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1. Introduction 
Agriculture is a large industry that has been forced to keep growing in order to feed the growing 

world population. After the second world war, the Dutch government pushed and invested in 

agricultural industrialisation (van Zanten et al., 2013) to produce enough food to feed the Dutch 

population in time of crisis. This led to an increasing demand for production which resulted in 

increased intensification. With this intensification came several problems including climate problems, 

water and air pollution, soil degradation, and biodiversity loss. In recent years, agroforestry in Europe 

has come forth as an increasingly popular solution to these problems (Nerlich et al, 2013). Numerous 

studies have claimed that agroforestry can be a sustainable alternative to intensive agriculture which 

has the potential to provide the world with sufficient food whilst drastically reducing the negative 

impact that agriculture has on our planet (Wilson & Lovell, 2016).  

1.1 Goal of this project 
The goal of this project is to look at the different problems that the Dutch agricultural sector is faced 

with and how agroforestry can be used to mitigate or solve these problems. The study tries to 

specifically look at agroforestry solutions as this is the field that the commissioning organisation 

(Agrobosbouw) is active in. Whilst a lot of research has already been done on the topic of 

agroforestry, the knowledge is often either highly specific or very broad. This review attempts to find 

relevant solutions that agroforestry can provide and present so that they can be considered by 

farmers when working on a sustainable farm design.   

The review looked at problems related to climate change, soil degradation, biodiversity loss, air 

pollution, water pollution, and disturbance of nature. These were chosen as relevant problem areas 

by the commissioning organisation (Agrobosbouw) as they are relevant in both scientific as well as 

socio-political discussions. Due to time constraints, the decision was made to not rank the identified 

problems based on urgency. This also better fits the goal of this report as it is not intended to push 

farmers towards certain interventions but instead provide insight into solutions.  

The final product of this study is intended to be a starting point for farmers that wish to work on the 

problems mentioned in this study. It is important for farmers to further analyse how the proposed 

interventions can fit within their farm as well as their vision. This should be further discussed with 

experts to design a sustainable and functioning agroforestry system. The interventions should not be 

implemented without careful consideration and advice on how the interventions can fit within each 

specific farm.  

1.2 Research questions 
1. What are major problems faced by agriculture in the Netherlands in the area of climate 

change, soil degradation, biodiversity loss, water pollution, air pollution, and nature 

conservation. 

2. What are possible agroforestry interventions that farmers can implement to attempt to solve 

these problems.   

1.3 Methodology 
In order to achieve the goal of this project a three-step process was used (see figure 1). These three 

steps include a problem analysis phase, a solution phase, and an intervention tool design phase. This 

allowed for a clear identification of problems, solutions, and implementable interventions.  
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Figure 1: three step process in this study 

For the problem analysis phase, a qualitative literature study was done to identify problems within 

the defined problem areas. During this process, an iterative approach is used in order paint the 

picture as clear as possible. This allowed the researcher to come back to previous issues if new 

insight arose. This was done by analysing literature in previously mentioned problem areas based on 

the specified research questions. These problem areas were defined based on the interests of 

Agrobosbouw. The specific problem areas that were investigated were climate change, soil 

degradation, water pollution, air pollution, biodiversity loss, and disturbance of nature. Different 

studies from around the world and data collected in the Netherlands was used to identify and 

describe these problems.  

After the problem analysis was completed, A systematic literature study looking for solutions was 

carried out. This used key words based on the identified problems to look for studies from around 

the world that use agroforestry as solutions for the specified problems. These were analysed, and 

usable solutions were identified. This were then be used to define basic interventions that farmers 

could implement as possible solutions. These interventions were defined on a general level to 

provide space for farmers and consultants to personalise these interventions to local conditions and 

farmer needs. Using this, a flowchart tool was developed to help farmers find the best interventions 

to meet their wishes. A user guide on how to apply this flow chart was added to help farmers and 

consultants use the flow chart and find suitable interventions.  
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2. Problem analysis 
This chapter focuses on identifying the different problems that agriculture in the Netherlands faces. 

The problems were split up into the previously mentioned categories of climate, soil, biodiversity, air 

pollution, water pollution, and nature. In order to create a quick overview of the problems, each 

category contains a simple figure listing the problems.  

2.1 Climate 
With the growing awareness of the risks associated with climate change, it is important for each 

sector to individually assess what their carbon footprint is and what they can do to reduce this. In the 

case of agriculture this is especially relevant as the agricultural sector is vulnerable to climate change 

effects (Prins et al, 2011) yet also has a significant footprint. Agriculture, forestry, and other land use, 

as defined by the IPCC, is responsible for about 24% of the world’s greenhouse gas emissions (IPCC, 

2014). Within agriculture the main sources of emissions are identified to come from the production 

and transportation of external feed, fertilisers and pesticides, livestock and manure emissions, and 

machine emissions (Lenka et al, 2015). The largest source of emissions within agriculture is from 

livestock farms, which according to Steinfeld et al (2006) and O’Mara (2011) is responsible for 16-

18% of global greenhouse gas emissions.  

2.1.1 Greenhouse gas emissions 

Animal emissions 

A large part of greenhouse gas emissions from livestock is from ruminants. Ruminants have a very 

effective digestive system and are therefore an efficient animal to hold for meat production. Their 

digestive system relies on microbes that live in the digestive tract which ferment the feed ingested by 

the ruminant. This fermentation process is called enteric fermentation and has CH4 as a by-product 

(Lenka et al, 2015). Monogastric animals also contribute to GHG emissions, but a review based on 

Gibbs & Leng (1993) and Crutzen et al (1986) states that monogastric animals only convert 0.6% of 

their feed into CH4 whilst for ruminants this is 2.5% (US EPA, 1998).  This means that whilst they are 

efficient in energy conversion, ruminants will emit a large amount of CH4. This is specifically 

problematic as CH4 is found to contribute heavier to global warming than CO2, with a global 

warming potential of 25 ().  

External inputs 

Another major source of emissions within agricultural systems is the use of fertiliser, pesticides, and 

animal feed concentrates (Audsley et al, 2009) (Vellinga et al 2013). In this case, fertilisers and 

pesticides are mostly relevant for arable farms, whilst feed is used on livestock farms.  

Both the production method as well as the transportation of these products emit large amounts of 

CO2. A study by Kongshaug (1998) showed that fertiliser production uses around 1.2% of the world’s 

energy consumption. Whilst figures from the CBS (Central Bureau of Statistics) show that artificial 

fertiliser use in the Netherlands has dropped by around 40% from 395mill Kg in 1990 to 220mill kg in 

2020 the use of feed concentrates has hardly decreased, being around 410-430mill since 2000 (CBS, 

2021). These concentrates often use soybeans as a resource which is largely produced around the 

amazon rainforest in south America where large amounts of rain forest are logged to do so. This 

deforestation releases a large source of stored CO2 into the atmosphere.  

