
Master thesis – Sustainable Development: Environmental Change and Ecosystems 

 

 

Agroecology in Practice: 

Designing a Food Forest in the Utrechtse Heuvelrug 

 

 
Photos of the case study site taken at the same location in April (left) and July (right) 

 

 

Date:11.08.2023 

Name:Pia Winckler 

Student number: 5450233 

E-mail address: p.c.winckler@students.uu.nl 

Thesis supervisor: Dr. Brian Dermody 

Second reader: Dr. René Verburg 

Word count: 16045 



Abstract 

This thesis explores sustainable design principles for a climate-adaptive food forest (FF) at estate 
Zuylestein in the Utrechtse Heuvelrug. The landowner wished to integratea former forested area into 
the productional focus of the entire estate while restoring the look of a forest as required by national 
monument legislation and adapting to climate change. FFs represent an agroecological, sustainable 
way of producing food while benefitting the local community and nature. It can thus be seen to in-
crease food sovereignty. For this purpose, the estate needed to be evaluated from a social-ecological 
system (SES) perspective to reveal constraints, opportunities, and goals for the FF. Further, benefits, 
services and income opportunities of FFs needed investigation. Lastly, the vision and priorities of the 
main stakeholders needed to be considered. Scientifically, this thesis systematically assessesgeneral 
design principles for FFs in temperate regions, with a focus on climate adaptation. Further, the ap-
proach of the thesis being transdisciplinary with a social-ecological lens, adds to literature on transdis-
ciplinary projects. 

In this thesis, transdisciplinary work means the co-production of knowledge with the main stake-
holders as well as consultations with FF practitioners. Soil analyses were conducted to evaluate soil 
fertility and water availability. Interviews with the landowner completed the necessary social-
ecological knowledge on the system. What the target state of the FF should be and how a transforma-
tion could be facilitated was further informed by conducting a scenario and backcasting workshop 
with the main stakeholders. Reviewing scientific and grey literature completed the picture.  

By applying these methods, in an iterative process, design principles were derived. Most importantly, 
sufficient startup funds for the beginning years, when the system is still vulnerable need to be secured. 
Further, to establish resilience, effort should be put into increasing soil health by increasing the pH 
level and water availability through increasing the soil organic matter content. During the maturing of 
the FF the income streams need to be flexible as different produce can be grown at different succes-
sion stageswhilethe design of the FF becomes visible. To avoid disturbing the FF, most of it should not 
be publicly accessible. To gain revenue from food production, the layout should not be too complex to 
enable easy management and harvesting. These principles can be applied to sites with similar condi-
tions. To ensure sustainability, the local social-ecological context should always be evaluated with care 
and transdisciplinary collaborations fosteredto ensure context-specific results.  
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1. Introduction 
 

This thesis explores how agroecological food production in the form of a food forest (FF) can success-
fully be implemented at the Zuylestein estate in the National Park Utrechtse Heuvelrug, in the Nether-
lands (see map inFigure 2 below). At the estate a 2-hectare forested area, the Sterrenbos, was de-
stroyed by strong fall winds in summer 2021. The landowner aims to restore the forest taking climate 
change pressuresinto account while embedding it into the food production orientation of the rest of the 
estate. Figure 1 below shows the general layout of the site (see Appendix A for full size map and Ap-
pendix B for pictures).The overarching goal is to create a resilient and productive forest system for the 
foreseeable future.  

Figure 1 

Map of the Sterrenbos area 

 
 

Note.Map drawn by landscape architects in 2021 at scale 1:1000. Green areas with dark green circles represent 
the leftover forest area. The star shaped paths in the centre of the image gives the Sterrenbos its name. The light 
area indicates the destroyed forest. The light green circles along the paths are trees in planning. 

In FFs, a natural forest ecosystem is mimicked, but the includedspecies are chosen according to human 
needs such as for sustenance(Crawford, 2016; Jacke & Toensmeier, 2005a). FFs can offer continuous 
nutritious, local food production. As FFs mature and the biogeochemical cycle of natural ecosystems is 
established,they need continuously less management (Albrecht & Wiek, 2021b; Nytofte & Henriksen, 
2019; Toensmeier et al., 2020).FFs in this thesis are understood to enable four general types of benefits 
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and services. In addition to food production, FFs can offer socio-cultural services such as education as 
well as environmental services such as an improved water cycle and increased biodiversity1 (Albrecht 
& Wiek, 2021a). In application to sustainability, FFs further offer economic income opportunities ad-
dressing the third pillar of sustainability, next to the environmental and social pillars(ibid.; Fleurbaey 
et al., 2014). To create a FF system with a long-term (> 30 year) perspective, this is a crucial aspect to 
consider. Not including financial aspects has led to the failure of multiple FFs in temperate regions 
(Albrecht & Wiek, 2021a).  

Figure 2 

Elevation map of the Utrechtse Heuvelrug, with the location of estate Zuylestein marked in red on the flank of 
the Heuvelrug (WUR, n.d.) 

 

 

1.1. The need for adaptation 
Climate changeis a main motivation for the landowner to rethink the Sterrenbos site.The Netherlands 
has a warm temperate climate, meaning mild seasonal variations in amount of precipitation, warm 
summers, and cool winters. Most precipitation falls at the end of summer and in winter, the least in 
spring. However, as temperatures are higher in summer, much water evaporates before it is available 
to vegetation or reaches the groundwater storage. On average it rains 828,83 mm per year, the driest 
month is April,the wettest December and August. Table 5 and Figure 11 in Appendix C give an over-
view of the seasonal and annual temperature data and monthly average precipitation of the previous 30 
years. 

Long lasting droughts, higher temperatures and more extreme weather events are already impacting 
flora and fauna in the Heuvelrug area (Klimaatportaal, 2023; NPUH, 2020; van Ginhoven et al., 2022). 
In the Netherlands, the last 30 years compared to the previous 30 years exhibit increases in annual 
temperature, sun irradiation, and total precipitation amount according to the KNMI’s climate report 

                                                           
1
meaning the internal variety of species (genetic), diversity of species and of whole communities(IPBES, 2019; Sala et al., 

2000). 



 

(2021). A warmer climate and increased sun irradiance increase 
exacerbate meteorological droughts
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Figure 3 

Climate change trends in the Netherlands

Note. Trends in (a) precipitation (b) mean temperature (absolute regression), (c) global radiation and (d) Ma
kink PET for the summer (April-September)
et al., 2020, p. 7), the location of the Heuvelrug is indicated in 

Extreme weather events, such as 
larly in summer (KNMI, 2021).
Heuvelrug area(ibid.). The intensity of short precipitation events is also expected to rise
dation a danger(Fowler et al., 2021)
climate and water stresses (van Ginhoven et al., 2022)
tiated by the National Park Utrechtse Heuvelrug organisation together 
to promote a fair and sustainable water management in the area, enabling more water infiltration and 
increasing water storage (NPUH, 2020)
well. 

                                                           
2 Lack of precipitation 

A warmer climate and increased sun irradiance increase potential evapotranspiration 
exacerbate meteorological droughts2 in inland regions, despite increased total precipitation 
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Climate change trends in the Netherlands 

 

Trends in (a) precipitation (b) mean temperature (absolute regression), (c) global radiation and (d) Ma
September)through regression against global mean surface temperature 

, the location of the Heuvelrug is indicated in green. 

, such as in 2021, are expected to get stronger and occur more often
. The frequency of extreme precipitation events 

intensity of short precipitation events is also expected to rise
2021).Nature as well as agricultural areas in the Heuvelrug are subject to 

(van Ginhoven et al., 2022).Water stress is addressed in the
tiated by the National Park Utrechtse Heuvelrug organisation together with local
to promote a fair and sustainable water management in the area, enabling more water infiltration and 

(NPUH, 2020). Nevertheless, the landowners need to adapt on their land as 

                   

3 

evapotranspiration (PET) and 
precipitation (KNMI, 

gives an overview of these components, showing that in the Heuvel-
(Philip et al., 2020). The 

through local altitude heterogeneity and sandy grounds (compare map 
to a quickly decreasing ground-

pecially in groundwater de-
uring the drought years of 2018 

(KNMI, 2023; World Bank, 2023b).These fac-

Trends in (a) precipitation (b) mean temperature (absolute regression), (c) global radiation and (d) Mak-
through regression against global mean surface temperature (Philip 

r more often, particu-
frequency of extreme precipitation events is increasing in the 

intensity of short precipitation events is also expected to rise, making inun-
Nature as well as agricultural areas in the Heuvelrug are subject to 

is addressed in theblue agendaini-
with local stakeholders.It aims 

to promote a fair and sustainable water management in the area, enabling more water infiltration and 
need to adapt on their land as 



4 
 

1.2. Agroecology and food sovereignty 
Agroecology can be understood as principles and guidelines “for the transition to sustainable food and 
agriculture systems” (FAO, 2018). Key ways in which agroecology differs from industrial agriculture 
are taking the nutrient cycle into account and reducing the dependency on external inputs, strengthen-
ing biodiversity to increase resilience and utilising multifunctionality of plants (Tomich et al., 2011). 
In short: ecological principles are applied to agriculture. Community, knowledge sharing, multifunc-
tionality, the protection of the natural environment and biodiversity are some of the key goals of 
agroecological food production3 (Wezel et al., 2020). Agroecology designates a concept for agricul-
ture, a research field as well as a social movement (Ferguson & Lovell, 2014; Wezel et al., 2020). It 
can be a way to exit the vicious cycle of industrial food production leading to land degradation, biodi-
versity loss and climate change and climate change in turn impacting food production (IPCC, 2019; 
McKay &Veltmeyer, 2021; Springmann et al., 2018). Agroecology represents a mitigation as well as 
an adaptation strategy in the food system, also integrating the social component of food production. A 
transformation and a fundamental change of practice are necessary, to prioritise the well-being of the 
natural environment and humans, addressing the social and environmental components of sustainabil-
ity (Fleurbaey et al., 2014; Lenton et al., 2019; Loorbach&Rotmans, 2006). Small-scale farms utilising 
these principles contribute to food sovereignty as they benefit the community and increase local food 
security by growing produce in resilient, ecological ways (Altieri, 2009; Patel, 2009).By not comply-
ing to degrading methods of industrial food production with a focus on exports and revenues local 
community and nature are strengthened.  
 

1.3. SES and transformative adaptation 
FFs are human created, their products and services are intended for human use. They have thus a 
strong social component in addition to the ecological. To account for the interconnectedness, the estate 
Zuylestein, including the Sterrenbos, can be described as a small social-ecological system (SES) (Sal-
gueiro-Otero et al., 2022). SESs can be thought of as a network in which different components are 
linked as they affect each other (Janssen et al., 2006). Interdisciplinary methodologies are used to ex-
plore these systems.The SES perspective can show opportunities for a transformation towards sustain-
ability. Climate pressures will continue to affect the site which makes climate adaptation a crucial as-
pect to consider for the FF. Salgueiro‑Otero et al. (2022), when looking at climate adaptation, suggest 
that transformation in SESs can be necessary if small adaptations are not enough.The destroyed forest 
site will not be restored to its previous state but transformed to a FF, fundamentally changing the use 
of the area. The goal is to address and diminish the underlying factors that make the system vulnerable 
to the impacts of climate change. Thisshift can be called “transformative adaptation” (Fedele et al., 
2019, p. 116). 

 

1.4. Transdisciplinarity 
Particularly for FFs, the specific local context is crucial to create a suitable and sustainable design 
(Albrecht & Wiek, 2021b). Björklund et al. (2019) found the success of their twelve established ex-
perimental FFs in Sweden to mainly depend on how well the social-ecological context was evaluated 
and considered. Including the social dimension of the SES requires the engagement and knowledge 
co-production with stakeholders in this case particularly the landowner as the main decision-
maker(Vos et al., 2021). This relates back to the principle of co-creation in agroecology (FAO, 2018). 
Also, to understand the ecological dimension, FF practitionersoffer insights into the FF practice that 

                                                           
3
The thirteen principles by Wezel et al. (2020) are: recycling; input reduction; soil health; animal health; biodiversity; syner-

gy; economic diversification; co-creation of knowledge; social values and diets; fairness; connectivity; land and natural re-
source governance; participation. 
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cannot (yet) be taken from literature. Through a continuous exchange and integration of knowledge 
between the researcher and real-world actors, this research became collaborative and context-specific 
solutions for a transformative adaptation were developed (Horcea-Milcu et al., 2022; Lang et al., 
2012). Thus, a transdisciplinary research approachwas required, which, as summarised by Brandt et al. 
(2013, p. 1), “includes multiple scientific disciplines (interdisciplinarity) focusing on shared problems 
and the active input of practitioners from outside academia”. 

1.5. Knowledge gap 
In short to work towards a successful FF project at Zuylestein three components needed investigation. 
Firstly, FFprojects are limited by the ecological conditions. Factors such as soil quality, available wa-
ter, and the local climate, including the climate change pressures and the surrounding ecosystem affect 
what plants can and willthrive in the area (Crawford, 2016; Jacke & Toensmeier, 2005b). This limits 
potential food production, environmental services, socio-cultural services, and income opportuni-
ties.Addressing the knowledge gap of ecological conditions set the baseline of what a FF can look like 
and achieve.Secondly, benefits, services and income opportunities can vary strongly depending on the 
design for the FFin the context of a SES. Further,trade-offs exist between services.To be able to plan 
and make decisions, the knowledge gap of what benefits, services and income streams are possibleat 
Zuylestein and how these could be achieved needed to befilled.Thirdly, evaluating the landowner’s 
preferences and priorities was crucial, especially in cases where two services excluded each other. The 
capacities of the landownerregarding development and long-term management also influence what 
was realistic and was an important aspect of the preferences and priorities.These knowledge gaps ad-
dress system, target and transformation knowledge, crucial in transdisciplinary processes for transfor-
mations towards sustainability (Lang et al., 2012). These are explained below.Additionally, the scien-
tific knowledge gap of climate adaptive and sustainable design principles for FFs in temperate regions, 
especially considering economic opportunities, needed addressing. Further, the knowledge gap of how 
a social-ecological transdisciplinary approach contributes to the enabling of a transformative adapta-
tion in form of a FFwas addressed.  

1.6. Research aim 
In this thesis, sustainable design principles for a FF in the SES of the Zuylestein estate were developed 
in a transdisciplinary process. The aim was to therewith aid a transformative adaptation with ideally 
long-lasting positive effects for the estate, the landowner, the community, and nature around. This was 
done by considering both social and ecological factors and their interplay, to develop a realistic plan 
and a long-term vision. Constraints and needs of the SES informed a favoured design. The transdisci-
plinary methods considered the primary viewpoints and objectives of the key parties involved, thus the 
social side. A focus was put on the ecological side of the project since this is the basis to the provision 
of any FF services. This is highlighted by the starting point of the project being the destruction of the 
local ecosystem because it was not adapted to climate change effects and theclimate vulnerability of 
all land types in the Heuvelrug.To add to the scientific literature on FF, general sustainable design 
principles for climate adaptive FFs were abstracted and the transdisciplinary method reflected. The 
following questions summarise the research aim and address the knowledge gaps:  

RQ:  What are sustainable design principles for a climate adaptive food forest in the social-
ecological system of the Zuylestein estate within the Utrechtse Heuvelrug National Park?
   

