” The last, “increased customers,” still had a
fourth of respondents agreeing with it, though few
strongly agreed.

To complement the statements about outcomes, we
asked the land managers in an open question about
what had changed on their farm since they joined
the initiative. About half of stated that there were no
changes. Some further explained that they are still in
the initial stages of the common project so it was too
early to say. The most frequent change was gaining

-1

0 20 40 60 80 100
disagree neither Magree Bstrongly agree

simplifying sdministrative process (4.75] |

CAP subsidies for fire prevention [4.58]

allow grazing in forests [4.54]

percentage of responses 20 40 60 20 100
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Fig. 4 Farmer perceptions of a Regional outcomes, b Personal outcomes, ¢ Success factors and d Policy recommendations. Color
intensity reflects answer categories. Mean values are shown in brackets. (Color figure online)
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knowledge and advice. Changing crops, cultiva-
tion of abandoned land, and changing grazing meth-
ods to rotational grazing to avoid overgrazing were
mentioned 4 times. More focus on fruit trees was
mentioned 3 times, especially chestnuts (mentioned
twice). Other outcomes mentioned were changing
farming techniques, starting to label products, and no
longer feeling alone. One stated that he now sees “the
natural environment from another perspective.”

Success factors

We asked respondents to agree or disagree with the
importance of possible success factors for the ini-
tiative. The majority (over 60%) of land managers
perceived all the suggested success factors as very
important (Fig. 4c). The most important was “fight-
ing a common and immediate risk like fire.” Second
was “cooperation between different stakeholders and
sectors.” This was followed by “knowledge sharing,”
“active participation,” “shared experiences,” “conflict
facilitation,” “having a common goal,” and having “a
diversity of viewpoints and skills.”

9%

Policy support

We asked respondents to assess policy options in
terms how important each would be for improving
wildfire mitigation. All options received strong sup-
port from land managers (Fig. 4d). All agreed that
creating a special land management regime would
be an improvement. Simplifying the administrative
process was considered a very important possible
improvement by most, for another fifth it was a strong
improvement and very few agreed with little improve-
ment. This high agreement also shows that MOSA-
ICO administrative advice is important to partici-
pants, including help for establishing an enterprise,
applying for CAP subsidies, and requesting permis-
sion for special land management (like cutting or
planting trees). “Make changes in the Common Agri-
cultural Policy (CAP) to subsidize the fire mitigation
service provided by land managers” was regarded
as a very strong or strong potential improvement by
almost all. The lowest ranked of the four policy sup-
port options, “Allow grazing in forests” was still per-
ceived as potentially a very strong improvement by
more than two-thirds of the land managers and as “a
strong improvement” by another fourth.

Differences across rurals versus neo-rurals

Neo-rural and rural land managers differed in some
of their responses, especially for motivations and
wildfire measures (see Suplementary Material
2). Neo-rural respondents showed higher motiva-
tions compared to rurals on: increasing biodiver-
sity (U=387.5; p=0.012), growing their own food
(U=273.5; p=0.003) and improving personal well-
being (U=323.5; p=0.010), while rurals were more
motivated by mitigating climate change compared
to neo-rurals (U=409.5; p=0.019). Neo-rurals per-
ceived pest and diseases as a higher barrier than
rurals (U=320.0; p=0.029). We did not find statisti-
cal differences among further perceived barriers and
outcomes. Regarding measures to mitigate wildfires,
rurals rather than neo-rurals more often perceived
the promotion of grazing (U=488.0; p <0.0001) and
cultivation (U=483.0; p<0.0001) as helpful, while
neo-rurals were more favorably inclined toward agro-
forestry (U=452.0; p <0.0001) as a helpful measure,
although both groups mainly agreed to the helpfull-
ness of all three measures.

Discussion

Large-scale catastropic wildfires are on the rise in
the Mediterranean region, and there is increasing
awareness that preventing and reducing their impacts
most often requires cooperation among land manag-
ers at the landscape level. To understand the com-
plexities of such cooperation, we performed a first
exploratory survey of a community-based initiative
for wildfire mitigation in Europe, providing insights
into land manager perceptions of their motivations for
participation, and of initiative barriers to success and
outcomes for the individual as well as for the local
population. Land managers found collaborative wild-
fire management was multifunctional, reducing fire
hazard, reviving abandoned landscapes, and increas-
ing biodiversity. Here we discuss how the investigated
initiative offers a model for collaborative action with
multiple benefits, highlighting the role of agrofor-
estry, and then close with policy recommendations
and conclusions.
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A model for collaborative wildfire mitigation

The highest level of agreement about regional out-
comes was that integrated landscape management
“helped in combating wildfires,” meeting the initia-
tives’ main objective and making it a success for its
members. We want to stress that our study is based
on the perceptions of respondents, and these can be
influenced by contextual factors notably including
participation in social networks. The realised impact
of the initiative regarding fire risk and potential
spread is analysed in Bertomeu et al. (2022).
Reduction of fire risk was a main driver for collab-
orative action, and previous research has found that
reducing fire risk is a common motivation for Cali-
fornia landowner cooperation as reported by land-
owners (Ferranto et al. 2013). Our respondents agreed
that wildfire impacts were broad and multifaceted,
including causing psychological distress that touched
land managers in half of the studied farms. This is an
impact that has been somewhat neglected in the lit-
erature (Finlay et al. 2012; Waks et al. 2019).
Typically, integrated landscape initiatives develop
to attempt to resolve land use conflicts, for example
such as the spread of extractive industries into cul-
tural landscapes, or when biodiversity conservation
creates tradeoffs with livelihoods (Sayer et al. 2015).
In contrast, our studied initiative seeks to collabora-
tively reduce wildfire risk by reviving management
of abandoned land (Bertomeu et al. 2022). This is a
new and globally important domain where integrated
landscape initiatives can take meaningful action.
Social cohesion is a key factor in creating a wildfire
resistant and resilient community because wildfire
risk reduction cannot be tackled effectively by indi-
viduals (Prior and Eriksen 2013; Townshend et al.
2015). Prior and Eriksen (2013) found in particular
that community characteristics like “sense of commu-
nity” and “collective problem solving” support adop-
tion of fire preparation practices and the development
of cognitive capacities that reduce vulnerability and
support collaborative action. We found increased col-
laboration to be an outcome highlighted by respond-
ents, an indicator of social cohesion. The shared
immediate risk of wildfires, and the experience of
developing and carrying out initiatives to reduce
wildfire, pushed land managers to develop common
purpose and shared goals. In our case, integrated
landscape management promoted social cohesion via
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a framework for community wildfire mitigation. Sim-
ilarly, Prior and Eriksen (2013) point out that com-
munity efforts should be acknowledged for their role
in shaping the beliefs and attitudes of the participants.
Effective development of shared goals and practices
calls for engagement of people in risk communica-
tion and mitigation activities, rather than passive
transfers of information (Tedim et al. 2016). Taking
action ultimately relies on individual beliefs about
what is meaningful, important and possible. Focus on
individual and community empowerment can prevent
being overwhelmed by a global-scale problem (Prior
and Eriksen 2013). Local to regional efforts in collab-
orative action to solve environmental problems are at
a level that empowers local people to actively engage
and gives a feeling of self-efficacy (Gorriz-Mifsud
et al. 2019).