Similarly, pesticide production also has a significant carbon footprint. A review by Audsley et al 

(2009) looked at different studies over the years done on emissions from pesticides. Whilst the type 

of pesticides used has changed, the production of pesticides still requires considerable amounts of 
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energy. Data from the Central Bureau of Statistics (CBS) in the Netherlands also show that the use of 

pesticides is still very high with around 98.5% of crops still being sprayed with pesticides (CBS, 2020).  

Machine emissions 

Furthermore, emissions from transportation vehicles using a combustion engine have long known to 

be a major source of greenhouse gas emissions (Arapatsakos & Gemtos, 2008) (Lovarelli et al, 2018). 

On farm, this translates to tractors and harvest machinery. This poses to be a big problem as 

conventional agriculture has built a system around using heavy, fuel-based machinery to reduce 

manual labour. Whilst electronic alternatives are growing for day-to-day commuters, these options 

do not provide the range or power that agricultural machinery requires. A study by Caban et al 

(2018) states that the requirement of an electric farm tractor would be to run for a full day without 

charge which he also states too not be available right now. Another option would be to have a well-

developed charging network which sadly is not available either and expensive for farmers to 

establish (Malik &Kohli, 2020). Furthermore, the issue remains that tractors are long term 

investments, and the same study by Caban et al (2018) stated that 75% of questioned farmers did 

not intend to replace their tractor in the near future. This would mean that designing an alternative 

system without tractors or moving to a carbon neutral fuel may be more realistic than replacing 

current tractors.  

2.1.2 Extreme weather effects 
The effects of climate change are becoming clearer, with direct examples being visible around the 

world. The agricultural sector is one of the most vulnerable sectors to climate change effects and this 

will affect both arable as well as livestock farms. In northern Europe, the effects of climate change 

are expected to be reduced as new crops become available for growing (Bindi & Olesen, 2010) 

(Iglesias et al, 2012). Nevertheless, climate change will lead to a change in the available crops as 

yields of current crops will reduce or disappear. Extreme weather effects such as heavy rainfall, hail, 

and extreme drought may lead to crop failure (Prins et al, 2011) and harsh conditions for livestock. In 

the Netherlands, extreme weather events have become more visible in recent years. The damaging 

storm in Leersum (KNMI, 2021) and the floods in Limburg (NOS, 2021) are clear examples of this. 

Furthermore, the effects of climate change are expected to be harsher for southern countries, 

especially around the equator (Olesen & Bindi, 2002). Due to their naturally higher temperatures, an 

increase in said temperature could rise to fatal levels for crops. This would affect farms in the 

Netherlands as well as large amounts of feed used in the Netherlands contains soy produced in 

tropical countries. An increase in crop failure around the tropics could potentially lead to a feed 

shortage in western countries.   

2.2 Soil degradation 
Soil is the absolute basis of agriculture. A healthy soil is vital for growing crops, but also for housing 

animals. The main problems that arise within the agricultural sector related to soil are the 

disturbance of soil structure, and the disturbance of soil life. There are different reasons for these 

issues, which are discussed below.  

Disturbance of soil structure 

The main reason for disturbing soil structure in the Netherlands is soil compaction with 50% of Dutch 

agricultural soils having a compacted subsoil (de Graeff et al, 2020). This compaction comes from a 

lack of permanent root penetration, the treading of heavy machinery (van den Akker, n/a) and the 

continuous treading by livestock (Greenwood & McKenzie, 2001) (Bell, 2010) (Bell et al, 2011) 

(Whitmore, 2001). This soil compaction has been shown to lead to a reduced functionality of soil life, 

a reduced ability for plants to establish rooting systems, and a reduced infiltration rate of rainwater. 
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This leads to increased erosion during heavy rainfall, and a reduced ability for plants to access 

groundwater during dry period (van den Akker, n/a). A study by Håkansson and Reeder (1994) 

showed that compaction could lead to a reduction in yield of 6-10%.  Another study by Munkholm et 

al (2013) showed that to gain optimal soil structure within a non-till system, a diverse rotation of at 

least 4 crops is required. This indicates the importance of a diverse rooting system for a healthy soil.   

Disturbance of soil life 

Whilst tillage is traditionally used to relieve compact soils, a study by Schlüter et al (2018) showed 

that soils managed with conventional tillage had less than half the number of worms compared to 

soils managed with no tillage. This means that whilst the tillage reduces the effects of compacted 

soils, it disrupts the soil life which naturally does this. A study by Montgomery (2007) showed that 

conventional ploughing increases soil erosion to the point that it is unsustainable.  

Another source of soil organism disturbance is slurry manure application through slit injection. A 

study by de Goede et al (2003) showed that fields fertilised with manure using a slit injection system 

physically damaged certain species of earthworms with around 15% of earthworms around 5cm 

being dissected and 30% of earthworms larger then 10cm. Next to this the study also states that 

direct manure application and high rates of inorganic N fertiliser decreases the overall presence of 

nematodes, however another study showed that manure application could lead to higher levels of 

bacteria eating nematodes (Eekeren et al, 2006). Nevertheless, this study by Eekeren et al (2006) also 

showed that no fertilisation led to significantly higher levels of bacterial and fungal life in the soil 

compared to fertilised soils. This could be a sign of a healthier soil as bacteria and fungi play a large 

part in natural soil mineralisation (de Boer, 2014). Another study by Zanen et al (2008) showed 

similarly that fertilisation with more organic substances provides higher yields, likely as this works 

better together with soil life instead of against it. Currently Dutch law states that slurry fertilisation 

must be through a slit injection system. Damage of slit injection to soil life seems unavoidable (RVO, 

2021), so whilst this system is meant to reduce nitrogen emissions from the slurry, the soil organisms 

draw the short straw.  

2.3 Biodiversity 
Biodiversity is something that tends to be associated with nature. It has been defined in many ways 

but DeLong (1996) tried to find a common ground in defining it as the diversity in available living 

organisms as well as the abundance of their spreading measured in any defined space. A common 

method for measuring this is the Shannon index, which similarly also uses both species richness as 

well as evenness to measure biodiversity (Spellerberg & Fedor, 2003).  This means that a biodiverse 

system has a lot of different species, but also a relatively even amount of each of these species, 

preventing once species from dominating a system. Whilst this has often been seen as a 

measurement of how healthy a natural system is, it is starting to become more commonly used as a 

measurement of a healthy agricultural system as well. This is because of the numerous benefits that 

biodiversity can potentially bring to agricultural systems. A study by Duru et al (2015) expects that 

biodiversity rich systems can achieve similar outputs to intensive systems without the current level of 

inputs.  