SQ1: What is thesocial-ecologicalcontext of the site at Zuylestein? 

SQ2:  What are the potentialproductional, environmental and social-cultural services 
and functions a food forest can provide in the rural and temperate context of the 
Zuylestein estate? 
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SQ3:  What are promising business models in terms of revenue generation and risk dis-
tribution? 

SQ4:  What are key stakeholder’s desired scenarios for a Food Forest at Zuylestein and 
what are potential design pathways to reach those scenarios? 

SQ1 covers the necessary evaluation of the SES, its constraintsbut also needs and opportunities. SQ2 
resulted in an overview of what FFs can achieve already considering the estates situation. Insight into 
business opportunitiesare includedwith SQ3. The key stakeholder’s perspectivesand goals werecon-
sideredthroughout the process and their input guided the research focus (SQ4). This ensured real-
world applicability. 

The following chapter contains a practical definition andgeneral principles of FFs in rural and temper-
ate regions andan overview of FFs in the Netherlands.Typologies of FFs are explored to showthe mul-
titude of factors and choices that make each FF unique.As the focus of the thesis is the ecological 
component, a theory section on the influence of local conditions such as soil texture, organic matter 
content and pH is explained to contextualise the results. In the methods, the approach of this transdis-
ciplinary project is explained followed by data collection and analysis. The results are presented after, 
following the SQ order and then discussed.  

2. Background 
 

2.1. Food forests 
FFs, also named forest gardens, are a specific form of agroforestry. This isan approach to agriculture 
where trees and shrubs are intentionally integrated with plants for food production or pasture systems 
(Coleman et al., 2022; FAO, 2018; Hart, 1996; Jose et al., 2022; Munsell et al., 2022). Food forestry at 
small scale has been practised by Indigenous communities for many millennia (Ford & Nigh, 2009; 
Torralba et al., 2016). In recent decades, FFs have become more wide spread in temperate regions as 
an alternative to monocultural food production (Albrecht & Wiek, 2021b; Björklund et al., 2019; Jose 
et al., 2022; Torralba et al., 2016). Perennial plants, vegetables, legumes, herbs and nuts are grown. 
These mainly provide food but also medicine or building materials (Albrecht & Wiek, 2021a). In the 
Netherlands, many FFs exist, starting in 2009 with Voedselbos Ketelbroek. This was inspired by Mar-
tin Crawford who started his forest garden in the UK in 1994 (Albrecht & Wiek, 2021b; Crawford, 
2016).From 2018 until 2021 the project GreendealVoedselbossen was active in the Netherlands, bring-
ing together participants from government organizations, non-profits, researchers, and professionals 
which shows the national interest in alternative forms of agriculture. The afterwards created Stichting 
Voedselbosbouw (2023a) provides an overview of 78 FF projects in the Netherlands on their website. 

The guiding principle of FFs is permaculture. The term was defined in the 1970s as an “integrated, 
evolving system of perennial or self-perpetuating plant and animal species useful to man” (Holmgren, 
2012, p. 3). FFs are commonly structured into seven layers. They start at the top with the canopy layer 
and reach until the root layer as depicted in Figure 1. 
Enabled by this structure, a FF includes mainly peren-
nial crops using sunlight, water, and nutrients effi-
ciently (Jacke & Toensmeier, 2005a; Nytofte & Henrik-

sen, 2019; Wiersum, 2004). For temperate regions, 
Albrecht and Wiek’s FF definition is most suitable: “a 
coherent, multistrata space with a majority of edible 
perennial plants, a minimum size of 1 acre (~0.5 ha), 
and 10% canopy cover to provide forest-like ecosystem 
services and significant food production.” (2021b, p. 

Figure 4 

The 7 layers of a food forest by Graham 
Burnet (via Wikimedia Commons) 
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184). Stichting Voedselbosbouw describes FFs to be human designed, self-fertile, with high biodiver-
sity that supplies humans with food, mainly from crown perennial trees, in addition to high soil quality 
and soil life (Buiter, 2022).  

2.2. General ecologicalfood forest principles 
FFs provision humans in ways that promote regeneration, suit the local conditions, and withstand chal-
lenges like environmental and biological pressures (Wartman et al., 2018). They make use of natural 
processes that occur in forests. Most importantly, the soil of FFs stays undisturbed. Without tilling and 
fertilisation, the soil in FFs it can regenerate and accumulate soil organic matter (SOM) which has 
long lasting benefits for the area (Park et al., 2018). The soil can then host a functioning net of my-
corrhizawhich distribute nutrients and water (Crawford, 2016). This leads on the one hand to a closed 
nutrient cycle and therefore self-fertility. This is enhanced by focussing on perennial species and leav-
ing biomass in the system to decompose and release nutrients (Belcher et al., 2005).Tree roots can 
access and share nutrients from deep in the ground, benefitting the whole system (Lehmann et al., 
2019).On the other hand, the undisturbed soils in combination with perennial species support an en-
hanced water cycle. SOM increases soil water holding capacity and thus water availability to plant 
roots (Lal, 2020).Transpiring and evaporating water is further kept in the system by the canopy which 
also intercepts precipitation, reducing soil erosion (Jacke & Toensmeier, 2005b). Ground cover vegeta-
tion increases surface roughness, slows down water on the surfaceand reduces evaporation. In combi-
nation with improved infiltration capacity through SOM, the water infiltrates rather than running off 
(Collentine & Futter, 2018). FFs are highly productive systems. Fertile and moist soils facilitate 
healthy and fast plant growth (Dawson & Smith, 2007).A micro-climate is created as, the canopy leads 
to more warmth being kept in the system in winter by insulating and cooling in summer by shading. 
Trees and hedges buffer against strong and cold winds (Crawford, 2016). Fostered beneficial relation-
ships between plants enhance growth following permaculture ideals. Plants that repel pests, fix nitro-
gen into the ground are included to benefit the whole system(Schafer et al., 2019). High productivity is 
further ensured by exploiting the different niches offered through the multistrata concept (Björklund et 
al., 2019). This created biodiversity also offers diverse habitats for pollinators and other animals. Re-
garding FF development, guided succession is an important principle. Succession in natural ecosys-
tems describes the development or recovery of the local flora and fauna after disturbance such as for-
est fires (Young, 2017). This is mimicked when a site is developed into a FF, e.g. by integrating plants 
that utilise the amount of light available before trees grow large enough to provide shade. This enables 
productivity and biodiversity while the system develops (Breidenbach et al., 2017). Succession is 
guided through planting, watering preferred plants, weeding and mulching (Park et al., 2018). 
 

2.3. Uniqueness and purposes 
Apart from the main principles,in practise FFs are unique andsuited the local conditions (Pilgrim et al., 
2018). Theyhave different priorities, mainly determined by the landowner’s or manager’s needs and 
interests. Stichting Voedselbosbouw differentiates FFs by the main service they provide (Voedseluit 
het bos, 2022c). InExperienceFFs,encounters with nature, a space for gatherings and activitiesare pos-
sible, which means they must be diverse and interesting.Biodiversity FFs mainly support and increase 
local biodiversity.Plant choices and layout need to be suited for this and disturbance through visitors 
reduced. Gastronomy FFs focus on supplying restaurants with interesting produce that is in demand. 
Lastly, ProductionFFs are meant to provide wood and food at a large scale. The last two types need to 
be easily accessible for harvesting while the plant choices differ according to the business model. In 
their master thesis on FF business models in the Netherlands, van Gent(2019) developed four arche-
types after the exploration of 14 FFs in the Netherlands. FFs can be publicly accessible or private. The 
latter enabling higher production as the system stays undisturbed. Two FF design types can be dis-
cerned in practise. Romantic FFs are characterized by high biodiversity with many edible plants for 
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foraging.The rational FFhas well-defined paths and less species variety. The romantic-
publicRecreational FF archetype serves the community as a space for recreation, workshops, commu-
nity building and nature connection. These usually depend on volunteers and funding from the outside. 
Public-rationalCommunalFFs provide community benefits and produce food. Therefore, they can be-
come economically independent. Private-romantic ExperimentalFFs include many species where re-
search and experiments are conducted. ProductionalFFs, being private-rational, focus on food and 
other products and try to find costumers for these fast. FFs further differ as they are in different suc-
cession stages depending on age and starting conditions, have different sizes and local infrastructure. 

2.4. Ecology theory 
Water availability is the most important boundary and determinator of terrestrial plant growth and a 
main concern at Zuylestein due to past, and most likely future, water stress (Chapin et al., 2011). The 
quality of the soil can be defined as: “The capacity of a soil to function within ecosystem boundaries 
to sustain biological productivity, maintain environmental quality, and promote plant and animal 
health.” (Doran & Parkin, 1994, p. 7). This is thus crucial to consider for the FF project. This section 
explains the processes underlying the described general principles. The commonly used differentiation 
of soil health components into physical, biological and chemical is followed(Bünemann et al., 2018). 

2.4.1. Physical 
The physical properties of the soil are of interest due to their influence on how much water is available 
to plants. Plant available water in the primary root zone up to 20 cm is crucial especially in the begin-
ning years of the FF (Lerch, 1972). Deep rooting perennials do not reach deeper in the beginning 
stages either. Deeper, the capillary water layer from the groundwater table can become a water source. 
Soil texture including porosity, compaction and infiltration capacity are often considered indicators as 
they affect the soils water holding capacity(Bünemann et al., 2018; Sabareeshwari et al., 2018).How 
much of the water is retained in the soil depends on how porous and compacted the soil is. Space be-
tween ground particles are relevant as very dense grounds do not provide space for water accumulation 
which is available to plants (Allen et al., 2011). In porous grounds, such as sand, water quickly drains 
downward (Lerch, 1972). Present organic matter increases water holding capacity(Lal, 2020). 

2.4.2. Biological 
The biological or biogeochemical component includes the carbon to nitrogen ratio and SOM, which 
give an important indication of nutrient cycling as well as water holding capacity(Allen et al., 2011; 
Ehrenfeld et al., 2005). Carbon is crucial for chemical and biological processes in the soil and the re-
lease of nutrients as it feeds soil organisms. Soil organic carbon (SOC) in particular is the basis for 
water holding capacity, stability and nutrient cycling (Margesin& Schinner, 2005; Runhaar et al., 
2010; Trivedi et al., 2018). Managing SOC properly is crucial for sustainable agriculture whilealso 
storing carbon(Allen et al., 2011; Raza et al., 2021).The CN ratio is measure of the biodegradability of 
organic substances and is thus an important insight into soil fertility (Lou et al., 2012).Biodegradation 
results in SOM plus sets nutrients free (Allen et al., 2011). For microorganisms to process the litter 
most efficiently, a ratio of 24:1 is ideal as this allows them to maintain their inherent ratio of 8:1 as 
they process the carbon and respirate (USDA, 2011). If the ratio is too high microbes immobilise ni-
trogen, making it unavailable to plants. 

SOM denotes theportion of the soil made up of plant, animal, and microbial remains at various de-
composition stages, plus durable humus (Nelson & Sommers, 1996). It is comprised of roughly 58% 
SOC (Trivedi et al., 2018). Water can be retained better and made available to vegetation if SOM is 
high (Wosten et al., 2019). Increasing the amount of organic matter in the soil leads to improved soil 
structure, resulting in enhanced infiltration capacity and reduced surface runoff. This has apositive 
impact on water retention and has the potential to decrease peak discharges (Wosten et al., 2019). To 
give an indication of the impact of SOM content, according to Wosten et al. (2019), if the ground is 
mainly composed of sand and SOM below 1%, every percent increase will lead to 3-4 mm of more 
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water that can be used by plants in the root zone. If the SOM content is already above 3% every per-
cental increase leads to 1mm more available water. SOM also makes the ground softer, which facili-
tates root growth (ibid.). 

2.4.3. Chemical 
Chemical properties such as nutrient availabilityand the pH impact conditions for vegetation (Allen et 
al., 2011; Bünemann et al., 2018). Nitrogen and Phosphorus are the key limiting nutrients for plant 
growth and yield (Guignard et al., 2017). Phosphorus is a finite resource that in a FF cannot be influ-
enced4.Nitrogen however can be fixed by plants from the air, especially by legumes. It is then also 
available to other plants and organisms. pH designates the concentration of hydrons (H+) with high 
concentration meaning an acidic environment. The pH of the soil is a crucial factor for soil health and 
has many effects which are scientifically still highly contested(Hartemink& Barrow, 2023). Important 
here is, that the acidification of soilsleads to a dissolution of carbonates5, a buffering mechanism as H+ 
is bound (Raza et al., 2021). Soil inorganic carbon (SIC) mainly consists of carbonate minerals (Nel-
son & Sommers, 1996). Jin et al. (2018) found a strong positive correlation between pH and SIC con-
tent in soils. Precipitation further leads to a dissolution of carbonates, decreasing SIC. Below a pH of 
6.5 carbonates are no longer present and other buffering mechanisms occur, which are however much 
less efficient in absorbing hydrons. Acidification processesaccelerate in higher temperatures, thus 
through climate change (Raza et al., 2021). In acidic soils (below 5.5), most important nutrients,such 
as nitrogen are less available to plants. Phosphorus is an exception which is soluble and then easier 
available to plants (Penn &Camberato, 2019).  

2.4.4. Groundwater 
As well as the soil water holding capacity, maximum and minimum groundwater levels affect the local 
vegetation growth and which species thrive (Runhaar et al., 2010). The most direct influence is the 
moisture provision to plant roots from the capillary layer above the groundwater layer if this is not too 
low(Brolsma &Bierkens, 2007).The more porous the ground, the lower capillary capacity becomes. In 
coarse sand the capillary rise is up to 50 cm, in fine and loamy sand it can be more than 100cm (Lerch, 
1972; Runhaar et al., 2010). Roots will not grow into the groundwater due to the anaerobic conditions 
there (Lerch, 1972). Particularly in fast draining,sandy soils groundwater is a very important water 
source, particularly in dry summers (Runhaar et al., 2010).  

3. Methods 
3.1. Research framework 

The following chapter gives a theoretical overview of the chosen transdisciplinary approach and de-
scribes the types of necessary knowledges generated to contextualise the research approach. Transdis-
ciplinary projects are commonly structured into three phases (Lang et al., 2012). First the sustainabil-
ity problem is identified and structured into a subject of research. This step includes building relation-
ships with the stakeholders and co-developing a research interest(seeProject establishment). The sec-
ond phase of problem analysis denotes the “co-creation of solution-oriented and transferable knowl-
edge” (Brandt et al., 2013, p. 2). In the third phase, the gained knowledge is integrated and condensed 
addressing the sustainability problem, which in this case means informing how a transformative adap-
tation can be facilitated at the estate. Phase one was the basis for this research project and thus under-
lies this piece. The second and third phase are what this thesis contains explicitly.  

