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ABSTRACT
Large-scale and intensive agricultural businesses have ensured food security.
However, we are realizing more and more that environmental consequences are
severe. Intensive monocultures have made landscapes homogeneous, causing many
problems such as environmental pollution, soil degradation, and fragmented nature,
which all contribute to a decline in biodiversity. While biodiversity is essential for our
food security.
To improve biodiversity, nature and agriculture should no longer be regarded
separately, but cooperate to reinforce each other. The theoretical concepts
agroforestry, landscape-inclusive agriculture, and agro-biodiversity which have the
overarching aim of enhancing biodiversity, can contribute to this and help take steps
into a more sustainable direction. This challenge requires design-oriented studies
in which landscape architects can play an essential role, as they are able to serve
the interest of various parties, in order to integrate the ambitions in the existing
landscape in the most optimal way.
This thesis focuses on the river landscape and specifically on the Maaskant region,
because in spite of its location along the river Meuse, it suffers from desiccation,
causing an accelerated loss in biodiversity. For the river landscape, principles and
supporting guidelines have been developed from the theoretical concepts and
analysis to guide the design. These have been tested and applied at different scales
to provide input for a more biodiverse landscape while taking into account factors
like cultural history, water, geomorphology, land use, and landscape experience.
The general principles provide guidance for future developments in enhancing
biodiversity in the agricultural landscape.
Keywords: agroforestry, landscape-inclusive agriculture, agro-biodiversity, river landscape,
sustainability, design guidelines, design principles
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PREFACE
This thesis is the completion of the MSc program Landscape Architecture at
Wageningen University and Research. During my time in Wageningen, I learned
a lot about researching the Dutch landscape and everything that comes with it.
Through the optional courses such as ‘Foodscapes, urban lifestyles and transition’,
‘Globalization and sustainability of food production and consumption’, and ‘Integrated
ecosystem assessment in regional management’ my interest in food and naturerelated themes has increased. Knowledge gained from the optional courses has
formed a great basis for this thesis.
Therefore, I chose the combination of nature and agriculture as the theme for my
thesis with a focus on declining biodiversity. I consider this theme to be relevant
from my perspective as a landscape designer because biodiversity loss is related to
many other pressing issues that need to be addressed from design research to move
towards a more sustainable future.
In this thesis, I aimed to combine the theoretical knowledge and knowledge about
how to research gained from the university with the aesthetic approach I learned
from my prior education at art school. My supervisors Homero and Gabrielle helped
me along the way and provided valuable suggestions and feedback. It was not always
easy to discuss my thoughts and ideas digitally, but eventually, we always figured
it out with the help of online tools. The experts R. Dijksma, I. Selin Norén, and J.W.
Erisman provided me with in-depth knowledge during the process, which resulted in
a multi-layered design. Thank you all.
The COVID-19 pandemic caused me to spend most of the time working on the thesis
at home. Therefore, I am thankful for my family who supported me and provided
the necessary distraction. I am also thankful for my thesis group with the online and
sometimes live meeting sessions. They were always available when I had something
to ask or complain about. A special thanks goes to Tim Kisner with who I started this
adventure, and who I could always contact when I got stuck, or just for a nice chat.
To conclude, with this thesis I would like to inspire others to think about how
important biodiversity is in our lives and to do something to counter the loss, even if it
is just a small gesture.
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INTRODUCTION
1.1 BIODIVERSITY LOSS
Nature and agriculture have been strictly separated
for years and are at odds with each other because
of their (seemingly contrasting) interests (Melman,
2020; Wereld Natuur Fonds, 2020). Increasingly
large-scale and intensive agricultural businesses
have ensured food security. On the other
hand, we are realizing more and more that the
environmental consequences are severe. Intensive
monocultures have made the landscapes and
ecosystems homogeneous, causing many problems
such as environmental pollution, soil degradation
and fragmented nature (see figure 1.1) (Nerlich,
Graeff-Hönninger, & Claupein, 2013; Ospina, 2017).
In the Netherlands, 40% of arable land is farmed
in a way that is not suitable for the soil type, e.g.
grassland in areas where arable farming is more
suitable. On 20% of the land, this is really damaging
to the soil (Erisman & Slobbe, 2019).
Landscape quality and diversity of agricultural
landscapes have also declined considerably
(Strootman, Erisman, et al., 2020). As a result,
many habitats are too small to remain stable and
biodiversity has decreased substantially (see figure
1.2) (Wereld Natuur Fonds, 2020). Biodiversity
is essential for our food security (Erisman et al.,
2016; van Doorn et al., 2019). Most farmers are
willing to switch to more nature-friendly agriculture
(Bouma & Marijnissen, 2018), but are held back by
regulations resulting in a lack of a clear long-term
perspective that provides certainty (Bakker, 2020).
In the Netherlands, Natura 2000 areas are
protected, but despite the expansion of the
National Nature Network (NNN) and reduction
of fragmentation, ecological conditions remain
suboptimal for the sustainable conservation of
species and habitats (Beunen & Lata, 2021).
In river landscapes, this problem is even more
severe. Water management consists largely of
accelerated discharge of water from the agricultural
area. In addition, the water level of rivers drops
during (increasingly occurring) dry periods. This also
lowers the groundwater level in the surrounding
areas and reduces the freshwater supply (Atlas
Natuurlijk Kapitaal, 2018). Intensive monocultural
farming requires a lot of water to produce, which
means that agriculture (food security)
8
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is given priority over water compared to nature
(Kenniscentrum InfoMil, n.d.). The already small
number of inland nature areas (due to the
cancellation of a large part of the NNN in the river
landscape) are prone to desiccation, which leads
to a further decline in biodiversity (resulting in a
decline in local food security as well). In conclusion,
nature and agriculture should not be approached
separately.
To tackle these issues, regulatory barriers need to
be adjusted, as this is the reason for most farmers
not to switch (Nerlich et al., 2013). In addition, steps
can be taken by increasing landscape diversity
and thereby stimulating biodiversity, with the right
interventions in the right places. This will help the
region to move towards a landscape-inclusive form
of agriculture, meaning that the area will become
more resilient. Not only from an ecological point of
view but also economically, since a more diverse
landscape generates more diverse (provisioning)
ecosystem services, which may strengthen the
resilience of the local economy (Schippers et al.,
2015).
A potential tool for combining nature and
agriculture is the Forestry Strategy; to achieve
climate goals (such as increasing biodiversity
and tackling drought) the government has the
ambition to plant 37,000 ha of trees (Ministerie
van LNV & Interprovinciaal Overleg, 2020). The
question remains where and how these trees
(and shrubbery) will fit in (Strootman, Groot, et
al., 2020). A contribution to the Forestry Strategy
can be made by engaging in landscape-inclusive
farming, including agroforestry. A lot of research
(Agforward, n.d.; Agroforestry Nederland, n.d.;
Luske, Bestman, van Veluw, Prins, & Rombouts,
2020; van Eekeren, Luske, Vonk, & Anssems, 2014)
is currently being executed into the opportunities
of agroforestry in the Netherlands. However, there
is still a lack of design-oriented studies that look for
how and where agroforestry can be implemented
into the existing landscape, leading to an enhanced,
biodiverse landscape (including cultural-historic
elements etc.) (Strootman, Groot, et al., 2020).
That is where the landscape architect comes in.
This renewed relationship between nature and
agriculture that will lead to a biodiverse new
landscape (which will contribute to the climate
challenge),

requires the strengths of a landscape architect that
is able to serve the interest of various parties, to
integrate the ambitions in the existing landscape in
the most optimal way. In this thesis, a combination
of several approaches that could contribute to this
challenge will be researched.
SHARE PER PRESSURE OF BIODIVERSITY LOSS

Figure 1.1: Share per pressure of biodiversity loss in
the Netherlands since 1950. (Veen, ten Brink, Braat, &
Melman, 2008)
DEVELOPMENT OF BIODIVERSITY

Figure 1.2: Development of biodiversity (Veen, ten Brink,
Braat, & Melman, 2008)
Introduction
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1.2 PURPOSE STATEMENT

1.3 STUDY AREA

This research and design contribute to various
issues that are on the policy agenda (such as the
Forestry Strategy and the Vision agriculture, nature
and Food: Valuable and Connected). Nature and
agriculture must be able to go hand in hand to
increase biodiversity. Through landscape-inclusive
agriculture including agroforestry, I will deploy the
landscape to achieve this goal. A positive additional
effect is climate mitigation through nitrogen
fixation and the cooling effect by trees, and climate
adaptation by using the favorable water properties
of trees since this is needed due to increasingly
dry periods and heavy rain events. This means that
agricultural practices need to change further for a
more biodiverse system in the future.

For this thesis, a study area is used to explore the
knowledge gap on how and where agroforestry
can fit into the existing landscape to enhance
biodiversity. The design explores solutions that
stimulate biodiversity through agroforestry and
landscape-inclusive agriculture at the scale of
the and landscape. To be able to generalize the
principles, it is important to have a representative
location. This means that the area should consist
predominantly of monocultural agriculture, has low
natural value and faces a mismatch between the
land use and the natural conditions. I chose the
river landscape as it meets the above criteria, but
also because it deals with desiccation, despite the
presence of the Meuse river (Corporaal, Stortelder,
Schaminée, & Huiskes, 2007; Lassche, 2021).
This way, this research will not only contribute to
improving biodiversity in the study area, but can
also help comparable areas through generalizable
principles.

This research and design offers farmers a long-term
perspective, showing that a biodiverse landscape
can be created when functions are no longer
seen as separate, but cooperate to reinforce each
other. Agroforestry, in combination with landscapeinclusive agriculture, can help take steps in a more
sustainable direction. This combination has not
been researched and applied in a design before.
For the discipline, this thesis can be a source of
inspiration for future developments in enhancing
biodiversity in the agricultural landscape.

10
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RIVER LANDSCAPE
This river landscape comprises the catchment
areas of the Meuse and Rhine, called the RhineMeuse delta (Haring, Wesselingh, & Ahrens, 2009).
This landscape consists mainly of the rivers,
floodplains, levees and ‘komgronden’ (low-lying
wet areas with heavy clay behind the dike, that
are no longer connected to the river)(Janssen,
2008). The river landscape is situated between
the northern and southern sandy areas of the
Netherlands. The area faces many different waterrelated issues, such as fresh water shortage,
flood risk and peak discharges due to heavy rain
events. I focus on the issue of desiccation, because
this is the cause of a variety of different climatic
problems (soil settling, erosion). For this thesis,
especially the damage caused to biodiversity is of
particular interest (Lassche, 2021). As explained
earlier in the introduction, desiccation is one of
the causes of biodiversity loss because agriculture
takes priority over nature in the case of freshwater
shortage, while nature also needs water to survive
(Kenniscentrum InfoMil, n.d.).
An area within the river landscape where
biodiversity as a result of desiccation (among other
causes) leads to significant problems is Maaskant.

MAASKANT
Maaskant is one of the 78 clearly framed regions
that form a characteristic landscape according
to Panorama Landschap (Rijksdienst voor het
Cultureel Erfgoed, n.d.). This study site is located
between the Meuse River in the north and the sand
ridges in the south, running from ‘s-Hertogenbosch
to Oss and further to the southeast (see figure 1.3).
The surface of this area is approximately 24,000 ha.
Maaskant had a typical distinction between levees
with a closed character and ‘komgronden’ with
an open character. This characteristic structure
of the river landscape has diminished after land
consolidation (Raap, 2017), which resulted in
efficient large monocultural farming plots (but with
very few landscape elements left) in the area today.
As a consequence of these human interventions,
biodiversity has declined rapidly. There is a growing
recognition that action must be taken to halt the
biodiversity loss in this region (Gemeente Oss,
2017), what makes the area matching the
ambitions of this thesis.