Agroforestry for fire resistant landscapes

In addition to reducing fire risk, establishing agro-
forestry systems has a critical role in sustainable and
regenerative land management globally (Plieninger
et al. 2020; Damianidis et al. 2021). Perceived
increases in biodiversity and human wellbeing have
often been achieved through the expansion of agrofor-
estry systems (Damianidis et al. 2021). For instance,
in an abandoned landscape, agroforestry practices
help enhance diversity by restoring openings in the
canopy and increasing habitat diversity (Varela et al.
2020). They also enhance carbon sequestration by
retaining trees (Kay et al. 2019) and reducing the
likelihood of fire risk (Damianidis et al. 2021).

Moreira et al. (2011) identified three strategies for
fire resistant landscapes: creating and maintaining
productive landscape-scale fuel breaks, reducing fuel
loads, and substituting fire-prone species with more
fire-resistant ones. Agroforestry systems, such the
multitude of fruit orchards that form part of MOSA-
ICO, encompass all these strategies: they reduce
fire risk by establishing and maintaining productive
fuel breaks, shrublands or pine forests are replaced
with less fire prone vegetation and vegetation struc-
ture (e.g. chestnut orchards with sheep), and grazing
reduces understory fuels and suppresses woody veg-
etation. Before land use abandonment, Sierra de Gata
and Las Hurdes were models for fire resistant tree
crop systems managed with grazing and forest clear-
ing (Montiel-Molina et al. 2019).
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When fire damage to agricultural and forestry
goods is accounted for, Spanish silvopastoral agrofor-
estry systems are more profitable than timber produc-
tion alone (Moreno et al. 2014). Restoring burnt areas
between 2013 and 2017 in Spain cost almost 70 mil-
lion Euros. Spain is the country with the highest vul-
nerability to land degradation among European coun-
tries (Varela et al. 2020). To tackle these problems,
the Catalonian Government has released a “Forest
Policy General Plan” that suggests different manage-
ment tools for decreasing fire risk. Casals et al. (2009)
emphazise the importance of agroforestry to the Cata-
lonian government’s fire prevention plan. Animal
grazing not only reduces wildfire risk and conserves
biodiversity, but it is relatively inexpensive, offering
a viable alternative to increasingly costly yet failing
conventional supression measures (Bertomeu et al.
2022). Especially in combination with shrub clearing,
livestock grazing is a effective tool in wildfire risk
reduction (Lasanta et al. 2018). Animal grazing can
also complement prescribed burning, reducing the
hazard of escape with lower fuel loads (Rigolot et al.
2009; Davies et al. 2016).

Our respondents’ perceptions were confirmed by a
review on land cover and wildfire relations that identi-
fied grasslands and farmland as options for decreasing
wildfire vulnerability (Moreira et al. 2011). Data from
the northern Mediterranean reveals that agroforestry
systems are less affected by wildfire, compared to for-
ests, shrublands, or grasslands, and are also environ-
mentally friendly and contribute to human well-being
(Carmo et al. 2011; Damianidis et al. 2021). Strong
agreement that forest harvest and management were
very helpful for wildfire mitigation concurs with the
high fire risk found in abandoned forests (Azevedo
et al. 2011; Badia et al. 2019; Montiel-Molina et al.
2019).

Revival of rural cultural landscapes

Sierra de Gata and Las Hurdes are cultural landscape
hotspots for their unique but threatened terraced land-
scapes. From 1960 to 1975, Extremadura lost about
one third of its inhabitants due to emigration to cit-
ies—in some counties half of the people left, leaving
an aging society behind (Rosado 2018). Outmigra-
tion results in abandoned land (Badia et al. 2019),
food security decline, decreased biodiversity, loss of
multiple services from multifunctional land use, and

a breakdown in social structure and cultural prac-
tices (Perpifia Castillo et al. 2020). Combating rural
depopulation was the highest ranked motivation for
initiative participation, with cultural heritage and
increasing landscape beauty also among the most
important motivations for land managers. Similar
results have been found for integrated landscape ini-
tiatives in Europe (Garcia-Martin et al. 2016).

Profitability is a major driver for stewardship of
agroforestry landscapes and its lack is one of the
main drivers of abandonment (Wolpert et al. 2020).
“Increased income” through land management was
important for many respondents. Most are only part
time land managers—presumably small scale farm-
ing does not provide enough money to support liveli-
hoods, and better incomes are sought in urban areas.
Reversing this trend is needed to regain thriving,
multifunctional agroforestry landscapes that offer
livelihoods and well-being for people while preserv-
ing cultural landscapes (Howkins 2003). Some of the
land managers in our study noted that their recently
planted and carefully husbanded fruit trees were
not even yielding yet, which shows commitment to
the future. Eight percent of respondents reported
“increase income” as a very weak motivation, find-
ing it “very weak motivation” more often than any
other motivation option. This may reflect the find-
ings of Oviedo et al. (2017) that farmers are (if they
can afford) often motivated as much if not more by
amenities like living in nature and having a desirable
lifestyle than by profits.

The movement of neo-ruralism is is getting more
and more attention since it is a widespread trend in
Europe (Bender and Kanitscheider 2012; Dal Bello
et al. 2021). Neo-rurals are characterised as farmers
that moved to rural areas as a response to the Green
revolution and critique of city life (Escribano and
Mormont 2007), seeking to protect biodiversity and
grow high quality local food (Orria and Luise 2007).
Previous research has also highlighted how rural
environments are attracting neo-rurals as new entre-
preneurs for various reasons, especially in search of a
better quality of life (Dal Bello et al. 2021; Dall Bello
et al. 2022). This is in line with our findings that
showed that “increasing biodiversity”, “growing their
own food” and “improving personal wellbeing” as
more important motivations for neo-rurals compared
to rurals in managing their land. Rurals were more
motivated than neo-rurals by “mitigating climate
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change” which could be due to their own experience
with changing climatic conditions, including drought.
The high motivation to mitigate climate change in
both groups is surprising as farmers seem to have a
very low awareness of climate change globally (Mad-
huri 2020; Saliman and Petersen-Rockney 2022). In
the current context of rural land abandonment, the
incorporation of neo-rural populations may provide
new opportunitites both for revitalising rural econo-
mies (Renau 2018; Dal Bello et al. 2022), and for the
conservation of cultural landscapes (Pérez and Gurria
2010). As our results indicate, neo-rurals may show
stronger motivations linked with pro-environmental
behaviour. They might bring in innovative practices
and think more globally. This could fruitfully com-
plement the local traditional knowledge and expe-
rience of rural people. Collaboration among these
groups could provide hope for the revival of cultural
landscapes.