To systematically approach the second phase and to make transdisciplinary research more comparable 
through a shared language, system, target and transformation knowledgewere discerned and structure 

                                                           
4In contrast to industrialagriculture, whereminedphosphateis used asfertiliser(Guignard et al., 2017) 
5ForthechemicalreactioncompareFigure 3 in Raza et al. (2021) 
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the following chapters (Brandt et al., 2013). System knowledge designates observations of the SES of 
interest to comprehend the environmental factors and actors involved.This knowledge enables the 
conceptual co-development of a target state that addresses the sustainability problem and thus consti-
tutes the target knowledge. Transformation knowledge designates the exploration of what is necessary 
to enable and aid the transformative adaptation in the form of a FF development. Uncertainties and 
their associated risks and potentials must be considered to maintain feasibility. These knowledge types 
are then reintegrated and applied to the scientific and real-world context in the third phase (ibid.; 
Horcea-Milcu et al., 2022). To gain system knowledge, the ecological context was assessed by investi-
gating mainlythe soil conditions including pH and water availability as well as the local weather in-
cluding climate change (SQ1). The social context was mainly integrated in an explorative way through 
exchange with the landowner (SQ1, part of SQ4). For acquiring target knowledge, possibilities of FFs 
were investigated, the results from the previous steps integrated and contextualised with literature 
(SQ2 and SQ3). This was further informed through explorative visits to established FFs in the Nether-
lands. The landowner’slong-term vision and the development priorities were systematically assessed in 
a scenario workshop also resulting in target as well transformational knowledge (part of SQ4). Figure 
5 summarises this approach. 

Figure 5 

Research framework 

 

Note. The three key knowledge types identified by Lang to bring about social ecological transformation provide 
the core of the research framework. The methods applied to derive these different knowledge types are indicated 
in green and each knowledge contributes to answering one or more of the RQs as indicated by the arrows. 

 

Multiple methods were applied to acquire the different knowledge types. This is common in transdis-
ciplinary projects, especially in application to SESs (Brandt et al., 2013; Janssen et al., 2006). In addi-
tion to the main relations represented in Figure 5continuous exchange with the landowner, the FF vis-
its and literature research shaped the process as more aspects and priorities were discovered. System 
knowledge further is the basis to gain target knowledge as it discloses constraints of the target system. 
An iterative process and continuous flexibility were crucial (Brandt et al., 2013; Norström et al., 
2020).Addressing the sub questions by considering the different knowledge types lead to design prin-
ciples that were specifically suited to the landowners transformative adaptation goal. Further, transfer-
able design principles were abstracted to add to the scientific knowledge on agroecological projects 
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and climate adaptive FFs in temperate regions. The following sub-chapters describe the methods in 
detail.  

 

3.2. Data collection and analysis 
 

3.2.1. Project establishment 
After meeting the landowner for the first time and hearing about the idea to develop a FF at 
Zuylestein, the estate was visited multiple times. In conversations with the landowner a research inter-
est was jointly developed. This was written down in multiple proposals and shared with them.  

3.2.2. Ecological site assessment 
Like natural ecosystems, FFs should be adapted to the site’s conditions.Only FF relevant elements that 
were mentioned in scientific literature or handbook resources were considered. Further, only data that 
could be compared to other available data points or available classification and interpretation on what 
effects thesecan have, were evaluated. Lastly, a limiting factor was lab access which prohibited e.g., 
the analysis of the microorganisms present in the soil. Biodiversityis not a limiting factor to FF devel-
opmentand was not included here (Jacke & Toensmeier, 2005a). Instead, it was assessed on the side 
using earthwatch methods and entered in their database. Being an easily replicable method, it enables 
future regular assessments to track progress as this is an important goal for the landowner and might 
be important for future income opportunities. 

Sample selection 
For the field methods, a stratified sampling approach was chosen to explore the length of the area, 
since not much information on hydrology and soil texture was available beforehand. In this way, the 
area close to the remaining forest (see Figure 6, plot 1) but also close to the water catchment (plot 4) 
were included and differences could be assessed. Further, the site in this direction has a height differ-
ence of circa 5 meters and potential effects of this were therefore included. Along the transect, in 4 
locations plots of 5x5m were measured in which samples were taken.Depending on the accessibility 
due to vegetation and leftover wood, the plots were created on the left or right side of the transect. The 
field work was conducted on the 28th of April 2023 in rainy conditions. 
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Figure 6 

Sample plots at the Sterrenbos site 

 

Note. Plots and transect in pink in ArcGIS Image using AHN4 Digital surface map with 50cm resolution show-
ing the height of all elements in relation to sea level. 

Soil fertility: C & N assessment 
To analyse Carbon and Nitrogen content,10 samples were taken in a random zig zag patternin each 
plot. This was done for 0-10cm and again for 10-30cm with an auger. Most organic matter is found in 
the topsoil (30cm) of the ground, which is also the main rooting zone. According to the IPCC stan-
dards and FAO guidelines 0-30cm depth are appropriate (Conijn&Lesschen, 2015; FAO, 2019). Lower 
SOC is less subject to change und thus not as likely to increase through management practices (FAO, 
2019). The samples were combined per depth and plot to form a bulk sample, thus avoiding the possi-
bility of an extreme value result (FAO, 2019). Of both composites some soil was taken for lab analy-
sis. The soil was dried in a Binder ED53 and ground in a Herzog HP-MA to increase homogeneity of 
the sample (Nelson & Sommers, 1996).A CN ratio analysis was done in the stable isotope lab of the 
UU using the Thermo Scientific Elemental AnalyserIsolink CN with the common Dumas combustion 
configuration.  

Soil organic matter 
In acidic soils SIC can be extremely low. For simplicity thus total carbon here is assumed to be equal 
to SOC. By multiplying this with the van Bemmelen conversion factor 1.724 the value for SOM was 
derived. This is an approximation but delivers a reasonable result (Heaton et al., 2016) 

Soil pH, texture, compaction and infiltration 
From the 0-10 cm composite a small amount was taken for the pH assessment from each plot. A com-
mercially available pH test kit was used to estimate the soil pH level. The soil texture assessment was 
conducted through applying a methodology used and developed by earthwatch for tiny forests (earth-

Plot 1 

Plot 2

Plot 3

Plot 4 

N 
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watch Europe, 2023b). The tool was made to be easy to use for people including school children. This 
simplicity is conducive for long-term monitoring and is focussed on forest ecosystems, enabling com-
parison. The soil texture was assessed by shaping a handful of the composites at each plot, testing how 
well they could be formedwithout falling apart using the earthwatch resources for comparison. Texture 
indicates the proportion of the typical particles clay, silt or sand which is an important indicator for 
how fast the soil drains (Kettler et al., 2001).For further detailed information, 36 m deep borehole data 
from DINOloket from 1988 was considered (de Vries et al., 2017; DINOloket, 2023). The location 
wasat the southwest end of the Sterrenbos (compare Figure 12 in Appendix F). Soil compaction was 
evaluated by using a penetrometer pushed into the soil at each plot (expressed in kg/cm2) (earthwatch 
Europe, 2023b). Compaction and soil texture together indicate soil permeability for roots and wa-
ter(Sabareeshwari et al., 2018). Water infiltration was then evaluated through an earthwatch method by 
pouring 450 ml water in a 30 cm diameter tube planted in the soil and measuring the time necessary 
for infiltration at each plot.  

Groundwater 
The groundwater table was investigatedutilising a permanently installed measure close to the site. 
Next to the water in the soil, the groundwater can be an important water source for plants (Runhaar et 
al., 2010). The data of this station was sourced from DINOloket (2023).  

3.2.3. Interviews 
To grasp the social context of the project, a semi-structure interview with the landownerwas conducted 
at the end of April 2023 (Adams, 2015). This had the purpose to gain insights into how the estate func-
tions, the goals and ideas for its future and its network as well as where and how products are distrib-
uted. Due to the time constraints of the landowner only one interview, next to casual exchange, could 
be conducted. 

3.2.4. Literature review 
FFs are scientifically still understudied due to their heterogeneity,complexity and novelty (Björklund 
et al., 2019).However, student project reports and thesis projects provide valuable insights on FF pro-
jects. Many case studies are systematically described in books and articles but have not gone through 
the peer-review cycle (Wartman et al., 2018). Handbooks by experts and FF owners further offer guid-
ance and knowledge on FF ecology and practical development (Albrecht & Wiek, 2021b). This avail-
able grey literature andscientific publications were reviewed focussing on FFs in temperate rural re-
gions, their benefits and services and what these depended on. Furthermore, literatureon business op-
portunities was reviewed, which is scarce6. Due to the dependence on the site conditions, if a point 
was related to a specific FF, their basic characteristics are included in the footnotes.Research on other 
forms of intercropping, permaculture and agroforestry systems was not considered. As much as possi-
ble the focus was put on what was expected to be applicable for Zuylestein.  

3.2.5. Ethnographic food forest visits 
To gain insights into existing FFs the qualitative, participatory research method of ethnography was 
used. Observation and interviews wereconducted in natural circumstances to get an in-depth under-
standing of the situation and investigating local actors’ perspectives (Nurani, 2008; Queirós et al., 
2017). Sangaramoorthy and Kroeger (2020) were followed. They designate a rapid ethnographic as-

                                                           
6The business component of FFs is currently being researched in the scientific research project “Van waardenaar 
geld” as part of the TKI research project “‘Wetenschappelijkebodemvormingonder de voedselbosbouw”, a coop-
eration between Wageningen University & Research (WUR), NederlandsInstituut voor Ecologie (NIOO-
KNAW), the Centrum voor Bodemecologie (CSE), Stichting Voedselbosbouw, thehogescholen HAS green acad-
emy and Aeres Almere, and some regions, provinces and water boards, 
https://www.voedselbosbouw.org/nieuws/voedselbossen-van-waarde-naar-geld/ 
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sessment. This aims at providing fast, necessary knowledge for action by focussing the field work well 
and assessing the results from the perspective of multiple disciplines and in the context of other find-
ings. By using this approach, exploring multiple FFs was possible, which avoids the inherent problem 
of ethnography to only produce knowledge about one specific context. Participant observation was 
done by participating as much as possible in the FF. During the participation, casual interviews were 
conducted to further explore aspects of interest (Nurani, 2008). The ways of participation differed 
between the FFs and depended on the caretaker’s needs. Using the GreendealVoedselbossenoverview 
rural FF projects were contacted via e-mail. The deciding factor foravisit was if the caretakers were 
enthusiastic about it. Additionally, they had to be reachable from Utrecht without a car. Lastly, they 
needed to represent different ages, sizes, and purposes to give an insight into the various types de-
scribed above. At FF Binnenbos7a whole day was spent helping the caretaker with planting activities 
and talking about the project. At Den Food Bosch8 a public was joined. At FF Haarzuilens9, a harvest-
ing, organised monthly for the self-harvesting subscribers of the project was joined. After all activities 
conversations were had about their adaptations to the site conditions, to climate change, the benefits, 
and services of their projects and successful or planned business models. In this way, the knowledge 
gaps were addressed also from a non-academic side, relating back to the principles of agroecology and 
transdisciplinary working.The notes taken (see Appendix D) were analysed systematically afterwards 
to extract benefits and services of FFs and transferable knowledge to the Zuylestein context. The ex-
periencescontinually supported reflectivity in the transdisciplinary process (Brandt et al., 2013). The 
consent form can be found in Appendix E. 

3.2.6. Scenario Workshop 
AsFFs are location dependent and unique, no general design or framework could be applied to 
Zuylestein. Instead, starting from the SES context, of which the landowner has the best knowledge, in 
combination with their priorities a vision for a FF needed to be created. For this purpose, a workshop 
with the landowner and the estate’s advisor10 was held towards the end of the project when the results 
of the previously described methods had been collected.The role of the scientist was to be a source of 
information and knowledge that can be activated (Henrichs et al., 2010).Here, additionally the role of 
discussion facilitator was taken on. Gained knowledge was actively applied if trade-offs between pri-
orities or goals were noticed. 

The “scenario-axes technique” (van Vliet & Kok, 2013, p. 3) provided a frame to systematically ap-
proach alternative future scenarios. Here, different FF typologies were mapped onto scenario axes. 
The workshop participants set priorities and mapped the FF on the axes. In this way a focus could be 
put on “key unknowns” (Pereira et al., 2018, p. 4).Building on this, a desired long-term normative 
scenario of the FF in 30 years was jointly developed. A scenario is an outline of a realistic future 
which takes into account external and internal drivers and uncertainties and shows their effects (Hen-
richs et al., 2010; van Vliet & Kok, 2013).The participants were motivated to create an engaging story 
for the FF. Motivational and ambitious narratives play pivotal roles in facilitating the transition to-
wards sustainability (Pereira et al., 2018).In contrast to exploratory scenarios the focus did not lie on 
evaluating what could be possible but on what was wanted (van Vliet & Kok, 2013). Thereafter, with 
an interactivebackcasting approach, important milestones, hurdles, and necessary interventions were 
identified. To help the discussion, guiding questions were asked for each time step. The approach, as 
                                                           
7Binnenbos: ca. 4 ha, Langbroek (Heuvelrug), Started in November 2021, mostly clay ground(K. Biesemans-
Hoogewijs, personal communication, 29 March 2023) 
8 Den food bosch: 0,8 ha, Sint Michielgestel near s’Hertogenbosch, since winter 2017/18, design follows 
ErnstGötsch’s concept of syntropic farming(M. Lokin & M. Ramaker, personal communication, 1 April 2023) 
9Haarzuilens, 5 ha, since 2015, south-west of Utrecht, heavy clay ground(J. Degenaar & M. Schrama, personal 
communication, 20 May 2023) 
10 The landowner was given the choice to invite stakeholders they deemed useful to participate in this workshop 
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discussed in van de Kerkhof (2006), enables the derivation of a way to a desired future instead of 
planning for a realistic one which might come short to what would be possible. It further facilitates a 
productive discussion as in general thinking about the future includes an overwhelming amount of 
uncertainties which are already limited through the scenario.The workshop enabled sharing knowledge 
gained on the different realisations of FFs and the associated benefits and trade-offs as well as the 
results of the ecological site analysis with the stakeholders. It aimed to make the FF vision more tangi-
ble, narrow down realistic goals and encourage decision-making (Henrichs et al., 2010). 

 

4. Results 
 

4.1. The ecological context of the site 
 

4.1.1. Soil Fertility: Carbon, nitrogenand SOM 
The vegetation differed in all locations, starting with moss cover in Plot 1, bare soil with bushes grow-
ing in Plot 2, Plot 3 with sturdy grass and plot 4mostly bare as shown in the images below. 