Figure 1.3: Study area location
Introduction
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1.4 THEORETICAL FRAMEWORK
This research combines knowledge of three
concepts; agroforestry, agro-biodiversity and
landscape-inclusive agriculture. This section
will elaborate on why I use these concepts. In
the theory chapter, I will further elaborate on
the theory behind the concepts and how these
concepts interrelate.
Agroforestry is “The practice of deliberately integrating
woody vegetation (trees or shrubs) with crop and/
or livestock production systems to benefit from the
resulting ecological and economic interactions”
(Augère-Granier, 2020, p. 3). It has the potential
to improve sustainable agricultural management,
supporting biodiversity (Nerlich et al., 2013;
Plieninger, Munoz-Rojas, Buck, & Scherr, 2020).
This makes the theory suitable for the creation of a
system in which nature and agriculture reconnect
and the level of biodiversity increases.
The challenge of this research is to investigate and
design with different types of agroforestry on a
landscape scale, not just for food provision but also
to create a broader impact on other ecosystem
services such as biodiversity and water regulation
(Selin Norén et al., 2019), to contribute to the
adaptation and mitigation of the effects of climate
change (Mosquera-Losada et al., 2018).
Most of current agricultural practices are limited in
using these ecosystem services such as biodiversity
and water regulation, because of monocultures,
eutrophication, desiccation and pesticides
(Greenpeace, 2016). The circle of agriculture
undermining itself continues indefinitely unless the
negative trend is turned with the help of planned
agro-biodiversity. Agro-biodiversity means: “The
totality of plant and animal resources, soil and microorganisms, insects and other flora and fauna in agroecosystems relevant to agricultural production systems,
as well as elements of natural habitats relevant to
agricultural production systems” (ten Holt, Hagens, &
Blanken, 2011, p. 35).
The higher the planned (:deliberate interventions
for improving biodiversity) biodiversity, the higher
the naturally occurring biodiversity, because these
interventions indirectly attract other species,
creating more species diversity (Selin Norén et al.,
2019).
12
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Biodiversity is crucial for agricultural practices:
fauna not only provides pest control and natural
soil enrichment but also pollination; wild pollinators
are a vulnerable group since there is a lack of
natural food sources and habitat (De Groot et
al., 2015; Greenpeace, 2016; Shepard, Spoor,
& Brouns, 2014). Wild pollinators provide a
regulating ecosystem service: they pollinate the
plants and trees, what makes them necessary for
the production of our food (76% of all food crops
depend on pollinators (Tiktak, 2020)). Therefore,
agricultural practices need to change in order to
increase biodiversity, since pollinators play a crucial
role in providing sustainable food in the future.
Agricultural practices can be transformed, for
example with the help of agroforestry, in a
landscape-inclusive way. Landscape inclusive
agriculture is “A form of agriculture in which the
production of food contributes to an attractive,
rich, biodiverse and accessible landscape that pays
attention to heritage, beauty and for the people who
live and work in it” (Strootman, Erisman, et al., 2020,
p. 13). The aim is to not only close cycles (like
the nutrient cycles) within agriculture, benefiting
both agriculture and nature but also to achieve
landscape diversity. This is also important for the
experiential quality of an area. Through landscape
diversity, the regional identity becomes more
visible. The landscape diversity of the Netherlands
will be reflected in the food production system and
vice versa (Strootman, Erisman, et al., 2020). The
aim of landscape-inclusive agriculture for farmers
is to receive a fair income for producing healthy
food while creating a biodiverse landscape in which
ecosystem services such as clean water, clean
air and healthy soil are guaranteed (Strootman,
Erisman, et al., 2020).
The three aforementioned concepts on their
own are not new, but by combining them the
concepts reinforce each other since these have
the overarching aim of creating a more biodiverse
landscape, as seen in figure 1.4.

1.5 RESEARCH OBJECTIVE & QUESTIONS
This thesis aims to enhance biodiversity.
The objective of this thesis is to research and
combine knowledge about agroforestry, planned
agro-biodiversity and landscape-inclusive
agriculture to create a system that works for both
nature and agriculture to enhance biodiversity. The
combination of concepts is applied to the regional
scale of Maaskant (a part of the river landscape in
North-Brabant, see chapter 1.3). Designs on the
site scale will be created using that knowledge,
to inspire how to enhance biodiversity on a more
local scale and with that, enrich the landscape
diversity of the river landscape by researching the
application of landscape-inclusive agriculture in the
design area (landscape scale) of Maaskant.
This translates into the following research and
design questions:
Figure 1.4: Combination of concepts that enhance
biodiversity

MAIN RESEARCH QUESTION
What design principles could create a biodiverse river
landscape using agroforestry in combination with
landscape-inclusive agriculture?

SUB-RESEARCH QUESTIONS
1. What types of agroforestry can be applied in a river
landscape?
2. How can agroforestry in a river landscape contribute
to improving biodiversity?
3. How can landscape-inclusive agriculture in a river
landscape contribute to improving biodiversity?

SUB-DESIGN QUESTION
4. How can Maaskant be redesigned into a biodiverse
river landscape using agroforestry in combination with
landscape-inclusive agriculture?

Introduction
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Figure 1.5: Research framework
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1.6 RESEARCH FRAMEWORK
Figure 1.5 shows the research framework used
for this thesis. It consists of two parts; the more
general part, where answers are sought for ‘the
river landscape’ and the more site specific part,
where the study area Maaskant is used. In the first
part, the sub-research questions are answered
with the help of several methods (see chapter
1.7). Knowledge is acquired through more general
research on the three concepts. The output of
the sub-research questions are design principles
which will form the base for the design guidelines.
The second part consists of an analysis of the
study area to find out in which area the most
valuable improvements can be made. This area will
be the focus for the design for which the design
guidelines form the foundation. The guidelines
will be subdivided in a site scale and a landscape
scale. These are the main ingredients for the design
phase. The results of the design are evaluated and
generalized to answer the main research question.
A critical discussion will conclude the research.

After the rounds of adjustments, the final design
will be created with the help of the guidelines.
When the design question is completed, I will
evaluate the design guidelines and principles and
generalize them, to make them transferable to
other design situations in the Dutch river landscape
that deal with biodiversity loss due to intensive
and monocultural agriculture. By doing this, the
main research question will be answered. This
means that the results of my thesis could have the
potential for a wider impact.

RESEARCH FOR DESIGN AND RESEARCH
THROUGH DESIGN
The sub research questions are covered under
‘research for design’. This means that these support
the design process by providing information.
Knowledge is achieved to make an evidence
based design, which will increase the reliability
(Lenzholzer, Duchhart, & Koh, 2013). Principles
will be generated from the findings of the three
sub-research question based on theory. From
each principle several guidelines will be produced.
Generation of design guidelines helps to steer
the design and avoid getting locked in the design
process(Prominski, 2016). These guidelines are
neither totally specific to the design area, nor
applicable for the entire country. In the phase
of answering the design question, different test
designs on the design area will be executed to
test and improve the guidelines as an iterative
process (Lenzholzer, Duchhart, & van den Brink,
2016; Prominski, 2016). In this stage, research
through designing is used. By adjusting the design
guidelines, knowledge is developed (Lenzholzer et
al., 2013).

Introduction
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1.7 METHODS & MATERIALS
To answer each sub-research question, different data collection methods are used. These methods
together with the data and explanation are shown in the tables. To answer the sub-design question, data
collection methods and a design method are used as seen in the second last and last table.

SUB RESEARCH QUESTION 1
What types of agroforestry can be applied in a river landscape?
To answer this question, 3 methods will be used;

SUB RESEARCH QUESTION 2
How can agroforestry in a river landscape contribute to improving biodiversity?
To answer this question, 3 methods will be used;

16
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SUB RESEARCH QUESTION 3
How can landscape-inclusive agriculture in a river landscape contribute to improving
biodiversity?
To answer this question, 4 methods will be used;

SUB DESIGN QUESTION
How can Maaskant be redesigned into a biodiverse river landscape using agroforestry in
combination with landscape-inclusive agriculture?

A study area analysis on a regional scale will be conducted to find out in which area the
greatest valuable improvements can be made. Criteria will be established to frame this
analysis and to choose a design area that is representative for the study area.

Introduction
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THEORY
In this chapter, theory about the concepts will be presented that inform the design. Each section has a
concluding paragraph with principles that are extracted from the theory. These principles are the base for
the design guidelines. The guidelines will be presented in the guidelines chapter. This chapter ends with
an explanation and conclusion of the consolidated principles.

2.1 AGROFORESTRY
Agroforestry is not a new concept, but has only
recently been explicitly named as such (den Herder
et al., 2015). Around the world, the combination
of trees with agriculture has been practiced in
different ways. In the Netherlands, high stem fruit
trees were combined with grazing cattle (Nerlich
et al., 2013). These traditional systems mostly
disappeared in the 20th century when agriculture
intensified and industrialized through the invention
and use of fertilizer and pesticides (Nerlich et al.,
2013). The agricultural plots were enlarged by land
consolidation and increasingly heavy machinery
was used. Farmers started to specialize in one
crop or animal species. As a result, trees and
shrubs became an obstruction and were removed
(Nerlich et al., 2013). With the disappearance of
these agroforestry practices, several landscape
characteristics disappeared as well (Corporaal et al.,
2007). Intensive monocultural agriculture became
the standard.
With the consequences of environmental
degradation, monocultural farms are now advised
to adopt more sustainable practices. Incorporating
agroforestry is one of the possibilities to not only
guarantee a profitable food provision but also
a sustainable system in the long run (Nerlich et
al., 2013). The traditional agroforestry systems
are valuable examples for the future. Existing
knowledge can be applied in an innovative way to
create more sustainable systems.

18
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AGROFORESTRY DEFINED
Agroforestry is an approach that is environmentally
friendly for land management, because trees store
carbon, ensure soil conservation, and improve
water and air quality. (Nerlich et al., 2013). It can
diversify production and practices on a small
scale, which is favourable for nature values. The
agricultural mosaic can be enhanced with natural
elements such as shrubs and forest patches. It
can also contain cultural elements of farming
systems such as hedgerows. This not only adds
a higher nature- but also a higher cultural value.
(den Herder et al., 2015). Woody vegetation and
agriculture can reinforce one other in several
ways. The different farming types (arable farming,
livestock breeding, etc.) have different agroforestry
systems to complement them. There are many
different categorizations of agroforestry systems.
The categorizations all have similarities but some
categorizations are missing relevant systems and
some have overlap within their categorization.

Therefore, a new categorization is created, inspired by Nair and Mosquera-Losada et al. (MosqueraLosada et al., 2018; Nair, 1985). This categorization distinguishes (see figure 2.1):

• Silvoarable: Widely spaced woody vegetation

• Silvopasture: Woody vegetation combined with

• Forest farming: woody vegetation in the form

• Auxiliary systems: Hedgerows, windbreaks and

combined with agricultural species. This can
occur in various practices such as alley cropping.

of a forested area combined with natural
standing specialty crops for culinary, medicinal or
ornamental uses.

animal production. This can occur in various
practices, such as trees on pasture but also in the
form of grazed woodland.

riparian buffer strips are woody vegetation in
lines at a border to protect crops or soil and
water quality.
“Auxiliary systems don’t have production as
the primary objective, but instead confer other
agrotechnical properties (i.e., ecological or economic
services) on neighboring systems” (Wojtkowski,
2004, p. 89).

Figure 2.1: Four different agroforestry categories, with top left silvoarable, top right silvopasture, bottom left forest farming
and bottom right auxiliary systems.
Theory
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As illustrated, agroforestry can be implemented in
different ways. Systems can also be combined (see
design chapter). There is not one model that can be
applied everywhere (Ospina, 2017). The landscape
in which the agriculture is located must be taken
into account to design a carefully considered
agroforestry system and to achieve the potential
benefits this might provide (Nerlich et al., 2013).
These benefits are ecosystem services (see figure
2.2). Agroforestry can not only provide services in
terms of products, but also in terms of supporting
biodiversity, which contributes to natural pest
control (Selin Norén et al., 2019). Regulatory
services, such as drought prevention can also
be stimulated (Augère-Granier, 2020). Tree roots
improve the water infiltration capacity of the soil,
allowing water to retain longer. In addition, trees
provide shade making the soil beneath it much less
likely to desiccate (Sollen-Norrlin, Ghaley, & Rintoul,
2020).