Policy recommendations

Land managers perceived the lack of political sup-
port, and legislation not adapted to current fire con-
ditions, as very strong barriers, even greater than a
lack of funding. In other European initiatives, lack
of funding was by far the biggest barrier identi-
fied (Garcia-Martin et al. 2016). The reason may be
uncontrolled forest expansion fostered by national
and regional regulations that do not allow grazing in
former forest areas, as described previously. Garcia-
Martin et al. (2016) found that among different pro-
fessional groups, land managers in particular often
have to cope with narrow and inflexible policies ill-
matched to local conditions.

All land managers agreed with policy to “create a
special land management regime for areas with high
fire risk.” This would help land managers to better
assess wildfire risk in their area and identify areas
where management is needed. It could also provide a
basis for territorial planning processes (Marey-Perez
et al. 2021). “Decreasing bureaucratic requirements”
was strongly supported by respondents. This can be
an important step in making active land management
more attractive and providing straightforward fund-
ing opportunities. Over 90% of land managers agreed
that CAP subsidies for fire mitigation services, like
grazing, would improve the situation and that a legal
basis to allow grazing in forests is needed. Managing
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forests to decrease biomass reduces wildfire risk and
increases efficiency of water use (Varela et al. 2020).

Conclusion

The increase of megafires in the Mediterranean
region requires new approaches for wildfire mitiga-
tion. The use of community-based agroforestry as a
complement to top-down firefighting strategies is
increasingly discussed. In our study of an integrated
landscape initiative we found highy motivated land
managers that perceived manifold beneficial personal
and regional outcomes from such action. Our study
offers the following key lessons:

— Integrated landscape initiatives not only help
resolve land use conflicts, but may be extended to
also support collaborative efforts to mitigate wild-
fires.

— Different land managers (livestock farmers, for-
esters, tree crop farmers, arable farmers) show
high levels of agreement in their motivations for
participating in integrated landscape management
and in their perceptions of positive personal and
regional outcomes from such an initiative.

— Wildfire mitigation through community-based
agroforestry can also serve as leverage point for
financing rural revival and provision of multiple
ecosystem services.

— Neo-rurals and rurals differ in some of their per-
ceptions and motivations. These might comple-
ment each other in efforts to revive landscapes that
are being abandoned.

— Policy should support land management that
reduces wildfire risk by adapting legislation and
funding schemes.
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In a time of multiple global challenges, trees gain more and more attention as an important component of
sustainable land use systems, as they can produce food and provide multiple other ecosystem services at the same
time. In Germany, traditional orchard meadows (so-called “Streuobstwiesen™) are in decline, although they are
well known for their ecological value. In modern agroforestry systems staple perennial food crops seem to be
rarely integrated. Here, we propose to use emerging chestnut cultivation for revitalizing traditional orchard
meadows, diversifying forests, and integrating perennial staple food crops in modern agroforestry systems. In this
study, we interviewed 64 chestnut growers in Germany and aimed to (1) explore characteristics of chestnut
stands and management; (2) evaluate the main motivations, aims, and challenges of chestnut growers; (3)
identify perceived outcomes of chestnut cultivation and measures for upscaling; and (4) analyze differences
between groups of chestnut growers. Our results show that most growers aimed to increase tree numbers and
foster the spread of chestnut trees as cultural assets. Sustainable food production was the motivation most often
named by the respondents. A guide for cultivation, as well as better funding, were mentioned as the most wanted
and easy to implement measures for up-scaling production and consumption. Junior chestnut growers were
better connected to other chestnut growers and were more motivated by sustainable food production than senior
growers. Pest and diseases as well as legal and funding situations were aspects hampering chestnut cultivation.
We suggest that chestnut trees can serve as a valuable element of a diverse tree crop landscape providing staple
food crops while supporting ecosystem services.

Introduction

Worldwide, there is an ongoing polarization of land use and, sub-
sequently, a disconnection of food production from the provision of
other ecosystem services. On the one hand, there is land-use intensifi-
cation including an increase in industrial inputs such as fertilizer, pes-
ticides, and fuel for food production (Valenzuela 2016), and on the other
hand, many food production landscapes are abandoned (Rey Benayas
et al.,, 2007). Intensification and abandonment of food production
landscapes can lead to loss of biodiversity (Uchida and Ushimaru 2014).
Biodiversity is not only the basis of many ecosystem services, but also

provides resilience in an uncertain future regarding climate change and
the global spread of pests and diseases (Altieri and Paul Rogé, 2010; Sgro
et al., 2011). The negative impacts of the current global food system on
ecosystem health are well known (Ickowitz et al., 2022). Agricultural
production has been a major driver of biodiversity loss since
pre-industrial times (Benton et al., 2021). According to the publication
“Food in the Anthropocene”, of the EAT-Lancet Commission, a great
food transformation is, therefore, necessary (Willett et al., 2019).
Trees and shrubs are well known to provide multiple ecosystem
services. The combination of woody perennials with cropland and/or
pasture in the same land-use system to acquire beneficial interactions
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between components, is known as agroforestry (Smith et al., 2012).
Examples of ecosystem services provided by trees include soil erosion
control, carbon sequestration, enhancing soil fertility, and cultural
ecosystem services such as recreational, aesthetic, and cultural heritage
values (Torralba et al., 2016; Toensmeier, 2016). Tree planting is one of
the main solutions for climate change mitigation (IPCC, 2019). If those
trees bear food crops, they can play an essential role in solving global
food system challenges and enabling long-term sustainability, whilst
tree crop landscapes are known as biodiversity hotspots, like “dehesas”
in Spain (Kreitzman et al., 2020; Ickowitz et al., 2022). Nearly a century
ago, the substitution of tilled agriculture by perennial tree crops as well
as genetic improvement through breeding was suggested by Smith
(1929). Still nowadays, perennials, including tree nuts, are an over-
looked, but valuable source of staple foods that provide carbohydrates,
fats, and/or proteins (Kreitzman et al., 2020; Davison et al., 2021).
Perennial staple food crops are underestimated in their potential as a
part of modern agroforestry systems as well as in current debates on
agricultural transformation as they provide food and foster ecosystem
service supply, however they are for example rarely integrated into
modern agroforestry systems (Ferguson and Lovell, 2014; Kreitzman
et al., 2020).

Throughout history, tree nut landscapes have been integral parts of
staple food provision and the culture of societies worldwide. Famous
examples are the walnut (Juglans regia) and pistachio (Pistacia vera)
forests of Kyrgyzstan (Kreitzman et al., 2020), hazel (Corylus avellana)
culture in Central Europe (Holst, 2010) and Balanoculture (Quercus sp.)
in several regions of the world, including the Middle East (Bainbridge,
1985). In the Mediterranean Basin, sweet chestnut (Castanea sativa)
served as the staple food crop for many civilizations. Due to its high
carbohydrate content, it was referred to as the bread tree. In Corsica, it
was an integral part of the culture and represented a symbol of freedom
and independence (Wolpert et al., 2020). In Germany, orchard meadows
with a combination of different standard-sized and habitat-rich fruit and
nut trees are iconic, including apple, pears, cherries, plums and walnuts.
They are called “Streuobstwiesen” (Forejt and Syrbe, 2019).