Figure 7 

Plot fotos with local vegetation, taken on 28th April 2023 

 

The components for soil fertility are represented inTable 1per plot and for each depth. N%and C% val-
ues resulted directly from the CN analysis. The ratio was calculated by multiplying both values with 
the N-Coefficient to result in N=1. As the pH results were very acidic, one test was also done with 
regular potting soil to test the pH measuring kit. As that sample turned out blue (neutral pH), the kit 
seemed to work properly. 
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Table 1 

Soil analysis results for soil fertility indicators, including the percentage of total carbon and nitrogen, the calcu-
lated CN ratio using the N-Coefficient, given per plot and per depth. 

Sample 
Location & 

depth 
%N %C=SOC 

N 
Coefficient 

C:N 
Ratio pH result and photo of test 

sample 
C N 

1.1 
Plot 1:  
0-10 cm 

0.36 8.01 2.75 22.07 1 
Ca. 4 

 
1.2 

Plot 1:  
10-30 cm 

0.10 0.85 10.27 8.72 1 

2.1 
Plot 2:  
0-10 cm 

0.45 9.75 2.21 21.54 1 
Ca. 4 

 2.2 
Plot 2:  
10-30 cm 

0.20 3.42 5.04 17.24 1 

3.1 
Plot 3:  
0-10 cm 

0.51 10.94 1.96 21.42 1 
Ca. 4 

 
3.2 

Plot 3:  
10-30 cm 

0.14 2.02 7.13 14.37 1 

4.1 
Plot 4:  
0-10 cm 

0.30 6.85 3.30 22.62 1 
Ca. 4 

 
4.2 

Plot 4:  
10-30 cm 0.08 0.47 11.85 5.53 1 

 

4.1.2. Water availability 
Table 2 below presents the soil type found at the plots per depth.In all four plots the 0-10 cm depthwas 
loamy sand, meaning the handful of soil could be formed into a ball. Below (10-30 cm) this was not 
possible as only sand was found. Further, the infiltration time for 450 ml water and compaction meas-
ured is given for each plot. The proportion of SOM resulted from multiplying carbon contents from  
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Table 1 which are assumed to equal SOC with the van Bemmelen factor for each plot and depth.  

  



 

Table 2 

Soil analysis results for water availability
tion per plot and per depth. 

Sample 
Location & 

depth 
Soil texture

1.1 
Plot 1: 
0-10 cm 

Loamy sand

1.2 
Plot 1: 
10-30 cm 

Sand

2.1 
Plot 2: 
0-10 cm 

Loamy sand

2.2 
Plot 2: 
10-30 cm 

Sand

3.1 
Plot 3: 
0-10 cm 

Loamy sand

3.2 
Plot 3: 
10-30 cm 

Sand

4.1 
Plot 4: 
0-10 cm 

Loamy sand

4.2 
Plot 4: 
10-30 cm 

Sand

 

The ground consists mostly of fine sand 
ters and 29-31 meters deep. See the right column (“Lithologie”) in 
depth the sand becomes coarser. 

Figure 8 

Bore hole profile at Sterrnebos Zuylestein (DINOloket, 2023)

Note: Legend explanation for theleft column
sand deposition from the last glacial period; 
Pleistocene and Early Holocene; Orange: Formatie van Waalre 
Late Pliocene to the Early Pleistocene
sand; Medium yellow: medium coarse sand; 

                                                           
11Compare nomenclator: https://www.dinoloket.nl/stratigrafische

for water availability indicator, including soil texture, SOM, infiltration time and compa

Soil texture 
%SOM 

(=SOC*1,724) 
Infiltration time 

(in minutes) 
Compaction
(in kg/cm2)

Loamy sand 13.82 
4:36 

Sand 1.46 

Loamy sand 16.82 
3:52 

Sand 5.90 

Loamy sand 18.86 
3:47 

Sand 3.47 

Loamy sand 11.81 
7:59 

Sand 0.80 

mostly of fine sand interchanged with coarse sand and clay layers at 21.5
31 meters deep. See the right column (“Lithologie”) in Figure 8 below for details.

 

Bore hole profile at Sterrnebos Zuylestein (DINOloket, 2023) 

 

left column.Yellow:Formatie van Boxtel, Laagpakket van Wierden 
sand deposition from the last glacial period; Purple: Formatie van Kreftenheye – sand and gravel from Late 

range: Formatie van Waalre – sand and clay deposition from the Rhine in the 
the Early Pleistocene.11Legend explanation for right column. Green: clay; 

yellow: medium coarse sand; Dark yellow: coarse sand. 

                   
https://www.dinoloket.nl/stratigrafische-nomenclator/formatie-van
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texture, SOM, infiltration time and compac-

Compaction 
in kg/cm2) 

2.3 

1.8 

1.5 

1.6 

clay layers at 21.5-22 me-
below for details. With 

van Wierden – meaning 
sand and gravel from Late 

sand and clay deposition from the Rhine in the 
reen: clay; Light yellow: fine 

van-kreftenheye 
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4.1.3. Groundwater levels at Zuylestein 
At the location in the southwest of the Sterrenbos, a filter was placed which has been measuring the 
groundwater levels since 1989 until October of 2020 (GDN, 2023). Due to data gaps, here the data 
from 2007 until 2020 was used (see Figure 9 below). 

Figure 9 

Depth of Groundwater level 

 

year 

Note.Y-axis indicates the depth meaning the distance in cm from the surface, 2007-2020(own representation) 
(GDN, 2023). 

The minimum water level was recorded at 147 cm under the surface in August 201812. The maximum 
of 52 cm deep underground was recorded in January 201113. The median and average value lie close 
together at 98 and 99 cm depth respectively14. In general, the groundwater fluctuates in a pattern. It is 
highest at the end of winter (around March) and lowest at the end of summer (around September). 
This, as described above, is not due to less precipitation falling but due to more evapotranspiration 
which prevents groundwater recharge. The 10 and 90 percientel of groundwater measurements equal 
to 122 and 81 cm underground respectively. 

4.2. The social context of the site 
4.2.1. The estate and its network 

There is already a variety of agricultural activities at the Zuylestein estate. Vegetables are grown, bread 
is made with locally grown cereal and meat from pigs which rotate on small areas in the forest and on 
the Sterrenbos site is produced. Products are distributed through the small shop on the estate on the 
weekends.The building includes a kitchen. In the vegetable garden they also have an area with herbs 
and flowers that customers are allowed to harvest themselves, which works very well. Zuylestein al-
ready delivers produce to six restaurants in the area, with another one in discussion. They are all 
higher-end restaurants with focus on local and seasonal produce.One of them has a green Michelin 
star. A cooperation exists with a voedsel collective15 in Utrecht for vegetables. Volunteers are engaged 
in the food production process and general nature-management at the estate. The main decision maker 

                                                           
12 This is sometimes expressed the other way around, counting from the NormaalAmsterdams Peil (NAP). The 
local surface level is 609 cm above NAP. The groundwater level corresponding to 147 cm under the surface is 
then 462 cm above NAP. 
13557 cm above NAP 
14511 and 510 cm above NAP 
15Members subscribe to local farms and receive produce in a set rhythm (e.g. weekly), compare e.g. VoKo 
Utrecht 
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on the estate is the landowner whose family has owned the estate for many centuries (J. de Brauwere, 
personal communication, 28 April 2023).  

4.2.2. The Sterrenbos as a Rijksmonument 
The Sterrenbos used to be a hunting forest. Since the estate is registered as a historical landmark 
(“Rijksmonument”), the landowner cannot freely choose the use of the estate. The forested are that 
was destroyed needs to be reforested, creating a full canopy again. As an additional constraint, exclu-
sively endemic species can be used. A FF could recreate the imagery of the hunting forest but harvest-
ing would replace hunting (J. de Brauwere, personal communication, 28 April 2023). Previously the 
forest consisted mainly of beeches and oaks. These need to be replanted which is already in planning. 
Beeches will be planted along the star-formed paths. The destroyed area will be reforested with elm 
trees, linden, beech, oak, rowanberry, sweet chestnut, elder and hazelnut (compare map in Appendix 
A). For this the regrown vegetation since the storm will be completely removed.  

4.3. Benefits and services of food forests 
In the following sub chapters potential benefits and services of FFs will be presented to explore what 
aFF could contribute to Zuylestein. The literature review is structured into production, focussing on 
food provision, socio-cultural and ecological benefits,and, building upon these, the economic opportu-
nities.   
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Table 3 at the end of this chapter summarises the results.  

4.3.1. Production 
Björklund et al. (2019) explored the potential of food provision in 12 experimental FF projects with 
farmers in Sweden16. They were able to harvest salad ingredients over most of the year as the forest 
included so much variety in leaves, herbs and traditional salad greens and different growing seasons, 
extending harvesting opportunities. As the FF matures this can be exploited more and more.Also, a 
variety of seeds, nuts and fruit provided proteins and carbohydrates. Including a variety of berries 
makes it easy to cover human vitamin and mineral requirements. From leaves, flowers and berries teas 
could be made. Nytofte and Henriksen (2019) provide the only detailed scientific exploration of how 
much nutritional yield could result from a temperate FF. They investigated the Garden Cottage FF in 
Scotland17. The FF grows annual and perennial species producing fruits, vegetables, mushrooms, herbs 
and nuts. Per year the FF generates 713 kg of produce, per hectare that would mean 8913 kg. Most of 
this weight comes from perennial fruits such as apples and cherries (53%), nuts contributed only 1%. 
According to their nutritional analysis the FF produces “9868 g protein, 8394 g fat and 85627 g carbo-
hydrates” (Nytofte & Henriksen, 2019, p. 4) per year. Proportionally fats and proteins are underrepre-
sented which stresses the importance of including crops such as nut species. From the 0.08 ha FF, 5 
people could be provided the recommended amount of vegetables and fruits by the WHO. However, 
this waives requirements for protein and fat intake and for diversity in food, as much harvest comes 
from single species such as apples.  

At Ketelbroek18products from perennial trees dominate production, resulting in mostly flowers, fruits 
and leaves. The creator, van Eck, stresses in an interview that yield estimations are very difficult as 
many factors, such as the weather one night or animals can affect the harvest drastically (van Gent, 
2019). Boulestreau and van Eck(2016) theoretically designed a 1ha productive FF and evaluated its 
performance and estimated yield in a student project. Thirteen species were selected according to fac-
tors such as yield, lifespan, market value, compatibility with each other and many more. In this model, 
maximum yield is achieved after 50 years. The overall output of the system grows as it ages, begin-
ning at approximately 0.8 tons and eventually surpassing 8 tons. Fastest growth occurs within the ini-
tial ten years, as the plants reach maturity and begin to produce high yields. The assumed yield in-
crease of the different crops was assumed to be linear between smallest and maximum yield. Naturally, 
the chosen plant species play a role here too. Nonetheless, this gives an indication of how much a 1ha 
FF could produce. Significant yields are usually not achieved before trees mature for at least 5 years 
(Pilgrim et al., 2018). According to a student project report that investigated three FFs in the Nether-
lands, production can start after roughly 7 years and highest yields are achieved at 15 years (Nabisubi 
et al., 2020). In a report analysing 33 FFs of different ages in the Netherlands, yields seemed to stead-
ily increase after 3 years (Wendel et al., 2023). 

In some FF food is directly processed into e.g., jams. This makes long lasting products available. 
Other products from FFs can be herbs for medicinal use, plants to be used for crafting such as for dy-
ing clothes, or wood and other materials such as resin for building (Park et al., 2018). FF yields can 
also be used as feed for animals or fuel (Wartman et al., 2018). Further, FF can include a nursery with 
seeds or propagated vegetation which they can use themselves but also offer to costumers (Albrecht & 
Wiek, 2021a). Wood can also be a product coming out of aFF(Björklund et al., 2019).  

                                                           
16Distributed throughout Sweden, 4 years old, each 60m² 
17Garden Cottage FF: Scotland, 0.8 ha, at river side, started in 1991 - at time of study: 26 years old, with 6 years 
of yield data of 99 species) 
18 Ketelbroek: Near Nijmegen (NL), 2.4 ha, 14 years old, minimum maintenance approach, 400 species 
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4.3.2. Social-cultural benefits 

“[T]he forest gardens had become beautiful, harmonious and pedagogic places that they [crea-
tors]highly appreciated being in.”(Björklund et al., 2019, p. 1116) 

 

Community building and connection to heritage 
FFscan contribute to community building by providing a space to discover nature and interact.People 
can meet each other and share an interest and activity by e.g., volunteering (Wendel et al., 
2023).Experts and FF practitioners in North America and the UK stress the opportunities to gain eco-
logical knowledge but also increasing social capacities and learning from each other (Park et al., 
2018). FFs can provide a space for intercultural connection and integration by being a place where 
different people can participate and connect to the landand its history (Pilgrim et al., 2018). The use of 
native species, and the rediscovery of some of them can facilitate a connection of the local community 
to cultural heritage (Park et al., 2018). Depending on the size and concept of the FF, jobs can be cre-
ated for the local community (Park & Higgs, 2018). At the publicly accessible FF Haarzuilens9 people 
with food subscriptions meet and engage as they participate in monthly joint harvesting days (J. De-
genaar & M. Schrama, personal communication, 20 May 2023). 

Recreation 
FFs can be a place of recreation, where people can connect with nature, have an aesthetically pleasing 
surrounding and relax. At Hotel Haferland19, the FF includes a space to sit and enjoy the surroundings 
for the guests of the hotel (Albrecht & Wiek, 2021a; Hotel Haferland, 2023). At Haarzuilens9 people 
can come at any time, enjoy the variety, and taste fruits and herbs. The human nature connection can 
be increased by inviting people to interact with the FF (Park et al., 2018). 

Education 
Education can be provided in the form of workshops, guided tours or advisory services. These can be 
on FF functioning, business models, nature conservation, food production, permacultureor climate 
adaptation strategies (Albrecht & Wiek, 2021a). FFKetelbroek18 offers workshops on FF development 
and guided tours as a main part of their concept(greendealvoedselbossen, 2023).At Den Food 
Bosch8the managers share their knowledge on food forestry and explain the project at a guided tour 
every month (M. Lokin & M. Ramaker, personal communication, 1 April 2023).The visited Binnen-
bos7aims at being an example of agroecological food production to inspire industrial farmers to rethink 
their ways of production (K. Biesemans-Hoogewijs, personal communication, 29 March 2023). Chil-
dren can also learn about their environment in FFs. Hammarsten et al. (2019) found in their experi-
mental study that children interacting with FFs as part of their everyday school lives were showing 
increased ecological literacy. Primary school kids were also found to feel a stronger connection to the 
non-human world, showing that FF excursions can influence children’s relation to their environment 
and introduce sustainability (Almers et al., 2018).By creating opportunities for volunteers, people in 
the area can gain in-depth knowledge on sustainable agriculture and biodiversity (Albrecht & Wiek, 
2021a). 