Importance of biodiversity for ecosystem services 

An increase in biodiversity can help achieve this low input system through ecosystem services. These 

are natural processes that occur in an ecosystem that we can benefit from. These range from helping 

to develop healthy soils, to pest and disease suppression, to increasing in yield. However, one of the 

major issues with biodiversity in agriculture at this moment is that current day intensive agricultural 

systems are not designed to be biodiverse. Miller &Rossman (1995) states that intensive agriculture 

has forgotten how to understand problems and solves them simply with more inputs. Next to this, 
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large farms with species bred for monocultures reduce the potential effect of biodiversity increases. 

A study by Chacón-Labella et al (2019) even showed that the domestication of crops has possibly 

inhibited the ability of crops to benefit from diverse neighbourhoods.  To analyse the effects of 

biodiversity in agriculture, a large project called BIODEPTH was carried out (Minns et al, 2001). This 

project looked at 8 European countries and analysed the effects of increased biodiversity in farm 

grassland. This study saw that whilst differences between sites were apparent, a clear decrease in 

productivity in aboveground biomass correlated with a decrease in species richness. This shows that 

in grasslands the added biodiversity can be responsible for an increase in biomass production (Minns 

et al, 2001), possibly due to niche differentiation. Another study by Hector et al (2001) showed that 

grassland systems with increased diversity were more resistant to invasion from “weed” species. This 

means that more biodiverse systems are better at dealing with competition from non-planted 

species.  

These different studies show that biodiversity can have a positive effect for farmers, and biodiverse 

systems are less likely to need help from the farmer in the form of fertiliser and pesticides. 

Nevertheless, data shows that farmers keep using external inputs (CBS, 2020) (Wilson & Tisdell, 

2001). These inputs directly harm the natural functions that farming systems can rely upon and 

require increasing amounts because of it. Wilson & Tisdell (2001) also state that one of the reasons 

for the continued use is that farmers are “Locked in”, meaning that once you start using inputs it is 

difficult to get out.   

Lack of ecosystem services 

This lack of biodiversity creates a problem for both farmers as well as for society. Biodiversity is of 

great importance for ecosystem services, and a study by Costanza et al (2014) showed calculations to 

estimate the financial benefits gained by ecosystem services and this resulted in an annual value of 

125 trillion USD. This study also estimates that between 1997 and 2011 an annual loss of 2.3-20.2 

trillion USD in biodiversity occurred. These figures are hard to comprehend as biodiversity is 

something that is difficult to value, nevertheless, this study attempted to show the equivalent value 

of biodiversity that is being lost to emphasise its importance.  

A reduction in biodiversity disrupts natural ecosystems and ecosystem services and creates an 

imbalance. An example of a negative effect of biodiversity loss for society is the plague of the 

processionary moth (Thaumetopoea processionea) in the Netherlands. The abundance of oaks in the 

Netherlands, as well as comparatively little host species for the moth’s predators has led to an ideal 

environment which has provided significant problems for society (van Deijk, 2018). For farmers 

problems can be similar, with pests being abundant, but predators being left behind. Furthermore, 

the pesticides used to suppress the pests, are found to destroy the natural suppression instead 

(Ndakidemi et al, 2016).  

2.4 Air pollution 
The agricultural sector is a major source of aerial emissions. Next to the previously discussed 

Greenhouse gas emissions, the agricultural sector is also a major emitter of ammonia (NH3).  

A study by Giannadaki et al (2017) showed that these emissions are a serious risk to human health. 

This study looked at 59 countries and found that a 50% reduction in agricultural emissions could 

prevent more than 200 thousand deaths in the studied countries. The study also showed that for the 

Netherlands the costs of mortality caused by air pollution from fine particulate matter smaller than 

2.5 micro grams (PM2.5) in 2010 was around 17 billion Us dollars, furthermore, stating that the 

removal of agricultural emissions would save up to 12 billion Us dollars in the Netherlands 

(Giannadaki et al, 2017).  Another study also showed a significant link between ammonia emissions 



9 
 

from present livestock farms, and reduced lung function amongst neighbours within one kilometre 

(Borlée et al, 2017), further showing the dangers of excess ammonia to human health.   

Next to the risk to human health, excess ammonia has also shown to be dangerous for animal 

welfare. A study by Swelum et al. (2021) found that high levels of ammonia (>25ppm) in poultry 

houses reduced the animal’s growth and feed conversion rate, as well as their survivability and 

immune system. The study also stated that the high levels of NH4 can cause eye-inflammation and 

raspatory stress. The main cause given for this is high levels of volatilisation from poultry litter 

combined with low ventilation.  

Another problem caused by the volatilisation of poultry litter is odour (Dunlop et al., 2016). This can 

impact surrounding communities and lead to extreme discomfort. This study by Dunlop et al, (2016) 

concluded that it is difficult to pinpoint the exact bacterial origin of odour emissions due to the many 

odorants observed, but also that the cause is similar to that of respiratory distressing CH4 emissions 

mentioned before and that lack of ventilation and a concentration of poultry manure seems to be 

one of the root causes.  

2.5 Water pollution 
Pollution of natural water sources by conventional agricultural practices has been a problem for 

many years. A study by van der Werf (1989) already showed the negative effects from over fertilising 

on the groundwater in the Netherlands. The study showed that the level of Nitrogen, Phosphorus, 

Sulphur, Potassium, and heavy metals in the groundwater was dangerously high. A big reason for this 

was that farmers would apply large amounts of fertiliser which went largely unused. 

 A study by Bouraoui & Grizetti (2014) states that 55% of the nitrogen entering the European seas 

originates from agriculture. Similarly, a study by Leneman et al (1993) states that agriculture in the 

Netherlands is responsible for high levels of phosphorus and nitrogen in the groundwater. These 

levels are stated to be too high for European drinking water standards, likely requiring drinking water 

companies to filter out these excess nutrients as exceeding the European standards set for drinking 

water can be dangerous to human health (European Commission, n.d.). High levels of nitrogen can 

also lead to deoxygenation of water bodies through eutrophication (Harper, 1992) which can be fatal 

to all underwater wildlife.  

Figures by the Central Bureau for Statistics (CBS) show that nutrient uptake efficiency has increased 

between 1990 and 2020, from 31% to 88% of input nutrients taken up for phosphorus and from 38 to 

49% for nitrogen (CBS, 2020). However, this still means that 12% of the phosphorus and 51% of 

nitrogen that go into the agricultural sector in the Netherlands, are still lost out of the system. A large 

part of this is leached into the groundwater. A study by Velthoven & Groenendijk (2021) showed that 

the reduction in nutrient deficits in agriculture, whilst previously decreasing, has not decreased since 

2010.  The figures from the CBS partly back this up, while phosphorus uptake reached its peak in 

2015 of 92% efficiency, the nitrogen uptake reached this in 2010 at 49% efficiency (CBS, 2020). 

