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Executive summary 
Food forestry is an emerging land use system that potentially delivers various ecosystem services 

through its economic, environmental and socio-cultural aspects by integrating food production, forest 

structure and community development on a single site. Therefore, this system is expected to 

contribute to nature conservation, global climate change mitigation, food production and sustainable 

society. However, implementation of this concept especially in the Netherland faces various 

challenges, namely, lack of evidence-based studies (data and methodology), narrow understanding of 

food forest by policy makers and the absence of food forest as one of the land use category in the 

Dutch land use policy. We identified that having valid data and studies about the impact of food forests 

on climate mitigation, soil enrichment, biodiversity and social sustainability is key to raising awareness 

of and interest in food forests in the Netherlands. 

Addressing this issue, we have developed a methodology to monitor and evaluate a selection of 

ecosystem services of food forests, mainly supporting and regulating services. We conducted literature 

reviews, interviews with experts and a field survey of the food forest in EcoVredeGaard (EVG) to define 

the best indicators and methodology for quantifying those services. We identified four indicators as 

the best representatives of supporting and regulating services; these are biodiversity, carbon 

sequestration, soil enrichment and water quality. We provide several options (methods) for measuring 

each indicator and recommend one method considering both advantages and disadvantages. We also 

considered productivity as a parameter to be monitored, as food production is one of the goals of a 

food forest.  

The project result consists of two products, an academic report and a field manual.  

1. Academic report  

In the report we provide general information for each indicator and method, baselines for data 

interpretation, sampling schemes and opportunities and limitations for each method.  We also give 

additional information regarding social and policy aspects as part of the broader evaluation scheme. 

The report provides a general understanding of a monitoring and evaluation program focussed on food 

forest ecosystem services. 

2. Field manual 

The manual is designed to be used as a guide for data collection in the field. It contains details of 

practical procedures and required equipment to collect field data on each indicator. It also contains 

examples of data collection forms, as well as examples of calculations for some indicators. The manual 

is written in a simple style so that volunteers without an academic background will still be able to 

conduct the measurements.  

The two products are complementary and should ideally be used together.  To understand the 

background and specific reasons behind our chosen indicators or methods, please refer to the report. 

For step-by-step instructions on data collection procedures, go to the manual.  
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1.1. Context 

A food forest is a land use system that adopts the structural and functional vegetation composition of 

forest ecosystem, and consists of a variety of edible plants grown in different vertical layers (Crawford 

2010). The key notion of food forests systems is integration of food production and natural ecosystems, 

which are usually seen as opposing concepts in academic and political debate (Kuyper & Struik 2014). 

Food forests implement ecological principles in their design and management to ensure a sustainable 

semi-closed agro-ecosystem (Petersen & Snapp 2015). These principles suggest the potential for food 

forests to have strong ecological resilience, high biodiversity and good yield potential, while at the 

same time requiring minimal maintenance and inputs. Food forests emphasise the use of productive 

perennial species in each layer of vegetation structure (ground cover plants, shrubs and trees). The 

importance given to edible productive tree species distinguishes a food forest from many of the other 

approaches under the umbrella term agroforestry (Lovell et al. 2017). This, as well as the design aspect, 

also makes them distinct from simply gardening in the forest (Jacke & Toensmeier 2005).  

 

Combining agriculture and forestry systems has long been a common practice in the tropics (Kumar & 

Nair 2006), yet this type of land use in temperate climates is still limited with a largely unexplored 

potential.  The development of temperate climate food forests follows previous interest in developing 

the productivity of perennial agricultural systems, perhaps beginning with Smith’s 1950 book Tree 

Crops: A Permanent Agriculture, and featuring strongly in the approach of Bill Mollison and David 

Holmgren, the developers of the permaculture concept (Smith 1950; Mollison 1988). Recorded 

1. Introduction 
 

Contents 



Dutch Food Forest: a low-cost monitoring design   11 

experimentation with the food forest concept in temperate zones appears to have begun with the 

work of Robert Hart on a small scale (forest gardening) in the south of England from 1981, spawning 

many other experiments (Hart 1996). Interest in the idea spread to the humid US east coast, with the 

key text on the subject Edible Forest Gardens Volumes 1 & 2 (Jacke & Toensmeier 2005) emerging from 

this area. There are some success stories of low-impact, traditional production systems in Europe, 

including cropping and fodder production through integration of agriculture into a forest-like structure 

(Rigueirio-Rodriguez et al. 2009); this has now resulted in increased interest in the concept for 

sustainable agricultural systems. Food forests in temperate climates are not production-oriented in 

the same way as conventional agriculture, since they generally focus on long-term, diverse, and stable 

food production, typically for non-mechanised harvesting.  

 

1.2. Ecosystem services 

This multifunctional landscape approach, like other agroforestry approaches, is potentially able to 

deliver various ecosystem services (ES) (Sileshi et al. 2007; Jose 2009). Provisioning services such as 

economic commodities, food, fresh water, medicinal plants and genetic resources may be generated 

from agroforestry (Makonda and Gillah 2007). In many areas, agroforestry has been proven to increase 

soil fertility, nutrient cycling, natural pollination and biodiversity conservation as part of its supporting 

services (Kremen 2005; Schwab et al. 2015; Torralba et al. 2016). This system is also known for its 

regulating effect on global climate change by sequestering carbon and preventing soil erosion (Nair et 

al. 2009; Torralba et al. 2016). In the form of community gardens, food forests may contribute to 

communal projects for subsistence, leisure, community cohesion, education and many other possible 

functions. This cultural aspect gives food forests an additional ecosystem service that is usually absent 

from agriculture (and often from forest). This different economic, environmental and socio-cultural 

context leads us to frame temperate food forests not as a direct competitor to conventional forests or 

agricultural land use systems, but rather an option to restore degraded land (Park et al. 2017), in the 

context of conservation and community projects. 

 

1.3. Challenges  

Food forest system can be a good example of a complex, diverse, perennial system that has positive 

effects on environment, livelihood and community development (Park et al. 2017). Food forests in the 

Netherlands have started to gain public attention. However, we have identified some challenges 

regarding the implementation of food forestry until it gets fully accepted publicly as well as by 

government 

Challenge 1: Lack of supporting data 

While many supporting studies about the benefit of food forestry systems exist in the tropics, it is 

rather new and not been well studied in temperate zones. As a result, data or evidence about their 

beneficial effects is lacking: these may be important to support claims to persuade landowners, policy 

makers and the public.  
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Challenge 2: Difficulties in undertaking research on monitoring and evaluating 
food forests  

Food forestry is a complex multistoried system (Jose & Gordon 2008) combining ecological, agricultural 

and social principles. Therefore, it is difficult to conduct a comprehensive evaluation study of the 

system. Each principle requires specialised methods, and the resulting data may be challenging to 

integrate. 

 

Challenge 3: Governmental and public perception about food forest 

No solid national definition of food forestry exists within Dutch policy, and policy makers may generally 

emphasise the strong social aspect of food forests while neglecting the environmental and potential 

production aspects. 

 

Challenge 4: Land use policy in the Netherlands  

Food forestry is not yet conceptualised in the national land-use strategy. Different practitioners have 

explained the difficulties in establishing and raising funds for food forest within Dutch policies. 

 

1.4. Outputs and methods 

A ‘success story’ that contains evidence of the value of food forests could be a key strategy in 

persuading policy makers, and thereby increase the scope for food forests in the Netherlands.  

Having a reliable program for gathering evidence of environmental effects of a food forest may be a 

primary requirement to communicate any success story (Jose & Gordon 2008). While recognising the 

importance of the social dimension in the work of EcoVredeGaard (EVG), this report focuses on the 

environmental effects of a food forest. While social value is part of the cultural services of a food forest, 

its environmental effects are strongly related to supporting and regulating services of the system. Thus, 

we have developed a monitoring and evaluation program to measure environmental parameters that 

indicate the effect of food forests on the supporting and regulating services. In the program, we 

highlight important indicators of four of those services - namely, biodiversity, carbon sequestration, 

soil quality and water quality - as representatives of the services. We also touch in provisioning services 

in the form of food production. 

The monitoring and evaluation program is aimed to help food forest managers especially 

EcoVredeGaard to contribute to a body of data detailing the ecosystem effects of food forests. This 

may also support EcoVredeGaard in their broader vision of bringing nature, society and agriculture 

closer together. This focussed approach is a starting point to address the first and second challenges 

of food forests mentioned above. Further, this could aid them in communicating their messages to 

build public perception and involvement in food forest development (challenge 3), and to convince 

policy makers to make food forest implementation more feasible in the Netherlands (challenge 4).  
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Figure 1.1. Simplified conceptual framework of food forest’s monitoring and evaluation scheme and its implication on the 

system. Food forests provide various benefits and values expressed in environmental services (ES) to the society. The 

approaches and tools for assessing ES can be used by EVG in their future communication to decision makers and public that 

eventually will influence their response toward food forest management. Adapted from Baral et al. (2016) and Maes et al. 

(2016). 
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Ecosystem services are often divided in provisioning, supporting, regulating and cultural services. For 

this monitoring scheme we mainly discuss the supporting and regulating services of food forests in the 

Netherlands, while considering also provisioning services. These relate to carbon sequestration, soil 

enrichment, biodiversity and water quality and quantity (Jose 2009), as well as production. We chose 

to focus on these services as separate systems in different sections, but be aware that they overlap 

and interlink in many aspects. Thus, we always considered the bigger picture of ecosystem functioning 

and its interactions when analysing each system, as follows: 

 

Carbon sequestration 

Carbon sequestration is considered as a regulating ecosystem service, which plays an important role 

in the Global Climate Regulation. Both above and below-ground carbon sequestration are discussed in 

this section, with special attention on the C cycle and the total ecosystem C balance.  

 

Soil enrichment 

Soil enrichment is considered as an intermediate supporting ecosystem service, as it serves as a 

baseline for further services. Given the complexity of the soil system, the process of soil enrichment 

cannot be directly measured. Thus, a selection of physical, chemical and biological indicators that 

reflect the health and development of the system are discussed in this section. 

2. Ecological Indicators 
 

Contents 
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Biodiversity 

Biodiversity is considered both a supporting and regulating ecosystem service. High biodiversity in the 

system will increase the heterogeneity in the landscape, providing living spaces for different vegetation 

and animal species. Habitat diversity is among other factors important for the resilience of the system, 

since it can provide services such as pollination and biological pest control.  In this section methods 

will be discussed to monitor the vegetation changes within the system. Additionally, different animal 

species will be discussed as possible indicators for the health of the system and methods to monitor 

them will be provided. 

 

Water quality and quantity 

Water quality and quantity are considered as a regulating ecosystem service, sustaining both animal 

and plant populations and contributing to ecosystem health. Direct measurements to monitor water 

quality and quantity in food forests present several constraints, and thus indirect methods have been 

considered in this section, which rely on interactions with other systems.  

 

Production 

Production is considered as a provisioning ecosystem service, providing goods for human 

consumption. Direct comparisons with other agricultural practices may not be feasible in this case, but 

simple methods can assist on recording and keeping track of productivity levels of a food forest over 

time. In this section, the importance of community involvement for production monitoring is 

emphasized.  

 

Each section consists of an overview of the system interactions and its relevance as an ecosystem 

service to food forests, followed by a set of defined indicators and proposed monitoring methods. These 

indicators have been selected based on their interrelatedness and sensitivity to capture the 

development of the system over time, as well as their practicality and importance in the literature. 

Moreover, an overall description of each service in relation to the expected interactions with the food 

forest is provided. This is strengthened with baselines or reference value that serve as a starting point 

to evaluate the state and development of the system. In addition, several criteria have been stated to 

compare different monitoring techniques and justify the selection of the proposed methods.  
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2.1. Carbon sequestration  

2.1.1. System interactions 

Global Climate Regulation is a part of the regulating ecosystem services of agroforestry systems, with 

carbon sequestration as one of its ecosystem functions (Ghaley et al. 2014). Besides carbon 

sequestration, agroforestry also contributes to climate regulation through fire prevention and as a 

management tool to enhance biodiversity under the heading of Global Climate Regulation (Mosquera-

Losada et al. 2011). In this section the focus will be on carbon sequestration and its relation to food 

forests.  

Carbon sequestration in a food forest can be explained primarily as the uptake of atmospheric CO2 via 

photosynthesis and the transfer of fixed carbon into vegetation, roots and soil pools for storage (Nair 

et al. 2010). This fixation of carbon happens both below- and aboveground. The aboveground 

sequestration happens in the plant parts as leaves and stems, whereas the belowground sequestration 

happens in the belowground plant parts as roots, in soil organisms and via carbon fixed to soil 

compartments (Nair et al. 2010). A visual representation of such dynamics can be observed in Figure 

2.1.  

 

Figure 2.1. Carbon sequestration. Visual representation of the C cycle in a food forest as part of the carbon sequestration 
ecosystem service. Orange arrows are limited to the C cycle itself: photosynthesis, respiration, anaerobic and aerobic 
decomposition. Direction of the arrow determines the effect. Plants take up atmospheric CO2 via photosynthesis. Some of 
this CO2 is returned to the atmosphere via plant respiration, the plant uses the rest. The plants produce leaves, which form 
litter when they fall off. This litter, and also dead root material, will be decomposed into soil C via microorganisms. Some of 
this C will be taken up by microbes and stored, whereas some will also be mineralised. The mineralised part, as well as the 
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respired part, will leave the system as CO2 to the atmosphere (Mosquera-Losada et al. 2011). Thus, C exists in the system as 
organic aboveground C, organic belowground C, inorganic soil C and organic soil C. C sequestration occurs in all of those C 
states.  Aboveground and belowground carbon sequestration are determined by overall vegetation biomass (shown in green 
boxes) and root plus soil organic carbon (shown in yellow boxes), respectively. Interactions with water and soil properties are 
shown with blue and grey arrows, respectively. 

 

How much carbon can be sequestered depends on multiple factors such as soil type, previous land-

use, species composition, age of these species, environmental factors, and management practices 

(Nair et al. 2010).  In Europe, agroforestry is seen as a good mitigation option because in agroforestry 

systems the input of C per land unit is higher than in a tree-less agricultural system (Matos et al. 2011; 

Mosquera-Losada et al. 2011).  The amount of carbon that is sequestered by trees depends on the 

species, the age of the species and the density of the species (Quinkenstein et al. 2009; Fernandez-

Nunez et al. 2010). For instance, evergreen species hold the carbon in their leaves for a long period of 

time, whereas deciduous species provide regular inputs of organic matter to the soil via litter 

(Mosquera-Losada et al. 2011). Compared to trees, the amount of C sequestered by the understory 

component is small (Fernandez-Nunez et al. 2010). Understory components refer to herbaceous or 

woody plants, or crops. In this case, the shrubs sequester more C than the herbaceous plants 

(Mosquera-Losada et al. 2011). An important belowground C source is roots. The roots transfer the C 

from the plants into the soil through root growth, root turnover, and root exudates. Via these 

pathways, roots contribute 13-33% to the C sequestered in ecosystems (Figure 2.2) (Fernandez-Nunes 

et al. 2010; Mosquera-Losada et al. 2011).  

 

Figure 2.2. Where does the carbon go? Division of carbon in an ecosystem including trees, adapted from Banicki 
& Dierkes (2012).  



Dutch Food Forest: a low-cost monitoring design   18 

2.1.2. Defined indicators and methods 

As mentioned before, C sequestration happens both above- and belowground in different 

components. These components contribute to the short-term C cycle, in which the most important 

processes are the fixation of atmospheric CO2 in plants and the return of a part of that C to the 

atmosphere through plants, animals and microbial respiration as CO2 (Nair et al. 2010). In this section 

different methods will be discussed to measure the different above- and belowground carbon pools. 

Aboveground carbon sequestration 

Indicator description 

The carbon pools that comprise the aboveground sequestered C include plant biomass and the durable 

products that are derived from biomass via timber (Nair et al. 2010). In the following section we’ll focus 

on three different methods to measure plant biomass via tree biomass. We focus on tree biomass 

because that is where most C is sequestered aboveground (Fernandez-Nunez et al. 2010). Summing 

up the measured tree biomass results in an estimate of the aboveground biomass (Nair et al. 2010). 

By comparing data over time, the amount of C sequestered per year can be calculated. To monitor the 

change in C stocks over time remote sensing data can be used. However, this is complex and is mainly 

used to monitor changes in big systems (Coomes et al. 2002) and is thus disregarded as a feasible 

method for EVG. 

Method description 

Whole-tree harvesting   Estimating the tree biomass via whole-tree harvesting is one approach 

to determine the aboveground biomass. The method includes cutting down sample trees, separating 

the various parts, digging out and washing the roots and determining the dry weight of the samples. 

Adding them up provides the total biomass. To determine the C content of this biomass the samples 

have to be combusted (Nair et al. 2010). 

The main advantages of this method relate to its accurate estimation of biomass and suitability for 

determining biomass in a small area (Vashum & Jayakumar 2012). However, it is a destructive method, 

and the process is time consuming and labour intensive (Nair et al. 2010; Vashum & Jayakumar 2012). 

Allometric equations   Allometric equations can be used to estimate standing tree biomass. 

The data that have to be recorded to determine the aboveground biomass are: 1) species and number 

of trees in the plot; 2) diameter of the tree at breast height and/or diameter at the ground of the 

tree/bush and; 3) tree/bush height (Takimoto et al. 2008; Nair et al. 2010). This data must then be 

converted to biomass carbon via a series of calculations (Takimoto et al. 2008). 

Using allometric equations is a low-cost and non-destructive biomass estimation process. Its main 

disadvantage relies on the fact that the equations are species specific and are not available for all 

species (Takimoto et al. 2008). 

Stem wood biomass  This is a simple method that determines the whole-tree biomass and 

carbon content based on the stem wood biomass (Nair et al. 2010). The volume of the stem wood has 
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to be measured and multiplied by the species-specific wood density. The volume of the stem wood 

can be determined by measuring the circumference of the tree at breast height and by measuring the 

height of the stem from the ground to the crown. This number should then be multiplied by 1.6 to 

estimate the whole-tree biomass.  It is than assumed that the C content is 50% of the estimated whole-

tree biomass (Dixon et al. 1993).  

The stem wood biomass method is simple and low-cost; however, it only provides a rough estimation 

of the aboveground biomass of the studied area.  

Belowground carbon sequestration 

Roughly two-thirds of the total amount of C sequestered occurs belowground (Nair et al. 2010). The 

belowground carbon pools are biomass from roots and soil microorganisms and the stable forms of 

organic and inorganic C in soils (Nair et al. 2010). Different methods can be used to determine the 

amount of carbon in each of these pools.   However, the complex interactions of these different pools 

make the measurement and/or estimation of belowground C sequestration a difficult task (Nair et al. 

2010). 

Soil Organic Matter 

Indicator description 

Soil organic matter (SOM) is the fraction of the soil that mainly consists of decomposing plant or animal 

tissue. Organic matter is made up of three major components: i) plant residues and living microbial 

biomass; ii) active soil organic matter, also referred to as dead organic material; and  iii) stable soil 

organic matter, or humus (Fenton et al. 2008).  

Benefits of SOM can be divided into physical, chemical and biological aspects. The main physical 

benefits of SOM are increased aggregate stability, improved water infiltration and soil aeration and 

improved water holding capacity. The main chemical benefits are increased capacity to hold onto and 

supply nutrients such as Ca, Mg and K, increased buffering capacity to resist pH change and accelerated 

mineralization processes to make mineral nutrients available. The biological benefits include food for 

living organisms, with increased biodiversity and microbial activity as a result, which can help to 

suppress diseases and pests (Fenton et al. 2008).  

Soil organic carbon (SOC) is derived from the decomposition of plants and animals, and is a major 

component of SOM. The organic compounds contain carbon, oxygen, nitrogen and hydrogen in their 

molecules (Pluske et al. n.d.).  Organic C has a big influence on different soil properties, such as colour, 

nutrient holding capacity and nutrient turnover and stability, which in return influence water related 

characteristics, aeration and workability. (Pluske et al. n.d.).  