4.3.3. Environmental services 
Ecosystem services 
FFs provide many ecosystem services. These are products and services provided by ecosystems that 
enable and benefit humans and their well-being (Guerry et al., 2015). Supporting and regulating eco-
system services are inherent to the logic of FFs. Supporting services are the provision of habitats and 
the maintenance of genetic diversity. Regulation is provided through improved air quality, water cycle, 

                                                           
19FF Hotel Haferland, North Germany at the Baltic Ocean, 0.2 ha, older than 10 years 
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erosion prevention and soil fertility, pollination, biological control the function as a carbon sink and 
buffering against extreme weather events (TEEB, 2010). 

Biodiversity and pollination 
Depending on the FF, plant biodiversity can be very high, at Ketelbroek18 around 400 species co-occur 
(greendealvoedselbossen, 2023). This diverse surrounding provides manifold habitatsfor insects and 
other animals (Albrecht & Wiek, 2021a; Breidenbach et al., 2017). Including local varieties of plants 
further adds to genetic biodiversity (Pilgrim et al., 2018).The biodiversity in FFs and the often inten-
tional design to include species that flower at different times of the year, provides food and habitat for 
pollinators (Björklund et al., 2019).These then do not only benefit the FF but also all species around 
by facilitating pollination.Breidenbach et al. (2017) compared the species richness of FF Ketelbroek18 
to a nature protection area close by for pollinators, breeding birds, moths, and ground beetles. While 
different species occurred at the two sites, the number of different species was almost the same, show-
ing that the FF supports biodiversity.  

Resilience and climate adaptation capacity 
Resilience means the capacity to withstand a disruption in the environment without transitioning to a 
different condition and the speed at which it returns to its original state (Scheffer et al., 2012). Ecosys-
tems with high biodiversity are better equipped to withstand environmental disturbances because they 
host a larger variety of species that can step in and fulfil the roles of lost species (Nytofte & Henrik-
sen, 2019; Willis et al., 2018). FFs are thus much more resilient than monocultural systems. The en-
hanced nutrient cycle and water holding capacity, as well as the cooler micro-climate in mature FF 
further add to resilience. Resilience and high biodiversity also meanenhanced capacity for climate 
adaptation (Björklund et al., 2019; Park et al., 2018).FFs can buffer the effect of heatwaves and 
droughts through their cooler micro-climate in summer and water holding capacity of the soil. Storms 
and extreme precipitation have less impact as the canopy intersects precipitation,soil infiltration capac-
ity is high, and run-off and erosion areprohibited (Albrecht & Wiek, 2021a; Jose et al., 2022; Nytofte 
& Henriksen, 2019).Through these mechanisms how often and how strongly floods occur can be re-
duced(Collentine & Futter, 2018). Adaptation to climate change can further be increased through using 
species from different regions that are suited for the conditions developing in the location of the FF 
which is done at the Haarzuilens FF9 (J. Degenaar & M. Schrama, personal communication, 20 May 
2023). Also, for the general warming and irradiation trend, the microclimate and shade of FFs are 
valuable protections (Albrecht & Wiek, 2021a).  

Carbon sequestration 
High productivity and thus biomass creation in perennials creates a carbon sink and thus climate 
change mitigation(Toensmeier, 2016). Particularly young forests that increase fast in biomass seques-
ter much carbon. This is stored in plant material and the soil (Raza et al., 2021). As the soil stays 
mostly undisturbed, little carbon is released into the atmosphere (Dawson & Smith, 2007). Carbon 
sequestration is determined by the ratio of carbon acquired through photosynthesis and the carbon 
released through respiration (Schafer et al., 2019). Schäfer et al. (2019) calculated the carbon seques-
tered in trees that are taller than 2m are more than 2 cm thick at breast height in 2017 at Martin Craw-
fords FF in Devon, UK20using allometric equations. Including the carbon stored underground this re-
sulted in circa 39.53 tonnes per hectare of FF, only in trees. Lehmann et al. (2019) investigated how 
much carbon is stored in the understorey at the same FF in Devon. This is relevant as in temperate 
regions FFs much biomass is included in the understorey as trees provide too much shade. Shrubs and 
small trees with a thickness smaller than 2cm diameter at breast height were considered. Their analysis 
resulted in 2.36 tonnes per hectare carbon storage, including shrubs, shrub-like species, bamboo, small 
trees, and groundcover species.Wendel et al. (2023), estimate that a 30 year old FF can store between 
50 and 150 tonnes C/ha above ground.   

                                                           
20FF Devon: used to be pasture, since1994 (at time of measurement 24 years), 0.64 ha 
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4.4. Economic opportunities 
In a recent review of agroforestry practices in the Netherlands Wigboldus et al. (2022) describe FFs as 
still too young to prove rentability.Comparisons are difficult as size, age, design, plants, and conditions 
varies. In the Netherlands, only FF Ketelbroek18 is economically viable.Recently developed FFs 
Hoogerheide21, Schijndel22 and Welna32by Stichting Voedselbosbouw are the first ones planned includ-
ing a business model (van Gent, 2019). Of 15 FFs in Flanders only twoowners could support them-
selves exclusively through the FFaccording to a master thesis (Daems, 2022).  

4.4.1. Possible Income Streams 
Product sales 
The main stream of income for FFs is to sell the produce. According to Björklund et al. (2019) if a 
forest garden is utilized for commercial harvesting purposes, it is essential to concentrate on a limited 
number of high-value products that can be easily maintained and harvested. Keeping the supply chain 
short and aiming for speciality or premium prices are ways to achieve necessary revenues according to 
a student analysis of two FFs (Doomen et al., 2019). Trust on the locality of the products and a per-
sonal connection to the managers or owner is seen by practitioners to make official certifications such 
as “organic” superfluous (Doomen et al., 2019). The opportunity to harvest through most of the year 
makes continues produce selling possible. Food Processing can be an opportunity to sell higher value 
products, such as jam instead of berries. Products such as tea and creams made with herbs can also be 
a product to sell (Park et al., 2018). One FF in the UK is using the growing interest into medicinal 
plants and herbs to receive a sufficient income (Pilgrim et al., 2018).FF Welna32was planned as a pro-
duction FF and assumed to create a turnover of 10.000€ per hectare per year after 10 years(Stichting 
Voedselbosbouw Nederland, 2018). FF managers in the UK indicated that the types of more wild 
foods can be difficult to sell as people are not used to more bitter and unusual tastes (Pilgrim et al., 
2018). By 2021, which marked 11 years since the initial planting, Ketelbroek's18 net earnings per hec-
tare stood at €3500 from produce sales (Wendel et al., 2023). 

Vegetables, fruits, nuts or herbs can be sold directly to customers. Harvested produce can be sold at the 
FF site. At the FF Café Botanico23 dishes are served seasonally with produce from the FF. At Castle 
Garden Café24, teas and jams are served on location. However, the staff for FF maintenance, food 
processing and serving is more expensive than the revenue streams there (Albrecht & Wiek, 2021a). 
Self-harvesting of consumers can be an option to reduce labour costs. Further, it engages the cos-
tumers more closely with the system. However, costumers need to be educated well on where and how 
to harvest. A certain rational layout is necessary to be able to guide customers according to the initia-
tors of Haarzuilens FF9(J. Degenaar & M. Schrama, personal communication, 20 May 2023). 

Another common strategy is to deliver directly to restaurants. Ketelbroek18supplies a Michelin star 
restaurant close by (Albrecht & Wiek, 2021a). Employees harvest together with the owners at Ketel-
broek and Haarzuilens9 every week (J. Degenaar & M. Schrama, personal communication, 20 May 
2023). In their internship report on FF and restaurant cooperations, van Capellen (2020) stresses that 
successful partnerships are built on direct supplier relationships and offering unique niche products. In 
an internship report about Voedselbos ‘t Mortelke25, Swart (2022) similarly concludes that high end 
restaurants show most enthusiasm for the FFs’ products, as they value quality. The greatest challenge 
in this potential collaboration lies in achieving efficient harvesting. Another way to support the FF is 
the concept of community supported agriculture (CSA). At ÖkohofWaldgarten26, 200 people are sup-

                                                           
21Hoogerheide: 2ha, 2018 
22Schijndel: 16 ha high production FF and 4 ha experimental and educational area, 2018, has business model 
23Café Botanico: Germany, Berlin, 0.2 ha, 5-10 years old 
24Castle Garden: UK, 0.04 ha, 5-10 years old 
25Voedselbos ‘t Mortelke:Noord Brabant, 2019, 2,5 ha 
26ÖkohofWaldgarten: Germany, 2 ha, 17 years old 
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plied with produce from the FF and vegetable garden in this way. The members support the project 
also by volunteering some days in summer (Albrecht & Wiek, 2021a). Delivering to a food distributor 
such as FF Hoogerheide21 does, is also a way to distribute at a short chain. This way the product value 
stays high and not much money is lost. Ketelbroek18, next to the restaurant sales also supplies a local 
catering services, organic shop and apples to a local brewery (ibid.; Wendel et al., 2023).A more ma-
ture FF can be utilised by selling seeds, cuttings and grown plants (Park et al., 2018). At Mienbacher-
Waldgarten27 seeds and small crops are sold through the internet. Successful operations include spe-
cialty plants or operate on a large scale (Albrecht & Wiek, 2021a).  

Education and activities 
Education on FF, ecology and ecosystems is an opportunity for the owner to create revenue apart from 
the harvest (Albrecht & Wiek, 2021b; Hammarsten et al., 2019; Wartman et al., 2018). These services 
as well as recreation can be a source of early income, when production has not yet taken off (Doomen 
et al., 2019). A master thesis on 15 FFs and their revenue models in Flanders, tours and workshops 
were the most important source of income for the caretakers and owners (Daems, 2022). For Ketel-
broek18 workshops, guided tours and education on FFs is the main income (Albrecht & Wiek, 2021a). 
The focus lies on the interested community including courses on the basics of food forestry as well as 
how to plan and design one. These workshops last several months and cost between 550€ and 800€ per 
person including workshops on FF sites as well as theoretical workshops (Voedseluit het bos, 
2023).Mienbacher Waldgarten27 shares insights on their main value self-sufficiency in workshop form 
(Albrecht & Wiek, 2021a). As another community activity, at Essgarten30, dinners in smaller circles 
where produce from the FFis consumed gained popularity (Albrecht & Wiek, 2021b). School classes 
can also be invited to the FF to increase their ecological literacy (Hammarsten et al., 2019). Kees Van 
Veluw who initiated VoedselbosDroevendal28 is experimenting with a primary school, where kids will 
join for 15 days in the FF (van Gent, 2019). Educational activities can be utilised for a revenue stream 
directly but also integrating visitors in the maintenance of the FF can save labour costs (Albrecht & 
Wiek, 2021a). 

Other income opportunities 
Stichting voedselbosbouw (2023b) suggests exploring opportunities of subsidies to help fund the FF, 
especially in the early years. FFs potential to store carbon can further be monetised. However, of the 
analysed 14 FFs in van Gent’s (2019) master thesis only Houtrak29 and Droevendaal28 had managed to 
monetise their carbon capture by directly collaborating with an energy provider who uses the projects 
for their PR. Further, FF Haarzuilens9indirectly captures carbon for money by cooperating with a 
foundation and crowdfunding campaign. This can be called “voluntary carbon market”. Selling credits 
through Emission Trading Systems (ETS)is difficult to estimate as this is a free market (World Bank, 
2023a). Selling carbon credits to companies or organisations is a promising way to finance FFs as 
interest in the carbon market increases (Wendel et al., 2023).Payments for ecosystem services (PES) 
are developing around the world and might be a future way of earning revenue (Salzman et al., 2018). 
PES EU-policies exists in the form of agri-environmental schemes but only for agricultural lands 
through the Common Agricultural Policy (CAP) (Bazzan et al., 2023). Some FFs receive subsidiesfor 
sustainable water managementfrom the Dutch government (van Gent, 2019).  

4.4.2. Diversity of Income streams and trade-offs 
The way existing FFs that have reached an advanced stage are financially feasible is through a combi-
nation of these diverse revenue streams or by focusing on a small number of highly popular products 
or services, such as Essgarten30 and Ketelbroek18 (Albrecht & Wiek, 2021a). “Diversifying revenue 

                                                           
27MienbacherWaldgarten: Germany east of Munich,1.5 ha, 5-10 years 
28Droevendal: Wageningen, 1 ha, since 2018, sandgrounds 
29Houtrak:since 2017, 6 ha, between Haarlem and Amsterdam 
30Essgarten: 33 years, 2,5 ha, Germany 
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streams” (Albrecht & Wiek, 2021b, p. 195) is a common tactic as FFs can provide so many services, 
especially in comparison to industrial agriculture. Offering tours or workshops and selling the produce 
is a common combination. Often additional grants or subsidiesprovide stability (Albrecht & Wiek, 
2021a). However, various benefits and services exclude each other or create trade-offs. An example of 
this could be to strive for creating fast and high yield while hosting many activities in the FF, disturb-
ing the system. 

4.4.3. Costs and investments 
Financial investment and care in the setup years are large and unavoidable. To establish a FF the main 
costs can be expected for the site preparation, payment of caretakers and plant costs (Crawford, 2016). 
Size, starting conditions and goals strongly influence these. The site preparation usually involves ma-
terial costs but mostly labour hours. A calculation tool31 was developed by Stichting Voedselbosbouw 
and has students in collaboration with WUR. The main expenses included are hours a farmer spends 
harvesting and maintaining (Bouwmans et al., 2022). Volunteers can decrease costs, but require coor-
dination and flexibility (Albrecht & Wiek, 2021b). How much maintenance is necessary, especially for 
food production is still being explored. Generally, the more yield is desired, the higher the manage-
ment and harvesting needs (Björklund et al., 2019). Schijndel22 and Hoogerheide21serve as experi-
ments on the impact of management (van Gent, 2019). This point is also picked up by Schaffer et al. 
(2019) who argue that at high labour costs, either volunteers or technologies need to be implemented 
to uphold rentability of agroforestry and FF projects. Doomen (2019) in their project report on FF 
business models calculated that if a FF labourer works 40 hours per week they can manage 2 hectares 
by themselves. This is dependent on their skill level and the design and purpose of the FF in question. 
However, no empirical data has yet been collected to proof these estimations (Wendel et al., 2023). In 
a well-established, mature FF, only controlling weeds, planting more species and harvesting are the 
tasks left (Pilgrim et al., 2018). How long The FF takes to mature is not given but depends on what, 
when, how and where species are planted and taken care of (Boulestreau & van Eck, 2016). Phosphor 
and nitrogen contents can support FFs for many decades in temperate systems, as harvesting does not 
remove many nutrients, according to a student internship report (Pepels, 2019). Exceptions are nut 
focussed FF, where n-fixing plants are recommended to maintain yields. A successful mature FF re-
quires almost no maintenance, only harvesting (Albrecht & Wiek, 2021b; Crawford, 2016). 