Another form of water pollution that is caused by agriculture is antibiotics in groundwater and 

natural water bodies. Studies from around the world have found that antibiotics used in livestock 

farming remain in the animal’s manure and urine which then leaches into the soil. This leads to 

increased resistance in antibiotic resistance (Singh et al, 2019). Additionally, this also leads to 

damage to natural bacterial life in water bodies and disrupts the water ecosystems (Välitalo et al., 

2017; Brandt et al., 2015; Cheng et al., 2020). Furthermore, the spilling of antibiotics into nature 

contributes to the increasing antibiotic resistance which leads to reduce effectiveness when treating 

animals (Larsson, 2014).  
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2.6 Nature areas 
With increasing amounts of intensive agriculture, the effect on nearby natural ecosystems is 

becoming increasingly visible. An example of this in the Netherlands is the reducing of the 

groundwater table to improve growing conditions for agricultural crops and allowing the traversing 

of heavy machinery. This has a lot of benefits for agriculture, but natural ecosystems surrounding 

these fields are negatively affected as this often results in loss of species richness. The change in 

growing conditions alters the ecosystem and pushes out rare species that thrive in wet conditions 

(Wesseling, 1979).  

Similar to this fertiliser and manure application to farmlands has enriched many soils making it ideal 

for plants requiring high levels of nutrients. However, these nutrients leach into the soil and enrich 

surrounding areas pushing out plants that prefer poorer soils. Another cause of this is ammonia 

emissions volatilising from animal manure. (Phillipe et al, 2011). For example, data collected by the 

CBS (Dutch central bureau for statistics) shows that between 1999 and 2019 the number of trees and 

shrubs in what should be open areas has increased by up to 50% and the percentage of cover has 

increased from 9.9% to 15% in dune areas. Whilst this is a natural process, it is stated that unnatural 

nitrogen deposition has clearly sped up this process (CBS,2020). A study by Mueller & Lassaletta 

(2020) states that one third of all the human induced active nitrogen comes from livestock supply 

chains, indicating the major impact that livestock has on nature.     

2.7 Problem overlap summary 
Looking at the results of the problem analysis, a lot of the defined problems share a degree of 

overlap in their problem source. This is logically also reflected in their solutions. Figure 2 shows the 

relation and overlap of the defined problems, and their potential areas for solutions. In this study, 

these were defined as potential areas of improvement as they were thought to be the most logical 

place for a farmer to try and take action. Whilst there can be deeper societal sources to the 

problems, since these are often out of the hands of farmers, they will not be mentioned here.  

 

Figure 2: Problem analysis summary  
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3. Potential solutions 
The agricultural sector is one of the biggest sectors around the world. It produces the most important 

resource for humans, but in its current form it also comes with a lot of consequences. The previous 

chapter sought to identify many of the problems that agriculture faces in relation to climate change, 

soil degradation, biodiversity, air pollution, water pollution, and natural habitats. This chapter tries to 

look at agroforestry related solutions that are available to these problems. In order to clarify which 

solution tackles which problem without unnecessary repetition, the solutions have been divided in 

three categories: Climate related solutions, Soil restoration, and ecosystem restoration. Within each 

of these areas, the potential areas of improvement identified in the previous chapter were used.  

3.1 Climate related solutions 
When it comes to reducing climate change emissions, the concept of compensation is a commonly 

used practice. This is an overall mitigation method that will automatically be applied when 

implementing an agroforestry-based system. By planting woody species, carbon will be captured in 

the plants and stored for long periods of time. This will help reduce the speed of climate change 

(Mutuo et al, 2005) (Pandey, 2002). A study by Kay et al. (2018) even goes as far to say that 

agroforestry can sequestrate up to 43% of current agricultural GHG emissions. This does still mean 

that other interventions are required. More specific solutions to reduce GHG emissions are discussed 

below.  

3.1.1 Reducing external inputs 
External inputs are substances put into the system by the farmer that are produced elsewhere.  

These include pesticides, fertilisers, and animal feed. As mentioned before in the problem analysis, 

the main problem with these inputs is their production method. In order for a farmer to reduce the 

impact of using these inputs, a replacement has to be found. This is because farmers have little 

influence over the production cycle, but they do have the power to replace the inputs with 

alternatives. Studies have shown that there are natural alternatives to these inputs that farmers can 

use.  

Alternative fertiliser 

The fertiliser alternative that farmers can use is the natural nutrient cycling capabilities that the soil 

has. This does require an input of nutrients, but this can be achieved through litter inputs (Torralba 

et al, 2016) and green manure. This litter can be obtained from green manure trees (Sileshsi et al, 

2014; Palm, 1995). These trees drop their leaves at and feed the soil with this. The main benefit from 

this is that trees can obtain nutrients from much deeper layers than the average crop 

(Ramachandran et al, 1999; Rodrigues, 2011). This adds new sources of nutrients to the system for 

the crop to use. A study by Sileshi et al (2014) showed that this way of fertilisation only had an 18% 

loss in yield whilst having significant reductions in input costs.  Furthermore, by carefully choosing 

the tree species, farmers can add nitrogen fixing species. This provides a free source of nitrogen as 

these species can fix this from the atmosphere using their rhizobial symbiosis (Ramachandran et al, 

1999; Rodrigues, 2011). 

Alternative pest control 

The alternative for pesticide use lies in biodiversity. Studies have shown that an alley cropping 

system already significantly increases natural pest control by hosting natural predators within the 

low disturbance vegetation strips (Pumarino et al, 2015) (Station et al, 2021). In tropical regions, 

agroforestry has shown to increase bat and bird presence (Harvey & Villalobos, 2007), and this 

presence of birds and bats in agroforestry has been studied and has shown to provide significant pest 

reduction (Williams-Guillén et al., 2007; Sow et al, 2020). A study by Maas et al. (2013) even found a 
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31% increase in crop yield due to the presence of insectivorous bats and birds on agroforestry 

systems in Indonesia. Whilst regular strip cropping already increases this process, agroforestry 

provides a less disturbed system where insects, birds, and bats can settle and sometimes even 

overwinter (Boinot et al, 2019) increasing the presence of predators for natural pest control.  

Alternative feed 

The third external input is animal feed. Lots of farmers feed their livestock with large amounts of 

concentrate feed. Whilst this provides a lot of energy, it also costs a lot of energy to make and 

transport and therefore comes with a lot of environmental consequences. The natural alternative for 

feed is to go to a more grazing focused livestock system. This does not mean only grass, but a wide 

variety of different feed plants. This will of course differ for different animal species, but Salem et al 

(2020) states that there are different agroforestry crops that are beneficial for animals when used as 

feed. Luske & van Eekeren (2018) found that three Dutch tree species (Fraxinus excelcior, Salix 

viminalis, and Alnus glutinosa) were frequently browsed by cows if present. They also found that 

these species provide significant nutritious value for the animals and that the presence of these trees 

would be a valuable addition to the livestock’s diet with another study stating that the presence of 

salix species could replace supplements in their job to reduce zinc and selenium deficiencies in 

livestock (Kendal et al., 2021). Next to these beneficial effects, there is also the benefit of reduced 

costs. When animals adopt a natural grazing habit there is a much lower requirement of feed that 

has to be bought. Additionally, since the feed plants can regenerate naturally, these may require less 

replanting.    