Method description 

Loss on Ignition (LOI) can be used to estimate the SOC and SOM content of a soil sample. The method 

is based on quantifying the amount of CO2 that is produced through heating of a soil sample in a oven 

or by measuring the change in weight of the sample after heating (Nair et al. 2010). A soil sample first 
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has to be heated at ±105°C to remove all the water. Then the homogenized sample has to be weighed 

before it will be heated at ±550°C. After heating the sample is weighed again. It can then be assumed 

that the total organic C is 50% of the lost weight (Hoosbeek 2017).  

LOI is a relevant and well-known method in the scientific community; besides this, it provides a precise 

method for SOM estimation (Hoogsteen et al. 2015). The main disadvantages are the potentially high 

costs of an oven capable of 550°C, and the requirement to standardize the temperature used for the 

process (Hoogsteen et al. 2015). In addition, it only gives information about total concentrations, but 

not about the form and recalcitrance of the C (Nair et al. 2010).  

Soil aggregates 

Indicator description 

Soil aggregates have an important effect on the preservation of C in the soil (Six et al. 2004). An 

aggregate is a secondary particle formed through mineral particles and organic and inorganic 

compounds (Nair et al. 2010). Aggregates can be divided into macro- and micro-

aggregates.  Aggregates are important for C sequestration as they physically protect SOM by: i) forming 

a barrier between microorganisms and microbial enzymes; ii) controlling food web interactions; and 

iii) influencing microbial turnover (Nair et al. 2010). According to Six et al. (2004), it is the micro-

aggregates that protect the SOM in the long term, while macro-aggregate turnover is the crucial 

process influencing the stabilization of SOM.  

Method description 

The wet sieve method can be performed to determine soil aggregate stability and contributes to 

determining C sequestration and soil quality. The method involves adding soil to nested sieves, which 

will then be lowered and raised in water to simulate natural wetting of the soil (Yoder 1936). The 

aggregate classes then break down and are caught in the different levels of the nested sieves. The 

technique can be performed both in a lab and at home (Nair et al. 2010)1.  

The wet sieve method is easy to replicate in the same measurement round and it can be performed at 

any location. However, it may be difficult to replicate the method over time and compare the data 

collected (van Groenigen, Annex A).  

Belowground Net Primary Productivity (NPP) 

Indicator description 

Carbon can be fixed as net primary productivity (NPP). NPP is the annual plant growth and is 

determined by the difference between photosynthesis and autotrophic respiration (IPCC, n.d.). In the 

end almost all fixed C in NPP will be returned to the atmosphere as CO2 via heterotrophic respiration 

by decomposers or by combustion in natural or human-set fires (IPCC, n.d.).  

                                                           

1 A simple method description can be seen on Youtube: https://www.youtube.com/watch?v=2ZbqhePFUGs 
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Method description 

Belowground NPP is hard to measure. As an alternative, the root-to-shoot ratio can be used to estimate 

belowground living biomass (Nair et al. 2010). To determine the ratio the plant needs to be excavated, 

the root has to be separated from the shoot and then dried. The dried samples have to be weighed, 

after which the root-to-shoot ratio can be calculated2.  

The root-to-shoot ratio is a low cost method that can be easily performed without prior knowledge. 

The main disadvantages relate to the destructive whole plant excavation (Mokany et al. 2006). 

Moreover, there is a wide difference in ratios between species, and the output is just an indirect 

indication of belowground living biomass.  

Microbial biomass 

Indicator description 

Organic matter decomposition and turnover potential can be indicated by the living microbial biomass 

(Nair et al. 2010). Microbial biomass is also an early indicator for changes in SOC, since the living 

biomass responds quickly to management changes; microbial biomass is also affected by changes in 

the water content. Besides their role in decomposition and turnover of SOM, microbial biomass also 

constitutes up to 5% of the total SOC. When these microorganisms die the nutrients in their body are 

released in plant available forms (Carson, n.d.).   

Method description 

Microbial biomass can be measured with the chloroform fumigation method. This involves fumigation 

of a soil sample with chloroform. As a result of this fumigation the majority of the microbial cells will 

be destroyed. The small fraction of microbes that survive will metabolize the C released by the dead 

cells and produce CO2. This CO2 production can be measured and give an indication about the 

microbial biomass via calculations (Vance et al. 1987; Nair et al. 2010). 

The chloroform fumigation method is a well-known technique used by many soil biologists (Hoosbeek, 

Annex A). However, the method has to be performed in a lab and is destructive, as microorganisms 

are killed in the process. The method is viewed by some experts as somewhat old-fashioned 

(Hoosbeek, Annex A) 

                                                           

2 https://www.sciencebuddies.org/science-fair-projects/references/measuring-plant-growth 
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2.1.3. Food forest interactions 

It is claimed that food forests have the potential to sequester more carbon, both above- and 

belowground, compared to conventional agricultural systems. According to Jose et al. (2009) between 

1.1 and 2.2 Pg C (1 Pg = 1015 g) can be sequestered over 50 years by agroforestry systems, both above- 

and belowground. 

The trees in the aboveground system significantly increase the soil 

organic carbon content and soil nutrient concentrations, which can 

partly be explained by the increased input of tree litter (Pardon et al. 

2017).  As a result, the potential to sequester C in aboveground 

components of the temperate agroforestry system is 1.9*10⁹ Mg C 

year⁻¹ (Oelbermann et al. 2004). Between 30 and 300 Mg C ha⁻¹ can 

be sequestered belowground in the soil in agroforestry systems (Nair 

et al. 2010). In Figure 2.3 a significant increase in SOM is presented 

for an agroforestry system compared to a conventional system 

(Schwab et al. 2015). This increase in SOM can also result in more 

fertile conditions by enhancing the soil’s capacity to store water and 

the availability of macro- and micronutrients (Schwab et al. 2015).      

The amount of carbon that can be sequestered depends on several 

factors. According to Nair et al. (2009) at site scale the C sequestration 

potential is higher on fertile humid sites, compared to arid, semiarid 

and degraded sites. They also concluded that sequestration rates 

were higher in tropical systems compared to temperate agroforestry 

systems. At a global, strategic scale, C sequestration potential is 

higher for degraded soils than non-degraded soils (Lal 2004).  

The integration of trees and shrubs in the agroforestry system is 

partly responsible for the increased C sequestration potential 

compared to conventional agricultural systems (Jose 2009). Tree age also contributes to the SOC 

concentrations, with increased concentrations under older trees (Gupta et al. 2009).  Increased tree 

density and species richness also increases the potential to sequester C (Saha et al. 2009). 

  

2.1.4. Baselines 

EcoVredeGaard is located on former agricultural land, which has been heavy ploughed and fertilized. 

Expert in biogeochemistry Hoosbeek (Annex A) explained that adequate N is likely to be available due 

to fertilization before the land was transformed to a food forest. Abundant P should also be available 

from the clay-rich Rhine sediments, and the SOM content should be within a good range. 

Figure 2.3. Value distribution of OM 
content for different fields with AF = 
agroforestry; TS = field in transition 
process; CS = conventional system. 
The green arrow indicates the 
optimum for plant growth. From 
Schwab et al. 2015. 
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To give an idea about the SOM content in relation to a healthy system, we provide some baselines. 

SOM content depends on soil type. Figure 2.4 and 2.5 show the main soil types in the Netherlands. The 

main soil type around the location of EVG is river clay (rivierklei grond). Most C is naturally sequestered 

in peat soils, followed by clay soils. Sandy soils sequester the least C. Within peat and clay soil most C 

is sequestered in forest systems, whereas for sandy soils more C is sequestered in grasslands (Lesschen 

et al. 2012). Figure 2.6 shows the soil organic matter content distribution in the Netherlands, which 

correlates with the soil type map in Figure 2.4, with higher SOM content in peat soils and less SOM in 

sandy soils. From Figure 2.6 it can also be concluded that the area around EVG should contain a SOM 

content of approximately 3-5%. This estimation is based on the soil type, the land use and soil samples 

(Conijn & Lesschen 2015). Schwab et al. 2015 recommend an SOM content of at least 3% in an 

agroforestry system. According to Donahue & Miller (1983) the optimum SOM content for plant 

growth is 3-8%. 

 

 

Figure 2.4. Main soil types in the Netherlands. Retrieved from WUR-Library (2018).  
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Figure 2.5. Soil types near Arnhem and Nijmegen. Retrieved from Bodemdata (2018).  

 

 

Figure 2.6. Estimated soil organic matter content (%) in the upper 30 cm in the Netherlands according to the 
Dutch soil map, land use map and LSK data (Conijn & Lesschen 2015).   

 

2.1.5. Justification  

Different methods have been discussed to measure both below- and aboveground C sequestration. 

However, a selection has to be made to find the best method for EVG to implement in their monitoring 
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study. To make this selection some variables have to be considered. The most important variables that 

we consider are the costs involved, the ease and skill required for the measurement, and the long-

term repeatability. 

Considering these factors, we came to the conclusion that the best method to measure aboveground 

C sequestration is the estimation based on stem wood biomass. We came to this conclusion because 

it is a non-destructive method and aligns with the aim of EVG to grow a food forest (and not destroy it 

for the monitoring). We discarded the allometric equations since the calculations involved are not easy 

to perform, and could be especially challenging with multiple people using the method over time. 

Likewise, we rejected stem wood biomass estimations: although this method could be performed by 

anybody and entails low costs, it provides only a rough indication of the amount of C sequestered 

aboveground and accounts only for tree biomass, and not woody shrubs. 

For belowground C sequestration multiple pools can be measured. However, measuring parameters in 

the soil is always a bigger challenge. The best-considered method to represent the C sequestration 

potential of the food forest is loss on ignition (LOI). This method covers the biggest C pool in the soil, 

whereas other methods describe only a small part of the C sequestered. A big advantage of the LOI 

method is that anyone can perform it and the results are very reliable. A disadvantage is that an oven 

has to be purchased that can heat up to at least 550°C. For this one can use a ceramic oven (kiln), which 

is small and transportable. The costs for such an over start at ±€400. An alternative would be to use a 

(soil) lab. Other considered methods either did not represent the belowground C sequestration 

potential well enough, or required expensive lab procedures Table 2.1.  

Table 2.1. Comparison of possible methods to monitor carbon sequestration in a food forest. Criteria used for identifying the 

level of difficulty, accuracy of measurement, needed equipment, time and repeatability are stated in Annex C.  

Method Description Unit Costs Level of 
difficulty 

Accuracy of 
measurement 

Needed 
equipment 

Time Repeatability 

Whole-tree 
harvesting 

Aboveground 
sequestered 
C in trees 

kg C/ 
ha/year 

€€€ Intermediate Accurate 
number 

Easy to get Time 
consuming 

Hard to repeat 

Allometric 
equations 

Aboveground 
sequestered 
C in trees 

mg 
C/ha 

€ Intermediate Estimated 
number 

Easy to get Takes 
medium 
time 

Easy to repeat 

Estimation 
based on 
stem wood 
biomass 

Aboveground 
sequestered 
C in trees 

g C/ha € Easy Estimated 
number 

Easy to get Takes little 
time 

Easy to repeat 

Loss on 
Ignition 

Soil organic 
matter and 
carbon 

g C/g soil 
sample 

€€€€€ Easy Estimated 
number 

Hard to get Takes 
medium 
time/time 
consuming 

Easy to repeat 

Wet sieve 
method 

Soil 
aggregate 
stability 

g 
aggregate/g 
soil 

€€€ Easy Accurate 
number 

Easy to get Time 
consuming 

Hard to repeat 

Root-to-
Shoot ratio 

Belowground 
NPP 

- € Easy Accurate 
number 

Easy to get Takes 
medium 
time 

Hard to repeat 

Chloroform 
fumigation 

Living 
microbial 
biomass 

g C/g soil €€€€€ Hard Accurate 
number 

Hard to get Time 
consuming 

Easy to repeat 
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2.2. Soil enrichment 

2.2.1. System interactions 

Healthy soils are crucial for production of food, feed, fuel and fiber for human needs, as well as carbon 

storage, global climate regulation (Robinson et al. 2012) and water filtration. Soils are home to an 

immense and diverse community of organisms that mediate many of these processes (Bommarco et 

al. 2013), and drive many key ecosystem services governing global processes, such as nutrient cycling 

(Fitter et al. 2005). In an agroforestry system, soil enrichment may support provisioning services (such 

as food, fiber or fuel production), regulating services such as water purification and water runoff 

control, or other less tangible yet crucial services such as habitat provision for soil life; it is an also 

essential underlying process for cultural services based around the productivity of the landscape such 

as provision of aesthetic, educational or recreational sites (Adhikari & Hartemink 2016).  

The process of soil enrichment can be considered an intermediate supporting ecosystem service that 

underpins these more directly ‘visible’ services (Millennium Ecosystem Assessment 2003). Soil 

enrichment therefore entails the maintenance and building of healthy soils that can sustain these 

various roles and services. A visual representation of the soil enrichment process in a Food Forest can 

be seen in Figure 2.7.  

Land-use and management may influence the soil enrichment processes, and many agricultural 

practices such as tillage have been identified as detrimental to soil enrichment processes, leading to 

land degradation and subsequently a decline in more valued ecosystem services (e.g. Lal 1993). 

Agroforestry practices may provide solutions to this (Jose 2009), and it is generally expected that 

mimicry of natural forest ecosystems will enrich soil, or at least limit its degradation (Young 1989).

  

Soil’s importance for ecosystem services has been recognised by the EU (see for example the EC’s 

Thematic Strategy for Soil Protection 2006). In the Netherlands, soil monitoring has been instigated by 

RIVM, reflecting local, national and global concerns about the health of soils (Bünneman et al. 2018). 

The increasing awareness of the role of soils in supporting direct ecosystem services led Daily (1997) 

to make a link between soil quality and national economic status. Despite this growing 

acknowledgement of the fundamental role of soils, research on temperate agroforestry systems and 

soil enrichment has lagged behind that of the tropics (Jose 2009). While it is reasonable to expect that 

nature-mimicking agroforestry systems will result in improved soil enrichment over simpler 

agricultural approaches, agroforestry systems are nevertheless not guaranteed to generate the 

expected improvement or ecosystem services at soil level (Kehlenbeck & Maass 2006; Jose 2009). 

Monitoring can therefore give useful feedback for management decisions.  
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Figure 2.7. Soil enrichment. Visual representation of soil enrichment in a food forest (adapted from Young 1989).  Orange 
arrows reflect the flow of nutrients in the cycle. Trees and other plants contribute to soil augmentation processes by 
assimilating C and adding it to soil through leaf litter and roots, N fixation, atmospheric capture and growth promoting 
exudates. Besides this, they also contribute to reducing fertility losses by nutrient retrieval and shading, which reduces 
decomposition rates (Young 1989). Interactions with water and soil properties are shown with blue and grey arrows, 
respectively. Main indicators of soil enrichment in this context might be bulk density, soil pH and water infiltration. Direction 
of the arrow determines the effect. 

 

2.2.2. Defined indicators 

Soil quality in agricultural systems has often been associated with nutrient availability as an indicator, 

but this is only part of the picture since it ignores soil physical and biological properties (Young 1989; 

Bone et al. 2010). We can therefore group suitable indicators of soil health into the categories of 

chemical, physical and biological, while acknowledging that none of these tell the whole story (Cardoso 

et al. 2013).  

The traditional focus in agronomy on nutrient availability reflects our limited (yet growing) 

understanding of the soil system; it also reflects an intense focus on crop yields. Soil enrichment is a 

different and more holistic objective, and may require a different monitoring approach. It is therefore 

important to demonstrate the link between the indicator and the ecosystem service (Adhikari & 

Hartemink 2016). In addition, we must recognise that there is not a simple match between soil function 

and indicator (property), as many properties can relate to more than one different soil function, and 

many soil functions are supported by a range of properties (Bone et al. 2010; Schoenholtz et al. 2000).  
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In the following discussion, we discuss a basic set of possible indicators, filtered and narrowed down 

from a large number of possible indicators in line with the requirements and capacities of 

EcoVredeGaard. 

Physical indicators 

Normally, simple, fast, and low-cost methodologies are used for measuring physical indicators of soil 
quality. These parameters like bulk density, porosity, and aggregate stability, slaking are related to 
hydrological processes like erosion, runoff, water infiltration and water holding capacity of soil 
(Schoenholtz et al. 2000). 

 

Bulk density and soil porosity 

 

Indicator description 

Bulk density and soil porosity are key representatives of soil physical attributes, and are sensitive 

enough to assess effects of land use and management (Beulter et al. 2002; Arshad et al. 1996). Both 

can give a good indication of soil compaction, suitability for root growth and soil permeability, which 

further influences plant productivity (McKenzie et al. 2002; Maynard et al. 2008). In the case of 

EcoVredeGaard, it is useful to monitor bulk density and soil porosity over time to give an idea of 

development of soil health and structure. Bulk density is the weight of soil for a given volume, and a 

good value tends to be half of the density of the rock particles, which is usually between 2.5 and 2.8 g 

cm³ and stable. Bulk density tends to increase with depth. In native forests with low disturbance and 

high levels of soil organic matter, low bulk density along with good soil aggregate stability are expected; 

this leads to high soil permeability for water, air and plant roots (Tejada et al. 2006). Soil organic matter 

plays a strong role in bulk density since its density is lower than mineral particles; however, estimating 

bulk density from SOM values based on this inverse relation can be unreliable (Maynard & Curran 

2008).  

Soil porosity refers to the volume of pores divided by total volume of the soil; a large bulk density value 

in soil normally comes with low porosity (McKenzie et al. 2004). Porosity can be calculated directly 

from bulk density, assuming a particle density of 2.65 g/cm³, based on the high quartz content. 

Method description 

The recommended methods for bulk density reflect the range of accessible methods in the scientific 

literature and manuals.  

All measurements of bulk density can be performed by collecting a known volume of soil, and 

determining the weight after drying. Extracting a known volume of soil is done for most soils by using 

a cylindrical sampler (both commercial and homemade versions are possible), or by excavation in stony 

soils. Different options exist, and an attempt has been made here to describe the range of options and 
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the advantages and disadvantages in order for EVG to be able to tailor methods to their specific 

context. Specific sampling design considerations are discussed in section 4.2.2 and Annex D.  

 

Core sample    A soil sample can be extracted using a cylindrical core. This can be done with 

commercially available cores or an imitation DIY version. The simplest and cheapest version would be 

a modified aluminium can (Thien & Graveel 2003), but it is important that the volume of the can does 

not change as a result of damage from hammering or rocks. A larger diameter core is preferable, since 

many of the problems inherent in the technique are reduced (compaction of sample; difficulty with 

stones in the sample (Vogt et al. 2015; Bélanger & van Rees 2008). Burt (2014) recommends a 20cm 

diameter ring, while Hao et al. (2008) mention that the most common diameter is 5-7.5 cm if only bulk 

density is being measured. McIntyre and Loveday (1974) consider 7.5-10cm to be a good compromise. 

Driving the core into the soil should be preferentially done by pushing: sampling in moist conditions to 

facilitate this is preferable, since hammering may shatter or loosen the soil (Chan 2002). Core sample 

diameter will affect the next stage of the process, in which soil core samples are dried until no more 

water weight is lost. A smaller sample will dry faster, or will allow more samples to be dried at the 

same time, and thus facilitate a quicker overall process. The core sampling method is a quick and one-

step way to retrieve a sample of known volume. However, it tends to give a higher bulk density than 

other methods due to compaction on sampling (Bélanger & van Rees 2008). Moreover, it is not an 

appropriate method for stony soils (see excavation method) or unstructured sandy soils. 

Excavation sample  An alternative way to extract a sample of known volume is to extract a sample 

using a digging tool such as a spade or trowel, minimising compaction of the sample and the 

surrounding soil. The volume is then ascertained by filling the hole with a fluid substance of known 

volume. Perhaps the easiest option for sites with water access would be to line the hole with plastic 

and fill with water until soil level is reached. For remote sites or sites without water access, expanding 

polyurethane foam is an option. The hole can be filled, covered with cardboard secured by a rock until 

dry, and the volume measured later by seeing how much water it displaces (Maynard & Curran 2008). 

The sample can be dried as described in the manual. The excavation method is more accurate than 

core sampling when done properly (Vogt et al. 2015). It also minimises the problem of core sampling 

in the presence of rocks and stones. It is easy to combine with a method to eliminate stones from the 

sample and calculate ‘true’ bulk density based only on the fine soil fraction (see manual). However, it 

is more labour intensive than core sampling due to the more laborious volume measurement avoided 

in core sampling. 