In the course of land-use intensification, open woodlands, such as
orchard meadows have decreased in Germany and worldwide (Bazzato
et al., 2022; Hammel and Arnold, 2012; Hanberry and Abrams, 2018).
“Streuobstwiesen” were largely substituted by dwarf tree plantations for
fruit production. The transition was financially supported by the federal
and state government of Germany from 1957 to 1974. The number of
orchard meadow trees was estimated to have decreased by approxi-
mately half of its former quantity from 1965 to 2005 in South-Western
Germany (Hammel and Arnold, 2012). Nowadays, the societal and
ecological values of trees are well-known and different programs from
federal states or public organizations aim to sustain and promote these
valuable cultural tree landscapes. However, those programs have not
succeeded in reversing the orchard meadow decline trend (Hammel and
Arnold, 2012; Plieninger et al., 2015). Often, a lack of profitability leads
to the abandonment of orchard meadows (Plieninger et al., 2015). The
integration of less work-intensive and more profitable new crops with
higher market value may be one way to safeguard the maintenance of
orchard meadows.

It seems that chestnut trees, as fruit trees, are not common in Ger-
many, but have been increasingly planted in forests, croplands and or-
chard meadows in Germany in the last few years. There is high potential
for chestnuts to become a part of modern agroforestry systems in many
parts of the world (Kreitzman et al., 2020). As a carbohydrate source,
chestnuts may play an important role in substituting annual crops to
enable the concurrent provision of staple food crops and multiple other
ecosystem services (Segatz, 2018; Davison et al., 2021). In contrast to
traditionally used fruit trees such as apples and pears, chestnut trees do
not require much work, which allows to maintain them at a landscape
scale (ripe fruit fall to the ground and less pruning is needed), harbor
high biodiversity (Segatz, 2018), and can be potentially profitable
(Davison et al., 2021).
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Chestnut trees are highly multifunctional in their uses and benefits:
Traditionally, the main management options have been either groves for
fruit production (including grazing animals and high forests for timber
and fruit production) or coppice for poles production and firewood
(Liidders, 2004; Conedera et al., 2016). Due to the high tannin content,
the wood is very durable and is therefore used for fence poles, and also
for wine barrels. In the second half of the 18th century, chestnut cop-
pices were widely spread with grape production in Germany, as wood
was used as lattice posts (Konold and Jotz, 2012). In addition to wood
utilization, chestnut litter has been traditionally exploited for fertilizing
vineyards (Lang, 1971). In the late Middle Ages (ca. 1250-1500),
chestnut fruits were increasingly seen as valuable goods for trade, were
shipped to England and the Netherlands (Bouffier and Maurer, 2009),
and served as a staple food crop (Lang, 1971). Chestnut fruits have a
nutrient profile similar to annual food crops such as brown rice and corn
(Davison et al., 2021). The fruits can be roasted, cooked, dried, milled,
cracked, baked, or candied. They are valued not only for human con-
sumption but also for feeding animals like pigs (Lang, 1971).

In this study, we selected chestnut trees as a case for a tree crop that
provides staple food. Chestnuts could be an important element in
modern food production systems as perennial carbohydrate sources
(Davison et al., 2021), and can also play a role in revitalizing traditional
orchard meadows as a low-maintenance, potentially profitable crop and
to accelerate returns from forests through fruit and nut production.
Chestnut fruit production in Germany is currently rare, and interna-
tional scientific literature on the current state of chestnut cultivation for
fruit production in Germany is unavailable. Among the statistics of
chestnut fruit production countries, Germany does not appear as a
producer (Atlas Big, 2023; FAO, 2023). Therefore, the overall objective
of this study was to fill this knowledge gap and explore the current state
and future potential of chestnut cultivation as a perennial staple food
crop in Germany. To do so, we (1) explored the characteristics of
chestnut stands and their management in Germany; (2) evaluated the
main motivations, aims, and challenges of chestnut growers regarding
chestnut cultivation; (3) identified outcomes of chestnut production and
measures for upscaling in Germany; and (4) analyzed differences be-
tween young and old chestnut growers. Finally, we discuss our results in
the context of traditional and modern agroforestry systems, and the
opportunities for Germany to integrate chestnuts as an element of sus-
tainable food production.

Chestnut cultivation in Germany: history, utilization, and distribution

In Germany, chestnuts lost their significance as a staple food crop
after the introduction of the potato in the 17th century (Ostermann and
Hochhardt, 1993). By the end of the 19th century, industrial tannin
extraction enhanced the need for chestnut wood, which increased the
felling rates of chestnut trees. Industrialization of grain cultivation
brought higher calorie output and implied a decrease in chestnut pro-
duction (Conedera and Krebs, 2008). As chestnut poles for vineyards
were substituted by wires and concrete or iron poles, demand for
chestnut coppices declined rapidly as well. Lack of management led to a
loss of valuable chestnut agroforestry landscapes, which developed into
mixed forests with closed canopies that reduces fruit production
(Bouffier, 2019). During the two World Wars demand for tannins and
firewood was high and chestnut wood was also used for gun stocks,
which led to over-exploitation. Simultaneously, fruits were used as food
for armies and in military hospitals (Bouffier, 2018) and were also an
important food source during after-war famines (Konold and Jotz,
2012). Through the change in eating habits after World War II, chestnuts
lost their importance as a food source (Bender, 2002). Fungal diseases
from Asia, such as chestnut blight (Cryphonectria parasitica), became a
major driver of the chestnut decline in Europe (Wolpert et al., 2020).
Chestnut blight has spread in Germany since 1992 (Wall and Aghayeva,
2014). Breeding and cultivation of chestnuts in Europe therefore should
mostly rely on crossbreeding C. sativa with disease-tolerant Asian
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chestnut species (C. crenata or C. mollissima) (Ecker et al., 2018).

During the past decades, chestnuts have experienced a revival and a
renewed appreciation in other parts of the world, but recently also in
Germany (Bouffier, 2019; Wolpert et al., 2020). This re-appreciation of
chestnuts is not only based on the multiple products that chestnuts
provide but also on their biodiversity values and cultural ecosystem
services (Conedera and Krebs, 2008). C. sativa grows well in a yearly
mean temperature of 8-15 °C and a minimum yearly rainfall of 600-800
mm (Conedera et al., 2016), on sites that do not have calcareous and/or
water-logged soils (Ecker et al., 2018). In southern Germany, chestnuts
reach an elevation of 700 m above sea level. Most of the chestnut stands
in Germany are found in mature forests, and these have been estimated
to amount to only 7500 ha (Bouffier and Maurer, 2009). Chestnut trees
primarily planted for food production or ornamental reasons are found
in gardens, parks, alameda, solitary trees, or groves (Bouffier, 2012).
Areas known for chestnut trees are the regions Haardt and Dannenfels in
Rhineland-Palatinate, the uplands Taunus in Hesse, and the mild cli-
matic conditions of South-West Germany.