Figure 2.2: Agroforestry stimulates different kinds of
ecosystem services
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UPSCALING OF AGROFORESTRY
Most current agricultural practices focus on short
term profit with an annual crop harvest. It is
unsustainable to continue this way (Shepard et al.,
2014). To realize short-term profit, a lot of artificial
fertilizer is used. This fertilizer leaches and causes
negative side effects such as the enrichment of
water with phosphates and nitrate (Gilliam, Logan,
& Broadbent, 1985), which has a large negative
effect on river ecotopes.
In the long term, yield will decrease as a result
of soil degradation. This means that the current
system is not resilient (Shepard et al., 2014).
Agroforestry, on the other hand, focuses on
long term profit. At the start, there will be high
investments by shifting from monoculture to
various species. Also agroforestry is more labour
intensive compared to monocultural agriculture
since there is a differentiation of species that
require different tasks. Nevertheless, a suitable
combination of tree and crop can result in a higher
uptake of nutrients and protection of the crop. This
can increase crop growth and yield substantially
(Nerlich et al., 2013). Only in the long term there
will be benefits from the woody vegetation, such as
wood yield from coppice wood, but also qualitative
wood from fruit trees for furniture when they are at
the end of their lifespan for example.
However, the system is not only ecologically more
resilient, but economically as well because risks
will be spread. Monocultures attracts pests and
diseases, while a more diverse production is more
resilient. Also, there is a greater chance that a
certain crop species will survive extreme weather
conditions by diversification. If a crop species
suddenly decrease yield, the other crop species can
compensate the financial setback (Erisman et al.,
2016; Shepard et al., 2014).

Agroforestry can be considered at different scales:
field-scale, farm-scale and landscape scale (den
Herder et al., 2015). Researchers at Wageningen
University are currently studying alley cropping
on field scale. They study the interaction between
various tree and crop species (Schoutsen, 2021).
At farm-scale, there are pioneer farmers spread all
over the Netherlands, who test different types of
agroforestry. They conduct experiments such as
the implementation of willow trees as fodder trees
for goats, fruit trees combined with chicken and
windbreaks to protect the crops (Agforward, n.d.).
These experiments serve as inspiration for this
research and design, but cannot be copied directly
due to the different conditions in terms of soil type
and landscape type.
Despite its numerous benefits, agroforestry has
so far only be applied on a smaller scale in the
Netherlands. To create a significant impact on
biodiversity, agroforestry needs to be scaled up by
implementing a diversity of agroforestry practices
at the right place (Plieninger et al., 2020). It is
therefore important to understand the local land
use trajectories and histories (Plieninger et al.,
2020) (part of analysis, see chapter 3 analysis).

DESIGN PRINCIPLES FOR UPSCALING AGROFORESTRY
To upscale agroforestry practices, the following should be considered:
A. Agroforestry practices. To achieve potential benefits that agroforestry practices might
provide, it requires responding to local conditions (Nerlich et al., 2013).
B. Mechanization. To make agroforestry practices attractive (since agroforestry is
more labor intensive compared to monocultural agriculture), it is important to work
efficiently. This requires mechanization of agroforestry practices (Luske et al., 2020).
An extra benefit is that this will generate new jobs.
C. Cooperations. To make agroforestry practices attractive, it is important to remain
the mechanization- and labor costs low. This requires new forms of cooperations,
not only between farmers, but also with tree nurseries, wood producers, nature
organizations etc. to support each other (Luske et al., 2020). These cooperations can
also exchange knowledge and skills.
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MEANING OF AGROFORESTRY IN THE RIVER LANDSCAPE
Agroforestry has a high potential to enhance biodiversity in the river landscape. An advantage of trees
in the agroforestry systems is that these prevent soil desiccation (as explained in 2.1 ‘agroforestry
defined’), which is not only a benefit for farmers but also a benefit for the existing biodiversity which is
also vulnerable to drought. But to be effective, it is of great importance to implement the appropriate
agroforestry practices at the right places in the landscape (Plieninger et al., 2020). Only then can
the various elements in the system have a positive influence on each other. River landscapes in the
Netherlands consist of several components. These comprise (see figure 2.3):

Figure 2.3: Section of river landscape components

Floodplain: The floodplain is situated between the
summer bed of the river and the winter dike. When
the water level is high, the floodplain inundates (a
floodplain is primarily meant for water storage).
Between the river and the winter dike is a summer
dike; this dike is intended to keep the floodplain
dry in summer for the farmers: they have livestock
there or grow corn, beets, and potatoes despite
the wet conditions (Janssen, 2009b). Gradually,
farmers move out to give the floodplains back to
nature, allowing the rivers to flow more freely again
and increasing biodiversity (Hoogewerf & Leemkuil,
2020).

Levee: levees develop along the banks of a river.
The river created those ‘natural dikes’ by depositing
sand. When the water level is high, it can overflow.
People moved to these ‘safe’ higher parts of the
landscape and began to farm there in the form of
orchards and crop fields because the fertile soil was
suitable for it (Janssen, 2009a). In the Netherlands,
the levees have been replaced by higher, artificial
dikes that offer protection during periods of high
water. This keeps the river’s dynamics in control.
On the land side of the dike, higher parts, so called
‘stroomruggen’ can be still found. These are levees
of former river courses (Janssen, 2009a)(see figure
2.4).

Figure 2.4: Former channel belts in the Rhine-Meuse delta with the levees along it, that are now ‘stroomruggen’ (AHN, 2021;
Berendsen & Stouthamer, 2000)
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‘Komgrond’: Komgronden are formed by the
flooding of the levees. The flow velocity of the
water decreases when the water washes over the
land, giving the lighter clay particles the chance to
settle. Due to the repeated flooding of the levees,
a thick layer of clay forms in the area behind the
levees (Janssen, 2008). This heavy clay is not very
water permeable, so for a long time, these grounds
were only suitable as grassland. By making ditches,
the ‘komgrond’ area was drained and made more
productive (Janssen, 2008). Since the building of the
dikes, the ‘komgronden’ are no longer connected
to the river. Therefore, no more layers of clay are
deposited, which means that the ‘komgrond’ area
is lower than the floodplains, where sediment is
still repeatedly deposited. Therefore, ‘komgronden’
are sensitive to seepage, soil settling, leaching (of
pollution into the water, since it can difficultly be
retained in the soil) and sensitive to cracking of
the soil. It takes a lot of effort to continue to grow
products on these soils under these conditions
(which will even become more difficult due to
climate change).
The above mentioned conditions such as heavy
clay and the accompanying sensitivities limit the
use of certain sub-systems of agroforestry when
limited human interference in the natural system
is preferred. So, without taking extensive artificial
measures, forest farming is not a viable option for
the komgrond of the river landscape because of
the high groundwater table that obstructs most
tree species to properly develop (de Bijl & Hoekstra,
1990).
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Figure 2.5: Agroforestry
categorization for the river
landscape with sub-systems
inspired by Nair (1985)

The sub-systems categorized under silvoarable agroforestry, silvopasture agroforestry and auxiliary
agroforestry that do fit in the river landscape are (see figure 2.5 and tiles):

• Alley cropping: Growing rows of trees or shrubs
(for various purposes such as wood, fodder,
biomass, food, etc.) between rows of annual
crops (Shepard et al., 2014).

24

Theory

• Wood pasture: Combining trees or shrubs (which
are spread evenly across the pasture) with
livestock (Shepard et al., 2014).

• Grazed woodland: Combining half-open forest with • Grazed orchard: Combining orchard with livestock
shade tolerant grasses as underlayer with livestock
(usually, a poorly functioning forest that provides
limited ecosystem services is transformed into one)
(Shepard et al., 2014).

(high stem fruit trees can be combined with pigs/
sheep and low stems with poultry) (den Herder et
al., 2015).

• Fodder trees: woody vegetation that can be used as • Pollarded trees: woody vegetation that is pruned
animal feed. The fodder trees can be a component
of alley cropping or a component of wood pasture
where animals have direct access to the trees
(Shepard et al., 2014).

periodically. Its timber can be used as firewood,
ramial chipped wood, lumber and fodder. The
pollarded trees can be a component of alley
cropping or a component of the wood pasture
(Collin, van Lerberghe, & Balaguer, 2017).

• Windbreaks: rows of trees or shrubs which serve to • Hedgerows: rows of woody (food) vegetation which
limit the influence of the wind in order to prevent
crops from drying out, to prevent the vegetation
from being blown over, to prevent erosion and to
protect animals (Wojtkowski, 2004).

serve as protection against unwanted animals, a
fence between fields and hiding and nesting place
for animals (Shepard et al., 2014).

• Riparian buffer: planted riparian zone along the
edge of a water body to protect water quality
(Shepard et al., 2014).
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2.2 PLANNED AGRO-BIODIVERSITY
It is beyond dispute that the expansion and
intensification of agriculture have caused
biodiversity loss (Norris, 2008). A steady decline
in agricultural areas is still observed (Erisman
et al., 2016)(see figure 2.6). This biodiversity
decline results in a reduced quality of the rural
area and also has negative consequences for the
production and income of the farmer (ten Holt et
al., 2011), because agriculture basically depends on
biodiversity to function well (Erisman et al., 2016).
The farmer acts on governmental policy. So it is not
solely the farmer who bears these responsibilities.
It starts with the directing policymakers. Farmers
need a long-term perspective with certainty (of the
policymakers) (Bakker, 2020), which can make the
agricultural sector a key player in reversing this
negative trend (Selin Norén et al., 2019).
A change in agricultural practices can affect the
persistence of particular species, which in turn
indirectly has a positive influence on other species.
It should not be forgotten that the food demand
has to be met, so the challenge is to optimize food
production and at the same time minimize impacts
on the environment and ecosystems (Erisman et al.,
2016). Only this way, biodiversity can be recovered
without endangering the food supply.

MEANING OF PLANNED AGRO-BIODIVERSITY
IN THE RIVER LANDSCAPE
In the river landscape, the agricultural landscape is
dominated by intensive agriculture (Norris, 2008).
Plots are straightened to exploit every square
meter for agriculture. As a result, valuable natural
corners (with trees/shrubs) for biodiversity have
disappeared. Also a large part of the planned
(inland) nature network has not been realized in the
river area. As a result, agriculture cannot benefit
from ecosystem services such as the regulating
service flood and drought prevention. There is an
increase in water shortage in periods of drought
and floodings in periods of excessive rainfall
because of reduced water permeability and water
buffering (ten Holt et al., 2011). The resilience
can be increased through a higher planned agrobiodiversity so that agriculture can once again
benefit from ecosystem services.
agricultural landscapes should not be regarded as
isolated landscapes but as functional ecosystems
consisting of seminatural and managed/agricultural
components in balance with surrounding
landscapes (Norris, 2008). These agricultural
landscapes can reduce environmental pressure
(like leaching, soil degradation etc. with trees and
shrubs) and thereby increase biodiversity outside
the agricultural system (Erisman et al., 2016).
Improving planned agro-biodiversity can be done in
several interconnected ways (Erisman et al., 2016).