Combined method   A combination of the core and excavation methods is possible in slightly stony 

soils, with few/small enough stones that they do not impair the core sampling procedure. In this case, 

stones can be removed carefully from the soil after drying, their weight and volume measured 

(calculate volume by seeing how much water they displace in a beaker), and both deducted from the 

overall soil sample volume and weight. Bulk density can then be calculated from the resulting volume 

and dry weight. 
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Structureless sandy soils In sandy soils with no structure, a very simple method is available: 

Pour soil into a graduated cylinder so volume can be easily measured. Weigh the sample. Record the 

weight and volume of the soil. Dry sample in oven at 105ºC or microwave to record dry bulk density 

(Logsdon et al. 2008). 

Method variations - drying, subsampling and composite samples   The most common drying 

method proposed is in a forced air oven at 105ᴼC, generally for around 24 hours. Alternatively, Burt 

(2014) gives options to use a microwave, in line with research validating this method (e.g. Kramarenko 

2016; Topp & Ferré 2002). It is unclear, however, whether microwave drying is effective on larger soil 

samples, although it has definitely been tested on smaller samples with success (Jalilian et al 2017). 

The weight of the sample for drying may need to be different according to soil texture in order to 

obtain good results from standardised power and time settings: this may complicate the sampling 

process or necessitate subsampling, which is undesirable, since exact sample volume must be known 

(ASTM 2017). Additionally, the microwave method may not give accurate enough results for all soil 

types (Chung & Ho 2008). The USDA’s Soil Quality Test Kit Guide (USDA 2001) also recommends a 

microwave, in combination with a subsampling technique that reduces the mass of soil that requires 

drying, thereby greatly speeding up the drying process. This technique introduces a greater chance of 

error and is therefore only recommended as a compromise based on severe time and budget 

limitations. Composite samples bulked from a range of samples across the site may also be used to 

minimise the number of samples that need drying, but mixing must be very thorough to be 

representative, and we therefore also recommend caution with this time saving technique (see Annex 

D). 

Infiltration rate   

Indicator description 

Infiltration rate refers to the rate of downward entry of water into the soil. Soil Infiltration is an 

indicator of the soil’s ability to allow water movement into and through the soil. Soil can temporarily 

store water, and make it available for plant root uptake, plant growth and soil microorganism use. It is 

also a fundamental ecological process that affects water retention of vegetation, runoff and erosion 

(Ludwig et al. 2005). Soil water infiltration also plays a crucial role in the vegetation patterns (Chartier 

et al. 2011).  

Method description 

It is feasible to measure infiltration rate using single ring infiltrometer method in the food forest, which 

is described in the ‘Soil Quality Test Kit Guide’ (USDA 2001). A 15-cm diameter ring/cylinder (without 

top and bottom), distilled water and other simple equipment are needed for the measurement. This 

low-cost method is easy to implement and repeat over time. However, this method is less reliable 

compared to the the double-ring infiltrometer method, which can reduce error caused by lateral flow 

(Burt 2009). In consideration of the costs and repeatability, we nevertheless propose to use the single 

ring infiltrometer method for infiltration rate measurement. 
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Aggregate stability 

Indicator description 

Aggregate stability is the extent to which soil aggregates remain stable against flowing water. It is an 

indication of organic matter content, nutrient cycling and biological activity in soil. It is also discussed 

in relation to carbon sequestration, above.  Soil aggregates are groups of soil particles binding to each 

other, and pore space between aggregates facilitates water and air retention and exchange. First, small 

particles (<0.2 um) can bind to stable forms of organic matter to form microaggregates (20-250 um); 

these microaggregates further bind to less stable organic matter released from microbial 

decomposition and form macroaggregates (Figure 2.8) (Cardoso et al. 2013). Compared to 

microaggregates that are more stable and independent of land-use changes, macroaggregates are 

sensitive to soil use and management (Six et al. 2004). Soil aggregates can influence soil permeability 

and nutrient cycling as well as water movement. In addition, soil aggregates are inter-influenced by 

soil organisms (microorganisms, plants, fauna). Research shows that a decrease in soil organic matter 

with lower aggregate stability can reduce macroporosity, soil oxygenation, further influence microbial 

decomposition (Chodak et al. 2010).  A method to measure aggregate stability can be found in section 

2.5.2, above.  

    

Figure 2.8. The formation of soil aggregates from non-aggregated soil (left) to micro-aggregated soil (center), then to macro-
aggregated soil (right) (Cardoso et al., 2013). 

 

Slaking 

Indicator description 

In contrast to aggregate stability, soil slaking is the breakdown of large, air-dry soil aggregates (2-5 

mm) into smaller sized microaggregates (<0.25 mm) when they are exposed to water, which is an 

indicator of aggregate stability,  and further indicates microbial activity and nutrient cycling in the soil 

(USDA NRCS 2015). 
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Method description 

Soil slaking can be measured with soil stability kit (USDA 2001) on the air-dried soil fragments or 

aggregates in the field. The results can be used for an estimation of biological activity, nutrient cycling 

and energy flow. This soil stability kit method is easy to perform with good repeatability over time. 

However, the soil stability kit may be expensive and need to be sourced from specific companies.  

Chemical indicators 

Chemical properties of soil are normally related to nutrient availability, which is important for plant 

growth and yield (Cardoso et al. 2013). Soil pH, soil organic matter and nutrient levels (e.g. nitrogen, 

phosphorus, potassium) are the main soil chemical indicators for monitoring soil quality over time 

(Kelly et al. 2009). These indicators are also helpful when assessing the capacity of soil for sustaining 

crop production, and nutrient cycling (Schoenholtz et al. 2000). 

Soil organic matter 

Soil organic matter (SOM), including methods, is already comprehensively considered in relation to 

carbon sequestration (section 2.5.2, above); here we briefly outline aspects of SOM relating to soil 

enrichment, given its central role in this. SOM was the most common indicator and almost ubiquitous 

in a recent review of soil quality indicators (along with soil organic carbon, Bünneman et al. 2018). Soil 

organic matter has been used by scientists as a principle proxy for soil services in general, with which 

it correlates well, along with a range of important attributes such as water holding capacity, pest 

control, microbial biomass, productivity, soil compaction and soil erosion (Bommarco et al. 2013). The 

role of organic matter in the soil depends on its level of protection (physical or chemical). A labile, 

accessible pool of carbon from organic matter fuels soil life, and the soil food web in turn controls the 

flow of carbon and other nutrients through decomposition, grazing and predation. This process allows 

for the mineralisation or immobilisation of plant nutrients, notably nitrogen. More stable soil carbon 

from organic matter has an important role in soil aggregation through carbon based ‘glues’ secreted 

by soil life, and in holding water and nutrients in the soil. Different fractions of SOM respond differently 

to management or land-use changes, according to their stability; however, when measuring soil 

organic matter, it is difficult to distinguish between different distinct pools (Bünneman et al. 2018). A 

method to measure SOM and SOC can be seen in section 2.5.2, above.  

Soil pH 

Indicator description 

Soil pH represents the degree of acidity or alkalinity of soil, which is sensitive to soil use and 

management, and can lead to significant changes in the chemical environment and biological 

processes. It is one of the representative indicators of soil chemical properties (Thomas 1996). The 

availability of some plant essential nutrients, such as phosphorus, is significantly affected by soil pH. 

Most plant nutrients in soil are optimally available for plant absorption at a pH range between 6.5 and 

7.5, and this pH range is very suitable for plant growth. Hence, it is essential to measure soil pH and 

assess chemical attributes of soil (Burt 2009).  
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Method description  

Soil pH can be measured using pH pocket meter in 1:1 water and soil mixture, which is the most 

commonly used in the field due to availability of water; the pH pocket meter is easy to purchase online. 

It is an easily repeatable, low-cost method that provides rapid and direct results of soil pH conditions. 

However, pH meters are highly sensitive and need to be well maintained and calibrated (Burt 2009).  

Electrical conductivity 

Indicator description 

Electrical conductivity (EC) is an electrolytic process that happens mainly in water-filled pores. Cations 

and anions from salts dissolved in soil water carry electrical charges and conduct the electrical current. 

So, the concentration of ions is the determinant of soil EC. In agriculture, EC has been used as an 

indirect indicator of soil salinity, and of nutrient quantities available for plant growth. In non-saline 

soils, EC can be used to monitor soil moisture (USDA NRCS 2015). 

Method description 

As recommended in the ‘Soil Quality Test Kit Guide’ (USDA 2001), EC can be measured in the field using 

an EC pocket meter and distilled water. This method is easy to perform and repeat over time for the 

food forest, and EC pocket meters can be relatively cheap to buy. However, in the selection of a 

minimal indicator list, we recommend pH monitoring over EC monitoring for its more direct and 

understandable results. 

Biological indicators 

Compared to soil physical and chemical properties, biological indicators are more sensitive to soil use 

and management (Masto et al. 2009). Therefore, it is important to monitor biological indicators and 

assess soil health. Earthworms are considered as a good indicator to study process related interactions; 

see animal biodiversity (section 2.7) for methods and baselines. 

Soil respiration 

Indicator description 

Soil respiration refers to carbon dioxide (CO₂) release from the soil surface, which comes from several 

sources, including: aerobic microbial decomposition of soil organic matter to acquire energy for their 

growth and function; plant root respiration and faunal respiration; and the dissolution of carbonates 

in soil solution. Soil respiration indicates the capacity of soil to support soil life including vegetation, 

crops, soil fauna, and microorganisms. It is an indicator of microbial activity, soil organic matter content 

and decomposition, and also the soil’s ability to sustain plant growth (Parkin et al. 1996).  

Method description 

The Draeger-tube method described in the ‘Soil Quality Test Kit Guide’ can be used for measurement 

of soil respiration in the field, and it is more reliable if performed when soil moisture is at field capacity 
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(the amount of water the soil can hold after drainage). Measurement should be done over a week and 

three times per day. This method is easy to implement and repeat, but it is labour intensive and time 

consuming, and may be somewhat expensive.  

Nutrient cycling 

Indicator description 

Nutrient cycling is a supporting ecosystem service that is itself underpinned by soil enrichment 

processes: a healthy soil allows nutrients to cycle, which results in minimal losses and a productive 

system above-ground without the need for fertiliser addition.  

Method description 

One relatively simple method to understand nutrient cycling in terms of decomposition rates is the 

litterbag method. In this method, rates are observed by monitoring the decomposition of litter placed 

on the ground in mesh bags of defined ‘opening’ size, thus allowing in only a certain range of organisms 

(Ghaley et al. 2014).  

This method is generally costly, but has been adapted to use only teabags (Keuskamp 2013). 

Unfortunately, this teabag method, along with other litter bag methods, is not suitable for all soils: clay 

soils in forestry tend to have a high earthworm density, which introduces a lot of bioturbation i.e. the 

collection and dragging down of litter to below the forest floor, and incorporation into the mineral soil. 

To estimate nutrient cycling in these soils, you have to account for decomposition that does not take 

place in situ; the litterbag method does not do this since the bag sits only on the surface and makes 

the litter inaccessible to mesofauna such as earthworms (Hoosbeek, Annex A). The method may 

therefore underestimate nutrient cycling rates in some soils, so we do not recommend it. 

Spectroscopy 

Near-infrared spectroscopy is an approach to soil monitoring that could be useful in the near future, 

given recent developments. It could have multiple advantages for EVG, and is more cost effective than 

traditional lab analyses, since it allows for measuring multiple soil properties at one time, requires 

minimal field time, and uses non-destructive sampling methods (Nocita et al. 2015; Bünneman et al. 

2018). It has been used in accurate predictions of total soil carbon, total nitrogen, pH, soil particle size 

distribution, soil moisture, water holding capacity, microbial biomass, soil respiration, potentially 

mineralizable N and the ratio of microbial to total organic carbon (Cécillon et al. 2009). While the 

methods are still under development and may require development of open-access databases for 

important calibration processes (Nocita et al. 2015; Bünneman et al. 2018), two organisations 

operating in the Netherlands offer spectroscopy-based services: these are SoilCares and Eurofins. 

Currently, these particular services are focussed on monitoring for management in agriculture, for 

example nutrient management, while environmental scientists are mostly highlighting the usefulness 

in soil mapping and gathering preliminary indications of soil conditions (Stenberg et al. 2010). While 

there are still a number of disadvantages or points that must be improved, these techniques may 
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provide an alternative to costly lab assessments that may be infeasible for community-based 

monitoring. 

2.2.3. Food forest interactions 

Studies of temperate systems incorporating trees and crops have tended to demonstrate a highly 

positive role for agroforestry in enhancing soil enrichment processes, as compared to similar systems 

without trees (Jose 2009). Soil fertility declines are mostly due to erosion, which may not be a major 

problem in Dutch soils due to humidity and lack of slope, but soil degradation is also linked to other 

agricultural factors like tillage.  

Research shows forest soils are normally brown, healthy, and have good water holding capacity, 

erosion resistance and abundant organic nutrient levels (Young 1989). Additionally, many traditional 

agricultural systems use shifting cultivation to give long fallow periods to restore fertility, and forest 

clearance almost inevitably leads to fertility decline (Young 1989).  

As a food forest with a polyculture system, EcoVredeGaard is expected to have a positive effect on the 

soil fertility. Fruit trees, nut trees and shrubs, along with crops on the same land, could maintain soil 

fertility through more efficient nutrient cycling compared with agricultural systems (Young 1989). The 

functions and contributions of trees on soil enrichment can be divided into two main parts: soil 

augmentation and fertility loss reduction. For soil augmentation processes, carbon assimilation, 

nitrogen fixation, rock weathering and atmospheric capture can be performed by trees. Meanwhile, 

Trees can reduce fertility losses by shading to reduce decomposition rates and nutrient retrieval 

(Young 1989). In the Table 2.2, we provide more detailed information about the contributions of trees 

on soil enrichment from physical, chemical, and biological properties.  

Table 2.2. Contributions of a food forest on soil enrichment, distinguishing physical, chemical and biological properties. 
Adapted from Young (1989). 

Physical Chemical Biological 

Improvement of soil structure Reduction of acidity (increased pH) Mycorrhizae associations 

Improvement of water infiltration 
capacity 

Reduction of salinity or solidity Production of different litter 
types with decomposition rates 

Improvement of soil moisture 
retention capacity 

 Effects on soil animal species 
(e.g. earthworms) 

Breaking of compact layers with roots   

 

2.2.4. Baselines 

In order to understand the results of the soil monitoring, it is important to be able to make 

comparisons. The first important comparison is with that of your own soil in the past: for this reason 

early measurements will allow for evaluation of the evolution of the system. It may also be useful to 

have regional data and data from comparable sites. 
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Basic baselines for soil parameters based on soil surveys are readily available online. Both Figure 2.9 

and 2.10 show examples of average soil pH reference values and risk of compaction in the area around 

EVG. These may be accessed for any area of the Netherlands, and serve as a starting point to 

understand how the soils of your site may compare to other soils. However, this information is 

available only for certain parameters, and does not consider land use or management, which may also 

affect parameters of interest, in particular sensitive biological parameters that may in turn have a long 

term impact on more stable soil properties.   

 

Figure 2.9. Topsoil pH of the area surrounding EVG. Approximate location of EVG is indicated with a circle. Retrieved from: 

http://maps.bodemdata.nl/bodemdatanl/index.jsp. 

 

 

Figure 2.10. Risk of compaction for the area surrounding EVG. Retrieved from: 

http://maps.bodemdata.nl/bodemdatanl/index.jsp. 

 

In the Netherlands, some more detailed reference values are available to compare soil properties. 

These may be more useful to assess how soils under long-term food forestry compare to average soils 
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(of certain soil types) under other land uses, or to provide a benchmark to aim for in the task of 

restoring degraded soils. Many soil indicators for assessing useful parameters are sensitive, and 

depend on both soil type and land use and management: therefore, both need to be taken into account 

when assessing the applicability of reference data. 

The Netherlands Soil Monitoring Network (NSMN) has been monitoring Dutch soils since the early 

1990s (Groot et al. 1996). The Biological Indicator system for Soil Quality (BISQ) was designed and 

incorporated into the NSMN in 1997, with a pilot across the 200 NSMN sites, and subsequently 

expanded to include more diverse land-uses (Rutgers et al. 2009). This continued for ten years of 

monitoring, and has enabled generation of reference values for distinct combinations of land use and 

soil type. These have been provided in two forms: as average values of those soil type-land use 

combinations, and also as values representative of a healthy soil (selected by Dutch soil experts 

according to biological, chemical and physical parameters). These values can be seen in Table 2.3 for 

pH and OM (Rutgers et al. 2008; Rutgers et al. 2009). This study did not produce reference values for 

all soil type-land use combinations, and therefore does not have a specific set of reference values for 

mixed forest on clay soil. We therefore recommend using other average Dutch clay soil reference 

values as for EVG. 

 

Table 2.3. The pH values and organic matter values of different land uses based on different soil types in the 
Netherlands. Retrieved from Rutgers et al. (2008). 

Land Use 
Soil 
type 

pH (pH-KCl) OM (% dry matter) 

    Reference 
for healthy 
soil 

Mean Lower, 
Upper 

Reference 
for healthy 
soil 

Mean Lower, 
Upper 

Arable Clay 7.6 7.5 7.3, 7.7 2.2 2.5 1.6, 3.6 
Dairy Clay 6.5 6.5 5.2, 7.4 9.1 7.6 3.4, 13.5 
Dairy Loess 5.8 6.4 5.5, 7.2 5.3 4.3 3.6, 5.5 
Dairy Sand 4.5 4.7 4.2, 5.5 35.5 30.1 19.9, 40.7 
Arable Sand 5.3 5.1 4.6, 5.6 6.9 7.6 3.3, 16.2 
Dairy Sand 5.2 5.2 4.7, 5.8 6.8 6.4 3.8, 11.2 
Semi-
natural 
grassland 

Sand 4.6 4.3 - 7.9 11.4 - 

Heathland Sand 3.1 3.2 2.9, 3.5 6.8 7.7 3.6, 13 
Mixed 
woodland 

Sand 3.2 3.2 2.9, 3.5 4.5 6 1.9, 10.3 

Municipal 
Parks 

Sand 6.5 6.5 4.8, 7.2 5 6 4.0, 9.6 

 

 

Other reference values are more or less independent of geography or land use, and determined mainly 

by soil texture. An example is minimal bulk density values for root exploration (Table 2.4), which could 

help to identify a very compacted soil in which plants will struggle to grow. Soil infiltration rates can 

also be determined by soil texture (Table 2.5), but may change over time with soil development. Some 
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Dutch soils (possibly including the clay soil of EVG) exhibit swelling and shrinking (Bronswijk 1991). 

Swelling soils have a bulk density value that varies with water content. Water content should therefore 

be recorded to allow comparison of bulk density in these locations. 

 

Table 2.4.  Estimated bulk density thresholds for root restriction by soil textural class. Retrieved from Arshad et 
al. (1996)   

Soil textural class Minimum bulk density for root restrictions (g cm⁻³) 

Coarse, medium and fine sands; loamy sands 1.80 
Very fine sand, loamy very fine sand 1.77 
Sandy loams 1.75 
Loam, sandy clay loam 1.65 
Sandy clay 1.60 
Silt, silt loam 1.55 
Silty clay loam 1.50 
Silty clay 1.45 
Clay 1.40 

 

Table 2.5. Basic infiltration rates for different soil types. Retrieved from Brouwer et al. (1988). 

Soil type Basic infiltration rate (mm/hour) 

Sand <30 
Sandy 
loam 

20-30 

Loam 10-20 
Clay loam 5-10 
Clay 1-5 

 

 

2.2.5. Justification  

As mentioned above, there are many methods that can be used for indicator measurements. But taking 

account of ease, costs, and general suitability for EcoVredeGaard, we propose that the best method 

for soil physical properties is the oven dry method to monitor soil bulk density and porosity. This can 

be complemented by pH measurement using a pH pocket meter. Other important indicators of soil 

enrichment are also important indicators of carbon sequestration and biodiversity, and methods to 

measure these are considered in these sections. In Table 2.6, we show the methods with costs, ease, 

accuracy, equipment needed, time needed and repeatability. 
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Table 2.6. Comparison of possible methods to monitor soil enrichment in a food forest. Criteria used for identifying the level 
of difficulty, accuracy of measurement, needed equipment, time and repeatability are stated in Annex C.  