Methods
Survey design and data sampling

A social survey was designed to explore the status quo of chestnut
cultivation in Germany, as a case study of perennial food crop integra-
tion in agroforestry systems. The survey was organized into three sec-
tions to compile information about (1) the personal background of
chestnut growers and information on their chestnut trees, (2) motiva-
tion, aims, and challenges, and (3) growers’ perception of ecosystem
service outcomes and implementation of certain measures to upscale
chestnut production and consumption in Germany. The detailed survey
can be examined in Appendix 1.

In section (1) we gathered data on the personal background of
chestnut growers including general questions such as age and profes-
sion. We also asked questions about the growers’ relationship with
chestnuts, such as whether chestnut cultivation is a family tradition and
how respondents define themselves regarding chestnuts. We were also
interested in the characteristics of chestnut stands including tree num-
ber, tree age, pest, and diseases as well as systems multifunctionality. We
sampled the municipality and postcode to locate chestnut stands. In
section (2) we asked respondents to name their three main motivations
for managing chestnut trees. We also asked about the aims and chal-
lenges of chestnut cultivation by using predefined answer categories. For
each answer category, we asked for the level of agreement on a Likert
scale from 1 to 5 (1: fully disagree, 2: mainly disagree, 3: neither, 4:
mainly agree 5: fully agree). In section (3), different ecosystem services
were presented to respondents and then asked if they would associate
the supply of these services rather with annual or perennial staple food
crops or both (Likert scale; 1: annual agriculture, 2: rather annual
agriculture, 3: both, 4: rather perennial staple food crops or 5: perennial
staple food crops). We suggested measures for upscaling chestnut pro-
duction and consumption and asked respondents about how easy they
would think these are to implement (Likert scale from 1 to 5; 1: very
difficult to implement to 5: very easy to implement) and which impact
such a measure would have on increasing chestnut production and
consumption (Likert scale 1-5; 1: very low impact to 5: very high
impact). We always gave the option to add their answers to predefined
answers for aims, challenges, outcomes, and measures.

The survey was pre-tested and subsequently improved with the help
of three chestnut experts in Germany. The inclusion criteria for the
survey participants were individuals who managed at least five chestnut
trees for fruit production in Germany. We also included respondents
whose trees had not yet produced fruit. We aimed to characterize all
chestnut fruit growers in Germany. To identify possible respondents, we
first approached our previous contacts and investigated the internet. We
contacted the chestnut community of interest (Interessensgemeinschaft
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Edelkastanie), the German Association for Agroforestry (DeFAF), and
different authors reporting about chestnuts as well as posted a request
on social media chestnut groups. Further contacts were obtained using
snowball sampling. We asked respondents if they knew other chestnut
growers suitable for our survey. We identified 79 respondents who met
the inclusion criteria. Potential respondents were contacted by phone to
ask for their participation, and in case they agreed, to set an interview
date. Interviews were conducted by F. Gaede by phone and recorded and
transcribed after obtaining respondent informed consent. Each inter-
view lasted between 30 min and 2 h. In twelve cases, we either could not
reach the respondents or were unsuccessful in finding an interview date.
A total of 67 interviews were conducted. Finally, three interviews were
excluded because during the interview it became clear that respondents
were not managing chestnut trees. Interviews were conducted from
March to July 2022. We interviewed seven female and 57 male
respondents.

Data analysis

Frequency analysis were used to analyze the section one on the
characteristics of the respondents, and chestnut stands. Information
about the main motivations to manage chestnut trees was analyzed
through qualitative analysis. Responses were sorted to three main mo-
tivations according to similar meanings (e.g. beautiful tree, aesthetics ->
aesthetics). In a second step, an inductive approach was used to group
motivations according to similarities in 6 categories (Quintas-Soriano
et al.,, 2023) (see Table 1). For these six motivation categories, we
conducted frequency analysis, as well as for the information on personal
aims, current challenges, perceptions of ecosystem services supply, and
measures for upscaling. We did so to find out how many chestnut
growers show which level of agreement regarding the Likert scale
questions that were asked. Additionally, we calculated mean answers
and standard deviations (SD). We then compared participant and
chestnut stand characteristics between junior (up to 40 years old) and
senior (older than 40 years) chestnut growers (Gullino et al., 2020;
Zafeiriou et al., 2022) using the program SPSS (see Appendix 2). For
nominal data, pairwise comparisons (Chi-square test) were applied. In
cases where more than 20 % of cells had an expected frequency <5, we
used a two-tailed Fisher’s exact test to calculate the significance.
Nonparametric statistical comparison analysis (Mann Whitney U) on
ordinal data was used to reveal differences in responses between junior
and senior chestnut growers for motivations, aims, challenges as well as
perceptions on ecosystem services outcomes and measures for upscaling.

Results
Characteristics of growers, chestnut stands, and their management

The final social sample included a total of 64 chestnut growers,
where 28 were defined as junior growers (up to 40 years; 44 % of the
sample) and 36 as senior growers (aged above 40; 56 %). The youngest
respondent was 24 years, the oldest was 77, and the average age of re-
spondents was 45 years. The professions of interviewed chestnut
growers were diverse. Respondents were identified as farmers/agricul-
tural engineers (20 %), arborists (13 %), landscape planners/gardeners
(11 %), and foresters (8 %). Some respondents professions were not
connected to chestnut growing, such as scientists (9 %), professionals of
the educational sector (7 %), electrical/metal engineers (5 %), medical
doctors (3 %), one entrepreneur (2 %) and one economist (2 %). Most
respondents defined themselves as hobby growers (42 %), while 16 %
considered themselves farmers with chestnut as a line of business and
13 % as chestnut experts. No participant defined him/herself as a
chestnut farmer and 30 % could not identify with any given category but
added how they define themselves, such as agroforestry service pro-
vider, fruit grower, or chestnut devotee. Chestnut trees were managed
by the respondent alone in 46 % of cases, with the family in 29 %, with
employees in 17 %, in a community in 13 %, with other entrepreneurs in
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Table 1
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Respondents motivations for chestnut cultivation. The percentage of respondents that named these motivations amongst three main motivations are given for each

motivation. They are grouped into motivation categories.

Personal well- Multifunctional uses

being

Sustainable food production

Landscape restoration

Added value Socio-cultural motivation

Climate change mitigation and Aesthetics [22 Food production [23

adaptation [36 %] %] %]

Alternative for annual agriculture Fun/pleasure Honey plant [9 %]
[20 %] [17 %] Multifunctional uses
Subsistence [8 %] Gusto/taste [8 [8 %]

Regionality [6 %] %] Wood [5 %]

Diversification of production [6
%]

Resilience [6 %]

Longevity [6 %]

Orchard meadow conservation [5
%]

Vital tree [3 %]

Biodiversity [20 %]
Multifunctionality for the
environment [6 %]
Shade [3 %]

Innovation [19 %]
Marketing [6 %]
Added value [3 %]
Low maintenance
effort [3 %]

Connection [8 %]
Knowledge transfer [6 %]
Food sovereignty [5 %]
Awareness for
transformation [3 %]

6 %, and as a scientific project in 3 % of cases. Most respondents had one
to four contacts to other chestnut growers (64 %), therefore, we cate-
gorized them as being “connected”. We found 30 % of respondents were
isolated, which means that they did not know any other chestnut grower
with five or more chestnut trees. Only 5 % of respondents we defined as
well connected (5-9 contacts) and 3 % were very well connected (above
10 contacts). Senior respondents were more often isolated, whereas ju-
niors were more often connected (r=—0.40, p<.05, Mann Whitney U).
Only 22 % of participants specified chestnut management or eating
chestnuts as a family tradition.