3.1.2 Reduced impact fossil fuel machinery 
Whilst farm tractors are only a small part of the greenhouse gas emissions in the group of 

combustion engine vehicles, they are a source of emissions within a farm. Whilst looking for 

solutions, the logical first option was to look at the solution being used for other combustion engines. 

This would mean the use of electric vehicles. However, a study by Caban (2018) showed that electric 

vehicles in agriculture are not currently viable as they are not capable of completing a full day of 

work on a single charge. An alternative here would be to have a well-developed charging network, 

which is currently too expensive for farmers to implement (Malik & Kohli, 2020). Another issue here 

is that the same study by Caban et al, (2018) showed that 75% of the farmers questioned in that 

study did not intend to replace their tractors in the near future.  Tractors are a long-term investment 

and are not easily replaced.  A sustainable solution for this without removing tractors could be the 

use of synthetic fuels, also called e-fuels. These are fuels made by combining carbon extracted from 

the air with hydrogen molecules from water to make hydrocarbons. This technology is currently still 

in development and investments into this technology are being done in Germany and Scandinavia 

(Urbansky, 2020).  

Finally, a solution that could remove machine emissions is the removal of tractors altogether. 

Agroforestry systems are most popular in the tropics and often do not include machinery. Whilst 

labour is much more expensive in Europe, claims have been made about semi labour-based 

agroforestry in the form of a food forest being profitable (van Eck, 2019). This would mean that 

system could be designed that hardly uses machinery but uses manual labour instead. Limited proof 

for this seems to be available however and it is therefore difficult to tell if this is a viable option for 

farmers.  

3.1.3 Reducing animal emissions 
As mentioned before, livestock is a major source of GHG emissions. Whilst feed inputs are part of 

this, animals themselves also play a major part here, especially ruminants. The most important points 

to look at here is then the reduction of both greenhouse gasses from livestock. 
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Studies have shown that reducing protein rich feed and increasing outdoor grazing time improves 

fermentation by reducing concentrate uptake.  This largely depends on what the feed is changed to, 

but by reducing protein and fibre levels in livestock feed and providing high starch foraging materials 

emissions can be reduced (Kumari et al., 2020). Similarly, a study by Salem et al. (2020) states that a 

review of different alternative feeds looking at using woody species as animal feed also showed 

increased fermentation and a reduction in CH4 emissions. According to Salem et al. (2020) these 

practices can effectively be implemented through agroforestry, either by using silvicultural systems, 

or by harvesting woody fodder from alley cropping based systems.  

Furthermore, a study by Monteny yet al. (2005) claims that keeping cows for longer lacating periods 

will also reduce overall CH4 emissions. This seems to have two reasons, firstly the amount of CH4 

emitted is reduced as more protein is converted into milk and therefore not lost. Secondly, the total 

CH4 per unit of animal produce is reduced as the period of time that the cow does not produce is 

relatively shorter if their total lifetime is longer. Therefore, they produce more milk, and the CH4 

produced before their first lactation period is offset more. Currently in the Netherlands, cows are on 

average kept for 2-4 lactating years. Often being replaced early due to hoof and utter problems 

(Gosselink et al., 2008). This study also states that they could be kept for up to 10-14 lactating years if 

health issues were resolved. This could be done through increased outdoor grazing as most hoof 

problems can be explained by the large amount of time that cows spend indoors (Gosselink et al., 

2008) (Olmos et al., 2009).  

Whilst increasing lactation periods is not inherently an agroforestry-based practice, it fits well within 

an agroforestry system as the need for reduced hoof problems could be met through silviculture-

based systems. Longer outdoor grazing periods in silvicultural systems may provide animals with 

better footing compared to both stables and monoculture grassland as the added root penetration 

will improve soil structure (Murta et al, 2020). This may improve hoof health (Olmos et al., 2009) and 

could allow for longer lactation periods and be beneficial for both animal and environment.  

3.1.4 Mitigating extreme weather occurrences 
Climate change has led to increasingly more extreme weather effects. Studies have shown that 

agroforestry can help in mitigating the damage caused by these effects. Wind barriers around a farm 

can help reduce the impact of extreme winds (Brandle et al, 2004) (Torita & Satou, 2006) (Weninger 

et al, 2021), and a continuous cover of the soil by a permanent tree canopy can help reduce soil 

compaction from heavy rainfall and improve infiltration (Kumar et al, 2012). Furthermore, higher 

levels of soil organic matter and better rooting can help retain this water better (Anderson et al, 

2008), possibly reducing the need for irrigation. Finaly, the presence of trees can also help reduce 

heat stress experienced by animals (Paris et al, 2019) and crops as well as reduce water requirements 

by reducing evapotranspiration (Sida et al, 2018). 

3.2 Ecosystem restoration 

3.2.1 Increasing biodiversity 
One of the main issues caused by conventional agriculture is the lack of diversity within monoculture 

systems. A system designed without any species diversity will not attract or support outside 

biodiversity either. Additionally, the use of pesticides and herbicides further degrades this.  In order 

to improve this a more diverse system needs to be designed that uses multiple crop and support 

species. Agroforestry can be a tool in achieving this as it has a general beneficial effect on 

biodiversity compared to conventional agriculture and forestry (Torralba et al, 2016). This is due to 

the fact that agroforestry is based on species interaction and the use of multipurpose trees. This 

means that by default there is a higher species diversity then a monocropping system. Nevertheless, 
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system design plays a huge role in improving this. Furthermore, biodiversity can help improve itself. 

Studies have shown that harmful substances such as pesticides and extensive fertilisation can be 

replaced by ecosystem services (Pumarino et al, 2015) (Station et al, 2021). Agroforestry systems can 

be designed to use these and reduce stress on ecosystems and in doing so create a habitat for plants 

and animals to develop. Finally, in the case of livestock farms and silvopasture systems, something 

that can be added is the implementation of herb rich grassland. This has been proven to attract more 

insect life, and by default improves plant diversity (Manhoudt et al., 2020). 

3.2.2 Reducing damage to nature 
Similar to the solution for biodiversity loss, natural habitats can be protected by increasing diversity 

in farming systems and utilising ecosystem services. This reduces stress on the natural ecosystem and 

lets it develop in a normal way. The main disruptions that come from agriculture are external inputs, 

ammonia emissions, drainage of soil water, and loss of animal habitat. Agroforestry can provide 

solutions to each of these problems in a different way.  