Method Description Unit Costs  Level of 
difficulty 

Accuracy of 
measurement 

Needed 
equipment  

Time Repeatability 

Oven dry Bulk density, 
porosity 

g/cm3  €€  Easy Estimated 
number 

Easy to get - 
hard to get 

Takes 
medium 
time 

Easy to repeat 

Microwave 
dry  

Bulk density, 
porosity 

 g/cm3  €€ Intermediate  Estimated 
number 

Easy to get - 
hard to get 

Takes 
little time 

Repeatable -
Hard to repeat 

Subsamples 
(oven or 
microwave) 

Bulk density, 
porosity 

g/cm3  €€ Intermediate Indication Easy to get - 
hard to get 

Takes 
little time 

Repeatable 
-Hard to repeat 

Composite 
samples 
(oven or 
microwave) 

Bulk density, 
porosity 

g/cm3  €€ Intermediate/
Hard 

Indication Easy to get - 
hard to get 

Takes 
little time 

Repeatable 
-Hard to repeat 

Single ring 
infiltrometer 
method 

Soil water 
infiltration 
rate 

seconds 
(s) 

€€ Easy Estimated 
number 

Easy to get Takes 
medium 
time 

Easy to repeat 

0.25mm sieve 
method 

Aggregate 
stability 

% € Intermediate Estimated 
number 

Hard to get Take 
medium 
time  

Easy to repeat 

Soil stability 
test kit 
method 

slaking Stability 
class 

 €€€ Easy Indication Hard to get Takes 
little time 
 

Easy to repeat 

Draeger-tube 
method 

Soil 
respiration 

CO2-C 
kg/ha/d 

 €€€€  Easy Estimated 
number 

 Hard to get Takes 
medium 
time 
 

 Easy to repeat 

pH pocket 
meter 

Soil pH   €€ Easy Indication Easy to get Takes 
little time 

Easy to repeat 

EC pocket 
meter 

Electrical 
conductivity 

dS/m  €€€ Easy Indication Hard to get Takes 
little time 

Easy to repeat 

 

2.3. Biodiversity  

2.3.1. System interactions 

Biodiversity is defined by the Convention on Biological Diversity (CBD) as: ‘the variability among living 

organisms from all sources including, inter alia, terrestrial, marine and other aquatic ecosystems and 

the ecological complexes of which they are part; this includes diversity within species, between species 

and of ecosystems’. This definition strengthens variability as a key factor at different levels, yet 

excludes the metric component for measurement purposes, which is relevant for ecosystem 

assessments (Mace et al. 2012). In fact, there is a confusion on how to represent biodiversity in 

ecosystem assessments. It can be either viewed from an ecosystem perspective, in which biodiversity 

is seen as a holistic concept involving all ecosystem services, or from a conservation perspective, in 

which biodiversity is identified as one particular ecosystem service (Mace 2012). The latter approach 

enhances the intrinsic value of biodiversity itself, which is seen as both a regulating and supporting 

ecosystem service for agroforestry systems (Jose 2009). In this line, the Economics of Ecosystems and 

Biodiversity (TEEB) identified biodiversity as equal to the other ecosystem services, indicating that the 
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change in one service directly influences the other and vice versa. Thus, in this section, we address 

biodiversity from a conservation perspective, aligning it with the different ecosystem services.  

According to the Millenium Ecosystem Assessment, about 60% of the ecosystem services have been 

depleted at a global scale due to human impact on natural ecosystems (World Resources Institute 

2005). As a result, assessment and conservation of ecosystem services have become serious issues in 

both the scientific and political communities (Mace et al. 2012). Biodiversity degradation is expected 

to be one of the reasons for ecosystem services depletion following the global climate change impact. 

Thus, there is international recognition of the requirement to conserve global biodiversity through the 

CBD. However, with human population growth, human behavior is one of the crucial aspects to be 

considered in a sustainable conservation approach.  

Food forests aim to conserve biodiversity alongside provision of goods for human consumption (Jose 

2009). Semi-natural management in food forests allows minimal human intervention, while 

maximising natural processes and development. As a result, the development of biodiversity in the 

food forest can be an indicator of the status of its ecosystem services. Thus, Mace et al. (2012) 

proposed three categories of how biodiversity provides services in terms of regulation of ecosystem 

processes, final ecosystem services, and goods; these can be observed in Table 2.7.  

Table 2.7. Three roles of biodiversity in ecosystem services. Retrieved from Mace et al. (2012) 

A regulator of ecosystem processes  A final ecosystem service  A good 

Type of organism 

Microorganisms - important in 
decomposition and nutrient cycling 

Vegetation - primary producer for 
biomass and carbon sequestration 

Top predators and parasites - 
important in population control 

Pollinators and seed dispersers - 
important for stability of natural 
regeneration 

Source of genetic diversity that can 
be used to mitigate future climate 
change effect or diseases  

Security of food crop production by 
natural pollination 

The diversity of flowering 
plant and animal is interesting 
aesthetically, and provides 
recreation services  

The presence of flagship 
species is usually the reason 
for wider areas of habitat 
protection 

How do humans benefit? 

Healthy fertile soils, clean air, clean 
water, disease and pest regulation, 
climate regulation, and food and fiber 
production 

Enhancing genetic variability for 
goods such as novel 
pharmaceuticals, crop strains, 
livestock breeds and pollinators 

Cultural services, recreation, 
tourism, aesthetic enjoyment, 
inspiration and education 

 

Biodiversity consists of all living organisms occupying the ground, below ground or even above ground 

level. Plants, animals, and microorganisms are the general groups of organisms making up the 

ecosystem services. Their interaction regulates the ecosystem services and the type of services that 

will be delivered. A visual representation of these interactions can be observed in Figure 2.11.  
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Figure 2.11. Biodiversity. Visual representation of the interaction web among biodiversity components of a food forest. Plant 
biodiversity is determined by seven layers: overstory and understory tree layer, shrub layer, herb layer, ground cover layer, 
root layer and vine layer. Shown as orange and yellow arrows, these layers interact with each other via light incidence and 
shadowing, limiting or enhancing their growth. Production of organic litter from these vegetation layers contributes directly 
to the soil organic carbon content, helping to form an adequate substrate for further vegetation growth via a positive 
feedback. Animal biodiversity is best determined by the following indicator species: earthworms, beetles, pollinators, 
amphibians, birds and small mammals. These species interact with each other via trophic webs, shown as dashed interaction 
arrows. Interactions with soil and water properties are shown with grey and blue arrows, respectively. Black arrows represent 
interactions between plant and animal biodiversity components. Direction of the arrow indictes the effect. 

 

2.3.2. Defined indicators 

Plant diversity indicator: vegetation structure and composition 

Indicator description 

One of the qualities of food forest systems is that they are highly diverse in their vegetation structure 

and composition. Hemenway (2009) identified up to seven layer of vegetation that can build up food 

forests and forest gardens in general: overstory trees; understory trees; shrubs; herbs; ground cover 

plants; root plants; and vine plants. The presence of all layers in the system can be used as an indicator 

of the climax stage of the food forest. In addition, vegetation is the key aspect in the development of 

this system because vegetation is the primary source of organic matter production and a determinant 

factor of habitat for other living organisms. Rapid or gradual changes in the vegetation structure or 

composition can directly affect the distribution of animals in the system, and influence their 
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interactions (Schulz et al. 2009; Tews et al. 2004).  Therefore, monitoring the development of the 

vegetation will provide an impression on the direction of the ecosystem’s development. 

Monitoring vegetation diversity includes gathering information about vegetation composition and 

structure.  There are three main groups that should be assessed within food forests: trees, shrubs and 

ground vegetation. There are three possible options for methods that cover all three groups of 

vegetation: firstly, using count or complete inventories; secondly, common quadrat vegetation analysis 

methods; and thirdly, habitat complexity and heterogeneity measurements. 

Methods description 

Count or complete inventory  Counts or complete surveys can be used to assess trees, 

shrubs, herbs and also mosses. However, its usefulness is restricted to assessing obvious large plants 

in small areas with sparse densities. We can divide the observations into three large groups of plants: 

trees, shrubs and ground vegetation. This method requires observation of the whole study area and 

identification and counting of every individual species encountered. 

The main advantage of using counts or complete inventories for vegetation structure and composition 

measurements is that there is no bias in the measurement, as the real density and species composition 

of the community is directly measured. If we conduct the observation periodically, we can observe the 

development or changes in the species composition in the system. However, as we measured all 

individuals without any sampling design, statistical analyses are unlikely to be performed. In addition, 

this method is time-consuming and labour intensive, especially if the area is too large to count small 

individuals such as grasses or herbs. 

Quadrat method The quadrat method is a common approach to studying the spatial pattern of 

vegetation or plant communities. It is used to understand the vegetation structure and composition, 

and the character of the communities in the ecosystem. The Shannon-Wiener index can also be used 

to calculate the biodiversity level (see baselines section, 2.7.4). Plant biodiversity can be monitored by 

conducting vegetation analysis of the three main plant groups in the system, trees, shrubs and forest 

floor vegetation (herbs, grasses etc.). In each group we can measure some parameters such as species, 

number of individuals, and vegetation cover. These attributes are enough to calculate the biodiversity 

level. Additional attributes such as diameter and height of the tree can also be measured to describe 

community structure. This can be very informative to understand the regeneration status or the 

character of the vegetation.  

The analysis of vegetation structure and composition through the quadrat method provides a good 

data set to calculate the biodiversity index by using Shannon-Wiener and evenness indices. The 

additional attributes can be used for analyzing the population dynamics of the vegetation composition. 

We can also perform good statistical analysis to compare the system to another system.  

However, the method is time-consuming and labour intensive. Even though the procedure is relatively 

easy, training is needed for the data collector in order to perform the sampling. Another issue is that 

we cannot directly interpret the data, instead we need further calculation and analysis, and this can 
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only be performed by people who are familiar with the analysis tool. Furthermore, complete data for 

species composition in the whole study area cannot be gathered through the quadrat method, and by 

using sample plots it is unlikely to cover the whole species list present in the system.  

Habitat complexity measurement Biodiversity is a broad term that is sometimes really hard to 

measure, and its monitoring usually only covers a certain target community. An alternative biodiversity 

monitoring method is to use surrogate indicators such as different habitat attributes. The assumption 

is that variation in habitat attributes supports the occupation of different species (McElhinny et al. 

2005). The variation includes chemical, physical and biological structures/attributes that build up the 

habitat for organisms (Ramkumar & Menier 2017). Complexity in the habitat can be found on a very 

small (<100 m2) to large spatial scale (> 1km2) (Bazzaz 1975) or even in individual stands of vegetation 

(McElhinny et al. 2005). More complex or heterogeneous habitat is expected to provide more options 

of resources and services, which results in enhanced species diversity (Bazzaz 1975).  

Habitat complexity measurements can be conducted by first listing all the possible attributes of the 

habitat. Those parameters can then be weighted on a certain scale. This weighting process can be done 

through principal component analysis by using the eigenvector derived from the correlation 

matrix.  We can also give a direct weighting/score based on a scoring range (e.g. Lassau et al. 2004) 

(Table 2.8). The next step is averaging the scores of all attributes. The closer the score to the highest 

value, the more complex or heterogeneous the habitat is, and therefore the higher our expectation of 

biodiversity in the system. 

Habitat complexity is easier to conduct compared to simple vegetation structure and composition 

analysis. The data is appropriate to be compared with another ecosystem. The more attributes we 

measure, the stronger the interpretation. Besides, habitat complexity can easily be related to animal 

diversity in the system. However, plant diversity at the species level cannot be measured through 

habitat complexity studies, and therefore species composition over time cannot be monitored over 

time with this method.  

Table 2.8. Visual method for scoring habitat complexity. Modified from Lassau et al. (2004). 

Attribute Score 

0 1 2 3 

Tree cover (% cover) 0 <30 30-70 >70 

Shrub cover (% cover) 0 <30 30-70 >70 

Ground flora height (meter height) *spare (<0.5) *sparse (>0.5) **dense (<0.5) **dense (>0.5) 

***Tree classes 1 class present 2 classes present 3 classes All classes present 

Litter cover 0 <30 30-70 >70 

Log, deadwood, rock 0 <30 30-70 >70 

*Sparse ground flora refers to grasses covering >50% of a study site.  

** Dense ground flora refers to grasses covering >50% of a study site. 

***Tree classes based on growth stage 
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Animal diversity indicators: functional traits 

Food forest systems within the agricultural landscape are designed to have various ecological niches 

which will increase the availability of different animal species, important for the overall habitat 

biodiversity. Since its design focuses mainly on functionality, food forest systems should be analysed 

in terms of the expected and desired functions different groups of organisms provide to it (Bàrberi et 

al. 2010). Desired functions within the system might relate to the overall resilience of the system, or 

more directly to soil nutrient cycling, microclimate and pest regulation. The ecological resilience 

resides in the fact that food forests represent a system with a broad range of traits and functions which 

will be better able to respond and perform under changing environmental conditions and possible pest 

outbreaks (Lin 2011). As a consequence, to understand the conditions of the system (e.g. soil quality, 

nutrient cycles, and dispersal mechanisms) it is more desirable to know the occurrence and abundance 

of different functional groups within your system. Functional diversity refers to the existing traits in 

animal species that influence the properties of the ecosystem (Hooper et al. 2002; Moonen & Barberi 

2008). Here, the focus is on the species indicators for environmental monitoring of the state and 

resilience of food forest processes, sustainability and biodiversity. The species listed here as indicators 

for biodiversity either regulate important ecosystem functions (process-related indicators), or can be 

potential indicators of ecosystem health and sustainability in food forests (health-related indicators) 

(Moonen & Barberi 2008; Smith et al. 2008). The species are grouped according to their functions 

within the system and need to be understood in terms of their relations and interactions. 

Belowground species: Earthworms 

Indicator description 

Monitoring soil biodiversity is important, since an increase in soil biodiversity directly contributes to 

the efficiency of resource use and resilience of the food forest system (Singh 2018). Since food forests 

are often created on land previously used for agricultural activity (e.g. EcoVredeGaard), attention to 

species indicate the improvement of environmental quality. Earthworms have multiple benefits in your 

system and are good indicators of soil biodiversity: they improve soil structure and recycle crop debris 

and organic matter, thereby influencing the chemical properties of your soil, which have an effect on 

plant growth and yield (Ojha & Devkota 2014). Besides this, they play an important role in predation 

and pest control (e.g. fungi and nematodes), and might help in restoring degraded land (Baker et al. 

2006). Regarding their interactions with the system, earthworms can be perceived as process-related 

indicators (Moonen & Barberi 2008).  

From literature and interviews (van Groenigen, Annex A) it is suggested to look into the different 

(broad) earthworm functional groups since they have distinct roles in soil dynamics. These groups can 

be determined based on their physiology and burrowing behavior which affect the organic matter 

localization in the soil (Smith et al. 2008; Singh 2018). Three major types of earthworms found in the 

soil ecosystem can be classified as: epigeic, endogeic and anecic. Epigeic earthworm species are top-

soil dwelling species and feed on the surface litter; anecic earthworms are deep-burrowing species 

that create deep vertical burrows in the mineral soil but browse on the soil surface and are important 



Dutch Food Forest: a low-cost monitoring design   45 

in the burial of surface litter; and endogeic earthworms are horizontal-burrowing species that feed 

mainly in the rhizosphere and subsoil (Smith et al. 2008; Baker et al. 2006). 

Method description 

The proposed methods for monitoring earthworm diversity is by using excavation and mustard 

methods. Excavation monitors the epigeic and endogeic species in your system, while the mustard 

method monitors the deeper burrowing anecic species. Following excavation, a mustard solution can 

serve as a non-toxic irritant that drives deep-burrowing earthworm species to the surface (Smith et al 

2008). Collect all the earthworms that emerge out of the ground and determine the abundance of the 

different functional groups. The diversity can be calculated using the Shannon-Wiener Index (see 

baselines section, 2.7.4).  

Both the excavation and mustard methods are low-cost techniques and may be easily repeated over 

time. However, high earthworm abundance does not directly indicate good soil quality since 

earthworm distributions are influenced by multiple factors. Therefore, the number of species and 

abundance need to be linked to site specific measurements in soil and water quality, as well as day-

specific weather conditions (Karaca 2010; see baselines section, 2.7.4). 

Ground-dwelling species: Beetles 

Indicator description 

Ground-dwelling beetle species have proved their value as indicators in ecosystem functioning and 

play an important role in the terrestrial or above ground food web system (Büchs 2003). They directly 

influence the lower trophic communities by preying on other arthropods, as well as the higher trophic 

communities since they are prey for small mammals, birds, reptiles, and amphibians (Hoekman et al. 

2017). Besides this, they play a role in weed-seed consumption and are important in pest control (Duelli 

et al. 1999). Ground beetles are perceived as health-related indicators since their occurrence and 

mobility is directly related to the vegetation structure and composition: a successful completion of 

their life cycle is among others dependent upon other organisms, the presence of food sources and 

overwintering sites (Moonen & Barberi 2008). 

 

Method description 

Pitfall-trap method Pitfall trapping is a passive collection technique that involves the use of cups 

to trap, and is considered the simplest and cheapest method for long-term studies (Hoekman et al. 

2017). It measures the density of activity around the traps and will provide a robust measure for 

ground beetle abundance (Hoekman et al. 2017).  

This method is used for low-cost monitoring of beetle species, but the pitfall traps just give an 

indication on the activity density. The sampling will therefore be directly influenced by the design of 

the container (e.g. size, shape and material) and the activity of the target species, which varies 

between species and seasons (Rainio & Niemelä 2003).  This means that it is not possible to give 
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predictions about beetle abundance per square metre. The method also requires monitoring of the 

differences in vegetation surrounding the different traps. 

Leaf blower vacuum Leaf blower vacuums are designed to blow insects from the ground vegetation 

into a small compartment. The blower-vacuum sampling method is simple and easy to perform 

ground-dwelling arthropod communities in crop systems (Zou et al. 2016). The method provides 

absolute estimates of beetle densities per square metre, but the sampling efficiency depends on the 

duration of sampling (Zou et al. 2016). 

Above-ground species: Pollinators 

Pollinator species are a health-related indicator very important for the successful cross-pollination of 

flowering plants. Approximately 70% of our agriculture uses animal-mediated pollination (Cardoza et 

al. 2012; Kevan 1999). Pollinators are directly affected by the available nesting resources (e.g. dead 

wood), flower resources and foraging distances (Steffan-Dewenter & Westphal 2008). Bucket traps, 

malaise traps, flight interception traps or window trapping, sweep netting and transection methods 

can all be used in measuring pollinator, beetle and fly diversity (Duelli 1999; Table x). The focus here 

will be on the bucket trap and transect walks to monitor bee and butterfly species within the system. 

Indicator description 

Here, the focus is on bees, wasps and butterflies as health-related indicators for the system. Bees are 

traditionally considered the most important pollinator species in crop systems (Jauker et al. 2009). The 

occurrence of bees in the system might indicate good foraging quality, important for ecosystem 

functioning. Butterfly species respond quickly to microhabitat conditions and show responses to local 

and global variations in climate and nitrogen deposition (WallisDeVries & Van Swaay 2013). 

Method description 

Bucket trap method  While some research explains that a yellow bucket trap is most 

favorable to catch flower-pollinating species (Duelli 1999), other researchers explain that the 

effectiveness of the trap color is dependent on the habitat type (Saunder & Luck 2013). Since a food 

forest will go through several stages with different types of vegetation, and species are attracted to 

different colors, it is suggested to use white, blue and yellow buckets to get the best idea of the 

composition and pollinator diversity in the system. The bucket trap method is easy and low-cost to 

monitor bees and wasps over time (Büchs 2003). However, background knowledge or a good 

identification guide are needed to identify the different pollinator species. Additionally, wind and 

weather can have a great influence on the findings. 

Plot and line-transect walks.   The most widely-used method to monitor butterfly species is 

by walking permanent transects under suitable weather conditions (Dutch Butterfly Conservation). The 

length of each transect depends on the quality and the size of the monitoring area. The best way to 

determine the length and width of transects or plots depends on the habitat types and conditions in 

the food forests, which can be based on vegetation classification. Using plot and line-transect walks 

gives a good indication of butterfly species diversity. It is an easy method, yet requires background 
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knowledge for species identification. As with the bucket trap method, weather and wind can have a 

great influence on the findings. 