Both, respondents and the locations of their chestnut trees were
relatively evenly distributed across Germany (Fig. 1). The type of sys-
tems described was very diverse: 81 % of respondents indicated to have
also other tree species in their system, like apple trees, and 48% speci-
fied systems with shrubs included, e.g. hazelnut. While 70 % mowed the
understory, 36 % kept livestock. In 17 % of cases, systems included
vegetables, while annual cropping on the same field was specified by 16
%. Across age groups, junior growers more often grew vegetables

(x2=0.257, p<.05, Fishers exact) and had livestock grazing more
frequently (x%=0.250, p<.05, Chi-square) in comparison to seniors.
Some growers had only 5 chestnut trees, the median number was 15
trees and one participant had 1000 trees. The majority of the trees (2066
out of 3278) were in the young age of 1-5 years. Most other trees were in
the following age groups: 6-10 years (297 trees), 11-15 years (309
trees), 16-20 years (210 trees), 21-25 years (189 trees), and 26-30 years
(181 trees). One participant with 1000 trees, who planted around 150 in
each of the Syear-periods had a high effect on this distribution, as he is
an outlier in chestnut number. While junior chestnut growers had more
often younger trees, seniors tended to have trees in older age groups (r =
0.446, p<.001, Mann Whitney U). We found no significant differences in
chestnut tree numbers across junior and senior growers (r = 0.061,
p=.627, Mann Whitney U).

The land-use systems that included chestnut trees were diverse. Most
chestnuts were part of orchard meadows/silvopastoral systems (56 %).
Forest gardens and fruit home gardens were the land-use system of 17 %
of the chestnut trees, while 14 % were part of silvo-arable systems. We

[ ] Hybrid, senior grower
Hybrid, junior grower
€ sativa, Junior grower
€ safiva, senior grower
5-10 trees
11-50 trees
51-100 trees

@
o
O
O
O 100+ trees

Fig. 1. Distribution of our respondents and their respective chestnut stands across Germany. The orange color shows respondents that have more or only pure C.
sativa, while Hybrids with Japanese trees are indicated in blue. Color intensity indicates age group, where lighter color represents junior and stronger color senior
growers. The size of spots indicates the number of chestnut trees (Smallest 5-10 trees, Second smallest 11-50 trees, Second largest 51-100 trees, and largest above

100 trees).
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only found 5 % of respondents having monospecific chestnut planta-
tions, 5 % other unnamed systems, and 3 % having chestnuts for food
production in forests. Of our respondents, 28 % specified making
multifunctional use of the side products of chestnut trees such as wood,
foliage fodder, honey, or opportunity for education on chestnuts,
including a higher number of seniors (x?=0.256, p<.05, Chi-square).
While 16 % of respondents found pests and diseases, they were more
often prevalent in chestnut stands of senior growers (x>=0.281, p<.05,
Fishers exact). Currently, none of the respondents makes use of pesti-
cides for chestnut cultivation or harvesting chestnuts with machinery.
Regarding species choice, 63 % of growers planted more hybrid trees
than pure C. sativa. In the junior group, we found statistically significant
more growers that grow mostly hybrids (x>=0.434, p<.001, Chi-square).
Respondents planted in 19 % of cases seedlings from an unspecified
origin, in 44 % of cases seedlings from a chosen genetic origin, and in 38
% of cases grafted trees. Seniors had more often seedlings of unknown
genetic origin (x=0.390, p<.001, Chi-square), whilst juniors had more
often seedlings with chosen genetics (x?=0.343, p<.05, Chi-square).
Regarding the yield of the chestnuts, only 17 % reported that their
trees were already yielding. Yields varied between a few nuts from
young trees to 20-100 kg of old trees. The average of the assumed
duration of our respondents until chestnut trees become profitable is
11.74 years.

Motivations, aims, and challenges

The main motivations, named by the respondents regarding the
cultivation of chestnuts, were climate change mitigation and adaptation
(36 % of respondents), followed by food production (23 %) and aes-
thetics (22 %). An alternative for annual agriculture, which referred to
growing a potentially more sustainable perennial staple food crop and
biodiversity was named by 20 % of respondents.

After grouping motivations, we found that most motivations named
were in the category of sustainable food production (73 % of re-
spondents named at least one motivation we put in this category), fol-
lowed by personal wellbeing (41 %), and multifunctional uses (36 %),
landscape restoration (33 %), added value (28 %) and socio-cultural
motivations (20 %). We found differences across junior and senior
growers in three motivation categories: while juniors more often named
motivations which we pooled in sustainable food production (x>=0.238,
p<.05, Chi-square), seniors were more motivated by personal well-being
(x%=0.270, p<.05, Chi-square) and multifunctional uses (x?=0.258,
p<.05, Chi-square).

The personal aims of the respondents regarding chestnut cultivation
are illustrated in Fig. 2. The highest agreement was found for roasting

Roasting fruits

Increasing chestnut tree number
Fostering chestnut culture
Processing differently

Selling fruits

Earning money

Percentage of responses 0 20

fully disagree ® mainly disagree

B neither
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chestnut fruits (mean 4.73, SD = 0.81) with 92 % having fully or mainly
agreed. The second most common aim was fostering chestnut culture
(mean 4.52, SD = 0.99) which was fully or mainly agreed upon by 89 %,
followed by an increasing number of chestnut trees (mean 4.44, SD =
1.27). Processing chestnut fruits differently than by roasting, for
example by cooking or baking (mean 4.11, SD = 1.44), selling fruits
(mean 3.83, SD = 1.59), and earning money (mean 3.67, SD = 1.67) had
the least agreement but still over 60 % mainly or fully agreed for all aims
(77 %, 66 % and 62 % respectively). We found no significant differences
in personal aims between juniors and seniors.

The current challenges of chestnut growers are depicted in Fig. 3.
The highest-rated challenges were institutions lack appreciation for
long-term investment (mean 3.78, SD = 1.62), with 66 % of respondents
agreeing. Missing traditional connections to chestnut cultivation (mean
3.55, SD = 1.60), and too low yearly subsidies (mean 3.43, SD = 1.82)
followed by nearly 58 % and 57 % of agreement respectively. Most
challenges showed mean values around three. Generally, there were no
significant differences in perceived challenges between junior and senior
growers.