FAUNA IN AGRICULTURAL AREA

Figure 2.6: Steady decline of fauna in
agricultural area (CBS, PBL, RIVM, & WUR, 2019)
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At site scale, the functional agro-biodiversity should
be enhanced. Functional biodiversity means
biodiversity that supports the production function,
such as species that ensure pollination, natural
disease and pest regulation or soil fertility (ten Holt
et al., 2011). Soil biodiversity, for example, can be
increased through woody vegetation. The woody
vegetation provides nutrition for soil organisms
through the fallen leaves. The organisms convert
the leaves into nutrients which benefits soil fertility
(Selin Norén et al., 2019). In addition, the deeper
rooting of woody vegetation improves the soil
structure, which is beneficial for soil life but also
for water retention. By retaining water, woody
vegetation contributes to a more stable humidity
level and prevents desiccation.
To support functional agro-biodiversity, landscape
elements are key. When landscape elements such
as hedges, orchards, ponds and ditches increases,
species richness will increase too (Erisman et al.,
2016). However, the quality of, and the connection
between individual elements are of great
importance (Erisman et al., 2016). This connection,
in the form of green-blue networks as semi-natural
habitat, helps to link source areas and connection
zones (Erisman et al., 2016).
Also, management of specific species is important
for the conservation and increasing of specific
species (Erisman et al., 2016). This can for example
be done with wild pollinators. Wild pollinators are
vulnerable, but important to our food security. It
is critical to preserve and support this particular
group of species by creating elements for habitat
such as wood- and sandpiles, but also year-round
food resources from flowering crops, shrubs and
trees (Erisman & Slobbe, 2019).
Biodiversity will increase when groups of measures
are taken within the different scales from site level
to the landscape level (Erisman et al., 2016)

CONTRIBUTION OF AGROFORESTRY TO IMPROVE BIODIVERSITY
As noted in the previous paragraph, agroforestry is
one of the possibilities for supporting biodiversity.
It does not add habitat to the agricultural system,
the agricultural system itself is the habitat, so
instead of adding nature conservation measures
to agriculture, agroforestry is a form of nature and
agriculture at the same time (Shepard et al., 2014).
When different forms of agroforestry are applied
in the right place in the right way, an increase in
biodiversity occurs at different scales.
At the site scale, there will be an increase in soil
quality and microorganisms. Unlike in annual
crop monocultures, agroforestry systems provide
undisturbed habitat and soil throughout the
year, since there is no more disturbance from
tillage, less frequent harvesting and no more use
of crop protection products (Erisman & Slobbe,
2019; Selin Norén et al., 2019). There will also
be an increase in the number of species since
agroforestry is a polyculture, which means more
diversity in cultivation species (Selin Norén et al.,
2019). Because of these polycultures, the landscape
will be divided into smaller fragments, which
provides diversity in ecological niches with different
microclimates. These microclimates exist due to
difference in vegetation structure through growth
heights, growth types and growth stages, and
attracts different species (Selin Norén et al., 2019).
At the landscape scale, agroforestry attracts and
provides habitat for wild species such as mammals,
birds, and insects that tolerate a certain level of
disturbance (McNeely & Schroth, 2006; Selin Norén
et al., 2019). It also attracts species that depend
on natural habitat that require relatively large
areas, since agroforestry creates a more passable
matrix between habitat remnants and landscape
elements, which extends the total habitat (McNeely
& Schroth, 2006). In short, agroforestry reduces
habitat degradation by transforming existing
agriculture into more natural landscapes and
therefore reducing pressure on the total system.
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Planting trees alone does not give the desired effect
in terms of increasing biodiversity.
A well-considered design is therefore crucial.
Factors such as the plant density, the covering of
the undergrowing species, the number of crop
species used and many other factors have a major
influence on the biodiversity of the agroforestry
system (Selin Norén et al., 2019).
Not only the design, but also the right maintenance
and time are factors on which biodiversity depends.
Take, for example, the intensity of disturbance
and the use of plant protection products. To put
it in a nutshell, designers need to create diversity
and continuity in (semi)natural habitats on a site
and landscape scale. Nature does the rest. This is
successful when for flora a suitable location, the
right neighbouring plants and a suitable soil is
taken into account and for fauna the proximity of
food, nesting opportunities and a hiding place is
taken into account (Dawson et al., 2019).

DESIGN PRINCIPLES FOR AGRO-BIODIVERSITY
D.

E.
F.
G.

The design principles that stimulate the improvement of biodiversity by agroforestry
in the river area are:
Functional biodiversity. To enhance functional (agro-)biodiversity, it requires
agroforestry systems: Functional biodiversity means biodiversity that supports the
production function, such as species that ensure pollination, natural disease and pest
regulation or soil fertility (ten Holt et al., 2011).
Landscape diversity. To enhance landscape diversity, it requires landscape elements
which also support functional agrobiodiversity (Erisman et al., 2016).
Key species. To attract specific species for the conservation and increasing of these
species, it requires elements they need (Erisman et al., 2016).
Ecological networks. To link source areas with connection zones, it requires greenblue networks as semi-natural habitat and connection between source areas
(Erisman et al., 2016).
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2.3 LANDSCAPE-INCLUSIVE
AGRICULTURE
Intensive monocultural agriculture has not only
caused a significant decline in biodiversity but
has also caused a substantial decline in the
diversity and identity of regions in the Netherlands
(Strootman, Erisman, et al., 2020) (landscape
identity means: “the unique psycho-sociological
perception of a place defined in a spatial–cultural
space” (Stobbelaar & Pedroli, 2011, p. 334)). This
can considerably be improved in the monocultural
rural area (after all, 60% of the Netherlands consists
of agricultural areas (Nieuwenhuizen, Gies, van Och,
& de Rooij, 2015)), although that area is popular for
various space claims such as housing, energy and
nature development (van Dam, Tisma, & Diederiks,
2019). Preserving the rural area for agriculture
is not only necessary for the increasing demand
for safe and sustainable food but also important
for improving the quality of cultural landscapes,
since the old cultural landscapes were rich in large,
diverse forests (Raap & Janse, 2021; Strootman,
Erisman, et al., 2020).

Today’s intensive agriculture should therefore be
transformed into several types of agroforestry
that not only produce food but also attractive
landscapes. This landscape diversity helps to
improve natural processes, to make better use of
ecosystem services (Schippers et al., 2015).

MEANING OF LANDSCAPE-INCLUSIVE AGRICULTURE IN THE RIVER LANDSCAPE
Restoring the natural processes is necessary
in the river area. The area faces, in particular,
limited drought resistance and a decrease in
natural pollination. In addition, a large part of the
river landscape scores poor to average on the
experiential value of the landscape (see figure 2.7).
This is mainly because 50% of the linear culturalhistorical elements such as ditches, hedgerows
and windbreaks have disappeared since 1900
(Strootman, Erisman, et al., 2020). Landscapeinclusive agriculture can improve this. By defining
local characteristics and making them part of the
agricultural system, the relationship between
agriculture and nature is restored. This creates
a diverse and accessible landscape with care for
cultural history (Strootman, Erisman, et al., 2020).

EXPERIENTAL VALUE OF THE LANDSCAPE

Figure 2.7: Poor to average
experiential value of the river
landscape (Alterra, 2010)
Theory

29

Landscape-inclusive agriculture applies
multifunctional use of space and closes cycles
on a regional scale (Strootman, Erisman, et al.,
2020). This more sustainable approach to farming
is necessary, because at the moment, the future
does not look bright for the ‘ordinary’ farmer.
Farmers have to keep increasing their production
size and have to work more efficiently to keep the
cost price as low as possible in order to make a
living. This cannot be continued in the long term,
and farmers may eventually go out of business.
This way of farming is also not favourable for the
landscape and its experiential value. Landscape
diversity is beneficial to the farmer because the
landscape structural heterogeneity is crucial
for agro-ecosystem stability and profitability
(Kuchma, Tarariko, & Syrotenko, 2013). Therefore,
landscape diversity is crucial for the enhancement
of ecosystem services and also crucial to sustain
economic activities that depend upon these
services (Schippers et al., 2015).

•

•

•

The College of Government Advisors has formulated criteria for landscape-inclusive
agriculture (Strootman, Erisman, et al., 2020). I intend to take other criteria (like
enhancing soil, water and food quality and improving animal welfare) into account
in my final design as well, but I will highlight those that are particularly important to
enhance biodiversity:
Landscape diversity: Landscape diversity consists of geological, biological and
anthropological factors (Biedinger, Barthlott, & Winiger, 2013). The upscaling of
agriculture has reduced the diversity of the landscape and thereby reduced the
biodiversity. When bringing land use back into line with natural conditions, a much
higher ecosystem diversity will arise. A high ecosystem diversity creates a more
resilient ecological and economic system (Schippers et al., 2015).
Water quantity: Sufficient fresh water should be available for nature, agriculture and
drinking water supply in increasingly dry periods. Adjusting agroforestry practices
to the natural soil and water system (‘from soil and water level follows function’ to
‘function follows soil and water level’ (Strootman, Erisman, et al., 2020) will improve
the water balance in the soil. The creation of more water storage is also an important
step towards improving the fresh water supply (Strootman, Erisman, et al., 2020).
Closing cycles: Nutrient flows should be closed as far as possible to make sure that
little is lost. This means for the agricultural sector that lower inputs of fertilizers and
concentrates should be used, nutrients should be used efficiently (for example with
precision farming), and arable and livestock farmers have to help each other by
exchanging nutrients (Strootman, Erisman, et al., 2020). Using agroforestry systems
and diversifying the landscape will help improving the nutrient cycles (see design
chapter). These steps ultimately result in healthier soils and improved water and air
quality (Ospina, 2017).
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CONTRIBUTION OF LANDSCAPE-INCLUSIVE
AGRICULTURE TO IMPROVE BIODIVERSITY
Due to humans growing demand and intensifying
land use, changes in land use will be the major
driver of change in biodiversity in the future
(Walz, 2011). Therefore, it is essential to create a
diversity of ecosystems in the rural area with an
improvement and expansion of different landscape
elements (Schippers et al., 2015). These elements
provide habitat for different species, connecting
zones and corridors between ecosystems, and
provide variation in ecosystem services, such as a
pollination source and shelter (Walz, 2011). Surface
area and spatial relationships between patches
play an important role in this (Erisman et al., 2016).
In addition to the landscape elements, restoring
soil life is also important for improving biodiversity.
Agriculture without chemicals and with sustainable
soil cultivation contributes to this (Strootman,
Erisman, et al., 2020). The implementation of
landscape-inclusive agriculture can be seen as
an upward spiral in which biodiversity is restored
through landscape-inclusive agriculture and
landscape-inclusive agriculture makes optimal
use of this biodiversity. The same applies to
agroforestry and planned agro-biodiversity (see
figure 2.12).

DESIGN PRINCIPLES FOR LANDSCAPE-INCLUSIVE AGRICULTURE
The design principles that stimulate the improvement of biodiversity by landscapeinclusive agriculture in the river area are:
H. Landscape diversity. To enhance landscape diversity, it requires landscape elements
that also improve cultural-historical, landscape- and natural qualities (Strootman,
Erisman, et al., 2020) (characteristics and identity of the area are key (Ministerie van
Binnenlandse Zaken en Koninkrijksrelaties, 2020)).
I. Fresh water. To enhance fresh water availability, it requires more water storage and
agricultural practices have to follow the rule ‘function follows soil and water level’
(Strootman, Erisman, et al., 2020).
J. Sustainable farming. To enhance sustainable farming, it requires landscape-inclusive
agricultural systems with closed cycles (Strootman, Erisman, et al., 2020).
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2.4 CONNECTING THEORIES
Agroforestry and landscape-inclusive agriculture
are both forms of agriculture with the focus on
improving conventional agricultural landscape (see
figures 2.8 and 2.9). For agroforestry, the emphasis
is on mitigating climate change by integrating trees
into agriculture. Landscape inclusive agriculture
pays attention to an attractive and accessible
landscape that integrates the identity of the
area. When those two concepts are combined,
consideration is given which agroforestry practice
serves best in the particular landscape to
strengthen its identity.
Figure 2.8: Similarities between the concepts

Figure 2.9: Typologies of improving conventional agriculture

Landscape-inclusive agriculture and planned agro-biodiversity both intend to increase biodiversity
through elements in the landscape (think of hedgerows, banks etc. as connection zones)(see figures
2.8 and 2.10). For landscape-inclusive agriculture, the elements are important for enhancing landscape
diversity (to strengthen the landscape identity). For planned agro-biodiversity the elements are important,
as these serve as natural habitat for species that are relevant for the agricultural production system.
When those two concepts are combined, consideration is given on how elements can be integrated in the
landscape to increase agro-biodiversity but also to strengthen the identity.

32

Theory

Figure 2.10: Typologies of improving biodiversity through landscape elements

Planned agro-biodiversity and agroforestry both intend to increase biodiversity through the farming
practices (see figures 2.8 and 2.11). When the concepts are combined, a strong interaction occurs: with
agroforestry, agro-biodiversity is also improved; by diversifying production, planned and thus naturally
occurring biodiversity increases. Conversely, planned agro-biodiversity has a positive influence on
agroforestry; the quantity of food production improves through pest control and pollination, for instance.

Figure 2.11: Typologies of improving biodiversity through farming practices
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The pre described concepts facilitate a renewed
relationship between nature and agriculture. These
concepts mutually reinforce each other in the
goal of enhancing biodiversity through ecological
interactions. The three concepts consequently
make optimal use of this increased biodiversity
(see figure 2.12).