Aboveground species: Birds and Mammals 

Indicator description 

Birds and small mammals form the higher taxa in the system and are important for seed dispersal and 

are also an important source of nutrients through droppings. To understand the diversity and the 

development of the system it is recommended to focus on bird diversity and behaviour (e.g. nesting 

activities). With their function in the system they are seen as health-related indicators (Moonen & 

Barberi 2008). 

Method description 

Inventories are widely used to monitor bird and mammal diversity. To make bird species inventories 

in the system, some regular countings per season are needed. For this, some basic background in bird 

species identification is recommended, as well as a good list with possible species in the system. Since 

the occurrence of bird species, as well as mammals, depends on the phase of the food forest, it is 

important to monitor the vegetation development and take note of the phase of your food forest 

system. In the Netherlands bird species are monitored using counting routes from March to July in 

good weather conditions. Habitat availability and type will affect bird abundance and diversity, and 

depends on the timing and exact date of monitoring. As well as species, nests are also counted and 

mapped. The Netherlands Bird Protection (Nederlandse Vogelbescherming) and Bird Species Research 

of the Netherlands (Savon) help in monitoring the development and distribution of Dutch bird species 

and can help in monitoring specific landscapes. Inventories are easy to carry out and identification of 

bird and mammal species is often an easy task. However, the species need to be identified quickly and 

on the spot, and therefore a good identification manual is recommended. 

Aboveground species: Amphibians and reptiles 

Indicator description 

Amphibians and reptiles are health-related indicators for the system and have high ecological 

importance and an important role in the ecosystem as secondary consumers. Since the water quality 

is hard to measure in the case of EcoVredeGaard it might be useful to monitor the species that adopt 

to the system. Amphibians and reptiles might be good indicators for ecosystem health and functioning 

since they are sensitive to changes in the system and quickly respond (either during tadpole stage, or 

as adults). The focus in monitoring should be on amphibian and/or reptile diversity and behavior (e.g., 

reproduction, migration, health) in the system and their development over time. 

Method description 

Counting and inventories Ravon (NL) is a network for the ecological monitoring of reptiles and 

amphibian species in the Netherlands. The best method to monitor amphibians or reptiles is by 

counting, for example by counting the number of male frogs (which can be detected by their calling 

sounds in their reproductive habitat). Alternatively, counting can be conducted on the larvae. Frogs 
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are often counted from March till the end of June and the larvae of different species in July and August. 

This method is easy to implement and gives a good indication on amphibian species diversity. However, 

a good background knowledge is needed and the wind and weather can have a great influence in the 

findings.  

2.3.3. Food forest interactions  

Vegetation structure 

 

The food forest is expected to improve the biodiversity in the system until it reaches the natural final 

climax stage where the systems interactions are in balance. The vegetation composition in the forest 

could attract animals, bring new materials to the system or can be used as new habitat. It is important 

to note however that the vegetation at the time immediately following establishment of the food 

forest cannot serve as a baseline. The reason for this is that after introducing many new plants in the 

area, some key species could decline or disappear and it would seem that the whole systems 

biodiversity appears to be in decline.   

Animal functional diversity 

Belowground species: Earthworms Earthworms directly affect the organic matter and nutrient 

cycling, and their gut excretions promote plant growth (Ojha & Devkota 2014; Sing 2018). Known as 

ecosystem engineers, earthworms are considered an important group of belowground invertebrate 

species in most soils (Singh 2018). Since they directly interact with the soil biogeochemical cycles and 

contribute to the overall belowground biomass they can change the soil properties (Ojha & Devkota 

2014; Smith et al. 2008). Depending on the type of earthworm they can have different roles in the 

mineralization of plant debris. The excrement of the earthworms (also called vermicasts) consists of a 

mucilaginous secretion and helps in aggregate formation, which is the foundation of soil structure and 

porosity and works as a driving force for sustainable food production (Ojha & Devkota 2014; Singh 

2018).  

The results from the RIVM report (Rutgers et al. 2008) show the differences in earthworm density and 

diversity among different soil types and land use practices in the Netherlands (Figure 2.12). Since the 

food forest of EcoVredeGaard was established on land previously used as arable land on a clay soil, it 

is expected that worm abundancy will be relatively high compared to other soil types. The research of 

Rutgers et al. 2008 represents a sampling depth of 20cm. This might have influenced the density and 

diversity results, since the endogenic species thrive deeper in the ground. 
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Figure 2.12.  Number of earthworms for different land use and soil type combinations in the Netherlands. Dark green stands 
for cattle or dairy farming, light green for arable farming, light blue represents horticulture and bulb growing, orange 
represents natural areas, and yellow urban green parks. White backgrounds represents the soil type sand, grey background 

represents clay, loess or peat. Retrieved from the RIVM report (Rutgers et al. 2008). 

 

Ground-dwelling species: Beetles Ground beetle abundances (Coleoptera, Carabidae) are often 

associated with the availability of organic litter and areas that provide shelter and shade (Tsonkova et 

al. 2012). García-Tejero & Taboada (2016) found that the abundance of beetles is therefore highest in 

treed microhabitats (most preferable are shrubs underneath a canopy layer) since they provide food, 

shelter, leaf litter, logs and shade. Besides this, grasslands are often considered as most species rich 

and often include seed-consuming beetle species that thrive best in warm and sun-exposed habitats 

(García-Tejero & Taboada 2016; Honek et al. 2013). Within a food forest system it is therefore expected 

that over time and with the occurrence of more complex and heterogeneous microhabitats, the beetle 

species will also increase in abundance and species richness. 

Beetles are sensitive and responsive to microhabitat conditions, such as soil moisture, temperature or 

light penetration through the canopy - conditions which are directly influenced by the ground cover, 

weather, and seasonal variation (Honek 1997). Since food forests comprise different micro-habitat 

conditions, it is important to note the locational characteristics of the plot, the weather, and both the 

time and date of monitoring (see manual). The habitat choice of the adult beetle species is often used 

to characterize the quality of habitats, since their habitat choice is carefully selected for optimal 

conditions for their eggs and larva (Lövei & Sunderland 1996). 

Aboveground species: Pollinators The current food forest system of EcoVredeGaard is 

surrounded by agricultural land, which is not often preferred by pollinator species (Steffan-Dewenter 

& Westphal 2008). However, the food forest system itself will positively affect the occurence of 

pollinator species. Therefore it is expected that pollinator species abundance will increase when the 

food forest system develops, providing more sheltered and diverse layers for pollinators, along with 

foraging opportunities. Notice however that the difficulty is that even though all adult pollinator 

species rely on floral resources, their larval requirements differ between taxa (Jauker et al. 2009). This 

makes it difficult to monitor the suitability of the food forest system for this taxa since every group has 
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different requirements. It is suggested here to focus on the bees and butterfly species in the system as 

will be explained below. 

Since bees are often spatially constricted during their reproductive cycle they rely on nearby foraging 

habitats for their survival (Jauker et al. 2009). With the intensive use of insecticides and intensive 

cultivation practices the bee populations are declining. Since plant species richness usually positively 

affects the pollinator diversity, it is expected that bee diversity will increase when the food forest 

system develops. 

Butterfly species density varies highly per habitat type, so vegetation measurements are required 

when monitoring these species. The highest numbers of butterflies are often found in the semi-natural 

grasslands in the Netherlands (Van Swaay et al. 2015). It is expected that butterfly abundance will 

positively evolve with decreasing agricultural activities. The use of fertilisers, pesticides, and heavy 

machinery all negatively affect the abundance of this functional group. Since these management 

practices are not used in food forest systems, it is thus expected that this will also positively affect the 

occurrence of butterfly species (Van Swaay et al. 2015). However, the occurrence of agricultural land 

near the food forest (in the case of EcoVredeGaard) is still likely to have an effect on the population: 

for instance by wind-drifted insecticides which might kill many larvae in the system.  

 

Aboveground species: Birds and Mammals The occurrence of birds and mammals are directly 

related to the composition and spatial arrangement of different habitat types, and the structural 

development of the food forest will directly influence bird species occurrence. Since EcoVredeGaard is 

surrounded by agricultural land, any hedgerows or natural vegetation strips that connect different 

natural habitats might act as corridor for some species of butterflies, birds and mammals (Clergeau & 

Burel 1997). Birds can act as regulators for primary productivity by responding to the occurence of 

insect species in the system. They can also be useful in the regulation and control of (insect) pests in 

agricultural systems. It is expected that the species richness of both birds and small mammals will 

increase with the development of the food forest system. The more diverse the system, the more bird 

species will be attracted, and the more seeds and nutrients (through their droppings) will be deposited 

in the food forest. 

Aboveground species: Amphibians and reptiles  For Dutch freshwater systems it was found 

that acidification, ammonium, and certain pesticides will create less suitable habitats for amphibian 

species (Fedorenkova et al. 2012). Amphibian diversity and abundance are also affected by the depth 

and size of the pond system (Pearman 1995), just as habitat size has effects on bird and insect diversity. 

Firstly, the depth of the pond directly influences the surface and bottom temperatures of the water, 

favoring species with different optimum production temperatures. Secondly, tadpoles would 

experience higher levels of predation in larger ponds, resulting in lower densities of amphibians. 
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2.3.4. Baselines 

Both plant and animal diversity can be quantified following the Shannon-Wiener Diversity Index, which 

shows the level of species richness and evenness in the community. In ecological research, the value 

of Shannon-Wiener Index generally ranges between 0 to 3.5, and rarely exceed 4. A higher value 

indicates higher biodiversity level. The value usually increases when the species richness and evenness 

increase in the community. Evenness refers to the equitability of species distribution, meaning that 

the higher the evenness, the more even is the distribution of diversity in the system. The value ranging 

between 0 to 1, where 1 implies that all species are evenly distributed or that there is no dominance 

in the system by a particular species.  

Vegetation cover is represented with a scale. The Braun-blanquet scale and Londo scale can be used 

to measure vegetation cover if counting the abundance is too hard to perform for shrub and ground 

vegetation cover. This parameter is better at explaining species-environment interaction. 

Furthermore, rating the cover with Braun-Blanquet and Londo scale provides sufficient baseline 

information for environmental effect assessment (Wikum & Shanholtzer, 1978). 

Regarding animal diversity, several baselines may apply for different species. While the vegetation 

structure and diversity of the system might act as a baseline for the availability of certain animal species 

(for more information on biodiversity indicators, see Büchs 2003), it is difficult to provide a baseline 

for the system’s functional diversity over time. Here we will mention baselines for earthworm 

communities due to their importance for carbon sequestration and soil enrichment processes, but also 

for higher taxonomic species in the system, such as pollinator species and beetles. Earthworms are 

directly affected by the abiotic factors in their local environment and are therefore diverse in their 

numbers and distribution (Singh 2018). The effects of those abiotic factors can be seen in Table 2.9. 

Furthermore, earthworm density and diversity differ according to soil type and land use practices in 

the Netherlands (Rutgers et al. 2008). These differences can serve as baselines for monitoring 

earthworm diversity in different food forests (Table 2.10) 

Table 2.9. Earthworm response towards abiotic factors that affect their numbers and distribution. Retrieved from 
Singh (2018).  

Abiotic factor Range Earthworm Response 

pH  7 Most preferable 
4-8 Preferable 
<4.5 Avoidance 

Temperature (in °C) 25-35 Active 
<10 Little feeding activity 
<4 No cocoon production 
<0 or >40 Tend to hibernate or migrate 

Moisture (%) 80 Most optimum 
60-90 Average requirement 
<60 or >90 Either too dry or too moist 

Food supply (C:N ratio) High Reducing growth 
Low Enhancing growth 

Soil texture Loamy Most preferable 
Clay Preferable 
Coarse sand Often avoided 
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Table 2.10. Earthworm density and diversity according to different soil types and management practices in the 
Netherlands. Retrieved from the RIVM report (Rutgers et al. 2008). 

Management practice  
/ soil type 

Earthworm 
density (n/m2) 

Earthworm diversity 
(number of taxa) 

pH (pH-KCl) Organic matter 
(% dry matter) 

Arable land on clay 212 4.4 7.5 2.5 
Dairy farming on clay 474 7.2 6.5 7.6 
Dairy farms on Loess 283 5.5 6.4 4.3 
Dairy farms on peat 530 6.5 4.7 30.1 
Arable land on sand 30 1.8 5.1 7.6 
Dairy farms on sand 163 4.6 5.2 6.4 
Semi-natural grassland on sand 108 6.5 4.3 11.4 
Heathland on sand 0 0 3.2 7.7 
Mixed woodland on sand 9.3 0.7 3.2 6.0 
Municipal parks on sand 356 5.6 6.5 6.0 

 

Besides responses to abiotic conditions, earthworms can be used as baseline for other organisms in 

the system. In a laboratory study it was found that vermicompost, earthworm produced compost, 

might enhance plant-pollinator interactions (Cardoza et al. 2012). The research suggests that the 

decomposition activities of earthworms provide high quality plant nutrients, which positively affects 

abundances of pollinator species in the food forest system (Cardoza et al. 2012). Microclimatic 

conditions will provide for larval habitats or flowering plants which greatly determine butterfly survival 

and development and local functional diversity. Butterflies are affected by microclimatic conditions, 

which can be directly altered by changes in vegetation height or the proportion of vegetation in 

different phases (Aguirre-Gutiérrez et al. 2017). Note that the occurrence of certain species is 

therefore directly related to the stage of the food forest system and that different species abundances 

will be found when shrub or climax vegetation states become more dominant. 

2.3.5. Justification  

Different methods have been discussed to measure the biodiversity in your system. However, a 

selection has to be made to find the best method for EVG to implement in their monitoring study. A 

selection has been made with a focus on relatively cheap and easy-to-perform methods. It is suggested 

to consider strict measurements for different vegetation layers (Table 2.11) and animal species (Table 

2.12).  

The monitoring of biodiversity over time can provide knowledge on the improvement in quality and 

biodiversity of the food forest system over time. For monitoring the vegetation diversity it is proposed 

to use the quadrat method by using cover-estimates. This method can be performed easily by 

volunteers of EVG and can demonstrate the cover changes over time. The other methods proposed 

here provide data that cannot be easily transformed for data analyses or cannot perform cover 

estimates on species level. 

As mentioned above there are a lot of different indicators that can be performed to measure animal 

functional diversity in the system.  Important is that the choice for certain biodiversity measurements 
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strongly depend on the interactions EVG wants to understand. Since it would take too much time and 

money to inventarise species diversity of whole communities, this section proposed to look into 

different functional groups of species. For EVG and the early stage of their food forest it is suggested 

to look into earthworm diversity, beetle diversity and pollinator diversity since they will provide an 

idea on the future development of the system and the current major interactions between the 

vegetation layer and animal species. 

Regarding the biodiversity index, the Shannon-Wiener Diversity Index can determine the number of 

interactions between plants and pollinating species and the evenness of their frequency distributions. 

The index may show a low diversity (1.5) to a high diversity (3.5). The higher number indicates a higher 

number of species, as well as a more equal distribution of species within the system. The index can be 

used to compare the diversity in different plots. Beside the Shannon-Wiener Index, there are a number 

of other biodiversity indices. The Simpson’s index, alpha, bèta and gamma diversity are used in the 

same way and may use or combine calculations of species richness and evenness. While it is often said 

that the Simpson’s index focuses more on the dominance of certain species within a species, Shannon 

focuses more on equitability (Peet 1974). Since all biodiversity analyses share similar advantages and 

disadvantages, we decided to look into the Shannon-Wiener Index to explain habitat heterogeneity in 

the food forest system. 

Note that in order to obtain results that can be reproduced for the evaluation of the food forest system, 

the sampling method must be strictly standardized. Besides, the more effort there is put into the 

sampling of a certain species will often result in a higher number of counted species. Therefore the 

sampling effort has to be exactly described in any inventory. 

Table 2.11. Comparison of possible methods to monitor vegetation diversity in a food forest. Criteria used for identifying the 
level of difficulty, accuracy of measurement, needed equipment, time and repeatability are stated in Annex C. 

Method Description Unit Costs Level of 
difficulty 

Accuracy of 
measurement 

Needed 
equipment 

Time Repeatability 

Count/complete 
inventory 

Collecting of 
species 
composition 
and density 

count € Easy  Accurate 
number 

Easy to get Time 
consuming 

Repeatable 

Quadrat  Collecting data 
of species 
composition, 
abundance, 
vegetation 
coverage, 
diameter and 
height. 

count 
% 

 € Easy  

 

Accurate 
number 

Intermediate Takes 
medium 
time 

Repeatable 

Habitat 
complexity 
measurement 

Observation of 
the level 
of  habitat 
complexity 
attributes  

Score € Easy Estimate value Intermediate Take little 
time 

Repeatable 

 

 

 



Dutch Food Forest: a low-cost monitoring design   54 

Table 2.12. Comparison of possible methods to monitor animal diversity in a food forest. Criteria used for identifying the level 
of difficulty, accuracy of measurement, needed equipment, time and repeatability are stated in Annex C. 

 
Method Description Unit Costs Level of 

difficulty 

Accuracy of 
measurement 

Needed 
equipment 

Time Repeatability 

Excavation  Earthworm 
diversity 

count € Easy Estimated 
number 

Easy to get Takes little 
time 

Easy to repeat 

Mustard 
method  

Earthworm 
diversity 

count  € Easy Estimated 
number 

Easy to get Takes little 
time 

Easy to repeat 
(several times 
counting should 
be done in a 
season)  

Cup trap Beetle 
diversity 

count  € Easy Estimated 
number 

Easy to get Takes 
medium 
time 

 Repeatable 

Funnel trap 

 

Beetle 
diversity 

count  € Easy Estimated 
number 

Easy to get  Takes 
medium 
time 

 Repeatable 

Leaf blower 
vac. 

Beetle 
diversity 

count € Easy Estimated 
number 

Easy to get Takes 
medium 
time 

Repeatable 

Sweep 
netting 

Pollinator 
diversity 

count € Easy Estimated 
number 

Easy to get Takes 
medium 
time 

Repeatable 

Malaise traps Pollinator, 
beetle and fly 
diversity 

count € Easy Estimated 
number 

Easy to get Takes 
medium 
time 

Repeatable 

Flight 
interception 
traps or 
window 
trapping 

Pollinator, 
beetle and fly 
diversity 

count € Easy Estimated 
number 

Easy to get Takes 
medium 
time 

Repeatable 

Bucket trap  Pollinator, 
beetle and fly 
diversity 

count € Easy Estimated 
number 

Easy to get Time 
consuming 

Easy to repeat 

Plot or line-
transect 
walks  

Butterfly 
(pollinator) 
diversity 

count € Intermediate  Estimated 
number 

Easy to get Takes 
medium 
time 

Hard to repeat  

Light trap  Nocturnal 
butterfly 
diversity 

count € Easy Estimated 
number 

Easy to get Takes little 
time 

Easy to repeat 

Inventory  Birds and 
small 
mammals 

count € Easy Estimated 
number 

Easy to get Takes little 
time 

Easy to repeat 

Inventory 
and counting  

Amphibians count € Easy Estimated 
number 

Easy to get Takes little 
time 

Easy to repeat 
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2.4. Water quantity and quality 

2.4.1. System interactions 

One of the main regulating ecosystems services provided by agroforestry systems is conservation of 

water, both in quantity and quality (Beer et al. 2003; Jose 2009; Rigueiro-Rodríguez et al. 2009). 

Physico-chemical, biological and socio-economic attributes of a water resource play a role in the 

functioning of a defined or managed ecosystem by sustaining plant and animal communities, 

maintaining or enhancing soil and air quality and therefore supporting human health (Ochola et al. 

2003). Moreover, water conservation is highly valuable for ecosystem health, and data availability on 

water quality and quantity at local level is increasingly demanded by decision makers (Keeler et al. 

2012). Thus, monitoring water quality and quantity can be valuable for food forests evaluation as a 

sustainable land management practice. 