Ecosystem services and measures for upscaling

The provision of all mentioned ecosystem services were rather
associated with perennial food crops than with annuals. Carbon fixation
was clearly associated with perennial food crops (mean 4.71, SD = 0.52;
Likert scale, from 1: clearly associated with annual crops to 5: clearly
associated with perennial crops) followed by biodiversity (mean 4.70,
SD = 0.49) and erosion prevention (mean 4.70, SD = 0.53). Other
ecosystem services in decreasing order were air and water quality (mean
4.69, SD = 0.56), recreation (mean 4.61, SD = 0.63) and multifunctional
uses (mean 4.24, SD = 0.89). Food production was the ecosystem service
least explicitly associated by respondents either with annual or peren-
nial crops (mean 3.38, SD = 1.28). The only differences in perception of
ecosystem services were that seniors more often associated provision of
staple food to annuals and less to perennials (r=—0.359, p<.05, Mann
Whitney U).

Regarding the easiness to implement upscaling measures, re-
spondents most frequently specified options such as cultivation guide-
line (mean 4.27, SD = 0.91), conduction of seminars (mean 4.19, SD =
0.91), and degustation events (mean 3.82, SD = 1.05). The highest
impact was attributed to better funding (mean 4.48, SD = 0.83),
breeding disease-tolerant trees (mean 4.37, SD = 0.83), lighthouse
projects (mean 4.27, SD = 0.81), and producing a cultivation guideline
(mean 4.27, SD = 0.77). Combining both questions (Fig. 4), the two
most critical measures for upscaling seem to be a chestnut cultivation
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Fig. 2. Respondents’ aims. Color intensity shows the rate of agreement percentage-wise.
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Fig. 3. Respondents challenges on chestnut tree cultivation in Germany. Color intensity shows the rate of agreement as percentages of respondents.
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guideline (mean implementation 4.27, SD = 0.91; mean impact 4.27,
SD = 0.77) and better funding schemes for chestnut production (mean
implementation 3.03, SD = 1.31; mean impact 4.48, SD = 0.83).

Discussion
Characteristics of chestnut growers and stands

Our results showed that none of the participants was a professional
grower that sells chestnuts. This is also reflected by the fact that Ger-
many does not appear in statistics of chestnut-producing countries
(Atlas Big, 2023; FAO, 2023). We found a high proportion of newly
planted trees accompanied by a high motivation by respondents to in-
crease their number of trees. This is not only the case in Germany, as the

US for example also does not appear in the statistics on the world
chestnut-producing countries but is listed as an emerging country for
chestnut production by Biaggi et al. (2020). Compared to Germany, the
US has already established commercial chestnut plantations that are
yielding. Chestnut production as well as professional breeding programs
are increasing in the US (Davison et al., 2021). We found twice as many
hobby growers than farmers with chestnut production as one branch of
business and not a single mainstay chestnut farmer so far. In the
Apennines in Italy, Pezzi et al. (2017) found twice as many mainstay
farmers as hobby farmers, in a region with a long tradition of chestnut
cultivation (Wolpert et al., 2020).
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Motivations and challenges

Chestnut growers were highly motivated and most of them aimed to
plant additional chestnut trees in the future. By far the most often named
motivation for cultivating chestnuts was sustainable food production.
Interestingly, outstanding motivations in this category were climate
change mitigation and adaptation as well as an alternative to annual
food production. With our respondents motivation on climate change
mitigation and adaptation, the most pressing topic of the last decades is
touched (IPCC, 2019; Michler et al., 2018) In many cases the re-
spondents said that they have been motivated to plant chestnut trees as
it is a tree species that is expected to tolerate potential warmer and drier
future climates. We were surprised by the high number of respondents
that named an alternative to annual food production as a motivation. To
us, it seems not yet to be a topic of public interest in Germany, although
some studies have pointed to such potential (Kurth et al., 2019; Luo
et al., 2010; Schwarzer, 2021; Willett et al., 2019). It seems that
involvement with sustainable food production motivates people to plant
chestnuts in traditional as well as modern food production systems.
However, motivations for tree planting can be diverse and vary due to
the context. In a study on the adoption of agroforestry in the southern
Philippines for example, income and soil erosion prevention were major
motivations (Magcale-Macandog et al., 2006). We found junior growers
to be especially highly motivated by motives of sustainable food pro-
duction compared to senior growers. Increased motivation of the
younger generation could be a sign of increasing awareness of the
negative outcomes of the current food system as well as of the need for a
transformation of this food system. However, the meta-analysis of
Hertel et al. (2013) could not find a clear overall relationship between
age and environmental concern, values or commitment.

Our respondents attributed the missing traditional connection to
chestnuts as being the third most important barrier to chestnut culti-
vation. Only about a fifth of respondents specified a chestnut tradition in
their family including either cultivation or consumption. This finding is
supported by Pezzi et al. (2017) who compared young peoples interest in
growing chestnuts and found that the ones with traditional chestnut
cultivation in their family have a higher motivation than others to grow
chestnuts. However traditions can also be abandoned because of greater
challenges. In the Cevennes in France for example, which are known for
their wide-spread chestnut groves, chestnut cultivation declined
contemporary with rural depopulation because of the remoteness of the
rural, the lack of opportunities for mechanizing harvest and mainte-
nance, as well as missing workforce (Arnaud et al., 1997).

Interestingly, the highest scored challenge for respondents was
missing long-term thinking of institutions. In the early 20th century
already, Smith (1929) mentioned the lack of long-term thinking of in-
stitutions and policy-makers as a limitation to funding schemes for pe-
rennials, which was also noticed by Molnar et al. (2013). The time lag
between establishment and returns of 6-10 years makes pre-investment
necessary and therefore makes funding more important (Davison et al.,
2021). However, if food would have a real prize including ecosystem
services and disservices, food crops from perennials could be much
cheaper than those from annuals (Kay et al., 2019).

Ecosystem services outcomes

Respondents associated ecosystem services more strongly with the
chestnut/perennial food production system rather than the annual.
Tsonkova et al. (2018) found that farmers recognize the environmental
advantages of agroforestry, but claim to get additional support for the
greater effort to maintain more complex systems. Additionally, the
environmental disservices of annual agriculture such as soil erosion,
biodiversity loss, and carbon emission are rarely included in product
prices (Kremen et al., 2012), which act as a barrier to establish such
multifunctional systems. Especially for carbon fixation and soil protec-
tion respondents advocated for chestnuts as a system that serves as a
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carbon sink. Carbon sequestration and enhanced soil health are also
perceived as important agroforestry outcomes by farmers in Germany,
found by Tsonkova et al. (2018). In a Europe-wide study, soil protection
is one of the key objectives of respondents to plant trees on cropping
land (Garcia de Jalon et al., 2018). An improved water cycle was also
repeatedly named as an ecosystem service, provided by chestnuts as
perennials. Perennials improve water infiltration and reduce runoff,
leading to better water availability for plants as well as groundwater
recharge (Molnar et al., 2013). Besides food, chestnut trees provide
other provisioning services like wood, leaves, and nectar. We found that
more seniors use side products of chestnut trees, such as wood and
honey. This can be traced back to the fact that they more often have
older trees that already provide these products. Regarding multifunc-
tional use of the site, more juniors grow vegetables and keep livestock at
the chestnut system.