Plant costs vary greatly with nut trees being the most expensive common species. Self-propagation 
and using own seeds is possible. This saves costs but delays harvests. At FF Binnenbos7 many trees 
were also sourced for free from local nurseries if these could e.g., not be sold (K. Biesemans-
Hoogewijs, personal communication, 29 March 2023). The FF in Haarzuilens9, carried by the founda-
tion Lekkerlandgoed planned with investment costs of 100.000€ (J. Degenaar & M. Schrama, personal 
communication, 20 May 2023). Interviewed practitioners and experts in a student project on FF fi-
nancing estimated plant costs between 8000€ and 20.000€ per hectare (Nabisubi et al., 2020).  

 

4.4.4. Risks and uncertainties 
The business side of FF is subject to multiple risks and uncertainties. The FF in its early succession 
stages is vulnerable until it becomes resilient. Natural disturbances such as the weather, exacerbated by 
climate change,and animals canimpact the FF development and yields. In the 15 FFs in Flandersthe 
primary cause of unexpected difficulties was the weather, particularly the dry summers of 2019 and 
2020, along with the wet summer of 2021(Daems, 2022). Citing van Eck, van Gent (2019) stresses the 
point that weather conditions, such as frost later in the year than expected can negatively affect the 
harvest. Wild animals damaging plants are another factor that cannot be adequately modelled, making 
predictions about yields uncertain (K. Biesemans-Hoogewijs, personal communication, 29 March 

                                                           
31 Link to download the Rekeningtool excel sheet: https://www.wur.nl/nl/show/rekentool-4.0-zip.htm 
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2023). Additionally, young plants are susceptible to the harsh local microclimate found in barren lands, 
which includes strong winds, significant temperature variations, floods, and droughts (van Gent, 
2019).Damages to the FF as well as high management needs especially in the beginning stages lead to 
higher costs for labour hours and plant replacements(Albrecht & Wiek, 2021b; Pilgrim et al., 2018).As 
simultaneously productivity is affected, costs increase und revenue opportunities decrease.Selling pro-
duce or engaging in educational activities can only happen after initial investments which creates risks 
for investors (Nabisubi et al., 2020). Additionally, van Eckstresses the uncertainties around how effi-
cient the harvesting can become, which is an important expenditure(Bouwmans et al., 2022; van Gent, 
2019). 
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Table 3 

Summary of the possible benefits and services and possible income streams 

Food production Social-cultural 
services 

Environmental 
services 

Income opportunities 
 

High quality, nutri-
tious produce 

Education:  
● on FF production 
● on sustainable agri-
culture 
● on ecosystem func-
tioning and biodiver-
sity 
● on plant types and 
uses 

Further improve 
biodiversity: 
● Through including di-
verse species 
● Through creating or 
improving habitat and 
sustenance for animals 

Produce sales: 
● To businesses 
● To restaurants 
● To customers directly 
(shop or self-harvest) 
● CSA 

High variety produc-
tion 

Providing space for 
community gatherings 

Further improve resilience 
to weather and climate 
extremes 

Workshops and tours 
(for adults/children) 

High yields Promoting integration 
through volunteer 
community/ action 
days 

Creating pollinator habi-
tats with benefit for the 
whole landscape 

Activities such as dinners/ har-
vesting together events/cooking 
together/processing food together 

Long growing season 
throughout the year 

Providing a space for 
recreation 

Further improve carbon 
sequestration 

Subsidies 

Including unusual 
species (old varie-
ties/ speciality 
plants) 

Job creation Further improve water 
retention 

Payment for carbon sequestration 
or ecosystem services 

Non-food products  
(wood, seeds) 

Facilitating connec-
tion to land and heri-
tage 

Further improve self-
fertility  

Selling cuttlings/ seeds/ proc-
essed products 

 Experiments and 
research 

Further improve soil qual-
ity 

 

  Further improve flood 
prevention 

 

  Further improve resilience  

 

4.5. Workshop outcomes 
4.5.1. Priorities and placement along axes of uncertainty 

At the workshop after having been presented with the results of the previous research, the participants 
discussed aspects loosely based on the introduced four archetypical FF concepts: Recreational (using 
turquoise post-its), Communal (yellow), Experimental (pink) and Productional (purple). The chosen 
aspects were placed in a priority list ranging from “very important” over “nice to have” to “not so 
important” (find an image of the ranking results inAppendix ). Seen as most important were high plant 
diversity creating animal habitat, economic viability, income through produce sales. Additionally, di-
verse income streams through having the possibility to offer educational tours on food forestry were 
favoured.For food production, quality was preferred over quantity. They would also like visitors to 
connect to nature and food in connection to the heritage of the site. The layout of the FF should be 
simple, directing towards rational. Most of the area should not be publicly accessible unless through a 
tour to leave the system undisturbed. However, they were interested in having a small part of the FF be 
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open to everyone. They were clear in having no interest in creating a space for recreation and self-
harvesting was not perceived as a realistic option as this would require specific infrastructure. From 
the exercise and discussion about their priorities the post it notes were reviewed together. These were 
then placed along romantic-rational and public-private axes of uncertainty, following van Gent (2019) 
as can be seen in Figure 10. 

Figure 10 

The stakeholders’ priorities organised along the axes of uncertainties 

 

Note.The colours of the post-itsrelate back to the four types of FFs as described above. However, as aspects of 
the types overlap, this is notmeaningfulby itself. 

As a result, the FF should mainly be focussed on production, however that the “community can con-
nect to nature and food” was an element from the Communal archetype that was found important. The 
post-its in the bottom left Experimental corner indicate that a higher variety of plants is wished for 
than what is typically included in a Production FF.  

4.5.2. Scenario-building and backcasting 
The FF outline created through this was the used as a base for a scenario built for the FF in 30 years. 
An open discussion over how the FF could look like in the future was encouraged. Afterwards, goals 
for 15 and then 5-7 years were thought about. At 15 years the FF realistically can begin to function as 
a forest ecosystem and high yields start to be possible (Boulestreau & van Eck, 2016; Nabisubi et al., 
2020). Since at 5-7 years trees start to reach maturity and significant yields are enabled this was an-
other milestone considered (Pilgrim et al., 2018). These are only rough estimates but help think long 
term, nonetheless.The participants were given 
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Table 3 containing possible benefits, service, and income streams for inspiration. To engage thoughts 
about particular aspects, the participants were asked about benefits, services and income streams they 
would like for each time step. Further, what products they would like to offer then and who they imag-
ined spending time in the FF was deliberated. The green rows in Table 4 contain the results of this 
scenario exercise.What the FF should look like came up repeatedly and was thus included as a cate-
gory next to the already established benefits, services, and income opportunities. For the backcasting 
the participants collected hurdles they could imagine preventing the visions of the scenarios to become 
reality (red row). Lastly, necessary interventions to enable each vision are included in the brown row.  

Table 4 

Condensed final results from the scenario building and backcasting workshop 

 
 

5-7 years 15 years 30 years 

Food  
production 

● High berry production 
already 

● High food production ● Nut production high 
● Mushroom production 
● general focus on shade-
loving species 

Social- 
cultural 
benefits 

● Many happy visitors 
● Tours are given through 
non-public parts 
● People know about the 
story of the estate and how 
the FF fits into it 

● Tours are offered to share 
the idea behind the FF at 
Zuylestein 

● Feels like a secret FF and 
gets visitors curiosity 
● Included old species offer a 
way to connect to natural 
heritage 
● inclusion of volunteers 

Environ-  
mental  
benefits 

● Trees are well estab-
lished 
● Some shade is already 
created 

● Strong increase of organic 
matter 
● pH levels have levelled 

● Animal biodiversity is high 
● Resilient 
● Self-fertility is established 
● “all environmental benefits” 

Income  
oppor- 
tunities 

● Selling produce 
● Tours 
 

● High food production and 
sales 
● Selling processed food and 
products 

● Achievement of payments 
for ecosystem services 
● Saving labour cost through 
volunteers 
● Nut sales 

Design  
and  
look 

● Trees are well estab-
lished and create some 
shade 

● The design becomes visi-
ble 

● Full canopy is established 
with oaks and beeches 
● Looks like the historical 
hunting forest 
● Sterrenbos design is in-
cluded 
● Old species are included 
● Includes a small public part 
for foraging 
● Different layers are estab-
lished 
● Including animals such as 
chickens and the pigs 

Hurdles  
 

● Inefficient harvesting 
● Dry summers  
● Dangers of extreme und 
much precipitation (dam-
age/funghi/snails) 

● Uncertainty about possible 
ways of harvesting 
● Lethargy of 
staff/volunteers at this time 
● Competition with animals 
for harvest 

● Climate change effects 
● Full canopy affecting pro-
ductivity of the system  

Inter- 
ventions 

● Creating a design that 
takes especially environ-
mental hurdles into ac-
count 

● Grow in abundancy to 
have enough food for ani-
mals and for harvesting 
● Innovation to make har-
vesting more efficient 
● Establishing a system for 
processing plants (e.g., into 

● Creating very high species 
diversity also genetically 
(partially to adapt to climate 
change) 
● Adjust product selection to 
forest: e.g.,berries, mush-
rooms, nettles 



31 
 

pesto or medicinal creams) 
to be able to sell for longer 

For all time steps reinstating a healthy system with high biodiversity and high resilience is a priority. 
The participants further stressed the wish to monetise ecosystem services in the future. The most im-
portant result wasthat the goals had to change at the time stepswhile the site grows a full canopy. In the 
first years utilising typical FF species is possible. However, plants such as berry bushes will yield 
much less in full shade, making a shift to more shade loving species such as mushrooms necessary-
when the forest matures.  

5. Discussion 
In this thesis the Sterrenbos site at Zuylestein was explored from a social-ecological perspective to 
derive site-specific design principles for a climate adaptive FF. The following sub-chapters discuss the 
relevant results structured in the system, target and transformation knowledge framework. Further a 
reflection on the research process is included. 

5.1. The system 
The exploration of the ecological conditions indicated on the one hand constraints and hurdles that 
will affect the FF development. On the other hand, it brought opportunities to light where a FF can 
alleviate stress.  

5.1.1. Water availability 
The texture across the whole site was found to be loamy sand and sand becoming coarser with depth. 
High porosity indicates well-draining soil which leads to low water availability to plant roots(Lerch, 
1972). However, this also means low danger of inundation. SOM is particularly important in sandy 
soils as it increases water holding capacity and improves infiltration. SOM at 0-10 cm ranged between 
11.81 and 18.86%. The lowest value was found closest to the water ditch. Spatial heterogeneity might 
be due to more composting material closer to the forest and the pigs that were kept at different loca-
tions. The different vegetation at each location shows this heterogeneity (compare Figure 7). Increas-
ing SOM further couldlead to 1 mm more available water per % SOM (Wosten et al., 2019). This is 
animportantadaptation opportunity (Allen et al., 2011). Infiltration time fluctuated around 4 minutes in 
the first three plots. At plot 4, it took double the time. On the edges of the 149 tiny forests investigated 
in the UK,infiltration took only 3.5 minutes on average (earthwatch Europe, 2023a). A reason for dif-
ferences may have been the rainy conditions and thus already wet soils during sample collection.The 5 
m height difference might have had an impact but was not investigated further as reliability of the 
infiltration and compaction results was limited by only one measurement per plot. For tiny forests in 
sandy soils a strong decrease of infiltration time was observed before and after forest establishment, 
suggesting that the FF can improve this value. Compaction ranged between 1.5 and 2.3 kg/cm2. It was 
lower throughout the Sterrenbos than on the edges of the comparison tiny forests(average 2.51 
kg/cm2).The pigs rotating on the site as well as the machinery used to remove the wood after the storm 
might have increased compaction. Inside the tiny forests compaction was much lower, suggesting that 
it can reduce with a FF, especially due to the undisturbed soil principle. This wouldfacilitate water and 
root permeation(Allen et al., 2011; Wendel et al., 2023; Wosten et al., 2019).Groundwater measure-
ments equalled 122 and 81 cm underground for the 10 and 90 percientel respectively.In fine and loamy 
sand due tocapillary rise even in summer water could be available at only 20 cm depth (Runhaar et al., 
2010). In practise however, conclusions are different.At the FF Welna32average groundwater levels 
comparably range between 80-140 cmat the highest and >120 cm at the lowest. (Voedseluit het bos, 
2022b). In another FF it ranges between >80 cm and >140 cm (Voedseluit het bos, 2022a). For both 
practitioners, the experience was rather dry conditionswith precipitation-dependent vegetation. Despite 
groundwater theory it should thus be expected that groundwater is not a water source. 

                                                           
32Voedselbos Welna: 14 ha testing the four types of “verdienmodellen” of voedseluit het bos, since 2018 
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5.1.2. Soil fertility 
Soil fertility is of crucial importance for the development of a FF and thriving of plants. The carbon 
content is an indicator for the soil’s stability and nutrient cycling as well as water holding capacity 
(Runhaar et al., 2010).At the Sterrenbos these ranged from 10.94% to 6.85%in 0-10 cm with decreas-
ing values below due to organic matter accumulating on the surface. These are in the upper ranges of 
the successfully implemented FFs in Sweden, indicating promising conditions (Björklund et al., 2019). 
The two highest values in Sweden were 9.69 and 18.28%, both of which were also former forest areas 
which is likely to explain the high carbon in the Zuylestein soil as well (Conijn&Lesschen, 2015).The 
important plant nutrient nitrogen was also present at the site, despite sandy soils usuallybeing poorer in 
nitrogen (Wendel et al., 2023). Phosphorus is likely available atsites in temperate regions and because 
it ismade soluble by lower pH, it should be directly accessible to plants(Penn &Camberato, 2019; 
Pepels, 2019).  Indicating high fertility, the carbon to nitrogen ratios especially in the upper soil were 
close to the ideal ratio of 24:1 (USDA, 2011). They ranged from 22.07 to 11.81. The highest and low-
est ratio were found closest to the intact forest and water ditch again suggesting the forest biomass 
influence.  
A main concern for the site was the low pH around 4 indicating acidic conditions. This negatively 
affects how rich the biodiversity and species can be at the site as many nutrients become unavailable to 
plants (Ponton &Remiarz, 2022; Raza et al., 2021). Low pH further impedes root penetration as the 
soil increases in bulk density. As described in the background section in already low pH conditions, 
buffering mechanisms are weaker, making further acidification a danger. Climate change accelerating 
acidification is another concern (Raza et al., 2021). The forest history and sand grounds are likely ex-
planations for pH.Acidic grounds in combination with fluctuating groundwater levels were found to 
hinder the growth of perennial fruit trees and vines in their FF projects(Björklund et al., 2019). The 
two lowest pH levels found were 4.0 and 4.8 also in former forest areas. Two of the 20 analysed FFs 
by Daems (2022) in their master thesis also had sand ground and were forests before. Both also had 
pH values below 4.5. However, these are measurements from already established FFs. The thesis does 
not include size or age in the data, limiting the comparison opportunity. A conclusionafter assessing 33 
FFs in the Netherlands was, that FFs on sand tended to have decreasing pH over the years (Wendel et 
al., 2023). 
 