Figure 2.12: Upward spiral of enhancing biodiversity with the concept combination
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2.5 CONSOLIDATED PRINCIPLES FOR THE RIVER LANDSCAPE
There is an overlap between the theories, which incur in an overlap between the
principles obtained from the theories. An example to illustrate this:
Principle E from the theory of agro-biodiversity mentions enhancing landscape
diversity through landscape elements, but principle H from the theory of landscapeinclusive agriculture also mentions this. The difference is that one emphasises
supporting functional agro-biodiversity and the other emphasises cultural-historical
and landscape qualities. The different objectives can be combined, and in the end,
both want to improve the level of biodiversity. Therefore, these are merged into one
principle: ‘landscape diversity. To enhance landscape diversity, it requires landscape
elements that improves identity, natural qualities and functional agro-biodiversity.’
Therefore below, a summary of the consolidated principles for river landscapes:
A. Matching conditions. To achieve potential benefits that agroforestry practices might
provide, it requires responding to matching local conditions.
B+C are merged together
B+C. Efficiency in agroforestry. To make agroforestry practices attractive, it is important to
work efficiently. This requires mechanization of agroforestry practices, technology and
new forms of cooperation.
D. Functional biodiversity. To enhance functional agro-biodiversity, it requires
agroforestry systems applied in the right place in the right way.
E+H are merged together
E+H. Landscape diversity. To enhance landscape diversity, it requires landscape elements
that also improves identity, natural qualities and functional agro-biodiversity.
F. Key species. To attract specific species for the conservation and increasing of specific
species, it requires elements they need like flower zones, ecological banks, etc.
G. Ecological networks. To link source areas with connection zones, it requires greenblue networks as semi-natural habitat and connection between nature areas.
I. Fresh water. To enhance fresh water availability for purposes such as nature,
agriculture and drinking water, it requires more water storage and qualitative water.
J. Sustainable farming. To enhance sustainable farming, it requires landscape-inclusive
agricultural systems with closed cycles.
Other principles derived from the theories:
K. Nature as base. Natural water level and soil are the base for interventions. It requires
the promotion of functions that follow nature.
L. Multifunctional land use. To make sure that there is enough space for all the different
interests, it requires multifunctional land use. Each function is mutually reinforced
and space is saved.
M. Farm diversity. To enhance farm diversity (in production and practices), it requires
agroforestry practices. this will strengthen the economical resilience and scales
agricultural plots down into more diverse polycultures.
N. Landscape characteristics. To differentiate in the landscape, it requires (culturalhistoric) characteristics that should become visible again. It is important to let them
function within the agricultural system, and thereby make it attractive for the farmer
to maintain them.
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ANALYSIS
In this chapter, the study area context will be presented to give more in-depth information about
Maaskant. Then the results of the landscape analysis (divided into different themes) will be presented.
The issues of the different themes will be combined to extract a design area where the issues are highly
present. This chapter ends with a table where the agroforestry sub-systems are matched with the river
landscape components.

3.1 STUDY AREA CONTEXT

The river Meuse and its surroundings are the
most vulnerable to desiccation since it is a
rainwater river. This river will have more frequent
flooding and peak discharges in the future but
can even temporarily run dry due to climate
change (Beekmans et al., 2020). The Meuse has
a very diverse character as a result of geology,
human interventions and movements of water
and sediment (Asselman, Barneveld, Klijn, & van
Winden, 2018). It is divided into six parts each
with its own characteristics. For this research I will
focus on the second-last downstream part, the
embanked Meuse, since the loss of space for water
started there due to human interventions such as
building dikes and later normalizing the river and
closing the Beerse spillway. The embanked Meuse
runs from Cuijk to Lith and roughly corresponds
with the landscape unit Maaskant (see figure 3.1).

Figure 3.1: Different parts of the Meuse
(Asselman et al., 2018)
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3.2 LANDSCAPE ANALYSIS MAASKANT
HISTORICAL DEVELOPMENT
First settlements developed on the higher and
dryer levee and sand ridge. Behind the levee lie the
lower ‘komgronden’. These komgronden were too
wet to be used due to regular flooding (Hoogewerf
& Leemkuil, 2020). These flooding mostly happened
in winter periods during high tide. The Beerse
spillway (a lowering of the dike with a flooding bed)
caused a big part of Maaskant to be the ‘second
Meuse’ (40 kilometres: from Beers through the
komgronden to the north of ‘s-Hertogenbosch
(Asselman et al., 2018)). This regular flooding
made it impossible to farm crops. This forced the
inhabitants to focus on livestock farming, which
also remained limited because farmers could not
let their cattle graze in the meadows when the
‘second Meuse’ flooded (Meijer, 2020). The Beerse
spillway prevented dike breaches and was a military
barrier, but the flooding also prevented economic
growth. Therefore it closed in 1942 after measures
for controlling the Meuse (Plan Lely: Removal of
the permanent connection between the Meuse
and Waal, reinforcing the dikes and normalising
the Meuse by cutting river bends to increase the
drainage capacity.)(Meijer, 2020; Raap, 2017).

Figure 3.2: Loss of flowing space from 1850 onwards
(Asselman et al., 2018)

The city Oss industrialised since it was an ideal
location for factories that processed meat, fat and
butter due to the livestock orientation (Gemeente
Oss, 2017). The closing of the Beerse spillway
caused the loss of 50% of the available flood space
for the Meuse and normalizing the Meuse caused
the loss of 20 kilometers of river length (Asselman
et al., 2018)(see figures 3.2 and 3.3). Now it turns
out that these interventions lead to serious
desiccation issues that need to be tackled.

Figure 3.3: Loss of flowing- and storage space by closing of the Beerse Spillway
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GEOMORPHOLOGY – LAND USE
The levee along the Meuse is the higher part of
the landscape created by sediment deposition of
the river. It consists of loam. Loam is a more fertile
soil in the area because it is a mixture of sand and
clay and great for cultivation since it is permeable
(Janssen, 2009a). Therefore, levees are more
suitable for arable farming. Finer river clay particles
were deposited behind the levee. These natural
low-lying ‘komgronden’ are poorly water permeable.
In wet periods, crops are more likely to drown on
those komgronden. Therefore, komgronden are
more suitable for grassland (Janssen, 2008).
The river landscape ends in the south where
the sand ridge with its terraces starts. This cover
sand landscape is characterized by towns, larger
villages, forested areas and heather because it is a
higher part in the landscape with mainly sandy soil
(Hoogewerf & Leemkuil, 2020).

Figure 3.4: Historical parcel structure of 1850

Figure 3.5: Parcel structure of 2020
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The parcel structure of 1850 is clearly defined
by the different geomorphological components
(see figure 3.4). The levee has bigger and more
random parcels, while the komgronden have
narrower and more elongated parcels (due to
the drainage system). The terraces and the sand
ridge have bigger and random parcels following
the geomorphology. The closure of the Beerse
spillway and subsequently land consolidation
enabled better exploitation of the komgronden
(Raap, 2017). Upscaling of the agricultural practices
was the final step in changing the parcel structure
to a monotone parcelling. These developments
have resulted in a landscape where the landscape
characteristics have mostly disappeared and where
no distinction between the geomorphological
components can be found anymore (see figure 3.5).

CULTURAL-HISTORY
The characteristic distinction of the components
levee and komgrond are not really visible anymore
because of the agricultural developments (see
section geomorphology - land use). Also the Beerse
spillway is gone and replaced by an embanked
watercourse (see section historical development).
The typical osier plantations are no longer
found in the floodplain due to flood protection
considerations (Asselman et al., 2018). Other
coppice woodlands have mostly been converted
into arable land due to the decline in the market for
timber (Jansen & Kuiper, 2001) (see figure 3.6).

Elements that are important for biodiversity and
cultural-history, that can still be found in the
river landscape are the cut-off meanders of the
Meuse, the small lakes behind the dike formed by
a dike breach, the duck decoys (some are still in
use, others are given back to nature), lanes with
trees and hawthorn hedges in the floodplain (see
figure 3.7). The hawthorn hedges for example, are
too fragmented because a large part has been
removed to serve as a stable habitat (Raap, 2017).
It is important to make the cultural-historical
elements associated with the river landscape visible
again and let them serve as habitat at the same
time.

Figure 3.6: Structure of 1850 with
cultural-historical elements

Figure 3.7: Structure of 2020 with
cultural-historical elements
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AGRICULTURE
Maaskant is still an agricultural area with a focus
on livestock. That is the reason why a lot more
fodder crops (24%) are cultivated there, compared
to the Netherlands (11%). The agricultural area is
mainly dominated by grassland (59%). These high
percentages relate to the landscape in which dairy
farming is strongly represented (the percentage has
even increased (34%) compared to the year 2000
(29%). The number of farms has not increased
but the number of cattle has. This means that
intensification and in some cases upscaling of farms
is still happening today (see figures 3.9 and 3.10).

Upscaling, land consolidation but also drainageand irrigation systems, fertilizers etc. have made it
possible to practice arable farming not only on the
levee but also on the komgrond (see figure 3.8).
Farmers have to put a lot of effort (and money)
in farming crops on the komgrond while these
grounds are also sensitive to drought-/oxygen
stress and seepage. The link between the farm
practice and the soil and geomorphology is lost,
and therefore the characteristic difference between
the komgronden and the levee too.

Figure 3.8: Agriculture combined with geomophology

Figure 3.9: Agricultural land use Maaskant compared to
the Netherlands

40

Analysis

Figure 3.10: Agricultural sector distribution of Maaskant

WATER
As mentioned, the Meuse has lost a lot of space.
Because of interventions such as normalizing
and barraging (stuwen) the Meuse, the discharge
velocity has increased (Hoogewerf & Leemkuil,
2020). This is not favorable for the functions that
the Meuse has, such as supplying drinking water
and water for industry, agriculture and nature
(Asselman et al., 2018; Hoogewerf & Leemkuil,
2020). For these functions, water from the ditches
or the groundwater is used. Because the water in
the ‘komgronden’ must be pumped away (due to
seepage) in order to be able to farm,

there is an ever-deepening drainage, which makes
it more and more difficult to obtain water during
(increasingly occurring) dry periods. During these
times, it is essential to supply the system with
sufficient and qualitative water above but also
below ground.
As seen in figure 3.11, there are limited water
buffers (see waterbodies in blue) inland to feed
the system with water or during heavy rain events
to retain water. Trees and shrubs are also great
for retaining water in the ground, but there is not
enough of them in the agricultural area.

Figure 3.11: Water related problems and waterways
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BIODIVERSITY
At the moment, a lot of effort is made to improve
biodiversity in the floodplains (Straatsma, Bloecker,
Lenders, Leuven, & Kleinhans, 2017), but further
inland these efforts seized due to budget cuts by
the government (Sanders, 2018)(see figure 3.12).
This resulted in a lack of ecological connections
between source areas and connection zones.
The existing nature is not bold enough to be a
successful network.

A lot of trees and shrubs in the form of
characteristic hedgerows etc. that function as
habitat and as hiding and nesting place have
disappeared due to land consolidation and
upscaling. The low variety in pollinator species
corresponds to the agricultural area, which
indicates that there is low variety in food sources
for pollinators. In the agricultural area is also almost
no herb-rich grassland and wet meadow bird
grassland. So big improvements in biodiversity can
be made there.

Figure 3.12: Biodiversity related
problems and nature network

3.3 CRITERIA COMBINED
The first analysis map (see figure 3.13A) is about
the landscape characteristic loss, mainly due to
land consolidation and upscaling. The map shows
that the highest loss can be found on the levee
and komgronden. The natural characteristics
of the floodplain have been restored to a large
extent. The sand ridge with its terraces is still
recognizable in the parcel structure. Because of
the land consolidation but also because of the
water management there is a mismatch visible (see
figure 3.13B) between geomorphology, soil, and the
farming practices. On the komgronden crops are
cultivated, while it takes a lot of effort to actually
let them grow under the circumstances of the
komgronden.
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On the other hand, on the levee and sand ridge
are parcels with grassland, which is a pity because
it can be better used for crop cultivation since the
circumstances are more favorable. The mismatch
causes a high demand for water management to
make sure that there can be harvested. Not only
because of the unfavorable water management, but
also because of climate change there is a potential
problem area not only for desiccation, but also
for seepage and oxygen stress due to heavy rain
events (see figure 3.13C). As a result of large scale,
monocultural agriculture a very low diversity of
wild pollinators can be observed in the agricultural
area (see figure 3.13D). To boost biodiversity, it
is important to create a nature network and to
connect it with the existing nature areas.