Biodiversity was also clearly attributed to perennial systems by our
respondents and served as important motivation to cultivate chestnuts.
Similar results were found in a chestnut study in Greece, where 94 % of
respondents related an increase in biodiversity to agroforestry (Zafeir-
iou et al., 2022). In the Europe-wide stakeholder analysis named above
by Garcia de Jalon et al. (2018), biodiversity was the highest-ranked
environmental outcome of agroforestry and was positively associated
by more than 50 % of respondents. The transformation of annual crops
to multifunctional agroforestry systems can increase biodiversity
through an increase in structural complexity as well as in heterogeneity
of habitat and landscape (Torralba et al., 2016).

Measures for upscaling

For upscaling chestnut cultivation in Germany, respondents identi-
fied improved funding as the most important measure. This can likely be
traced back to the described time lag between the establishment and
returns of tree crops. Although the implementation of improved funding
as an upscaling measure was rather perceived as medium easy, political
will could change it. Rules of the Common Agricultural Policy of the EU
could provide funding for up to 80 % of the implementation cost of
agroforestry systems including five years of maintenance through rural
development support (Augere Granier, 2020). However, to date, most of
the federal states of Germany do not support the implementation of trees
in agricultural systems.

The second highest impact of a measure to scale up chestnut culti-
vation in Germany was associated with breeding disease tolerance.
Diseases are an important driver of yield loss in countries that relied on
C. sativa or C. dentata, besides the abandonment of chestnut groves
through an aging population and industrialization of agriculture and the
food system (Biaggi et al., 2020; Gullino et al., 2020). Some respondents
planted grafted trees of known varieties, others planted seedlings of
known varieties, and some planted seedlings from unknown genetics.
Grafted trees ensure a certain nut quality because of clonal propagation,
whereas breeding of good varieties and planting seedlings of them
makes sense in terms of genetic diversity, especially in a world of un-
known future climates and globally spreading pests and diseases that
might evolve and crack a disease tolerance (Davison et al., 2021). Future
research in nut quality of seedlings from different crosses is desirable.
The fact that junior growers have significantly more hybrid chestnuts
between Castanea sativa and C. crenata and/or C. molissima than seniors
could show that the awareness of the impact of the diseases rose and/or
that hybrid planting material is increasingly offered by tree nurseries.

A cultivation guideline was perceived as a measure having a high
impact while being the easiest to implement, although knowledge about
chestnut cultivation was only rarely specified as a challenge by our re-
spondents. Research-based best practice guidelines were also identified
as being a key need in the US to scale up chestnut production (Davison
et al., 2021). Knowledge transfer in seminars and degustation events
were regarded as further measures that are easy to implement. They
would help people to get a cultural connection, which was an important
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barrier for chestnut cultivation, according to our respondents. Light-
house projects were further seen as one of the most impactful measures
by our respondents. Chestnut cultivation seems to be in a phase in
Germany where only innovative people grow them in a higher quantity.
If they prove to be successful, others could follow, which would be also
assumed following the theory of diffusion of innovations (Rogers and
Shoemaker, 1971). Networking was also among the most critical mea-
sures. The better connection of junior growers among other growers in
comparison to seniors could increase the easiness to implement this
measure. Building multi-stakeholder networks to support farmers in the
design, implementation, and management of agroforestry systems was
suggested as a key strategy to scale up agroforestry by Louah et al.
(2017).

We did not find any chestnut grower who defined themselves as a
chestnut farmer in Germany and not a single professional, old and well-
established yielding chestnut production site. However, the global
chestnut market has been growing since 1990 (Biaggi et al., 2020) and
has been expected to grow by a 2.2 % compound annual growth rate
from 2018 to 2025 (Davison et al., 2021). Import in Germany in 2016
was 3400 tonnes (Biaggi et al., 2020) which in 2021 increased to 5024
tonnes (FAOSTAT, 2021). Due to climate change, some crops, like the
chestnut, that currently grow in Southern Europe could become more
suitable in Central and Northern Europe or higher elevation areas in
Southern Europe (Freitas et al., 2021). By comparing the bioclimatic
distribution area of chestnut trees with climate forecasts, such outlooks
could be more specified and suggestions for favourable regions could be
made for Germany, similar to the studies carried out for Portugal
(Freitas et al., 2022) and for Turkey (Sarikaya and Oriicii, 2019).

We found that most of our respondents had their chestnut trees as
part of orchard meadows. However, the options for chestnut production
are manifold: Chestnuts can grow on steep slopes, marginal farmlands,
and degraded soils. They can be planted in home gardens, in forests, in
edible landscapes, as alley trees along the road, as well as in towns and
cities, where no staple food is usually grown (Molnar et al., 2013).
However, fruit production is expected to better in thick, humus-rich soil
with a higher water-holding capacity (Beccaro et al., 2020; Martins
et al., 2010). High humus content and good nutrient availability seem to
help chestnut trees to express tolerance against chestnut blight
(Gonthier and Robin, 2020). In comparison to other tree crops chestnut
trees have low labour costs (low pruning effort and nuts falling to the
ground) and are a carbohydrate-rich staple food crop (Vasconcelos et al.,
2010). A tree crop integration in annual cropping systems can combine
high food production with a high ecosystem services supply. Due to the
provision of a high carbohydrate food crop, chestnut trees seem to
enable a food system transformation towards silvo-pastoral, staple
food-providing agroforestry systems.

Conclusion

Little investigation has been carried out on chestnut fruit cultivation
in Germany. This study is a first attempt to explore the potential of
cultivating chestnuts as perennial staple food crops in Germany. We
found that chestnut growers were rare, not professionalized, and scat-
tered across Germany. We discovered a trend toward increasing
numbers of chestnut plantings in the last 5 years and of most growers
having plans to further increase their numbers of chestnut trees.
Outstanding characteristics of chestnut cultivation were their multi-
functional uses and their integration into diversified farming systems,
such as orchard meadows, forest gardens, and annual cropping systems.
Although motivations to cultivate chestnuts were diverse, the most
common motivation was to sustainably produce food. Junior growers
were even stronger motivated by sustainable food production and better
connected among other chestnut growers, compared to seniors.

On the one hand, our initial research indicates the need to expand
research in the field of chestnut cultivation, for example deepening
knowledge on the motivations of chestnut growers, e.g. disentangle
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interacting intrinsic, instrumental and relational motivations to culti-
vate chestnuts. On the other hand, respondents frequently expressed the
need for a quantification of the status quo and potential contribution of
other perennial staple crops (such as acorn, walnut or hazelnut) to
sustainable food systems.

Chestnut growers suggested a cultivation guideline, lighthouse pro-
jects, and networking as the most critical measures. Networking will
help to exchange information and lighthouse projects can inspire further
people to grow chestnut trees. For the implementation of all these
measures, a cooperation of scientists with chestnut growers in Germany
and abroad would be useful. Additionally, better funding schemes were
regarded as being the most influential measure to transform food pro-
duction landscapes into multifunctional ecosystems with positive social-
ecological outcomes. True prizes would also foster chestnut and other
tree crop production as they also account for ecosystem services or
disservices. These are measures that should be realized in politics.
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