Agroforestry can largely replace external inputs through the use of ecosystem services (Sileshi et al, 

2014) (Pumarino et al, 2015) and has also shown potential in reducing nutrient loss from leaching, as 

studies have shown that tree roots have the potential to capture leaching nutrients (Nair et al., 2004; 

Palma et al., 2007; Pavlidis & Tsihrinzis, 2018; Schmidt et al., 2020). As for ammonia emissions, 

studies have shown that the increase in outdoor grazing could potentially reduce ammonia 

emissions. A study by Velthof et al.  (2012) showed that in 2009, 50% of ammonia emissions in the 

Netherlands come from stables, whilst only 1% came from grazing. Whilst some of this difference 

could be explained by cows spending more time indoors, it is also possibly due to the natural 

separation of urea and manure, as studies have found that the separation of urine and faeces can 

reduce volatilisation of ammonia (Vaddella et al., 2010).  

Another solution that seems widely studied is the addition of tannin to animal feed. This has been 

proven to reduce ammonia emissions from livestock (Duval et al, 2016). By adding trees with tannin 

rich leaves, a natural fodder can be added to a system that helps reduce ammonia emissions without 

requiring additional feed (Salem et al, 2020). The studies however focus mostly on adding tannin 

concentrates, and it seems largely unknown how effective foraging on tannin leaves would be.  

Finally, the method of boundary trees as well as silvopasture systems has been shown to reduce the 

spread of ammonia and contain it within the farm, reducing the spread to natural areas (Bealey et al, 

2015). This is done by physically capturing emissions by reducing wind flow away from the field, as 

well as potentially recovering up to 60% of nitrogen emissions (Bealey et al, 2015). This idea of using 

trees to capture nitrogen is further backed by Säumel et al. (2016), who discuss the effectiveness of 

trees in filtering pollutants. They state that deciduous trees are specifically good at capturing 

nitrogen whilst deciduous trees are better at filtering fine dust. A combination of a tree border with 

silvopasture is expected to be most effective as Säumel et al. (2016) also discusses the reduced 

impact further away from the trees.  

As for reducing damage from the drainage of groundwater, a possible solution is the use of wet 

arable systems (Bestman et al., 2019). This allows farmers to grow crops without draining 

groundwater and therefore allow nearby natural habitats to be restored. Finally, loss of animal 

habitat can also be reduced through the implementation of agroforestry. Studies in tropical 

agroforestry systems have shown that agroforestry can provide habitats to birds and bats (Sow et al, 

2020) similar to natural forests (Bael et al, 2008), however, depending on the density the species 

attracted could be mostly field birds rather than forest birds (Harey & Villabos, 2007). This is 

important and needs to be taken into account when designing fields.    
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3.3 Soil Restoration 

3.3.1 Reducing damage to soil structure 
The use of heavy machinery in agriculture has long been known to be a cause of soil compaction. The 

process of tillage has been used extensively in order to temporarily reverse this compaction; 

however, this has been proven to only cause more damage by harming soil life and increasing soil 

erosion. A study by Raper & Kirby (2006) Stated that adapted machinery could help reduce soil 

compaction, but that the only way to truly avoid soil compaction would be to not use heavy 

machinery at all. This insinuates that the best way to remove soil compaction through heavy 

machines is to design a system surrounding manual labour (van Eck, 2019). Whilst this could be a 

possibility as it is common in tropical countries, no proof was found of such a system functioning in 

the Netherlands and could therefore be difficult and expensive to implement. The alternative of 

using adapted machinery seems possible as Selin-Norén et al. (2020) shows that there are numerous 

small machines designed to function in an agroforestry system. 

Other studies discuss the beneficial effects of an agroforestry’s improved rooting system in avoiding 

soil compaction. Whilst machinery would still have a compacting effect, the extensive tree roots 

would increase soil penetration and reduce damage (Murta et al, 2020; Hulugalle & Kang, 2009). 

Furthermore, within an alley cropping system, only the alley gets harmed by compaction, therefore 

soil life has an escape to the areas covered by trees, and this reduces the damage from machinery on 

soil life.  

3.3.2 Reducing damage to soil life 
The biggest threats to soil life in agricultural fields are the practices of tillage, the soil compaction 

from heavy machinery, and excessive fertilisation. Agroforestry systems have been shown to reduce 

the effects of all of these by reducing the damaging effects of soil compaction with penetrative 

rooting systems, and through this also reducing the requirement for tillage. Furthermore, it also 

reduces, the requirement for fertilisation by improving natural nutrient cycling (Ramachandran et al, 

1999) (Rodrigues, 2011) and providing nutrients through organic matter deposition from tree litter 

(Sileshsi et al, 2014). Studies have also shown that agroforestry has a general positive effect on soil 

fauna compared to monoculture cropland (Marsden et al, 2020). These are all ecosystem services 

that occur in a healthy natural system and can be used within a diverse agroforestry system as well.  
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4. Interventions 
Based on the solutions defined in the previous chapter a number of interventions were identified. 

These are actions that farmers can take on their fields in order to help work on the problems at hand. 

They can be implemented independently of each other or combined in order to reduce the 

commitment needed. These actions are general solutions that can be helpful in mitigating the 

problems that were identified in this study. This means that this report does not explain in detail how 

it should be implemented, and a more localised study or consultation will be required to make a plan 

that will fit a specific farm.  

This chapter provides the reader with a basic tool that can be used in order to decide which 

interventions best fit their situation. Two different tools are provided to provide possibilities for both 

arable fields as well as livestock fields. These were separated because whilst some of the solutions 

overlap, they are overall considered sufficiently different to be separated.   

Furthermore, whilst this study initially stated to look into agroforestry-based solutions, not all the 

mentioned interventions are specifically agroforestry based. This is because a lot of them could fit 

very well in combination with agroforestry but are not themselves agroforestry. These two 

categories of agroforestry and non-agroforestry solutions are shown in the flowcharts as agroforestry 

interventions and supporting interventions. This clarification is added as the tool is supposed to help 

when starting an agroforestry system. The supporting interventions can be implemented on their 

own, but the resulting system would not be considered agroforestry and their intention is to be used 

in combination with agroforestry.    

4.1 How to use guide 
The tools shown below consists of two flow charts and a ranking list of interventions. The two flow 

charts use a question-based system to guide the user to a possible intervention. The method used 

here is a system in which the question can always have a yes or no answer. In the case of a yes, then 

the user can follow one of the arrows. In the case of a no, the user can backtrack to the previous 

question and follow one of the other arrows. This was chosen to prevent the flow chart from 

becoming excessively busy and incomprehensible with arrows going back and forth. Figure 3 gives an 

example of how this should work in practice. 

The ranking list of interventions is meant to show which of the interventions have the biggest 

number of effects. The ranking is solely meant to signify if the intervention has any additional 

beneficial effects upon the main effect. For example, a border vegetation barrier is meant to reduce 

ammonia and strong winds, but also benefits the soil below with root penetration and litter 

deposition. This soil benefit is not a primary goal but is still present and therefore relevant to 

mention.  