Figure 3.13: Analyses combined
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DESIGN AREA
In conclusion, the continuation of intensification,
increasing farming scales and the lost connection
between the farm practice and the geomorphology
have made not only the landscape characteristics
disappear, but biodiversity as well.
As a result, the landscape suffers the consequences
of climate change (such as desiccation) more than
it needs to. Solving these desiccation issues and
improving the qualitative water supply will also
enhance the biodiversity.
I have chosen a design area where these important
issues are highly present (see figures 3.13 and
3.16). It is also essential to choose an area where
the different river landscape components are
present, to make the design generalizable.
The landscape component ‘floodplain’ will not be
represented in the design area since the floodplain
in Maaskant already receives a lot of attention in
terms of nature and biodiversity restoration.
The combined criteria together with the landscape
components levee and komgronden

Figure 3.15: Design area

Figure 3.16: Issues in design area
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have resulted in a design area that contains a part
of the lowest komgrond for the water problems,
a levee to restore and enhance (together with
the komgronden) landscape characteristics, and
contains mainly large scale agriculture since
the greatest biodiversity improvements can be
achieved there (see figures 3.14, 3.15, 3.16, and
appendix C).

Figure 3.14: Estimation of different indicators in Maaskant

3.4 APPLYING THEORY IN THE RIVER LANDSCAPE
Agroforestry systems should be designed in such a way that ecological restoration
can be achieved while producing food (Shepard et al., 2014). This can be done by
learning from history and thereby designing the landscape following the patterns
of nature (Shepard et al., 2014). For the river landscape Maaskant this means that
on the levees, the silvoarable structure is mainly suitable, for example in the form
of alley cropping. On this higher and more fertile ground, it takes less effort to grow
crops than on the ‘komgronden’. This can be recognized in the river landscape by the
orchards. Those are mainly found on the levees. Therefore, silvopasture sub-systems,
such as grazed orchards, are also possible. Adding chickens, for example, creates a
win-win situation: Animal welfare improves, the chickens eat fallen fruit and harmful
insects, and the trees are fertilized naturally (Bestman, Bloksma, & Manintveld, 2015).
The silvopasture system is appropriate for the ‘komgronden’, for example, in the
form of wood pastures whereby tree species are selected that are tolerant to wet
but also dry conditions. Other systems such as windbreaks, riparian buffer strips and
hedgerows will be used on the ‘komgronden’ and the levees to improve, among other
things, the diversity of the river landscape (see figure 3.17).

Figure 3.17: Agroforestry sub-systems matched with river landscape components
Analysis
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GUIDELINES
4.1 CREATING GUIDELINES
The theory resulted in rather general principles
intended for the river landscape. Knowledge
from the theory is extracted in guidelines that are
complemented by the analysis. The guidelines
give direction to the design. This is an important
step in the ‘research through design’ phase since
it comprises an iterative process of adjusting
guidelines and designing. During the design
process, it will become clear what does and
does not work in the design area. All guidelines
are created directly or indirectly with the aim of
enhancing biodiversity.
First, most important knowledge from the theory
per concept was collected and written down.
Based on the literature, consolidated principles
were deducted, which are applicable to the river
landscape. Subsequently, design interventions were
sketched/written out and categorized per principle.
As with the principles, there is also overlap in the
design interventions. These have been extracted
as much as possible by looking for combinations
in which the interventions reinforce each other.
The next step was to convert the interventions into
guidelines. For each principle, there are several
supporting guidelines proposed.

Figure 4.1: Table with principles and supporting guidelines
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From the analysis, knowledge is gained from the
various subjects such as geomorphology, and the
types of agriculture present in the area. During
the design process, the guidelines are revised.
There was a chance that additional guidelines
were required because of the specifications of
the river landscape Maaskant. So the guidelines
were continuously in development in the ‘research
through design’ phase.

4.2 GUIDELINES
To keep it comprehensible, the principles and
accompanying guidelines are arranged in a table,
where on the left, the icon indicates the concept(s)
to which the principle belongs: agroforestry, agrobiodiversity, and/or landscape-inclusive agriculture.
In addition, for each guideline, a distinction is made
between the landscape scale and the site scale
where possible, and a distinction is made to which
river landscape component the guideline belongs.
In some cases, a guideline is suitable for several
river landscape components, it is up to the designer
to choose in which component(s) the guideline
should be implemented. The table is a useful tool
during the design process, giving direction to the
design (see figure 4.1).

Figure 4.1: Table with principles and supporting guidelines
Guidelines
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DESIGN
This chapter starts with a design motive which reveals the vision for the base of the designs. The design
part consists of a landscape design and various site designs which explains the landscape design in more
detail. The designs show how the guidelines are implemented and are accompanied by an explanation
of the various design elements and their relationship. This chapter concludes with preconditions for the
design to flourish.

5.1 DESIGN MOTIVE
The analysis provides valuable insights to formulate
a design motive.
The first inhabitants of the river area settled on
the levees. They adapted to the landscape, which
means that the levees were used for arable land,
and because of the wet soil, the komgrond was
used for pastures and hay meadows. This changed
in the last decades. People began to change the
landscape to their needs. They had a compulsion to
control. This meant that they drained the komgrond
deeper and deeper and together with improved
fertilization methods it was possible to use the
komgrond for arable land.
In recent years it has become increasingly evident
that farming should be practiced in a different way
to continue producing. This has to be accomplished
responsibly and sustainably, to ensure that future
generations can also benefit from ecosystem
services in a stable landscape.
For the future it is important to follow the patterns
of nature again. This means that the natural soil
and water systems have to be restored, to allow
natural processes to reoccur. The elements such

as geomorphology, soil and water have to match
the farming practices. A table (see figure 3.17) is
created to define what kind of farming system can
take place where in the river landscape (there are
examples in the design of how practices could
possibly look like, but it is up to the farmer to
decide what practice to apply in which way).

DESIGN CONCEPT
It is important to enhance biodiversity in order
to secure the river landscape with its ecosystem
services for future use. The natural processes
can reoccur when the functions of nature and
agriculture are no longer seen as separate
functions that are dealt with independently but that
nature and agriculture cooperate to reinforce each
other (see figure 5.1).

Figure 5.1: Design concept: cooperation of nature and agriculture
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5.2 LANDSCAPE DESIGN
For the landscape design of Maaskant it was
important to bring diversity back into the landscape
(that consisted roughly of large-scale monotonous
parcels) to enhance biodiversity.
the natural system is the foundation for the design
interventions, therefore the design is built from the
water system and its associated biotopes. With the
help of the table (see figure 3.17) and the guidelines
(see figure 4.1), the farming practices are integrated
into the suitable areas and synergies are created
between agriculture and nature.

WATER NETWORK
To tackle the drought problem (and with it the
other water problems as well) a water buffer
is designed. A hydrology specialist (R. Dijksma,
personal communication, September 28, 2021)
(see appendix B) taught me that the buffer should
be connected indirectly to the Meuse river and the
bottom should be below the groundwater level,
to ensure the buffer supplies itself with water.
In addition, the buffer must be located close to
the desiccated area, between the levee and the
komgrond,

to transport the water with the force of gravity
(rainwater from the higher area flows into the
buffer). The swale principle is applied here: by
placing the buffer at the same height everywhere,
the water does not flow directly to the lowest spot
but is distributed over the full width (Shepard,
Spiro, & Kunstler, 2020). In case of drought,
buffered water can be used.
Another significant water change is the
reintroduction of the so-called ‘second Meuse’
(which was closed in 1942) this second floodplain
could be useful as the area becomes increasingly
affected by weather extremes. The design makes
use of the existing height differences (the elevated
roads around the second floodplain prevent the
rest of the komgrond from flooding). The second
Meuse is indirectly connected to the Meuse (by
the Hertogswetering). Through gate barrages
(klepstuwen) (R. Dijksma, personal communication,
September 28, 2021), the river water can easily be
retained and slowly discharged when needed.
By raising the water level in the lowest part of the
komgrond again, and adapting the agricultural
practices to it, the (first counterproductive) seepage
is used. The typical seepage nature can then
flourish again (see figure 5.2).

Figure 5.2: Water network
Design
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NATURE NETWORK

PRINCIPLE KEY SPECIES

With these design interventions, the area comprises
different water types. These types create different
biotopes. The water between the levee and the
komgrond is surrounded by a riparian forest
biotope. This riparian buffer filters water from
the intensive agricultural area of the levee. The
buffer consists of grassland (the actual buffer), a
shrubbery edge, and a forest zone (Verdonschot,
2009)(see figure 5.3).

In the lowest part of the komgrond, where seepage
is now experienced, it can instead be used as
a benefit. Here, a meadow bird area has been
designed with the help of knowledge of expert J.W.
Erisman (personal communication, November 24,
2021). Meadow birds used to occur in the area, but
due to intensive agriculture and lowering of the
groundwater level, the meadow bird population has
declined drastically. They can be combined perfectly
with extensive grazing and hay meadows, in the
proportion of 1:2 (grazing:mowing). By raising the
groundwater level, puddle marshes can be created
(where seepage pressure is highest), surrounded
with tall herbaceous vegetation which serves as
nestling area (kuikenland). It is important to keep
the meadow bird area (of 400 ha) open since the
openness protects them from enemies. To keep
the enemies out, a ribbon of rough vegetation and
a reed and cattail plantation has been designed
around the area. This border ensures that enemies
find their food on the border and do not continue
to look for food in the meadow bird area itself (see
figure 5.5).

The reintroduction of the second Meuse creates a
floodplain biotope along the water with softwood
forests, ponds, and shrubbery in the inundation
area. Along the higher mound a hardwood forest
is created. To keep the floodplain open, cattle and
horses are used to influence succession.
It is important for biodiversity to connect these
green-blue networks through stepping stones.
These stepping stones can be found in the design
as beacon trees, hedgerows, shrubbery on parcels,
tree lanes, windbreaks, ponds, and waterways (see
figure 5.4). Windbreaks not only serve as stepping
stones but also provide wind protection to crops
and shade to cattle. Hedgerows not only provide
shade but also fodder for cattle and serve as
nesting and hiding places.

Figure 5.3: Section of riparian buffer
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Figure 5.4: Nature network

Figure 5.5: Meadow bird area
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Figure 5.6: Landscape design
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FARMING PRACTICES WITH DESIGN ELEMENTS
Due to the subtle present altitude gradient, a variety of landscape
types could develop from dry (in the north-east) to increasingly
wet (in the south-west). This gradient also shows the variety of how
intensively nature can be combined with agriculture (see figure
5.7). This intensity also indicates the disturbance factor (agricultural
activity). Due to the characteristics of the different components
of the river landscape, a diversity of agro(forestry) practices and
landscape elements can be applied, starting with the levee on top
(see figure 5.6):
The levee accommodates several farming practices such as alley
cropping, grazed orchards (with hedgerows to keep the cattle on
the parcel), and strip cropping. Tree lanes, ditches, parcel corners
with shrubbery, flower ribbons, and herbaceous borders serve as
stepping stones.
There are no intensive farming plots located along the edge of
the riparian buffer. Grazed orchards, wood pastures with fodder
trees and coppice woodland can be found here. In this way, the
water can be filtered gradually. The riparian buffer itself consists
of grazed woodland which can also be used for coppicing and
spread out into wood pastures. The trees of the wood pastures
can be wood production trees, but can also produce fruits, serve
as supplementary fodder for cattle, or a combination of these (it
depends on what purpose the farmer wants to achieve and where
there is a market for). The wood pastures provide shade and are
surrounded by hedgerows as a boundary.
Due to the subtle difference in elevation, the komgrond consists
of a gradient from intensively to extensively grazed areas. Mowing
management and different groundwater levels also create a mosaic
of different herbaceous grasslands. To show a combination of
nature and agriculture in the floodplain, an osier plantation is
designed. The pollarded tree species can tolerate wet feet and are
therefore suitable for the floodplain. Along the plantations, ditches
have been designed to guide the water.
The floodplain is managed by several farms that are situated on a
mound, to stay dry when the floodplain is inundated.
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Figure 5.7: Section AA’
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5.3 SITE DESIGNS
The site designs show the transitions
between the different river components.
These provide more details on the designed
elements and how they relate to each
other. These illustrations are examples of
what it might eventually look like. These site
designs are designed with the help of the
knowledge of expert I. Selin Norén (personal
communication, November 10, 2021) and
rules of thumb are used.