2.4.2. Defined indicators  

Monitoring water quality and quantity in EVG via direct measurements has several constraints. Pond 

water is not representative of water quality of the entire food forest, as it works as an independent 

system (Lohbeck, Annex A). Water quality of the pond might change over time due to the effects of 

pond modification, not due to direct effects of the food forest or groundwater interactions with the 

canal. However, if development of the pond wants to be monitored, physico-chemical and biological 

indicators stated in Annex E could be considered. For overall water quality assessment of the food 

forest, a groundwater measurement approach could be selected (Lohbeck, Annex A). This could be 

implemented a systematic sampling design (see section 3) for identifying water quality gradients from 

the food forest to the surrounding agricultural field. Once again, these measurements are prone to 

biased outcomes as there might be groundwater mixing from the agricultural fields, the canals and the 

food forest itself. Besides, groundwater sampling can be problematic due to water table differences 

along the food forest and nearby agricultural fields. Thus, direct water quality measurements are not 

suitable for the monitoring plan of EVG. 

Indirect water quality and quantity measurements involve soil and biodiversity indicators, such as soil 

water infiltration capacity and presence of amphibian species. Both indirect measurements could serve 

as proxies for monitoring water quantity and quality over time. Soil water infiltration rates could 

indicate run off reductions and increased water retention capacity, decreasing nutrient leaching to 

groundwater and increasing water availability over time. A soil infiltration measurement procedure 

can be observed in Section 2.6.2. Amphibians could also be used as a water quality proxy of the food 

forest. Increased occurrence of amphibian species over time might indicate improvement of water 

quality. Procedure for amphibian inventories can be observed in Section 2.7.2. Sampling of such 

proxies will give indicative values and can be easily repeated over time.   
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2.4.3. Food forest interactions  

In the case of food forests, trees and overall vegetation influence the water cycle via increased soil 

water retention and infiltration through the root system, removing significant quantities of sediments, 

nutrients and pesticides from both surface and subsurface waters (Nair 2011). This directly affects the 

groundwater quality through nutrient cycling, as there is less nutrient leaching which could lead to 

groundwater pollution (Beer et al. 2003). Hence, food forests embedded in a larger agricultural system 

could help in reducing degradation of water quality from conventional agricultural activities (Udawatta 

2017), acting as buffers for run-off or safety-nets for excess nutrients (Jose 2009). Besides, landscape 

productivity can be enhanced by reducing water stress though increased water recharge and storage 

in the system (Udawatta 2017). 

It is expected that water availability will be higher due to the enhanced water retention capacity, 

influenced via soil infiltration and available water capacity, soil aggregate stability and soil organic 

matter. It has been stated that when soil organic matter increases from 0.5 to 3%, available water 

capacity more than doubles (Hudson 1994). In addition, an increase in soil organic matter enhances 

soil aggregate stability, which in turns increases porosity and thereby available water capacity and soil 

infiltration throughout the rooting zone (Huntington 2006). Besides, it is expected that water quality 

in terms of nutrient retention and supporting services for amphibians will increase over time. 

Therefore, an increase in both soil infiltration rates and number of amphibian species is expected. 

2.4.4. Baselines 

Baselines for water infiltration rates and amphibian species occurrence are highly dependent on site-

specific characteristics. For instance, soil infiltration rates for different soil types can be found in the 

Soil Enrichment section. These baselines may change with soil development over time, such as 

aggregate stability or soil organic matter content enhancement. Habitat heterogeneity will also affect 

amphibian species occurrence, which may be influenced by the pond ecosystem in EVG.  All in all, it is 

difficult to estimate overall baselines for such indirect methods of water quantity and quality, and thus, 

major attention should be paid to the food forest effects and its interactions with the water cycle. 

2.4.5. Justification 

As stated before, direct methods to monitor water quality and quantity in a food forest are not 

recommended, taken EVG as a reference and considering the size of food forests in general. Water 

quality estimates from pond monitoring are not representative for the whole food forest interactions, 

as it acts as an independent system. Groundwater measurements can be time consuming and may not 

be suitable to capture the possible gradients in water quality due to the small size of the area and the 

mixing of groundwater from external sources. It is possible that over time the groundwater of the food 

forest system isolates from the surrounding areas, but this is an uncertain and long-term possibility, 

so we propose not to focus on this. Thus, indirect methods for water quality and quantity assessment 

such as soil infiltration rate and amphibian species monitoring are suggested in this report. Comparison 

of the considered methods can be observed in Table 2.13. 
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Table 2.13. Comparison of possible methods to monitor water quality and quantity in a food forest. Criteria used for 
identifying the level of difficulty, accuracy of measurement, needed equipment, time and repeatability are stated in Annex C. 

Method Description Unit Costs Level of 
difficulty 

Accuracy of 
measurement 

Needed 
equipment 

Time Repeatability 

Pond 
monitoring 

Physical, 
chemical and 
biological 
indicators for 
water quality 
(Annex E) 

Variable From 
€ to 
€€€ 

Intermediate  Estimated and 
accurate 
numbers 

From Easy 
to get to 
Hard to get 

Time 
consuming 

 Easy to repeat 

Groundwater 
sampling 

Ground water 
extraction and 
water quality 
analysis (N,P) 

mg/l  (N 
and P) 

€€€ Intermediate Accurate 
number 

Hard to get Time 
consuming 

Repeatable 

Single ring 
infiltrometer 
method 

Soil infiltration 
rate 
measurement 

seconds 
(s) 

€€ Easy Estimated 
number 

Easy to get Takes 
medium 
time 

Easy to repeat 

Amphibian 
inventory 

Inventory and 
counting 

Count € Easy Estimated 
number 

Easy to get Takes little 
time 

Easy to repeat 

 

 

2.5. Production 

2.5.1. System interactions 

Food production constitutes a provisioning service derived from food forests. This service can be 

traded in markets or used to support local livelihoods. The value of the service may be not reflected in 

the market price (FAO 2018), which is dependent on consumer behaviour and market fluctuations. In 

the case of EVG, produced food is mainly distributed in the EVS EcoVrede food network and is also 

harvested by individuals in need, which makes production of the food forest a social component of the 

system. This reflects the importance of such systems in contributing effectively towards environmental 

sustainability goals and general public health (Ghosh 2014). In addition, measuring yield is consistent 

with EVG’s approach of considering food forests as an agricultural alternative, and could aid their 

communication of claims. 

Production of a food forest could potentially be used to strengthen the value of the system itself. 

Besides, when production or yield have been estimated, other sustainability indicators such as labour 

efficiency and energy efficiency can be calculated. If food production is ignored as a minor ecosystem 

service, the concept of a food forest would be left for comparison or confusion with forest restoration 

practices (Lohbeck, Annex A). Its importance relies on the fact that food production could be used as 

a balancing proxy for comparing side-effects of different agricultural systems, such as carbon emissions 

and biodiversity levels (van Veluw, Annex A). In fact, direct comparison of food forests and other 

agricultural practices might be complicated due to the differences in system dynamics, both spatially 

and temporally. Thus, production could be identified as a trade-off to environmental performance, 

including independence, efficiency and self-regulation of the system (van Veluw, Annex A). 



Dutch Food Forest: a low-cost monitoring design   58 

2.5.2. Defined indicators 
Indicator description 

In agroforestry, added value of the system in terms of production for mixed crops is expressed as land 

equivalence ratio. It allows to compare the harvest of a mixed system, usually with two crops, with a 

non-mixed system, such as a monoculture (Lohbeck, Annex A). However, due to the complexity and 

the multidimensional scale of food forest, including the multi-layered structure, land equivalence ratio 

might not be a suitable indicator for production of EVG. In contrast, crop and harvest count represent 

reliable indicators for estimating production of community gardens and urban farms (Farming 

Concrete 2015). The equipment needed to undertake this is inexpensive and readily available, and the 

methods are very simple. This can be applicable to food forests due to similarity of the systems in 

terms of habitat heterogeneity, land size, management and budget (Lohbeck, Annex A). Besides, both 

crop and harvest count can serve as proxies to communicate the value of the food forest to policy 

makers, funders and the general public.  

 

Method description 

A crop count consists of an inventory of edible crops of the food forest. This can be done per square 

meter, per grown bed or rows. It could also be done per identified habitat. It is recommended to 

perform this method every season. This data is valuable to keep track of the number of cultivated 

edible crops and its linkage to annual production (Farming Concrete 2015). A harvest count consists of 

recording the amount of harvested edible product by its weight in kilograms. In the case of having 

certain production goals for specific species, harvest count can assist in checking whether those goals 

are met or not and thus giving guidelines for improvement. Besides, it can also give an indication on 

possible environmental gradients in different zones of the food forest (Farming Concrete 2015), as well 

as evolution of the site’s production over time (Lohbeck, Annex A). In case of practicing food donations, 

such as in EVG, those activities need to be recorded as harvest count. By tracing the amount of donated 

food, the overall food forest inventory will be easier to manage, and it will assist the societal 

component of the food forest by promoting a healthy community network (Farming Concrete, 2015). 

When random individuals participate in the harvest of the crops for own consumption, they should be 

encouraged to participate in the harvest count via a citizen science scheme (Lohbeck, Annex A), further 

discussed in section 6.3. 

2.5.3. Food forest interactions  

While it is important to record the harvested edible yield from the food forest, it may be difficult to 

understand production effects, or to compare these with other food producing systems. In a practical 

sense, this may be due to: 

● The strong role of design, and how design reflects underlying ecological principles (see below).  

● The definition of yield in a multifunctional system (e.g. does useful, soil enriching leaf litter 

count as yield in a food forest system? And does food left unharvested by humans count as 

yield?). 
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● The partial harvestability of yield due to parts of the harvest being out of reach or harvested 

by animals and insects. 

● The temporal distribution of yield and evolution of the system over years. 

 

Some ecological principles may allow us to form expectations about production for a given food forest 

design. This represents a complex discussion, and we will attempt here only to outline some of the 

more important aspects. 

Firstly, dry matter (DM) partitioning varies according to plant species. A number of theories suggest 

ways to understand plant life strategies and DM partitioning (e.g. Grime 1977; Tilman 1982; Westoby 

1998). As a general rule, perennial plants are expected to invest proportionally more in non-edible, 

structural biomass, while annuals partition partition more to (potentially edible) reproductive parts 

such as seeds.  

Secondly, the role of plant diversity on overall plant productivity. Research has shown that plant 

diversity increases productivity due to the complementarity effect. This complementarity can be 

broken down into different mechanisms: for example, more root biomass (Ravenek et al. 2014), more 

trophic interactions (Scherber et al. 2010) enhanced soil C & N storage (Cong et al. 2014), better overall 

draught and flood resilience (van Ruiven & Berendse 2010; Wright et al. 2017), the promotion of 

multiple ecosystem functions in the long run (Isbell et al. 2011), disease suppressiveness (Hendriks et 

al. 2013), and mycorrhizal resource partitioning in the presence of mycorrhizae (Walder et al. 2012). It 

is unclear whether these effects on biomass may translate to increased production potential in a food 

forest compared with less diverse systems. These mechanisms may explain overyielding in 

intercropping systems, but this is understood mainly for some common mixtures of traditional annual 

crops (Gliessman 2014). Equally, competitive effects may occur, resulting in limiting water or nutrients. 

Thirdly, multistorey systems differ from simple cropping systems in the leaf interception of light. A 

shading overstorey diffuses the photosynthetically active radiation (PAR), creating a vertical gradient 

of interception. This may enhance or reduce overall carbon assimilation depending on the specific 

structure of the food forest, the season, and the light requirements of the plants. Again, this could 

result in a more efficient overall use of PAR, or PAR limitations for understorey plants and herbs. 

A further consideration is yield over time: perennial polycultures may provide greater yield stability, 

although we are unaware of research demonstrating this for woody perennial polycultures (Picasso et 

al. 2011). 

Overall, it must be reiterated that a large number of variables are at play in a spatially and temporally 

complex, evolving production system: food forestry could include a huge range of designs, which 

complicates any study or estimations of production potential.  

 

2.5.4. Baselines 

Baselines are hard to provide given the plethora of possible species. Factors that may influence yield 

of any particular species include soil type, management, spatial (horizontal and vertical) design, and 

plant maturity in the case of woody plants. Even more difficult to provide is baseline data for total 

yield, due in part to the likelihood of each food forest having a highly unique composition, and in part 
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to the limited number of food forest reference sites, and the limited data collected from these. It may, 

however, be useful to access references for some major species to judge performance and assess 

whether competitive to facilitative interactions may be taking place. For example, for reference yield 

of nuts, it may be useful to consult Duke (2000), Handbook of Nuts (CRC Press).  

 

2.5.5. Justifications 

Crop and harvest count are the only considered and suggested methods to monitor production in food 

forests over time. This is due to the complexity and heterogeneity of the system, with multiple crops, 

seasonal variations and social interactions. Thus, traditional production methods or other productivity 

indicators such as the land equivalence ratio are not recommended for keeping track of the production 

of food forests. The main attributes of both crop and harvest count methods can be seen in Table 2.14.  

 

Table 2.14. Comparison of possible methods to monitor production in a food forest. Criteria used for identifying the level of 
difficulty, accuracy of measurement, needed equipment, time and repeatability are stated in Annex C. 

Method Description Unit Costs  Level of 
difficulty 

Accuracy of 
measurement 

Needed 
equipment 

Time Repeatability 

Crop 
count 

Count of edible 
plants per layer 

 / 
crop 
type 

 € Intermediate   Estimated 
number 

Easy to get  Time 
consuming  

 Repeatable 

Harvest 
count 

Weight of 
harvested 
products 

kg €€ Easy  Estimated number Easy to get  Take 
medium 
time 

Repeatable 
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A successful monitoring study relies on a well-developed sampling design and its consistency over time. 

Data collection from such design will serve for scientifically-based decision making (EPA, 2002). Site 

characteristics are the basis for implementing an experimental setup, which should capture the spatial 

variation and the development of the site over time. For that, land size, heterogeneity, replication, 

frequency of measurements and precision play a critical role. Landscape changes over time will 

probably have influence on the measurements, but if the design is consistent over time, fluctuations 

will be captured and identified (Lohbeck, Annex A). Sample size should be enough to cover the area 

and to minimize costs and efforts. Thus, in order to lower the sample size, representative samples 

should be selected.  

 

Nested design 

Representativeness refers to the accuracy and precision of the collected samples to represent the 

study site and attributes (EPA 2002). A nested design can help to accurately and precisely select the 

sampling locations, following a hierarchical system of subplots within plots (Quinn & Keough, 2002). 

This type of design can be useful to develop a monitoring scheme for the whole site, while maintaining 

lower-scale relevance. In fact, the Land Degradation Surveillance Framework (LDSF) proposes such a 

design to provide biophysical baselines at landscape level as well as a monitoring and evaluation 

scheme for assessing development over time (Vågen et al. 2015). This procedure can be followed for 

any type of land, and allows comparisons between different practices (Lohbeck, Annex A). Thus, a 

nested hierarchical sampling design is applicable for developing a monitoring framework for EVG, as 

well as for future food forests in the Netherlands. 

3. Sampling Design 
 

Contents 
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The nested hierarchical design can be observed in Figure 3.1 and 3.2. First, a cluster of plots is arranged 

over the entire site (Figure 3.1), and then each plot is arranged with several subplots within it (Figure 

3.2). There are two different options for the cluster arrangement. The first option considers a 

systematic sampling design (Figure 3.1A), while the second one consists of a random-stratified 

sampling design (Figure 3.1B). Both systems should be systematically repeated over time to ensure the 

consistency of the measurements.  

The systematic approach  This approach refers to equally spaced sampling plots, covering 

uniformly the area and accounting for spatial variation and changes over time (EPA 2002; Quinn & 

Keough 2002). Nine plot replicates are regularly spaced over the entire site. Considering a site of 1ha, 

each plot is located within a 35x35m grid, with 15m distance from the edges to the grid. This method 

is practical and easy to implement, capturing environmental gradients of the area and the change of 

the landscape over time. The main risk relies on the fact that unknown environmental gradients may 

intervene in the regular spacing of the plots (Quinn & Keough 2002). However, due to the small land 

size of EVG and food forests in general, this would not be a major constraint to the method.  

The random-stratified approach  This approach consists of randomly selected sampling plots 

within pre-defined strata or habitats, considering the heterogeneity of the area in its early stages (EPA 

2002; Quinn & Keough 2002).  Three plot replicates are defined per each strata. They are randomly 

distributed within each habitat to minimize possible biases that arise from convenience sampling 

(Vågen et al. 2015). The pre-defined strata or habitats are classified according to existing information 

or to professional judgement. In the case of EVG, five habitats have been identified (excluding the 

pond) as: nut-tree habitat, herb-shrub habitat, fruit-tree and shrub habitat on highland, fruit-tree and 

shrub habitat on low land and no-management area (Figure 3.1B). Highland and lowland have been 

separated due to terrain differences after the pond construction, which might affect soil properties 

and water infiltration as well as plant growth of both areas. This habitats represent a proxy, and might 

be modified in early stages of the food forest. This method is highly representative because it ensures 

to cover all the habitats present in the study site (Quinn & Keough 2002). However, it is only applicable 

if the distinct habitats are to be maintained over time and if the initially randomly selected subplots 

are systematically measured over time.  

The subplot arrangement is systematically designed consisting of three equally spaced subplots that 

uniformly cover the plot and that account for spatial variation and changes over time (EPA 2002; Quinn 

& Keough 2002). The radius of the plot is set at 7.5m while the radius of the subplots is 2m. The distance 

between the centre of the plot to the centre of the subplots is 5.5m (Figure 3.2). Orientation of the 

subplots are to the north, southeast (120°) and southwest (240°). This sampling approach is modified 

from the LDSF for specific site size (Vågen et al. 2015). Data gathered from the subplots should be 

bulked to one single data point at plot level to avoid pseudoreplication.  

Material needed for the setting up of the sampling design includes measuring tape, compass and GPS 

if available (to record the central points as a back-up). Plot and subplot centres should be consistent 

over time. For that purpose, PVC or woody sticks can be used as reference points and kept for the long 

term.  
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The above-mentioned sampling design can serve as a standard method for monitoring the target 

indicators. However, it might be the case that several indicators present their own monitoring design. 

This is applicable for EVG but also for further food forests, taking as a reference a cluster arrangement 

of 1ha.  

 

 

Figure 3.1. Systematic (A) and random-stratified (B) sampling designs for conducting measurements over time in EVG. The 
systematic approach consists of equally spaced sample locations –plots– (9), covering uniformly the area and accounting for 
spatial variation and changes over time. Considering a site of 1ha, each plot is located within a 35x35m grid, with a 15m 
distance from the edges to the grid. The random-stratified approach consists of randomly selected sampling locations –plots– 
(3) within pre-defined strata or habitats (5), considering the heterogeneity of the area in its early stages. The pre-defined 
strata are identified as: nut-tree habitat (purple), herb-shrub habitat (yellow), fruit-tree and shrub habitat (grey), fruit-tree 
and shrub habitat in lowland (green), no-management area (orange). 

 

 

 

Figure 3.2. Systematic sampling design within each plot for conducting measurements over time in EVG (modified from LDSF, 
Vågen et al., 2015). The systematic approach consists of equally spaced sample locations –subplots– (3), covering uniformly 
the plot and accounting for spatial variation and changes over time. R refers to the radius of the plot (7,5m); C refers to the 
distance between the centre of the plot to the centre of the subplots (5,5m); and, r refers to the radius of the subplot (2m). 
The first subplot (#1) is oriented to the north; the second subplot (#2) to the southeast (120°); and, the third subplot (#3) to 
the southwest (240°). 
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In this chapter, we focus on opportunities, challenges and future implementation of the proposed 

methods to monitor the selected indicators over time. Following the same structure as in the Ecological 

Indicators section, we consider every ecosystem service separately, focusing just on the recommended 

methodology and rejecting other possible techniques. Thus, the suggested methods are as follows: 

Carbon sequestration 

● Stem Wood Biomass method for aboveground C sequestration  

● Loss-on-Ignition method for belowground C sequestration 

Soil enrichment   

● Oven dry method  for bulk density and soil porosity 

● Single ring infiltrometer method for soil infiltration rate 

● pH pocket meter method for soil pH   

Biodiversity 

● Quadrat method for vegetation structure and composition 

● Animal species count and inventory for functional diversity  

Production 

● Crop and Harvest count for edible plant inventory and production 

4. Opportunities and limitations 
 

Contents 
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We discard water quality and quantity methods in this chapter as we propose to use indirect methods 

such as soil infiltration rate measurement and amphibian count and inventories, which are discussed 

within the previous and upcoming soil enrichment and biodiversity sections.  