 

 

 

Figure 3: How to use example for the flowchart tool 
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4.2 Intervention tool 

Intervention tool for arable fields 
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Intervention tool for livestock fields 
 

 

Intervention ranking table 

 

Intervention Field  type Intervention type Primary effects Secondary effects ranking

Silvopasture fields livestock Agroforestry

- adaptation to climate change effects

- reduces ammonia emissions

- improves biodiversity

- improves soil structure

- multifunctional trees 3.5

Field border tree/vegetation barrier arable and livestock Agroforestry

- reduce ammonia emissions

- climate change adaptation

- improved biodiversity

- improved soil structure 3

Green manure trees arable and livestock Agroforestry

- increase in organic matter 

- reduction in artificial inputs

- increase in soil rooting/ structure

- multifunctional trees 2.5

Permanent vegetation hotspots 
Arable and livestock Agroforestry

- increase biodiversity

- increase soil rooting/structure

- multifunctional trees

2.5

Intercropping system arable 

Agroforestry 

/Supporting *

- Increases biodiversity

- reduces pest and disease risk

- improves soil structure

2.5

Increased outdoor grazing/  forraging livestock Supporting

- reduce artificial inputs 

- reduce ammonia emissions

2

Labour based system arable and livestock Supporting

- reduction in soil compaction

- reduce GHG emissions from machines 2

fodder plants livestock Agroforestry

- reduce GHG emissions - increases biodiversity

- improve soil structure

2

herb rich  grassland livestock Supporting - increases biodiversity - improves soil structure 1.5

Waterlogged arable system arable 

Agroforestry 

/Supporting *

- reduce stress on  natural ecosystems

1

CO2 neutral fuel arable and livestock Supporting

- reduce GHG emissions from machines

1

increased lactation period livestock (specifically cows) Supporting - reduce GHG emissions 1

* can be either an agroforestry or supporting intervention based on the design
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4.3 specific interventions 
As can be seen above, there are 12 different interventions that are advised by this study as a 

possibility to improve agricultural sustainability. This subsection explains how these interventions are 

meant to function and gives further advice on what farmers and design consultants should take into 

account when designing a field/system using these interventions.  

Silvopasture fields 

A silvopasture field is a combination of grazing fields with trees. The main use of these fields is for 

livestock grazing, and the trees are present as a supporting function with the goal to adapt to 

changing weather patterns and reducing ammonia emissions from cattle. The tree canopy should 

protect livestock from both extreme heat as well as intense rainfall or other weather anomalies. 

Another minor benefit that this system provides is that it can increase biodiversity, improve soil 

structure and soil life and provide the possible use of multipurpose trees. These are classified as 

secondary benefits as silvopasture inherently has trees planted in a spread-out fashion in order not 

to reduce grass growth.  

Important things to consider for this intervention is the type of tree, and the density at which trees 

are planted. As mentioned before, trees are often planted sporadically in order to allow for sufficient 

grass growth for cattle. This balance is however completely up to the farmer. For example, in the 

case of poultry it could be decided that grass is less important, and more cover is allowed with a 

variation of other available feed plants.  

Field border tree/vegetation barrier 

A border tree/vegetation barrier is as the name implies, a strip of dense vegetation surrounding a 

field. The barrier can have two functions. To block wind and protect the field from extreme weather, 

and to reduce the spread of ammonia released from livestock in the field. Secondary effects of this 

barrier are the possible increase in biodiversity and improved soil structure. These are considered 

secondary effects as they are only present directly under/within the barrier and not a primary goal.  

The most important things to consider when implementing a field barrier is the density and the 

height of the barrier. These may depend on the size of the field. Higher trees will reduce wind speeds 

over longer distances and therefore protect larger fields. Additionally, a barrier including shrubs and 

undergrowth is more likely to protect against wind and reduce ammonia spread.  

Green manure trees 

The purpose of green manure is to obtain a natural replacement to fertiliser in a way that does not 

require repeated disturbance. The green manure crops cycles nutrients by catching available 

nutrients and keeping them from leaching out of the system, but often also by fixing nutrients 

through nitrogen fixing processes. The added effect of green manure trees is that they will also take 

up nutrients from lower soil layers which regular green manure crops will not do. Green manure is 

already an increasingly adopted practice, however it is currently used as an interim crop. These crops 

often require ploughing and therefore cause disturbance to the soil and the local ecosystem. Green 

manure trees are an attempt to create fertilisation without disturbing the farming system.     

Secondary effects of green manure trees can be an increase in biodiversity and an increase in soil 

rooting. These can take advantage of the stress reduction and cover created by the green manure 
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trees. These are considered secondary effects as they are not the main goal of this intervention and 

not the most effective way of achieving this.  

The green manure trees can be planted in either an alley cropping system, or a more silvopasture like 

system. This depends on whether it is implemented in an arable or a livestock field. The most 

important thing to look for when trying to add this to a farm design is the type of tree species. Whilst 

looking at species things like root structure, leaf litter composition, nitrogen fixation, and crown 

density are important as they can influence soil development, but also crop development. Finally, 

shrub like species can also be used in a similar fashion, however this is less desirable as they will not 

give any space underneath for crops or livestock.  

Permanent vegetation hotspots 

Permanent vegetation hotspots are exactly what the name implies. Areas of permanent vegetation 

designed to create stability and a stress-free environment. This is to create a stable soil in which soil 

life and soil structure can develop naturally. Additionally, to this the aboveground vegetation will 

create calm habitats for both plants and animals to settle, increasing the local biodiversity and the 

chance of ecosystem services.  

Permanent vegetation hotspots can be planted in strips using an alley/strip cropping system, or 

sporadically using a pixel cropping design. Whilst the possibility for using trees here is present, it is 

not required as smaller clusters of shrubs could also have a beneficial effect. Nevertheless, the larger 

and more diverse the vegetation hotspots, the more effective they will be.  

Intercropping different species 

An intercropping system uses spatial diversity in a farming system by combining different crops in a 

field. This directly increases biodiversity by adding more than one crop and attracts more outside 

biodiversity by providing a wider variety of growing/living conditions. When using this in a farm 

design it is important to consider which species of crops to grow together as not all plants grow well 

together. Using crops with different nutritional requirements, or crops that complement each other 

is recommended. This intervention can be either an agroforestry or supporting intervention 

depending on the design. This is because it does not specifically require trees but can very well be 

combined with trees.  

Increased outdoor grazing/ foraging 

Increasing outdoor grazing/foraging a supporting intervention that can be combined with a 

silvopasture system or with feed trees. The main benefit of increasing outdoor presence of livestock 

is that animals have the possibility to forage for feed themselves. This reduces the need for external 

feed and therefore also reduces the amount of GHG emissions caused by this. Additionally, by being 

outside, the amount of manure and urine that is mixed also drastically decreases. This reduces the 

ammonia emissions of cattle as well as poultry. Furthermore, the foraging possibilities of livestock 

can be specifically chosen by the farmer and therefore they can choose a nutritional plan that helps 

reduce both ammonia as well as methane emissions.  