LEVEE (see figures 5.8 and 5.9)
An example of a grazed orchard can be
seen on the levee. Chickens are combined
with low-stem fruit trees. These trees are
spaced 10 meters apart for shelter (Probos,
Face the Future, Louis Bolk Instituut, &
Biomeerwaarde Ei, n.d.). This orchard not
only provides eggs, fruit, and meat but also
wood.
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Figure 5.8: Impression of nature friendly
banks with in the back strip cropping and
alley cropping

Two combinations of alley cropping are
shown. One on a mixed farm with goats,
where grass but also trees (for example Tilia
and Salix) supplement the goats’ fodder
ration in winter (Eekeren, Luske, Vonk, &
Anssems, 2014). In addition, the goats graze
in the woodland where they have direct
access to fodder trees. Another form of
alley cropping (for an arable farm) is the
combination of walnut trees with hazel
shrubs and rows of grain in between. The
hedges are aligned north-south to avoid
shade on the crops as much as possible.
The field lanes are 24 meters wide and the
trees and shrubs are placed 10 meters
apart.
Strip cropping is also applied. The strip
width is 12 meters. Crop rotation is not
only beneficial for biodiversity but also the
soil and the farmer’s business. This width
means fewer flower strips are needed for
pollinating insects ( I. Selin Norén, personal
communication, November 10, 2021).
Nevertheless, this design has a 6-meter
wide flower strip every 150 meters. A
combination of root crops (sugar beet and
potato), rest crops (such as the leguminous
field bean and grain), green manure crops
(grass-clover), and mowing crops (grain,
grass-clover) is chosen (Erisman & Slobbe,
2019). For biodiversity, year-round ground
cover is important, therefore green manure
and winter cereals are applied (Erisman &
Slobbe, 2019).
To further encourage pollination, the plots
are provided with herbaceous parcel edges.

Figure 5.9: Site design levee
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UPPER KOMGROND (see figures 5.10 and

5.11)
To prevent overgrazing (to maintain
nutrition and health of the animals and
prevent soil compaction) a leader-follower
rotation system is used (Shepard et al.,
2014). In this system, neighboring farmers
must exchange animals on their plots. It
works as follows: cattle graze the most
nutritious vegetation, then the grazing pigs,
which eat insects, fruits, and nuts that have
fallen to the ground besides grass. They
clean up the pasture. Plants with large fleshy
roots and invasive species remain and are
eaten by the sheep (Shepard et al., 2014).
This way, weeds will not become dominant
in a pasture.
To ensure cattle stays on the plot where
they belong, the pastures are surrounded
by hedgerows. The hedgerows are
composed of various tree and shrub species
(see appendix A). Hedgerows serve not
only as fencing and shade but also as food,
shelter, and nesting places. The hedgerows
are interconnected (with a maximum
interruption of 100 meters) to create a
hedge network where insects, birds, reptiles,
amphibians, and mammals can disperse
(Pcfruit, 2009).

Figure 5.10: Impression of wood pasture
with in the back the riparian buffer
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The hedge network is reinforced with
windbreaks. These windbreaks are placed at
right angles to the dominant wind direction
and are composed of area-specific tree
species such as Populus (I. Selin Norén,
personal communication, November
10, 2021). Windbreaks should not be
completely closed, so the base of the screen
is permeable. The windbreaks reduce plant
evaporation which is favorable in case of
drought (Pcfruit, 2009). Beneficial insects
are active behind the hedges which provide
better pollination and pest control (Pcfruit,
2009).
In addition, these linear elements are
necessary for bats that use the hedges and
windbreaks as flight routes (I. Selin Norén,
personal communication, November 10,
2021).
Another type of parcel boundary is a ditch.
In the design, the ditches have a naturefriendly banks. This means that they are
constructed with a gentle slope (1:2 to 1:5)
and a swampy berm of 2 meters with rich
marsh vegetation (favorable for invertebrate
species and function as a nesting place for
water birds) (van Vossen & Verhagen, 2009).

Figure 5.11: Site design upper komgrond
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LOWER KOMGROND AND OSIER PLANTATION (see figures 5.12 and 5.13)
The puddle marsh zone is situated in a
natural low-lying area with its own water
table (R. Dijksma, personal communication,
September 28, 2021). The meadow bird
area consists of herbaceous grassland,
nestling area, and wave-shaped puddle
marsh zone (puddle 3.5 meters and
marsh 7 meters) (Oosterveld, Bruinzeel, &
Wymenga, 2014). In spring this zone acts
as gathering place. The puddle marsh is
also important in the migration period for
foraging birds (Oosterveld et al., 2014). In
the meadow bird core area (250 hectares)
there is space for extensive grazing by water
buffaloes (a strong breed that can live in
swampy conditions) to keep the area open
because the more open the area the fewer
predators.
To further protect the meadow birds, rough
vegetation will be applied on the south side
in the form of a reed and cattail plantation.
The plots are harvested in a cycle to always
ensure habitat for animals such as the duck,
avocet, and plover. The harvested reed and
cattail can be used for biomass and roofing.
Reed can also be used as bedding and
hay and cattail as fodder (Bestman et al.,
2019). This vegetation has not only a water
purifying function but can also buffer water
(Bestman et al., 2019).
Osier plantations are also harvested in
phases (5-year cycle). This is done to
keep habitat available throughout the
year, as osier plantations contribute to
a more biodiverse rural area (Boosten &
Oldenburger, 2011). The softwood forests
(consisting mainly of Salix species and
Black Populus, see appendix A) along the
plantations also serve this purpose. The
pollard trees are designed according to
the flow direction of the water and the
plantation strips are between 20 and 50
meters wide. Different pollard species which
have the same growth rate are used, to
perform rotational harvesting (I. Selin Norén,
personal communication, November 10,
2021). The wood of the pollard trees can be
used as biomass, stable bedding, fodder,
and fencing (Bestman et al., 2019). The little
light on the soil creates moist conditions
that are favorable for different species of
mosses and ferns (Bij12, 2017).

Figure 5.12: Impression of reed plantation
with in the back meadow bird area
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Figure 5.13: Site design lower komgrond and osier plantation
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SECOND FLOODPLAIN (see figure 5.15)
The floodplain is a water retention area for times
of drought and does not only consist of the
osier plantation and softwood riparian forests.
It also contains ponds that serve as habitat for
invertebrate species and drinking place for birds
and mammals. Shrubbery serves as a shelter and
nesting place.
Area-specific cattle (MRIJ: Maas-Rijn-Ijssel) are used
to manage the floodplain. MRIJ cattle can be kept
for milk and meat production. They are strong and
self-reliant, which makes them suitable for nature
grazing (SZH, n.d.).

They influence succession and ensure that pioneer
species do not dominate to achieve a natural
balance (see figure 5.14).
The cows are managed by the farms on the mound.
This mound is connected to the villages and
agricultural area in the north by a dike. Because
of this higher part in the floodplain, a hardwood
riparian forest can develop along the edge. This
forest is less frequently flooded with river water
(max. 10 days a year) (Bij12, n.d.). The hardwood
riparian forest consists of a shrub layer, climbing
plants, and tree species such as Quercus robur,
Fraxinus, and the Ulmus (Bij12, n.d.)(see appendix
A).

Figure 5.14: Principle section of grazers that influence succession left and succession without grazers right
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Figure 5.15: Site design floodplain
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Guidelines:
5b: Cooperate with other farmers
5c: Compost

All the above-mentioned interventions, each in
their way and synergy with each other, improve
biodiversity. In addition, cycles can be further
closed when synergies arise between farmers who
exchange products and nutrients (see figure 5.16).
This, in turn, is beneficial for the environment.

Figure 5.16: Cooperation between farms
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5.4 PRECONDITIONS
In order to successfully put the design with its
principles into practice, there are a number of
preconditions:

• Create cooperation: Farmers will collaborate

with tree nurseries, wood producers, nature
organizations etc. to not only exchange tools, skills
and close cycles but to make agroforestry practices
work.

• Nature management is part of the job: By expanding
the building plan of the farm, nature management
will become part of agricultural business operations
(which is a positive consequence for the production
and income of the farmer).

• Farmers have to survive: Generate decent income
by developing short chains and by rules for being
paid for ecosystem services (an idea is to market
product as local produce in order to get a fair
price).

Design
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DISCUSSION & CONCLUSION
6.1 DISCUSSION
In the discussion I will reflect on the results and
limitations of this thesis. First I will reflect on the
research approach. Then I will reflect on the design.
I will also discuss about the significance of this
thesis.

RESEARCH APPROACH
I selected appropriate theories for this research
that have the overarching aim of enhancing
biodiversity. I have filtered information to create
principles that focus (directly or indirectly) on
enhancing biodiversity. Factors such as water
quality and landscape diversity have been chosen
for this purpose (see figure 6.1 for the indicators).
The list of principles can be extended if more
indicators are added. It would be valuable to
research other theories or to take other indicators
into account that have the same overarching aim,
or to combine different theories, since this is a
combination of several approaches to enhancing
biodiversity.
Rules concerning water safety, navigability, etc.
for the floodplain were not taken into account in
the table of principles and guidelines (see figure
4.1). There is a multitude of rules when designing
outside the dike that are beyond the scope of this
thesis. The research considers geomorphology,
(cultural-)history, land use, biodiversity, water,
agriculture and landscape characteristics, which,
in theory, means that the guidelines can be
applied while ignoring the water safety rules in the
floodplain. This is ofcourse not desirable and the
guidelines should be used only in combination with
these rules.
The concept of agroforestry is not new, but it is
starting to reappear in the Netherlands. There
is a lack of cartographic information of different
types of agroforestry practices (den Herder et al.,
2015). This also has to do with the fact that the
available information is scattered because of the
classification separation of farmland and forest
(den Herder et al., 2015). This made it difficult to
use the existing examples for applying different
agroforestry practices in the right way. There is
also limited expert knowledge available on the
combination of agroforestry and biodiversity. I
have spoken to researcher I. Selin Norèn (personal
communication, November 10, 2021)
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who has knowledge about agroforestry in
combination with arable farming and about
functional biodiversity, and I have spoken to
researcher J.W. Erisman (personal communication,
November 24, 2021) after reading his book
‘Biodivers boeren’ (Erisman & Slobbe, 2019).
Although they supplied me of very useful
information, there was still information missing.
Therefore, I have tried to combine their knowledge
and the knowledge of the literature of the river
landscape. I had to work with assumptions and
rules of thumb such as the dispersal distance of a
flying insect of 150 meters. It would be valuable to
do follow-up studies to other landscape types in the
Netherlands. This will result in other/more suitable
agroforestry practices. This way, more knowledge
will be available on agroforestry in relation to
geomorphology, (cultural-)history, land use, water,
and biodiversity, covering different landscape types
(like peat and sand landscapes) of the Netherlands.
This brings me to another point of discussion. For
the water issues the area is facing, I have spoken
to R. Dijksma (R. Dijksma, personal communication,
September 28, 2021) to learn more about the
underlying problems and suitable solutions. The
solution for the water issues is, among other things,
waterbuffers. The size is based on the assumption
of a deficit of 250mm, which is based on the 5%
driest years (KNMI, 2021). The calculations did
not take into account the increase in the number
of trees which also gives a positive effect against
desiccation. This can be a topic for research on
itself, however, my main focus was on improving
biodiversity within agriculture.
In the analysis of biodiversity in Maaskant, I have
tried to obtain data from the biodiversity index.
Unfortunately after contacting the national
database of flora and fauna, I did not get any data
to use for the analysis. Therefore the focus is on
wild pollinators since there was data from maps
about the amount of wild pollinators in Maaskant.
For the feasibility of my design, it is important that
there is policy and societal support. Policy support
is needed to remove regulatory bottlenecks to
make it more attractive for farmers to engage in
agroforestry. Legislation and regulations must be
changed so that, among other things, it is possible
to reward farmers for providing ecosystem services,

which will encourage them to move to more
sustainable farming (Luske et al., 2020; Strootman,
Erisman, et al., 2020). It is also essential for
consumers to change their buying behavior and
buy products directly from the farmer or be willing
to pay more for local products. the farmer needs
this societal support to be able to continue selling
products. Another example is support from the
water board, to cooperate for clean water (Dawson
et al., 2019).