5.1.3. Social opportunities and constraints 
Zuylestein is already well connected in the local community. FF products could easily be sold using 
the already existing routes of distribution to local costumers, food collectives and restau-
rants.Processed products, which last longer than fresh produce, could be produced and sold at the loca-
tion on site. The estate in general attracts visitors who enjoy the nature, explore the history of 
Zuylestein and buy produce. They might also be interested in FF activities. An existing volunteer net-
work is further a great opportunity for the establishing years of the FF. A constraining factor is that the 
Sterrenbos site is a designated Rijksmonument, meaning that the restoration of the site needs to result 
in the pre-existing forest and only endemic species can occur. 

5.2. The target 
The long-term target state (30 years) of the Sterrenbos site is a climate-adaptive, self-fertile, resilient 
FF with endemic species and a full canopy to resemble a forest.The goals relate mainly to the produc-
tional FF type, including educational activities for the community and surrounding estates. The FF 
should further be resilient, biodiverse, and ideally fulfil all environmental services (compare  
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Table 3). The multiple layers of a FF should be established at this point providing habitats, especially 
for pollinators.Management needs of the mature FF would ideally be low and volunteers could help 
especially with the main task of harvesting. 
 
Food production, at this point particularly nuts and mushrooms, is the desired focus of the FF.Nut trees 
are already incorporated in the plans for the site. The full canopy will however affect productivity. 
High producing FFs have 10% canopy cover to allow sunlight to reach most plants in temperate re-
gions (Albrecht & Wiek, 2021b; Crawford, 2016). Resembling a forest also requires a more romantic 
design with more species variety than focussed production FFs have, reducing harvesting efficiency (J. 
Degenaar & M. Schrama, personal communication, 20 May 2023). However, more species can be 
utilised to extend the harvest season, distributing harvesting over time and being able to sell fresh pro-
duce for longer.From the business perspective, selling high value produce such as nuts is a recom-
mended strategy for FFs (Björklund et al., 2019). The kitchen, shop, and other existing routes of dis-
tribution enable necessary short supply chains and on-site processing of fresh produce. As most cos-
tumers are already familiar with Zuylestein, labels such as “organic” to justify premium prices, are 
likely unnecessary (Doomen et al., 2019). Nevertheless, with the reduced productivity revenues such 
as Ketelbroek’s18or Welna’s32will not be achieved. To support the system’s productivity, it was dis-
cussed that the FF should be closed off, potentially with a small part publicly accessible to spark visi-
tors’ interest. It would also allow them to harvest, interact with the system and connect to nature and 
the history of the site, especially since the Sterrenbos layout will be preserved (Albrecht & Wiek, 
2021a; Park et al., 2018). The separate public area could be more romantic and the productional area 
rational. Schijndel22 and other FFs also have multiple areas with varying designs, e.g., for educational 
purposes (Park & Higgs, 2018). 
 
In the closed off FF areas, it was envisioned that private tours could be organised. This would generate 
further income and diversify income streams reducing investment risks (Albrecht & Wiek, 2021b, 
2021a). It would however disturb the system and paths need to be wider and areas for gatherings in-
cluded. The opportunities in this field depend on the existing competencies. As Zuylestein is aiming at 
being an example of a functional ecological estate, the landowner could facilitate targeted tours to 
other estate owners.Generating income through PES was also of interest to the landowner which might 
become an option in the future (Bazzan et al., 2023). Carbon storage which is highest in the canopy 
can be expected to be high, offering opportunities for selling carbon credits (Schafer et al., 2019; 
Wendel et al., 2023). There was no interest in offering other activities at the FF.  
 

5.3. The transformation 
 

5.3.1. Addressing the main constraints 
To achieve the main goal of a fully functioning FFwith the benefits of self-fertility, an enhanced water 
cycle, resilience, and productivity, the ecological constraints at Zuylestein need addressing. Particu-
larly, climate change, soil quality and water availability. Especially climate adaptation was a hurdle 
identified for all milestones.The soils are likely to acidify further due to sand grounds, less buffering 
capacity and higher temperatures (Raza et al., 2021; Wendel et al., 2023).Crawford (2016) recom-
mends treating very acidic soils with liming materials such as silicate. Stabilising the pH at a required 
level might take multiple years. At the Devon FF20, as the system matured, and the nutrient cycle was 
established after ca. 8 years the pH was raised from 5.7 to 6. However, at the FF Steward Community 
Woodland Devon33 that had initially a 4.4 pH levelthe FF still was too acidicafter 10 years and con-
tinuous liming (Ponton &Remiarz, 2022). The owner’s experience was that such acidic soils will not 

                                                           
33Steward Community Woodland Devon: 0.12 ha, loamysand, low pH (4.4), UK, previouslydegradedwoodland, 
started in 2011 
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be convertible with lime and plant choices must simply be adapted. An option are ericaceous species 
which require low pH conditions such as blueberries, or shrubs like hawthorns which however do not 
provide edible fruits for humans (Crawford, 2016). For climate adaptation specifically, increasing wa-
ter holding capacity and infiltration by increasing SOM content should be a focus (Farley et al., 2004; 
Rawls et al., 2003). Common methods are to focus on high biomass producing species in the FF and 
then using that plant material for mulching, resulting in SOM34 (Crawford, 2016; Jacke & Toensmeier, 
2005b; M. Lokin & M. Ramaker, personal communication, 1 April 2023). This can buffer against 
droughts as well as extreme precipitation events which will become more frequent due to climate 
change.Especially since groundwater levels can drop very low in sandy soils (Runhaar et al., 2010). 
The canopy but also the important ground-cover vegetation should be developed well to reduce evapo-
ration.Applying the agroecological principles of plant multifunctionality, the benefit of biodiversity 
and principles of permaculture should create symbiotic relations in the system, increasing resilience 
further (Buiter, 2022; Tomich et al., 2011). Climate adaptation by using species adapted to changed 
conditions from other areas is not possible. However, high genetic biodiversity also increases resil-
ience and can be facilitated by planting local varieties of the desired species (Pilgrim et al., 2018). 
Using old varieties also fits the restoration storyline, makes the history tangible, and can be shared 
with visitors. 
 

5.3.2. Transformation from milestone to milestone 
FFs are complex systems that can be guided through succession in different ways, enabling a variety 
of services and benefits and income opportunities along the way(Jacke & Toensmeier, 2005a). Den 
Food Bosch8 provides a good example of planning with the successional phases, removing plants as 
the canopy grows or integrating more shadow loving plants (M. Lokin & M. Ramaker, personal com-
munication, 1 April 2023). For the first milestone at 5-7 yearsthe open space, as a first succession 
phase, should be utilised for berry production according to the stakeholders. The planned trees should 
be well established and starting to create shade. Income was imagined coming from direct berry sales 
in addition to income from tours. As continuously growing harvest can be expected, establishing food 
sales here is important (Wendel et al., 2023).Discussed hurdles,next to climate adaptation, were dam-
age by animals and inefficient harvesting. Harvesting has the potential to become more efficient 
through technology, however this is difficult to predict (Stichting Voedselbosbouw, 2023b). It was 
discussed to rely on volunteers. This could save costs (Björklund et al., 2019). Extending the harvest 
season is another possible strategy as described above. From literature and FF visits it was taken that 
protection in the beginning years is very important. To deal with animals the stakeholders themselves 
would prefer growing enough to also satisfy their needs. Having worked at Binnenbos7 for multiple 
years the manager reflected that fencing off the FF in the beginning years would have saved much cost 
of plant replacement (K. Biesemans-Hoogewijs, personal communication, 29 March 2023). As the 
Sterrenbos is surrounded by forest habitats this could be wise. As the FF should mostly be private, the 
fencing efforts could be designed to keep humans and animals out.Plant costs and management will be 
highest in this first planting phase when the FF is still vulnerable. Especially in sandy soils irrigation 
might be necessary during the establishing years. Trees that grow fruits might need water throughout 
the summer (Crawford, 2016). Enough funds need to be available to pay for this, starting early with 
sales and tours can decrease the financial strain. 

Continuing from this, at 15 years the FF isfurther hoped to provide high yields.The main income 
should come from selling the fresh produce and processed foods like jam or pesto. Tours are envi-
sioned to focus more on the design aspect which would be established by then. For the transformation 
it is therefore important to have good communication strategies as services and products of the FF 
change over the years. Produce from the FF would likely be known in the estate’s network by this 
point. This can then be used to market other products.The high-end restaurants receiving Zuylestein 

                                                           
34Also calledchop and droptechnique 
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produce are also likely interested in natural and seasonal produce with a story (van Capellen, 
2020).From experience there was also a worry that volunteers and staff might lose passion. This could 
be counteracted by facilitating learning experiences, integration and a community feeling (Wendel et 
al., 2023). To reach the mature stage at 30 years the stakeholders found the main hurdle to be lower 
productivity affecting income stability.Facilitating diverse revenue streams through tours and shifting 
sales more to high value productsare thus crucial toensure financial stability (Albrecht & Wiek, 
2021b).  
 
In conclusion, facilitatinga FF transformation is most important in the beginning years, when climate 
change stress and ecological constraints need addressing. Funds need to be available to pay for plants 
and management. As the forest matures, ideally resilience continuous to naturally increase while man-
agement needs decrease. Focussing on efficient harvesting as well as selling changing products over 
the years and offering tours suited to the development state of the FF becomes important for the sus-
tainability of the FF project at these stages.Abstracting from Zuylestein, diverse revenue streams, 
planning for climate change resilience by addressing the ecological starting conditions and aiming for 
the stakeholders’ goals are design principles that could be applied at other locations as well. The local 
social-ecological context needs to be assessed to create a transformation plan as has been shown for 
the Sterrenbos. Goal setting is crucial to be able to prioritise and identify potential trade-offs. To 
achieve sustainability, the economic component should be integrated, and investment costs considered. 
The scenario-building and backcasting method can be useful to apply to reduce complexity.  
 

5.4. Transdisciplinarity and shortcomings 
This thesis provided an example of how a transdisciplinary project can create the basis for a context-
specific adaptive transformation, which needs to be context specific. The transdisciplinary process was 
crucial for this process, especially as FF can provide so many different benefits, services and need to 
be adapted to the local site. System knowledge could have hardly been acquired in a different way and 
joint goal setting was necessary to narrow down the vision of the FF. Further, the workshop functioned 
to share acquired knowledge and facilitate an informed discussion of opportunities. In this way, scien-
tific work can have a real-world sustainability impact and benefit stakeholders directly (Daconto& 
Sherpa, 2010). It further put the agroecological principles of knowledge sharing, especially from FF 
practitioners’ side, and co-creation into practise. However, as the landowner is fully engaged in their 
estate, not much time was available to co-develop ideas. That tree plantingwas already planned e.g., 
only became clear at the workshop late in the process. Further, the workshop revealed that their per-
spective on the FF was more development and business centred, since their priority is the whole estate. 
This clashed with the practitioner perspectives encountered at the visited FFs. There and in other FF 
projects around the Netherlands the focus lies more on the ecosystem, sustainability ideals and per-
sonal engagement with the land (Wendel et al., 2023). Removing all existing vegetation instead of 
mulching or attempting to integrate already present components represent this contradiction (compare 
title page picture). 

The important legislative context of FFs could not be explored here further due to time constraints. 
Policy analysis and general research on restraints or potential subsidies could be useful insights for the 
landowner. For the same reason the social side of the SES was only explored through the landowner, a 
stakeholder analysis and their integration in the development process could have offered more per-
spectives and insights. Furthermore, the ecological assessment could have been extended the soil food 
web (Allen et al., 2011). Additionally, soils and plants are not only connected linearly, but through 
feedback mechanisms (Ehrenfeld et al., 2005). Due to the scope, these were not explored.  

6. Conclusion 
FFs have the similar general properties of undisturbed healthy soils, a well-established nutrient and 
water cycle and offer high productivity and resilience. They provide an agroecological way of produc-
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ing food and offer many other benefits for the owner, manager, nature, and local community. FFs can 
be unique, sustainable projects, shaped around the main purposes. At Zuylestein, a sustainable, climate 
adaptive FF aims to benefit the environment in the long-term, produce food and be a space for educa-
tional tours to provide an income. This represents a transformative adaptation for the estate and con-
tributes to local food sovereignty.Additionally, it should resemble a full forest when it matures. To 
achieve these goals, particularly the low pH and water holding capacity of the soil should be managed 
in the face of climate change. Sufficient starting funds are crucial. Most of the area should be closed 
off to facilitate a productive and resilient system with high biodiversity. It should however still enable 
efficient harvesting. As the FF matures it goes through different succession phases supporting different 
kinds of productive plants. An important design principle isadapting food production and tours to the 
maturity-state of the FF.Produce sales must thus be flexible potentially changing from high to lower 
volume but to higher-value yields.  