Labour or adapted machinery-based system 

Raper & Kirby (2006) states that the only way to truly remove the negative effects of heavy 

machinery (compaction and CO2 emissions) is to stop using them, however that adapted machinery 

can help reduce this effect. Therefore, there are two options that can be used when trying to replace 

the damaging effects of heavy machinery. One of the possibilities for reducing these things in 

agriculture is to move towards a labour-based system that completely omits heavy machinery. This 

may be possible for some crops, especially as the fruit industry seems to partly use such a system. It 

may, however, be a challenge for other crops as grain crops do not have the value to be manually 
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harvestable. Whilst a labour-based farm seems largely normal in tropical countries, no examples of 

this were found in the Netherlands during this study. 

The second option to omit large machinery is the use of smaller or low impact machines. This can of 

course range from going back to smaller tractors to using more specific machinery to harvest 

products. Selin-Norén et al. (2020) created a factsheet on available machinery that can be used in 

agroforestry. This contains a number of smaller machines that are effective in harvesting and 

maintenance activities in agroforestry. 

Fodder plants 

Fodder plants include any plants that are added to a field other than grass that may provide feed for 

animals. The main purpose of this intervention is to reduce production chain GHG emissions of 

animal feed by reducing the amount of external feed used. Secondary benefits from this intervention 

can be the increase of biodiversity and soil structure as there is an increase in permanent vegetation. 

These are not primary benefits as it is not the main goal, and because they heavily depend on the 

density of vegetation that is planted.  

The amount of feed plants introduced should depend on the percentage of on farm produced feed 

that the farmer wants. Similarly, the plant species should be decided based on the dietary needs of 

the animals, and what the farmer wishes to feed his animals. When using this intervention in a field 

design it is important to consider plant nutrient values when choosing species. Furthermore, if 

poultry or pigs are present on field, the focus on insect habitat may want to be increased as this 

could provide a good source of animal protein for poultry and pigs. This is not relevant when working 

solely with herbivorous animals.  

Herb rich grassland 

Herb rich grassland is a basic method for increasing plant biodiversity. The idea behind herb rich 

grassland is that rather than just sowing a single grass species, a seed mix with naturally occurring 

grasses and herbs is applied. This increases the plant diversity on the field and will promote insect 

biodiversity as well by providing different types of food. For cattle this can also have beneficial health 

effects as some herbs are known to be beneficial for cattle health. It is therefore important to know 

exactly what types of herbs are sown and this should be considered before implementing this 

intervention. Finally, when using this to improve insect biodiversity it is important to consider that 

insects also require sufficient space for housing. This is specifically relevant for solitary insects as 

their travel distance is often shorter.  

Waterlogged arable system 

The purpose of waterlogged systems is to provide the possibility for agriculture in areas where 

nearby nature reserves are meant to be waterlogged. The voice for reducing groundwater draining is 

increasing and by using a waterlogged arable field this can be adapted to. The louis bolk institute 

studied suitable crops and states that Typha latifolia, Salix spp., Phragmites australis, and miscanthus 

spp. are suitable for waterlogged conditions. This intervention does not have to be in the form of an 

agroforestry system, as most of the mentioned crops are not tree species. However other water 

tolerating trees could be considered and the general benefits of species diversity will likely apply 

here as well.  

CO2 neutral fuel 

The purpose of a CO2 neutral fuel is to make currently owned machinery CO2 neutral. It is meant to 

be an easy option for reducing CO2 emissions. They are currently not widely available but may still be 

easier to implement than other solutions. The fuel is made by capturing CO2 from the atmosphere 

with carbon capture technology using green energy. This makes them in effect circular and therefore 
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emission neutral. These fuels are different from biofuels as they do not require farmland and 

therefore do not contribute to land use change. The most common names for these types of fuels 

are e-fuels or synthetic fuels.  

Increased lactation period  

The purpose of increasing lactation periods is specifically an intervention aimed at dairy farms to 

reduce the amount of methane emitted. The method effectively reduces overall emissions by 

reducing the overall time that cows spend unproductive and therefore reducing the emissions 

caused by these periods. This is once again not an inherently agroforestry-based solution, but studies 

have shown that a major reason for short lactation periods are health issues caused by indoor stable 

housing. This may be resolved by increased pasture grazing and therefore recommended to be 

combined with a silvopasture system.    
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5. Discussion 
The result of this project shows that there is a lot of potential for agroforestry when looking at 

agricultural problems in the Netherlands. A lot of problems can find their solution within 

agroforestry. Nevertheless, further questions arose that require further study. These were 

concerning the use of tannin as a reducing agent for both ammonia and GHG emissions, as well as 

the possible solutions to reducing the use of antibiotics in livestock farming.  

For the use of tannin, the relevant studies by (Duval et al., 2016; Goel et all., 2005; Koenig et al., 

2018) all discussed the use of tannin extract, but no mention was found of how this would play out 

when livestock eat naturally available tannin from trees and shrubs. Since tannin in high doses is 

considered toxic, this is a relevant question to that requires further study. Boadi et al. (2004) states 

that essential oils may be useful here, but also states that more research is required. Furthermore, 

Dijkstra et al. (2010) states that dietary changes have a trade-off between reducing nitrogen or 

methane, this implies that both is not possible. Further review of literature in this field is required to 

give a better view of how tannin rich fodder could help in agroforestry.  

As for the question regarding reducing antibiotic usage, Gosselink et al. (2008) and Olmos et al. 

(2009) States that a large amount of hoof complaints can be explained by the amount of time cows 

spend in a stable. This would insinuate that outdoor grazing could improve animal health in this case. 

Similarly, Arnott et al. (2017) that pasture access is important to livestock and a Mee & Boyle (2019) 

state that a choice between pasture and barn is optimal for cattle welfare. This does seem to 

insinuate that outdoor grazing, or at least the option, improves cattle health. It is still unclear 

however, what effect this would have on the use of antibiotics, and by extend the leaching of it.  

Finally, the damaging effects of draining groundwater in arable systems has found a possible solution 

in wet arable systems, however, for livestock no such solutions have been found. More research is 

needed to see what the potential alternatives are for farmers that need to drain groundwater to get 

suitable land for livestock farming.  

Limitations of this project are mainly the lack of time to carry out such a large project. The time taken 

for this project was not sufficient to thoroughly go through all the relevant literature, and the 

possibility of available solutions being left out is present. Next to this, the use of experts was limited 

due to the amount of time that was already spent on reviewing literature, and therefore no time was 

taken to interview experts on this field. It would be valuable to discuss the findings of this review 

with experts in the field and take their advice into account.  
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