4.1. Carbon sequestration  

4.1.1. Outcomes and opportunities 

Stem Wood Biomass method- Aboveground Carbon sequestration Estimating aboveground C 

sequestration by calculating the whole-tree biomass and the carbon content is an easy method that 

could be executed by all volunteers of EVG. The basis for the calculation of whole-tree biomass and C 

content is the circumference of the tree. Since this circumference only increases slowly, measurements 

only have to be done once per year. If the time between these measurements is exactly one year, the 

amount of carbon sequestered per hectare per year can be calculated. This is a great opportunity for 

comparing the results with other food forests. Since the food forest of EVG is exactly one hectare, no 

up-scaling is needed, which results in more reliable results. 

Loss-on-Ignition method - Belowground Carbon sequestration  Loss-on-Ignition is a reliable 

and widely used method to measure SOM and SOC (Hoosbeek, Annex A). The official reference method 

to measure SOC is the elemental analyser (Vanguelova et al. 2016), but this is an expensive method 

and a lab is required. In contrast, LOI is a cheap method after the basic equipment is purchased. The 

most expensive part that has to be purchased is the oven. However, no lab oven needs to be 

purchased; an oven used for ceramics can be used as long as it heats up to at least 550°C (Hoosbeek, 

Annex A). These can be purchased for €400-€500.  The crucibles to put the soil in the oven do not have 

to be expensive and big, as long as at least 25 g of soil fit in them. Another opportunity could be to 

look for a lab that would do the soil analysis for EVG. The major costs are often caused by the labour, 

but for LOI the labour intensity is low. 

4.1.2. Constraints and challenges 

Stem Wood Biomass method- Aboveground Carbon sequestration  The challenge with this 
method is the fact that trees are not the only factor that makes up the aboveground C pool. This pool 
also includes shrubs and other woody material. However, the amount of C sequestered in shrubs is 
significantly less (Mosquera-Losada et al. 2011) and most studies do not include it when determining 
aboveground biomass (Nair et al. 2010; Oelbermann et al. 2004). Since most studies only focus on tree 
biomass it can be comparable with other data, but it might not represent the total aboveground C 
pool. 

Another challenge that comes with the method is that for every tree species present at EVG the species 

specific wood density has to be defined. This has been done via a literature study, based on the list of 

tree species that were planted at EVG. It is a challenge to find wood density data for all the species, 

especially since EVG also included some less common species. Also, different sources have different 

data for wood density. For five species we were not able to find wood density data. For those an 

average has to be taken. Since different sources provide different data and data are not available for 
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all species, this can be a source for error. Therefore this method only provides a rough estimation of 

the aboveground C sequestration. 

 

Loss-on-Ignition method - Belowground Carbon sequestration Despite the fact that LOI is 

characterized as a reliable method, there are still some challenges involved. In science, researchers still 

don’t agree on a standardized temperature to perform the method (Hoogsteen et al. 2015). Based on 

expert consultation a temperature of 550°C is recommended for EVG. Temperatures below 550°C 

cause increased sensitivity for errors (Hoogsteen et al. 2015).  

Another challenge is the timing of the measurement. The SOC content depends on the input from 

litter, root turnover, root exudates and decomposition of such inputs (Hoosbeek, Annex A; Wuest 

2014). Respiration as a result of biological activity depends on the soil temperature and soil moisture 

and will peak during the late summer and autumn. In order to provide reliable and accurate long-term 

data it is important that measurements are taken under comparable circumstances. For sampling of 

mineral soils where decomposition rates are high, which is the case on clayish soils (Wei et al. 2014), 

it is advised to sample the soil during the winter or in dry season (Vanguelova et al. 2016). 

The last challenge recognized for LOI is the fact that it only measures the total C concentrations. The 

method does not provide any information regarding the form and recalcitrance of the C (Nair et al. 

2010). This information can be useful if EVG wants to understand the underlying processes of C 

sequestration in more detail. However, more involved and expensive methods are required for 

collection of such data (Belay-Tedla et al. 2009). 

4.1.3. Future development 

Stem Wood Biomass method- Aboveground Carbon sequestration The main benefit about this 

method is that it can be implemented in other food forests as well. If the forest gets too big to measure 

all the individual trees, up-scaling can be used to estimate the total aboveground biomass. One thing 

that has to be kept in mind, however, is that for different locations with different tree species a new 

list has to be arranged with the species specific wood density. This can be a time consuming job and 

sometimes it can be hard to collect wood density data for every species. 

 

Loss-on-Ignition method - Belowground Carbon sequestration  The LOI method can be 

applied to every soil type, ranging from sandy to clayish soils (Ghabbour et al. 2014). For that reason it 

can be considered a good method to implement at different food forest locations. There is only one 

disadvantage when data of different locations has to be compared. Estimations of SOM can be 

inaccurate when soil samples contain (a lot of) clay. H2O-groups are bound to the clay minerals and 

thus protected. As a result, these H2O-groups will not evaporate when heating at 105°C. However, at 

550°C they will evaporate and cause a weight loss that is not caused by the combustion of carbon. To 

correct for this error and avoid over-estimation of SOM, a clay correction factor can be used 

(Hoogsteen et al. 2015). According to expert Hoosbeek (Annex A) this factor does not have to be used 
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when comparing data of one plot, as it can be assumed that the clay content is equally distributed over 

a one-hectare area. However, when comparing different plots with different soil types this factor has 

to be considered.  

4.2. Soil enrichment 

4.2.1. Outcomes and opportunities 

Oven dry method –Bulk density and soil porosity  As one of the main representative physical 

aspects of soil, bulk density can be assessed using the oven dry method. This is a low-cost method, 

which can be performed using cheap and easy-to-obtain materials, but which can be upgraded for 

more expensive specialised equipment for more effective and accurate sampling. The method also 

minimises error inherent in some time-saving methods, and thus produces reliable results. Different 

sampling methods can be used to adapt the method to different soil types: these are provided. Soil 

porosity can be calculated directly from bulk density results. Compared with agricultural systems in 

the same soil, bulk density  values are expected to be lower over time in a food forest. This is helpful 

for water movement, soil permeability, and plant root growth, and further contributes to higher plant 

productivity and crop yields.          

Single ring infiltrometer method - Infiltration rate The single ring infiltrometer method is used 

to estimate soil infiltration rate. Infiltration rate is subject to the changes made by land use and 

management, so it can provide a good estimation of soil quality. Additionally, this method is easy and 

inexpensive to perform and repeat over time in a food forest. The expected soil infiltration rate of food 

forest should be within 1 to 5 mm/hour based on clay soil (Brouwer et al. 1988). Further, a steady 

infiltration rate makes the water optimally available for plant root uptake, plant growth and soil 

microorganisms use.  

pH pocket meter method -  Soil pH  For evaluation of soil chemical attributes, we recommend to 

measure soil pH using a pH pocket meter. The method described in the manual is valid to measure pH 

in a water/soil solution (1:1), which is easy to implement with low costs and low labor force. This 

method can also provide rapid and direct results of soil pH on different sampling sites. Normally, most 

plant essential nutrients in soil are available for plant absorption at the pH range of 6.5 to 7.5 (Burt 

2009), so it is expected that the soil pH in a food forest should be within this range. pH also contributes 

to nutrient availability for plant and crop growth, and it improves production eventually.  

4.2.2. Constraints and challenges 

Oven dry method –Bulk density and soil porosity     There are some drawbacks of this method 

that need to be taken into account. In the manual, we suggest taking samples from two depths 0 cm, 

15 cm and 40 cm based on a stratified sampling design (see section 3), in order to get a more 

representative bulk density of food forest. Obviously, this can be time-consuming and increase 

workload for a yearly measurement. Distinguishing between organic and mineral soil could become 

difficult in a mature system of certain soil type: a technique to overcome this can be found in Annex 
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D. High variability in a food forest system casts doubt on whether general considerations for number 

of samples required are likely to be adequate. However, while variability in the food forest system may 

be high, variability of bulk density is considered to be relatively low, meaning that number of samples 

required may not be unfeasibly high (Hao et al. 2008; see annex D) Variability of bulk density may be 

measured at an early stage in order to calculate samples that will be required to represent the site 

(e.g. see Vogt et al. 2015), but in a food forest planted on former agricultural land the initial variability 

is likely to be low; over time, however, in response to the complex, diverse system, bulk density 

variability may increase. For this reason, such sample size calculations may not be suitable. Due also 

to food forest diversity and variability, a stratified sampling approach is recommended to capture 

variability between distinct zones; this will, however, increase the number of samples required and 

thus entail more time in the field. A final sampling issue relates to the requirement for different 

sampling techniques on different soils: sampling technique may influence bulk density measurements, 

with core samples generally measuring slightly higher. This must be taken into account when 

attempting to compare data. Swelling and shrinking soils present a challenge, since these give different 

bulk density measurements under different moisture conditions. There may be mathematical ways to 

correct for this, but these are outside of the scope of EVG. Some clay soils exhibit these shrinking and 

swelling characteristics (Bronswijk 1991), but tests may be necessary to ascertain to what extent this 

occurs. The solution here is to ensure that water content is always recorded upon sampling and drying, 

which is extremely easy and fits existing the procedure well. Instructions for this are included in the 

manual. Time saving methods are available, as discussed in section 2.6.2, but all have drawbacks that 

negatively influence the reliability of the method, so should be avoided if possible. 

Single ring infiltrometer method - Infiltration rate  The main constraint of the single ring 

infiltrometer methods is that it is less reliable compared to the double ring infiltrometer method. The 

latter technique can reduce the error caused by lateral flow in the soil, but it requires way more water 

input to determine the infiltration rate and it is time-consuming.  

pH pocket meter method -  Soil pH    Sampling can be done in the surface soil (from 0 to 30 

cm) for a general evaluation of soil pH. However, it is recommended to also measure in the subsoil 

(between 30 to 100 cm) for a reliable soil quality assessment because pH in the subsoil may change 

(Dick et al. 1996). We advise the use of a stratified sampling design (see section 3) for pH assessment, 

which means that labor consumption will increase due to more samples need to be taken in the field. 

Another constraint of this method is that the pH pocket meter needs to be well-maintained and 

calibrated before measuring to make sure it works properly.  

4.2.3. Future development 

Oven dry method –Bulk density and soil porosity This method is feasible to perform elsewhere, 

such as natural forest, neighboring traditional agricultural systems, and other food forests, for the 

purpose of monitoring soil quality over time or comparison between different systems. For example, 

in natural forests with less human disturbance, higher soil organic matter content, better soil aggregate 

ability as well as lower bulk density may be observed (Tejada et al. 2006). Long-term monitoring may 
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reveal changes in bulk density reflecting important changes in the soil structure as an effect of the 

system; monitoring natural forest systems as well as the food forest may provide a useful reference or 

benchmark.  Before the measurement, soil types, sampling design and sampling depths should be 

considered.  

Single ring infiltrometer method - Infiltration rate The single ring infiltrometer method is a good 

approach to estimate infiltration rate not only in food forests, but also in other traditional agricultural 

systems. It can be performed quickly, using minimal water, and is highly repeatable for long-term 

monitoring.    

pH pocket meter method -  Soil pH   This method can also be used for soil pH measurement in 

other food forests and agricultural systems because of its ease and low costs. It will give an indication 

of whether the soil pH is within a range that suitable for plant nutrient availability and plant 

growth. Amendments should be considered if the measured soil pH is not suitable for plant nutrient 

absorption from soil. 

 

4.3. Biodiversity  

4.3.1. Outcomes and opportunities 

Quadrat method - Vegetation structure and composition Only listing the vegetation species 

within the food forest is insufficient and cover estimates need to be added for a thorough 

interpretation of changes in the system (Vittoz & Guisan 2007). The quadrat method is proposed to 

estimate rough cover-classes, representing vegetation coverage and diversity within the food forest 

systems. The method can be easily reproduced and provides a dataset to calculate the biodiversity 

Shannon-Wiener Diversity Index. The method focuses on identifying the ground cover for different 

species in the food forest system, based on the Braun-blanquet or Londo scale. This is an easy way to 

estimate the coverage of different species within the system and can demonstrate cover changes over 

time. The sampling design should take into account the heterogeneity of the food forests to create a 

good representation of the species present in the food forest. Moreover, the follow-up measurements 

should be taken from the same plot (locations) and the quadrant size must be kept constant in order 

to create an idea of the changes in the different vegetation layers.  

Species count and inventory – Animal functional diversity  It is recommended to use species 

inventories and counting systems to monitor animal functional diversity (e.g. process and health-

related indicator species) within the food forest systems. Focussing on a certain (functional) group of 

species (e.g. invertebrates, such as butterflies and moths; bees, wasps, and ants; beetles; and 

earthworms, birds and small mammals, and amphibians and reptiles) will provide an indication of the 

health and stage of the food forest. For EVG it is suggested to first focus on the earthworms, beetles, 

and pollinating species since they are more related to the essential nutrient and micro-climatic 

interactions in the early stages of the food forest systems. When the vegetation cover and structure 
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change it might be more useful to look into other functional species and interactions. The methods 

proposed here are cost efficient and easy to perform when the sampling design is strictly standardized. 

4.3.2. Constraints and challenges 

Quadrat method - Vegetation structure and composition The quadrant cover method with 

visual estimates as proposed here will record only large changes in vegetation cover and the 

heterogeneity of the food forest will limit the precision of cover estimates (Vittoz & Guisan 2007). Since 

the estimation of cover percentages is done by eye, there is a certain error in the method, especially 

when performed by different people. Constant pairs of observers, repeating the cover measurements 

over time would therefore be recommended to increase the reliability of the data (Vittoz & Guisan 

2007). Since this probably won’t be feasible for EVG, a strict design and sampling intensity of the 

vegetation measurements must be implemented. Note that this type of data gathering will not cover 

all the species present in the system. To create the most comprehensive understanding of different 

vegetation layers, the sample design that should be made using a random-stratified approach. This will 

provide a good indication of changes in cover but might be time consuming.  

In addition, this method will not provide a direct interpretation of the data since the data needs to be 

translated using the Shannon index for diversity. It might take some time to get familiar with the 

method and it is suggested to let someone perform the analysis who is confident and familiar with the 

analysis tool. 

Species count and inventory – Animal functional diversity Using functional groups as indicators 

for biodiversity does have some implications. The idea behind functional groups is that their diversity 

reflects the diversity for other taxa, but sometimes correlations between different taxonomic groups 

might not be found after data processing (Rainio & Niemelä 2003). This is due to differences in species 

distribution or ecological interactions and requirements within the system. This is why it should be 

considered carefully how species groups are monitored and how their distribution (e.g more uniformly 

or patchily) is within the system. It can be expected that species, which depend on the same ecological 

interactions (e.g. soil quality, litter layer, moisture), will be more likely to be correlated (Rainio & 

Niemelä 2003). When focussing on certain groups of species it is important to understand that it is 

impossible to monitor all species within the system. Besides, the species that will be trapped during 

the monitoring need to be identified and analysed which can be time consuming when the observer is 

not familiar with determining species on different levels (e.g. species, genus or family level). Also notice 

that local weather conditions, sampling intensity and habitat heterogeneity will all affect the results 

from the measurements and should therefore be carefully noted.  

4.3.3. Future development 

Quadrat method - Vegetation structure and composition This method can be performed for 

different locations, most preferably on a yearly basis, in the first five years of the food forest system 

development and thereafter every five years. Spring is the best season to identify the different species 

in the herb and shrub layers and is therefore recommended as the best timing to perform this 
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measurement. Note however that the results from this method cannot be compared with different 

systems since the vegetation structure and composition differ greatly between for example different 

agricultural systems. The results can be used to see the changes within one’s own (food forest) system 

and to measure the location-dependent changes over time. 

Species count and inventory – Animal functional diversity Species inventories and counting 

systems can be easily introduced in different systems. When comparing data it is important to use the 

same data analysis tool (here recommended to use: Shannon-Wiener Diversity Index). The methods 

are often easy to implement but require a basic background knowledge for species determination. 

 

4.4. Production 

4.4.1. Outcomes and opportunities 

Crop and harvest count - Edible Plant inventory and production Crop and harvest count are 

reliable and simple methods for monitoring production of community gardens and urban farms 

(Farming Concrete 2015). Thus, it is expected that the monitoring procedure will be effective in the 

food forest context as well, accounting for the habitat heterogeneity, land size, management and low 

budget of the system (Lohbeck, Annex A). There is no need of professional equipment for such 

methods, and having a background knowledge on monitoring is not a necessary asset to perform the 

monitoring.  Crop count allows to keep track of the potential productive plants in the food forest, and 

it can help in identifying whether management interventions are needed in the system. Harvest count 

is highly useful to trace the production development over time and to check for possible environmental 

gradients or zonations that may benefit or hamper some crops due to their location.  Both methods 

strengthen the community network and the communication approach with policy makers, making 

visible the functioning of the system as a provisioning and cultural service.  

4.4.2. Constraints and challenges 

Crop and harvest count - Edible Plant inventory and production A clear challenge to these 

methods is implementation of a consistently applied methodology for measuring and recording. 

Aspects that make this challenging are the diversity of personnel involved, the timespan required from 

establishment, the diversity of products shifting through the season, the relatively small harvests of 

some products and the continuous nature of some harvests, such as herbs. Additionally, the 

harvestability of some tree products varies according to equipment, labour availability, and the 

previous management of the trees (pruning), so the harvested produce could be quite different from 

actual production levels, perhaps even a small fraction in some cases. 

In order to achieve a successful community involvement, management schemes such as citizen science 

programs or other apps need to be developed. This may be difficult to implement at early stages of 

the food forest, but once it is settled it will facilitate and enhance the data collection process. Besides, 
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there is a need to keep up with a consistent data storage and management procedure in order to 

compare the production development over time and to identify the crop areas.  

4.4.3. Future development 

Crop and harvest count - Edible Plant inventory and production The implementation of crop 

and harvest count methods can be carried out in other food forests without further considerations. 

The only constraint might be the size of the land, as it may be highly time-consuming to develop a crop 

count every season in larger areas. Besides, attempts to involve the surrounding community should be 

done as early as possible. Raising awareness about the importance of their collaboration in data 

collection may facilitate the process. Finally, a clear management scheme should be in place to store 

and manage the collected data.  
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Food forests do not have a clear conceptualisation in the Netherlands and there is currently no policy 

that supports this agricultural system. Food forests focus on improving the quality of the local 

environments by providing sustainable practices in consumption and production. To create a 

recognised perspective, it is important that different social parties collaborate in society (e.g. citizens, 

NGO’s, companies). The Green Deal “food forest” is one such initiative where different stakeholders 

and interested parties come together to discuss and talk about the current state of these systems. As 

explained on their website, the Green Deal wants to improve laws and regulations in the domains of 

‘agriculture’ and ‘nature’, since some trees and shrubs, important for food forest systems, are often 

excluded from the laws on food production (Green Deal Voedselbossen 2017). This might make it 

difficult for food forest practitioners to strengthen their goals and practices, and to raise funds and 

support for their systems. The government can provide support to these national ideas, but it is 

important that there are collective goals and clear monitoring actions. Governments might learn and 

adapt through monitoring and evaluation of these initiatives for the benefit of future policy 

development and for reaching the national Sustainable Development Goals targets. 

Here we aim to provide a background on the opportunities and challenges of food forests in the 

Netherlands from a policy perspective. For the aim of this chapter different interviews were 

conducted. This chapter might provide EVG with the information on the policy perspectives on food 

forest systems and how policy makers see the integration of this concept in Dutch society.  

5. Policy 
 

Contents 
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5.1. Sustainable development goals 

The Sustainable Development Goals (SDGs) are the international reference points for sustainable 

development for all countries in the United Nations, focussing on environmental, social and economic 

aspects of human wellbeing (United Nations 2015). In 2015 the 17 SDGs were developed (with 169 

sub-targets) and used to create the long-term vision for the 2030 sustainability agenda of the 

Netherlands. The targets within the SDGs focus on the physical environment (41 targets) and on social 

and economic developments (128 targets). The Netherlands is obligated to promote effort in reaching 

some of these goals or targets (Lucas et al. 2016). Important for the success of these SDGs is how global 

goals are translated into national goals. Food forests might bring solutions to different layers within 

the social and ecological system by providing different services and opportunities to improve 

sustainable food production (Figure 4.1). 