DESIGN
Due to the lack of available knowledge about which
specific species to target in Maaskant, I decided
to design general interventions for general fauna
groups. For biodiversity, but also for providing
sustainable food production in the future, it is
important to have enough wild pollinators available
in the area. One of my general fauna groups was
therefore wild pollinators. The choice for general
fauna groups was also made due to the fact that
interventions that are beneficial for a single species
can be disadvantageous for another (Walz, 2011).
This thesis uses a range of agroforestry practices
that are suitable for the river landscape. However,
there are more agroforestry systems than the ones
I use in my thesis. This is because I focused on
the principle of nature as basis, which means that
there are limited systems possible when taking into
account the river landscape circumstances.
A masterplan was designed and within it, there
are suggested examples of how agroforestry
systems could be applied in the landscape. Table
‘Agroforestry sub-systems matched with river landscape
components’ (see figure 3.17) shows which practices
are suitable for which landscape component. It
is up to the farmer to decide which agroforestry
practice suits their farm best. Also in the site
designs, there are examples of combinations of
tree and crop species, since these combinations
are researched and proved to be beneficial for one
another. Other combinations are possible as well:
the combinations suggested in the designs are just
one of many options.

Humans also play an important role in this
landscape, not only as food provisioners but also as
recreational users.
Maaskant is redesigned from the landscape’s point
of view and biodiversity is improved in balance with
other factors. This also means that the ecological
and agricultural point of view are taken into
account, but given the explicit focus on biodiversity
in this thesis, these have been researched less
thoroughly. The design might therefore include
intuition and personal design preferences.
Participation with different stakeholders could
therefore be interesting as additional research.

SIGNIFICANCE
To counter the negative trend of biodiversity loss, it
is important to change the uniform landscape into
a more diverse and sustainable landscape. Nature
and agriculture are not regarded as separate
components, but the potential of cooperating is
highlighted. In this thesis, this is achieved with the
concepts agroforestry and landscape-inclusive
agriculture. Landscape architects can play an
important role in integrating the ambitions into the
existing landscape, taking into account nature as
base, and existing factors such as geomorphology,
cultural-history etc., but also to serve the interests
of various parties. A new perspective could emerge
on the role of farmers, that are not only food
provisioners but also managers of the landscape
and its ecosystem services. When nature and
agriculture are treated as a unified whole, more
consensual cooperation between ecologists,
farmers, waterboards, nature organizations etc.
can be established since they have less conflicting
interests.
This thesis is of great value since it provides
principles and guidelines of how biodiversity can
be improved through agroforestry and landscapeinclusive agriculture. Examples are given on how a
landscape architect can design with it. Since there
is still a lack of design-oriented studies, it would be
desirable to have more of these types of studies to
complement one another.

Maximum biodiversity improvement will not be
achieved with this design. This has to do with the
fact that other factors (such as economy, food
provision, etc.) also need to be taken into account.
Discussion & conclusion
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6.2 CONCLUSION
In this section, the results of this research will
be summarized by answering the sub-research
questions, the design question, and the main
research question.
The aim of this thesis was to combine knowledge
on agroforestry, planned agro-biodiversity and
landscape-inclusive agriculture to create a system
that works for both nature and agriculture to
enhance biodiversity. Knowledge had to be gained
on the theories and the combination between
them. Steps had to be taken to convert the
knowledge into design principles with supporting
guidelines. The design area Maaskant was used
to explore and design the combination of several
approaches of how a biodiverse river landscape
could be created improving the diversity but also
the identity and integrating the ambitions of climate
mitigation and adaptation. This helps solving the
knowledge gap of the lack of design-oriented
studies that look for how and where agroforestry
can be implemented into the existing landscape,
leading to an enhanced, biodiverse landscape.
Through this research and design process, the
questions could be answered:
SRQ1: What types of agroforestry can be applied in a
river landscape?
Based on the research on agroforestry and its
sub-systems, and the analysis of river landscape
components, I conclude that the sub-systems in
table ‘Agroforestry sub-systems matched with river
landscape components’ (see figure 3.17) are suitable
for the river landscape when taking into account
nature as base and the climatic circumstances of
the different landscape components.
In addition, the designer should select tree
species that are suitable for the specific landscape
component.
SRQ2: How can agroforestry in a river landscape
contribute to improving biodiversity?
To contribute to biodiversity enhancement, I
researched the relationship between agroforestry
and agro-biodiversity. It was also important to
research the present agriculture in the river
landscape to transform the practices into
biodiverse agroforestry practices.
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I conclude that planned agro-biodiversity can be
applied through agroforestry and other landscape
elements, since agroforestry is a form of nature
and agriculture at the same time. When planned
agro-biodiversity increases, naturally biodiversity
also improves at different scales: soil quality and
microorganisms increase, number of species
increase (initially as a result of polycultures),
and agroforestry creates a division into smaller
fragments which have different microclimates
that attract different species. On a larger scale,
agroforestry transforms monocultural agriculture
into more diverse natural landscapes that provide
habitat, and agroforestry connects habitat
remnants and remaining landscape elements.
However, a well-considered design is crucial.
Different factors, such as the number of crop
species used and plant density have major
influence on the biodiversity of the agroforestry
system. Designers have to create diversity but also
continuity in (semi)natural habitats on a site and at
the landscape scale. Nature does the rest.
SRQ3: How can landscape-inclusive agriculture in a
river landscape contribute to improving biodiversity?
To contribute to biodiversity enhancement,
I researched the relationship between
landscape-inclusive agriculture and agrobiodiversity. It was also important to research
the landscape characteristics present/absent in
the river landscape to transform these suitable
characteristics into biodiverse landscape-inclusive
agricultural components. I conclude that changes
in land use will be the major driver of change in
biodiversity in the future. Therefore, it is essential
to create a diversity of ecosystems in the rural area
with an improvement and expansion of different
landscape elements. These elements can not only
provide a more biodiverse landscape, but also a
variation in ecosystem services like pest regulation
and pollination.
However, a well-considered design is crucial.
Landscape elements that are characteristic for
the river landscape have to be multifunctional to
contribute to improving agriculture and biodiversity
but also to the identity of the region. Designers
have to be aware of rules such as the dispersal
distance of fauna in order for the landscape
elements to function.

DQ: How can Maaskant be redesigned into a
biodiverse river landscape using agroforestry in
combination with landscape-inclusive agriculture?
Results from the sub-research questions together
with the analysis and expert consults were used as
input to develop design principles and supporting
guidelines for the redesign of Maaskant into a
biodiverse river landscape.
These guidelines help in keeping the focus on
what is important to change in the river landscape
to generate more biodiversity. The design results
in a number of major benefits when nature and
agriculture are combined (see figure 6.1).
First of all, with the principle ‘Nature as base’
a more sustainable system is created, which
provides a better water distribution in the area.
Several interventions are designed to prevent
desiccation which is beneficial for biodiversity.
The landscape is no longer monotonous. The
design follows the existing gradient and therefore
the levee and komgrond can be distinguished
again, each with their own suitable agricultural
practices. This creates different landscape types
with different habitats, which results in a higher
level of biodiversity, which in turn is beneficial for
agriculture.

The area becomes more sustainable as practices
are matched with existing conditions. No artificial
fertilizer and pesticides are needed anymore
because of the enrichment of the soil and the
increase of natural pest control. In addition,
farmers can exchange products and nutrients
resulting in less shortages/surpluses. In conclusion,
when nature and agriculture cooperate, biodiversity
enhances and eventually a balance will emerge.
MRQ: What design principles could create a biodiverse
river landscape using agroforestry in combination with
landscape-inclusive agriculture?
The results from the sub-research questions and
the design question inform the answer to this main
research question. General principles from the
theories were the basis to steer the design into a
biodiverse river landscape. Through an iterative
process the principles were refined.
A reflection on whether it is possible to design
(on the scale levels of landscape and site) with the
general principles to improve the area in terms
of biodiversity was done. In conclusion: general
principles work if they are supported with more
specific guidelines.

Figure 6.1: Estimation of improvement of different indicators in Maaskant in
green (red is the existing situation)
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•
•
•

•
•
•
•
•

The twelve general principles are:
Nature as base. Natural water level and soil are the
base for interventions. It requires the promotion of
functions that follow nature.
Key species. To attract specific species for the
conservation and increasing of specific species,
it requires elements they need like flower zones,
ecological banks, etc.
Efficiency in agroforestry. To make agroforestry
practices attractive, it is important to work
efficiently. This requires mechanization of
agroforestry practices, technology and new forms
of cooperation.
Fresh water. To enhance fresh water availability
for purposes such as nature, agriculture and
drinking water, it requires more water storage and
qualitative water.
Sustainable farming.To enhance sustainable
farming, it requires landscape-inclusive agricultural
systems with closed cycles.
Matching conditions. To achieve potential benefits
that agroforestry practices might provide, it
requires responding to matching local conditions.
Functional biodiversity. To enhance functional
agro-biodiversity, it requires agroforestry systems
applied in the right place in the right way.
Landscape diversity. To enhance landscape
diversity, it requires landscape elements that also
improves identity, natural qualities and functional
agro-biodiversity.
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• Farm diversity. To enhance farm diversity (in

•

•
•

production and practices), it requires agroforestry
practices. This will strengthen the economical
resilience and scales agricultural plots down into
more diverse polycultures.
Landscape characteristics. To differentiate the
landscape, it requires (cultural) characteristics.
It is important to let them function within the
agricultural system, to make it attractive for the
farmer to maintain them.
Ecological networks. To link source areas with
connection zones, it requires green-blue networks
as semi-natural habitat and connection between
nature areas.
Multifunctional land use. To make sure that there
is enough space for all the different interests, it
requires multifunctional land use. Each function is
mutually reinforced and space is saved.
These principles are transferable to other design
situations in the Dutch river landscape that
deal with biodiversity loss due to intensive and
monocultural agriculture. However, the principles
(with supporting guidelines) need to be applied
by a landscape architect which is able to integrate
the ambitions in the existing landscape in the
most optimal way (Prominski, 2016). The principles
do not all have to be included, they can be used
separately. But together they have a better result in
improving biodiversity.
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APPENDICES
APPENDIX A: Tabel with tree species and matching landscape types and properties
Sources: (Crawford, Smylie-Wild, & Brown, 2010), (Houtman & Van den Berk, 2015), (Naturalis, NDFF, EIS
Kenniscentrum Insecten, & Nederlands soortenregister, 2022), (Eekeren et al., 2014)
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APPENDIX B: Description selected experts
Roel Dijksma – hydrology & quantitative water
management
Roel his area of expertise is everything related to
water, including geomorphology and earth systems
science. He teaches at Wageningen University and
is part of the environmental sciences department.
He has done several research projects. The first
meeting with Roel was about the water needs of
the area to prevent damaging drought (personal
communication, September 28, 2021). The second
meeting with Roel was a feedback round on the
sketch design (whether the water interventions
were well designed and at the right place) (personal
communication, November 3, 2021).
Isabella Selin Norén – agroforestry & agrobiodiversity
Isabella has expertise in subjects like alternative
agriculture, arable farming, agro-ecosystems, and
diversification. She is a researcher at Wageningen
Plant Research and is currently working on a study
on strip cropping. For this thesis, I have read
several publications of her related to biodiversity in
combination with agriculture. During the meeting,
she provided feedback on my sketch designs and
gave useful applications and rules of thumb for
biodiversity (personal communication, November
10, 2021).

Jan Willem Erisman – biodiversity in combination
with livestock farming
Jan Willem his expertise is nitrogen issues. He is
a professor of Environment and Sustainability at
Leiden University at the Center for Environmental
Sciences. Prior to that, he was director of the
Louis Bolk Institute. That is where the path
to practical solutions in agriculture, food, and
health problems emerged. I got in touch with Jan
Willem after reading his book ‘Biodivers boeren,
de meerwaarde van natuur voor het boerenbedrijf’.
During the meeting, he provided feedback on my
sketch designs and gave answers to my questions
about improving biodiversity in combination with
livestock farming and meadow birds (personal
communication, November 24, 2021).
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APPENDIX C: Field visits to design area
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