To arrive at these results the ecological assessment and close collaboration with the landowner were 
necessary. The transdisciplinary process required many iterations, as results from the ecological as-
sessment, literature review and stakeholder exchanges shaped and changed the project. The ethno-
graphic FF visits were an important component to get a holistic idea of what FFs can achieve and how 
unique they are. This transdisciplinary, multi-methodological approach required much flexibility but 
enabled a holistic exploration of FFs as a concept as well as of the SES Zuylestein, enabling tailored 
design principles. This thesis demonstrates the usefulness of engaging in a transdisciplinary process 
from the SES perspective. Itenables the exploration of existing constraints and opportunities and could 
be useful in further research on agroecological transitions and food sovereignty. Further, this is a con-
tribution to the growing scientific interest in FFs as a climate adaptive,sustainable way of producing 
food through the literature review and design principles. More research should be conducted quantify-
ing management requisites, associated expenditures, and the identification of economic opportunities. 
Additionally, investigating sustainable mechanisms to foster transdisciplinary co-creation over ex-
tended research durations holds the potential to offer a roadmap for forthcoming projects. These di-
mensions are crucial to investigate for the sake of making FFs a viable and pragmatic substitute for 
industrial agricultural practices. This is particularly important in the light of challenges posed by cli-
mate change.  
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Appendix B 
 

  
 

Impression of the site. On the left: View from the centre of the Sterrenbos over the destroyed area. On the right: 
View from the moestuin along the central line of the Sterrenbos with FF site to the right. (Own photographs from 
December 2022) 

  



 

Appendix C 
 

Table 5 

Climate data for the Netherlands (1991

Season Average Minimum 
Temperature (in °C)

Winter 
(DJF) 

1,35 

Spring 
(MAM) 

5,15 

Summer 
(JJA) 

12,53 

Autumn 
(SON) 

7,26 

Annual 6,57 
 

Figure 11 

Monthly average precipitation for 
Bank, 2023b) 

  

Climate data for the Netherlands (1991-2020). (own representation) (World Bank, 2023b)

Average Minimum 
Temperature (in °C) 

Mean-
Temperature (in 
°C) 

Average Maximum 
Temperature (in °C) 

3,98 6,66 

9,73 14,34 

17,33 22,19 

10,90 14,60 

10,48 14,47 

Monthly average precipitation for province of Utrecht per month (1991-2020), (own representation) (World 
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Average Total Pre-
cipitation (in mm) 

216,28 

150,93 

227,48 

234,14 

828,83 

2020), (own representation) (World 
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Appendix D 

Binnenbos 
Research 
format 

Participated in apple tree planting on 29th March (10am-3pm) 

Contact Food forest manager/gardener “voedselboswachter” 
(Apprenticeship as gardener and 1 year workshops specifically for food forests 

Size Ca 4 ha 
Location Langbroek (Heuvelrug) 
Conditions Soil: mostly clay 

Area crossed by and sourrounded by ditches (sloten) 
Ditches along the polders for water retention (used to be deepened every year but not 
anymore) 
Oak forest on the side 

Site before 
food forest 

Pasture land (sheep) 

Design By professional landscape designer with food forest experience 
Time 
planned to 
complete 
set up 

5-6 years 

Established Started in November 2021 (originally February but legal objection  delay) 
Aim Creating a showcase model to inspire farmers to implement some agroforestry practices 
Business 
model 

None (finances stable due to stichting) 

Involved 
actors 

Stichting Voedselbosbouw 

 

Design 

- Diverse as possible for pollinators 

Plants 

- Comfrey and distel as transport plants  
(transport of water and nutrients up from below and distribution – mainly by cutting and using 
as mulch; soil loosener) 

- Nitrogen fixators due to stickstof crisis not really necessary but implemented to address all as-
pects of a functioning system (in theory) 

- Species chosen according to water tables 
- Umbelata plant species attracts hover flies -> eat larvae pf other animals 
- Elders died (maybe too much environmental stress since usually in grown forests) 

Management/setup/implementation/hurdles 

- Deer damage young plants by rubbing their developing antlers on them 
Recommendation: for new food forest to bild fence until a bit matured, otherwise individual 
protection but that is very time intensive 

- Mice love roots and habitat under mulch  try to avoid that 

Costs 

- Apple tree 15-20€ 
- Nut trees 60-200€ 
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Climate adaptation 

- Not addressed specifically in design but implicitly:  
o Sowing instead of cloning to create biodiversity resilience 
o Windbreaking hedges to address increasing storm intensity 

 

Water management 

- Polders with stable water realised by waterschapen currently no worries about too low 
groundwater 

- Trying to increase water retention on the area so it is not transported away (e.g. letting the 
ditches’ vegetation grow  infiltration 

 

Extra Information 

- Read martin crawford 
- Difference of approaches: Crawford: well planned, established in one, Wouter van Eck: very 

slow “let the land do its thing” (Kats opinion: no time anymore to let the land do its thing, 
Wouters project had less extreme summers and winters, this is not the case anymore) 

- Topotijdreis.nl = maps the last 200 years 
- Bastiaan Rooduijn (did monitoring and now has own food forest advising business) 
- https://voedseluithetbos.nl/en/ explore voedselbossen 

 

Den Food Bosch 
Research 
format 

Participating in their monthly tour on 1st April and asking questions after 

Contact In person with 3 “beheerders” – managers 
E-Mail with Marente 

Size 0.8ha 
Location Sint Michielgestel 
Conditions Sandy Soil 

High groundwater table 
Site before 
food forest 

cornfield 

Design Originated from student thesis with idea of syntropic farming (Ernst Götsch) 
Time 
planned to 
complete 
set up 

Built to provide harvest from the beginning 
(includes succession thinking) 

Established Winter 2017/18 (5,5 years) 
Aim Being n example of what food production can look like 
Business 
model 

Originally to sell produce, changed with change of managers and workers to a founda-
tion model, now starting to set up delivery to Michelin Restaurant in Den Bosch 

Involved 
actors 

DFB foundation  
(Den food bosch) 

 

Design 
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- Designed for high maintenance to create fast yield 
- Planned for space &time 
- Diverse as possible for pollinators 
- Extending flowering thesis for as long as possible to sustain pollinators (especially in July and 

August usually not much available for them) 
- Includes wooden structures for grape vines for shadow that are planned to rot and fall when 

the other trees are becoming big enough 
- Half circle design to provide sun everywhere 

Smaller half circles of fast yielding shrubs should grow together with larger circles to form 
wider rows as forest matures 

- Using pioneer trees around perennials to create shadow/forest ecosystem before these are big 
enough 

Plants 

- General idea: flowering for as long as possible to support insects and to include as many 
symbiotic relationships as possible but often difficult or impossible to research 

- Many foreign plants 
- Includes row of different raspberry species to show diversity and making harvesting over 

longer time period possible 
- Willow trees for fast biomass 
- Pioneer plants to loosen soil, generate biomass and create a forest ecosystem ( shade) 

(birch, elder 
- Wind protecting hedges (willow, pioneersmut) 
- Pear  
- Hazelnut (starts as shrub but grows into almost a tree) 
- Cassis 
- Mint can sustain half shadow 
- Glechoma hederacea (Hondsdraf) as ground cover 
- Planting lupin on pathways to cut and drop later 
- Gooseberry – likes shadow 
- Ground layer:  

o Sage 
o Rosmary 
o Lavender 

- European dwarf cherry (struikkers) 
- For protein: 

o Nuts  
o Erwtenstruikje (=Siberian peashrub ) (also N fixator) 

- Kardinalsmut (=spindle tree) as hedge:  
Poisonous but attracts lice that attract predators such as wasps  support pest defence 

- Pine tree can stand in shade for 10 years and grow large afterwards 
- Wild garlic for shade 

Management/setup/implementation/hurdles 

- Built fence around it to prevent too much damage in setup phase 
- Pioneer trees to generate biomass (very low SOM content after use as monoculture)  chop 

and drop 
- In the style the food forest was setup much management is included 

o Watering the plants in the beginning as almost everything was planted at once 
o Using pioneer trees to generate much biomass  cutting back to stimulate more 

growth and to generate biomass on the ground 
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o Felling of pioneering trees that do not provide harvest at some point 
- Tree species and race choices: dependant on what local grower has available 
- Many different species (e.g. apple trees) make harvest more complex and require detailed 

knowledge  
- Creating the ground layer difficult: much competition with grass etc, could be smart to intro-

duce things like mint and rosemary later when balance has established 
(otherwise grass needs to be actively removed) 

- Hurdle: produce is constantly harvested: what to do then!?  distribution system must be well 
thought out 

Costs 

- Estimated setup costs for them: 10.000€-20.000€ 
- Recommendation: https://meerbomen.nu/over-de-actie/planten/ 

Climate adaptation 

- Only implicitly addressed because design was done by someone else (biodiversity  resil-
ience) 

- Main focus on droughts  increasing water holding capacity 

Water management 

- Increasing organic soil content as much as possible to increase soil water holding capacity (per 
% of SOM 16l more water in soil according to Marente 

- (already raised their SOM for 4%) 

Extra Information 

- Great idea: create monthly harvest rows (August etc.  people can come and harvest) 
- Older species like peatree does not produce tastes we are used to today  harder, bitterer, less 

sweet 
- Idea of manager: open source document for beginners of food forests, simple language and ac-

cessible 
- My idea: what food forest suits you? 
- Personal connection/character of care taker/personality comes in: if one caretaker does not like 

a certain plant they will take less care of it 

 

Info for further research:  

VoedesbosSchijndel (one has 4ha and one 16ha) 

Martijn Allbrecht (potential expert interview) 

Plant inspiration from Voedselbosrecipes: https://www.devoedselboss.nl/recepten-uit-het-voedselbos/ 

Haarzuilens 
Research format Joined the subscription group in harvesting and cooking sirup 20.5.2023  
Contact Voedselbosbeheerders Jan en Marten 
Size 5 ha 
Location Utrecht Haarzuilen 
Conditions Soil: heavy clay groud, neutral ph 

Area crossed by and sourrounded by ditches (sloten) 
Different food forest areas on different polders (e.g one with mainly exotic 
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species) 
Site before food for-
est 

Nature area 

Design Through Jan and Marten (biologists) 
But no info on how exactly 

Time planned to 
complete set up 

Continuous project with no defined equilibrium target state  

Established Oldest part: 2016, newer parts since 2020 
Aim Not loose any money, show what is possible, experiment 
Business model Multiple streams of income but as they are part of the lekkerlandgoedstichting 

there is no need to be independently financially stable 
Involved actors Stichting Voedselbosbouw 
 

Design 

- Aesthetically pleasing 
- Adventurous layout to make it into an experience 
- Divided into different sections on different islands 
- Trees stand closer to the sloten grow better but probably due to clay ground, where water lev-

els in the sloten does not affect growing area water levels much 
- Martin Crawford inspired (no scientific approach at all) 

Plants 

- Old dutch species (old spinach): brave Hendrik 
- Winterlinde: leaves for salad 
- Walnuts and hazelnuts 
- Fruit trees: raspberry, gooseberry (had partial mildew mold) 
- Mint but has hard competition with nettles 
- Witte moorbij (mulberry, leaves as salad and berries) 
- Mispel (medlar, fruits and wijn/cider can be made from it) 
- Judas tree (judas boom, for beautiful tasty salad flowers 
- Elderberry (vlierbloessem) 
- Loorbeer (eat young shoots, have as spice leave) 
- Roomsekervel (SCHADUWPLANT) tastes like anis 
- Sorrel (zuring) to  
- Honingbes&wildehoningbes (first berry of the year) 
- Groundivy (hondsdraf) from mint family and nice groundcover, (restaurant Herold harvests a 

lot every week) 
- Pimpernoot (European bladdernut) eadible young leaves and flowers – taste very nutty 
- Akelei (Aquilegia), eadible flowers blue 
- Fenkel 
- Uiensoep boom 

Management/setup/implementation/hurdles 

- Trees that grow large can grow up well in the shadows 
- Stinging nettles come from nitrate ground and mostly affect other plants by shadowing them 

and creating a wet climate and climbing opportunities for snails which eat the other plants 
first, also little bit of water compettione 

- Two people (jan and Marten) that each work 1 to 2 days per week there to e.g. keep paths 
clear, do necessary maintenance 



 

- Young trees have it difficult in wet winter soils, long lasting night frosts into spring and then 
warm summers 

- 10 years should be given to the forest to allow actual revenue

 

Costs 

- Invested 100.000€  

Climate adaptation 

- Not considered really in the design
- Many plants from all over the world 

Water management 

extremely wet in winter, 1-2- meters deep in summer 

Business model 

- Subscriptions of self harvesters (150

- Restaurants (Héron, Landhuis in de Stad, eneenenkelekeerGasterijWielrevelt)

- VOKO 

- Donations  

- Grants 

See their year 
content/uploads/2021/02/2020_Jaarverslag

 

Other Information:  

Read martin crawford 

Young trees have it difficult in wet winter soils, long lasting night frosts into spring and then 

rs should be given to the forest to allow actual revenue 

 

Not considered really in the design 
Many plants from all over the world – so could be seen as some kind of adaptation

meters deep in summer  very variable 

Subscriptions of self harvesters (150€/year) 

Restaurants (Héron, Landhuis in de Stad, eneenenkelekeerGasterijWielrevelt)

See their year afrekening: http://www.lekkerlandgoed.nl/wp
content/uploads/2021/02/2020_Jaarverslag-Lekker-Landgoed-1.pdf 
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Young trees have it difficult in wet winter soils, long lasting night frosts into spring and then 

so could be seen as some kind of adaptation 

Restaurants (Héron, Landhuis in de Stad, eneenenkelekeerGasterijWielrevelt) 

http://www.lekkerlandgoed.nl/wp-
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- Article about them: https://christiansson.nl/eetbaar/toekomstboeren-jan-en-maarten-op-lekker-
landgoed/ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix F 
 

Figure 12 

Map representing the location of the borehole (screenshot from DINOloket) (DINOloket, 2023) 
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Practitioner Participation Consent Form
Contact 

 

Practitioner Participation Consent Form 
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Pia Winckler 

+4915750659567 

p.c.winckler@students.uu.nl 

Information on the research 

Name of Researcher Pia Winckler 

Project Type Master thesis research 

Institution Utrecht University 

Faculty Faculty of Geosciences 

Study Program Sustainable Development – Environmental Change and Ecosystems 

Title Designing a food forest at the Utrechtse Heuvelrug:  
A case study at estate Zuylestein 

Research Question What are sustainable design principles for a climate adaptive food forest in the cultural 
landscape of Zuylestein estate within the Utrechtse Heuvelrug National Park? 

 

The goal of this research is to identify promising design principles for a food forest at the estate Zuylestein. For 
this purpose, I am interested in learning about successful or promising food forest projects and practices. I would 
like to learn about how and what plants and designs were chosen for your specific site, which plants and design 
principles are (not) successful in your food forest if you have experience with or plan for climate adaptation and 
what business models you pursue to sustain your project. In short, I am curious to learn about your experiences, 
successes and failures with the food forest.  

Form of the research 

The form of research is agreed upon before and can range from a tour of your food forest or telling me about it to 
me actively participating in the maintenance. Any information and knowledge you would like to share during or 
after is welcome. I will take notes during and after to store the information. 

Use of your data 

The information you share with me will be handled confidentially and used in my master thesis. Your name will 
not be mentioned, however the food forest you are involved with and your relation to/position within it will be 
included. This is necessary due to food forests’ unique site conditions. If the knowledge you share might be util-
ized in any other project or publication (such as an openly accessible best-practice guide), you will be asked for 
your consent again. 

Right to withdraw 

You have the right to withdraw your consent to participate at any point. 
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Declaration 

 

Food forest: ____________________________ 

 
 
 
I confirm that:   

 I am satisfied with the received information about the research;   
 I have no further questions about the research at this moment;   
 I had the opportunity to think carefully about participating in the study;   
 I will give an honest answer to the questions asked.   

  
I agree that:   

 the data to be collected will be obtained and stored for scientific purposes;   
  
I understand that:   

 I have the right to withdraw my consent to use the data as long as they can be identified; 
 I have the right to see the research report afterwards.   

  
 

 

I have read the explanations of the participation consent form and agree to participate in the research: 

O yes  O no 
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Appendix G 

 

Recreational (using turquoise post-its), Communal (yellow), Experimental (pink) and Productional 
(purple) 
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Appendix H 
Figure 13 

Posters collecting the results of the scenario and backcasting workshop 

  

 

 

 

Note. Starting from the top-left for 5-7 years, 15 years on the top-right and 30 years on the bottom. 