 

 

 

Figure 4.1. This figure illustrates the intertwined relations, characteristic for socio-ecological systems (focussing on the 

physical environment and on social and economic developments). In addition, it shows how food forests can be linked to 

multiple targets from the SDGs. Adapted from: http://www.teebweb.org/sdg-agrifood/annex-1/. 
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5.2. Opportunities for Food forests in the 

Netherlands 

It seems that food forests are getting more recognised by the “early adopters” within Dutch society 

but that these people believe that food forests need to have values very close to natural systems. Food 

forest systems might have high natural values (e.g. high biodiversity, carbon sequestration, soil 

restoration), however the system is designed to provide for food. If the project design centres on a 

highly diverse natural food system, it will probably benefit high biodiversity levels in the system but 

will reverse the systems’ production capacity. While natural values in food forest systems might be 

common (because of the different layers and variety in species interactions), overall these systems are 

adopted by policy for having high social values. The opportunities for individual food forest systems 

strongly depend on the context, goals and design of the project (e.g. whether it is a production, 

recreation, urban, or biodiversity system), and it is therefore important to identify these individual 

goals in the broader context of society. 

Food forest might contribute to improving the quality of the physical environment, such as 

biodiversity, air, water and climate, or might have an indirect effect on the direct living environment, 

such as agriculture and sustainable food production. Not all SDGs targets are covered in current Dutch 

policy and food forestry might offer an opportunity to strengthen the sustainability goals in national 

and international policies (Figure 4.1). 

  

Social experiences 

From our conversations with the alderman of Nijmegen, the opportunities for Dutch food forest 

systems are currently within the social experiences. For decision makers in policy, community 

involvement is one of the most important strengths of these systems. It is also important that food 

forest systems are linked directly to the demands of the community or region to improve the 

willingness and awareness of society to collaborate. 

  

Sustainability education 

Food forest might play an important role in strengthening social engagement and awareness by 

providing opportunities for different layers in society to collaborate. There is currently no national goal 

in Dutch policy for education in sustainable development or in the creation of awareness around 

climate mitigation and adaptation. To ensure and promote lifelong learning opportunities and relevant 

information on sustainable development and awareness (SDGs target 4.7 and 12.8), food forest 

systems might play an important role. 
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Sustainable agriculture 

One of the aspects that food forests focus on are local food production without any input (e.g. 

fertilizers or pesticides) in the system, thus comprising a self-supporting system as far as possible. Since 

food forest systems are relatively young in the Netherlands, there is a lack of data to provide strong 

claims regarding the production efficiencies of these systems (see challenges). The difficulty that 

current practitioners face is with the conceptualisation of the food forest concept. While sustainable 

agriculture, production and consumption (SDGs targets 2.4 and 12.1) are key goals of food forest 

systems, the different designs of these systems are known to be highly diverse (e.g. orchard systems, 

strip cropping, forest garden systems).  

The real potential of food forest systems might rely on the most important group of agricultural 

producers in the Netherlands: the Dutch farmers, which often face struggles in reaching their own 

sustainable goals. Food forest systems tend to improve degraded soils and might help to overcome 

current struggles in conventional systems by providing knowledge and awareness in system dynamics. 

Important to realise is that food forest systems are highly diverse and almost impossible to manage in 

terms of productivity or to incorporate into conventional agricultural systems, making it impossible to 

compare these different food producing systems. Current Dutch farmers seem to be getting more and 

more involved in agroforestry systems, with more interests in soil interactions and biodiversity 

improvements in their own cultivation practices. It might be interesting to see how the food forest 

system concept might influence sustainable practices in conventional systems. 

Monitoring 

A good monitoring design might connect the different food forest systems in the Netherlands. This will 

help in elaborating the goals, expanding its knowledge and in proving its values. It is first important 

that it is clear which developments are monitored and for which goals. In, for example, the monitoring 

system of SDGs, the sustainable development of set goals needs to be understood to contribute to 

expanding awareness within society (Monitor Duuzaam Nederland 2017). Monitoring could support 

change in society and help to take urgent actions in the development of sustainable policies. Focusing 

more on food forests, there is still only little knowledge on the interactions of the system. Monitoring 

would help to enhance this knowledge but might not directly provide the data to compare it with other 

systems. A model that includes both biodiversity, the social and the production functions would 

therefore be considered as most valuable to compare different systems independently (e.g. 

Natuurpuntensysteem 2016 as proposed by San Giorgi, Annex B). 

It was further said that that monitoring on small scales (e.g. small fields of few hectares) is unlikely to 

create major changes in policy and that collaboration is therefore recommended. The alderman of 

Nijmegen suggested to focus more on productive food forests systems of at least 50 hectares. If food 

forest practitioners could create a diverse food producing system at a larger scale it might be easier to 

compare the results from monitoring (from food production but also soil quality and biodiversity 

improvements) with other kinds of agricultural systems.  
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5.3. Challenges for Food forests in the 

Netherlands 
Policy Food Forests 

The biggest challenge is that there is no solid, national conceptualisation of food forest systems in 

Dutch policy. The importance of a long-term policy plan resides in the fact that it takes time for food 

forests to develop and stabilize. Often this long-term vision is absent, because often people only care 

for the direct results. While there is attention to green areas in urban space, there is no policy for food 

forest systems. In Nijmegen for example, there is the “Nijmeegse groennorm” which states that there 

needs to be green areas within every 300 m from every house. This stresses the most important 

component in provincial policy and governments: its citizens. It is easier to implement new policies 

when citizens are willing to collaborate with the project and it is therefore important to stress the 

social values of the food forest systems. 

Expanding food forest systems as land use system 

It is often perceived as difficult to expand food forest systems because of the Dutch zoning plan (In 

Dutch: Bestemmingsplan). Within this plan, all land in the Netherlands are given a land use purpose, 

but ‘food forest’ is not among them. However, there are municipalities (e.g. Oostwaard) where food 

forests have been added as system to their zoning policy. The importance with local management is 

that we have to come up with a system and definition that is in-agreement with the ideas from 

different layers within this system (e.g. municipal government, provincial government, and the 

national government). 

The European Agroforestry Federation (EURAF) does policy analyses to identify and understand the 

successes and constraints linked to the adoption of agroforestry across Europe (EURAF 2017). The 

AGFORWARD research project (funded by the European Commission) is promoting agroforestry 

practices in Europe (AGFORWARD 2017). It is important to understand their findings and possibilities 

within policy since this might assist in finding solutions for the struggles food forest face with regard 

to policy. Their first steps were to classify agroforestry systems to five main farming sectors (i.e. 

silvopasture; hedgerows, windbreaks and riparian buffer strips; silvoarable; forest farming; 

Homegardens). While these categorisations makes it easier for farmers to adopt certain sustainable 

strategies it was suggested for policy to frame considerations in agroforestry in terms of practices and 

land use designation (AGFORWARD 2017). 

So even though it might be perceived as difficult to expand food forests as a land use system in the 

Netherlands, there are already examples in the Netherlands (and abroad) that show the possibilities. 

Important is to learn the lessons from these agreements and see how these might lead to a nation-

wide conceptualisation. 
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Success stories are needed 

From local governments, food forests are now seen as “an exciting adventure” with high social 

expectations. Policy stresses the importance of ‘success stories’ to prove the potential of food forests 

in connecting different layers in society. They want to see how ‘green areas’ can be used to connect 

different social activities, such as education and outdoor activities.  

  

Few people interested in monitoring 

While the Green Deals and food forest practitioners might find it interesting to see how food forests 

develop over time, using data from monitoring activities, this might also be one of the challenges 

within these systems. It is said that it is difficult to reach people and to motivate them in the monitoring 

of these systems. Since food forest systems now mainly depend on volunteers (e.g. EcoVredeGaard) 

for their monitoring, it might not be feasible to monitor a food forest over the long-term. This also 

stresses the importance for a strict monitoring design for the system. It is expected that people will 

become more interested when the importance of these systems is more clear and apparent; however, 

popularity and acceptance still resides within the experience. Therefore it might be difficult to keep 

people motivated in monitoring the system (see also Chapter 6 social aspects). 

5.4 Further considerations   

The food forest of EcoVredeGaard is a good example of a system where both physical and social values 

are combined. This multi-purpose system fulfils different roles in Dutch society and might be of great 

importance in meeting different SDGs targets. However, there are still steps that need to be considered 

and undertaken in order to express its full potential. 

Following the opportunities and challenges regarding food forests in the Netherlands, the following 

points need to be (re)considered for EVG:  

● Concept and goal development  

● Land use issues  

● Citizen Science  

● Evidence and success stories 

● Collaboration 

  

Concept and goal development 

As already expressed before, it is first important to name the main goal of the EVG food forest and to 

understand the societal context (see chapter 6 Social effects). This will strengthen the quality of the 

concept and will make it easier for external people to understand the reasons for monitoring. 

  

Land use issue 

Park Lingezegen was originally initiated by the Gelderland province. The land is divided between the 

municipalities Overbetuwe and Lingerwaard, but is managed by four different governments 
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(Nijmegen, Arnhem, Overbetuwe and Lingerwaard). There is some insecurity on the future 

development of the park and on how long the food forest systems will remain. It might be good to 

discuss this issue with multiple governments to make sure the food forests can develop to its full 

potential. 

  

Citizen sciences 

See Chapter 6 Social effects for the recommendations on using Citizen sciences. 

  

Evidence and success stories 

Monitoring the food forest of EVG might help in elaborating the concept and goals. It is important that 

monitoring is done on a regular basis with standardized methods. To enhance our understanding on 

food forest systems in the Netherlands, it would be best if monitoring data from different systems 

could be gathered. 

  

Collaboration 

For the purpose of making a good conceptualisation in policy, different food forest systems need to 

collaborate. Monitoring data need to be gathered and analysed with respect to the different contexts 

and goals of every system. 

EcoVredeGaard fulfils an important role for different surrounding municipalities since it produces and 

distributes food for people that need it within their own network in the region of Arnhem - Nijmegen. 

Besides, EVG combines social and natural entrepreneurship, initiating new ways of working towards 

different interactions between land, nature and society: stressing the importance of future education 

in sustainable system development. While EVG is mainly socially-oriented, other food forest systems 

in Park Lingezegen fulfil different roles, such as a greater focus on food production. When facing 

difficulties with policy and funding it might be valuable to collaborate together.  
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In this report so far, we have limited ourselves to describing a method that accounts for the effects of 

a food forest on supporting and regulating ecosystem services. A focus on ecosystem services already 

tacitly acknowledges our integration with natural systems, but in this chapter we go further and 

attempt to shine light on some of the direct ways in which food forests may impact humans and 

communities. Community-oriented goals underpin the work at EVG and cannot ultimately be ignored 

in a holistic assessment of effects. This has been identified as a key area of interest to policy makers 

(see Chapter 5 Policy) and may also be of interest to social innovators. 

We aim to outline some of the potential social aspects, and to acknowledge their importance when 

evaluating a food forest system. In laying out and structuring these aspects, we hope to help pave the 

way for a broader, more holistic research agenda in which EVG could participate.  

6. Social Aspects 
 

Contents 
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6.1 The challenge to include social and economic 

parameters 

Farm economics and focus on short-term effects have shaped our food production and led to a 

generally damaging and vulnerable agricultural system, with limited value to society beyond food 

provisioning. Other approaches such as the organic agriculture movement have not been highly 

successful in redefining society’s position in relation to nature and, indeed, organic agriculture has 

largely become an industrial system governed by the same economic logic. Likewise, sustainability 

approaches generally aim to fix inefficiencies in systems or to minimise degradation without a 

fundamental appraisal of the whole model (Reed 2007). Community food forestry, such as that of EVG 

is a clear example of a land-use option under experimentation whose intended value goes well beyond 

short-term economic goals and sits instead between ecosystem services/restoration, food provisioning 

and security, and social benefits. The ‘economy’ of community food forestry has to be understood 

differently, perhaps as a complex and evolving interaction between the ecosystem’s health (including 

production and provision of other services), communities’ labour and well-being, and individual 

people’s health and perceptions. In this sense, it goes well beyond the dominant guiding logic, and 

comparability of food forestry to conventional agricultural systems is therefore problematic. This is an 

important practical issue, since a key goal of EVG is to raise awareness of viable alternatives: however, 

if evaluated from a purely short-term economic/production perspective, community food forests 

would most likely compare badly with agricultural systems and not appear viable. As a result, a major 

portion of food forests’ real value would go unacknowledged, because this lies in other non-economic 

domains. 

 

6.2 Holistic accounting and communication challenges  

Food systems must increasingly be evaluated in light of the whole benefit/cost of the food produced: 

agricultural systems can aid or harm human and social well-being and cultural traditions, and there is 

a movement toward accounting for these effects (e.g. TEEB 2015). The inclusion of ‘cultural and social 

flows’ inside of our accounting and evaluation approaches can be extended to the food forest system 

in order to capture something closer to the true value (TEEB 2015). However, while these can be 

qualitatively described and assessed, finding ways to articulate these is a real challenge, since value 

has mainly been tied to economic value and labour efficiency. Efforts to value ecosystem services in 

financial (monetary) terms attempt to respond to this difficulty by accounting for and clearly 

articulating the full value. These efforts have been controversial, however, largely because of unease 

with the idea that complex natural processes could ever be represented by a simple number based on 

the global financial system. There is therefore an urgent need for a holistic framework for accounting 

and comparison that can capture the range of costs and benefits of a land-use system. In the following 

section we introduce some of the social aspects that may belong inside such an accounting system. 
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6.3 Social Aspects 

Aspects related to the physical food forest  

● Food forests may provide a broad range of foods, mostly as dietary supplements rather than 

calorific staples, and therefore may provide a strong diversity of nutrients. 

 

● Along with other community food projects, food forests may help provide food security among 

disadvantaged social groups (Carney et al. 2011). 

 

● The ties between humans and environment are being increasingly understood, along with the 

consequences of alienation from natural environments. Direct interaction with nature has 

been scientifically proven to increase human health by affecting the human physiological 

system. For example, the role of environmental exposure is important to the composition of 

the human microbiome, which is now understood to play a key role in health (Cho & Blaser 

2012; Young 2017); modernization and ‘westernization’ processes (e.g. urbanization, indoor 

lifestyles) must increasingly be considered from this perspective. Food forests could play a role 

in managing these health concerns, since they represent a diverse, nature-mimicking 

environment. Research also largely validates the intuitive idea of nature being good for 

children and their development in a range of ways (Taylor & Kuo 2006). Additionally, contact 

with nature has been linked to a sense of purpose and stress relief (RMNO 2004). 

 

Aspects related to the activities of a community food forest 

● Research into community gardens provides a useful indication of some of the effects of 

involvement with a community food forest. For example, the experience of community 

gardening has been highlighted as a focal point for community psychology (Okvat & Zautra 

2011), and may provide: 

 

○ A site and motivation for gentle exercise. 

 

○ A direct experience of nature and food, strongly contrasting alienation effects in most 

modern food systems, and promoting “interpersonal processes and social 

relationships that are supportive of positive health-related behaviours and overall 

health” (Hale et al. 2011). 

 

○ Provision of social space and people to interact with. 

 

○ Educational experiences for children and adults through engagement in practical 

activities and observation, as well as knowledge sharing. 
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Demonstration of alternatives 

● Food forests may have strong potential as a model to demonstrate alternatives and a different 

vision of humans and nature, and their interconnections and flows. 

 

● Creation and demonstration of alternatives may play a role in shifting awareness and 

perception in farmers, which are in some cases currently inflexible and unaccepting regarding 

agroforestry land uses (Postma 2005). This has been explained in relation to a range of factors, 

including: lack of research or demonstration; cultural issues related to perceptions of an ideal 

landscape; local and national policy issues regarding agroforestry; lack of arboricultural 

knowledge and skills among farmers; and financial issues related to the investment costs. For 

a full discussion, see Postma (2005). Demonstration of alternatives directly addresses the first 

two issues, and may indirectly influence the following three. 

 

Science and society relations 

Food forestry is in its infancy in the temperate zone, and very much so in the Netherlands. For its 

development, communication and engagement across traditional boundaries such as science and 

practitioners will be important. This brings with it opportunities to bridge knowledge and application, 

science and practitioners (Nassauer & Opdam, 2008), as demonstrated already by EVG’s engagements. 

In this sense, it could contribute to a transformation of the relation of science to society, representing 

an opportunity for researchers to go beyond the naïve top-down model of ‘technology transfer’ toward 

a role as collaborators in another model of knowledge creation and implementation. As part of this 

new model, scientists could treat the multitude of practitioner-driven solutions as a resource, and take 

the discovery and evaluation of these ideas and solutions as a primary stage in research activities (e.g. 

Sherwood et al., 2016). The development and application of these ideas could thereafter be the result 

of scientist-practitioner collaboration. 

 

A further - already existing - approach to bridging science and society is citizen science, which 

encourages community engagement with scientific reserch. This approach tends to encourage citizens 

to participate in an established research program, and has ever-increasing opportunities with 

advancing technologies (e.g. the European GROW project on soil monitoring: 

https://growobservatory.org). Citizen science is indeed a necessary implication of production 

monitoring studies in open access, free-harvest areas such as EVG. Finding suitable systems to engage 

and motivate periphery actors such as occasional visitors will be a challenge in this case, and could 

perhaps benefit from citizen science approaches. 
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Who may be particularly interested in the social aspects of  

community food forests? 

To cover also the provisioning and cultural ecosystem services that a food forest provides, it can be 

interesting to integrate social research as well. We identify two parties that may be particularly 

interested in integration of social research into community food forestry: 

 

● Firstly, policy makers for which the main value of food forests may be in reducing burdens and 

costs of unhappy, unhealthy, disconnected people. This was indicated in our policy research 

and covered more fully in the policy chapter.  

● Secondly, social visionaries and change agents seeking alternative paths, who may find in food 

forests a means of introducing a new paradigm. 

 

6.4 Further considerations 

The spectrum of likely effects in projects such as EVG cannot currently be articulated in a way that 

allows for comparison with other land-use systems such as conventional agriculture. Importance has 

been given to accounting for non-economic flows in existing approaches to agriculture, such as TEEB 

(2015); yet continued work is required to find acceptable ways to account for and articulate non-

material flows, which make up a strong part of our experiences. 

 

Based on the above, we recommend the incorporation of social aspects into research on the effects of 

food forestry. This could fall under two broad categories:  

 

A first objective may be to understand and be able to communicate the effects of community-oriented 

food forests beyond the environmental aspects covered in this report. Ideally, the ultimate idea would 

be to integrate all relevant environmental and social (material and non-material) flows to get an idea 

of whole system value and functioning, and to apply this approach to other systems for comparison. 

This could involve research into the following aspects: 

 

● Work on a holistic framework or index for communicating whole value 

● Nutritional diversity in temperate food forests 

● Contribution to food and nutritional security  

● Health effects based on nutritional diversity, activities undertaken, and time spent in natural 

spaces 

● Educational effects 

● Social and relational effects 

 

A second category could contribute to research in transition studies, with a focus on change dynamics 

related to models of communication and collaboration between different social actors, such as 

scientists, social innovators and the public. 
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Ultimately, we caution that it will be incredibly challenging to account for this complex range of 

interacting effects, and that while it is very reasonable to expect community-based food forests to 

perform extremely well in a social evaluation, very careful research design will be important in order 

to generate useful and valid results. A major part of the challenge lies in avoiding reductionist 

approaches, or in finding adequate ways to integrate reductionist research into a broader, 

comprehensive and representative whole. 
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During our research for EVG we came across different opportunities that could be considered after this 

ACT project. Since the concept of a food forest is very diverse and broad it is impossible to cover the 

whole system in one project. In this chapter we provide EVG with recommendations for further 

research. We also provide recommendations about the execution of the measurements in the future, 

about data collection and the potential of the long-term monitoring study.  

Data collection  

In the manual that is provided with this report, methods are described to measure different 

parameters, as discussed in this report. Within this method we provide a measurement plan, which 

indicates when measurements should be taken. In addition, advice is provided on which kind of 

sampling design to follow. For a correct execution of food forest monitoring, we recommend EVG to 

follow the procedures as recommended in the manual. These procedures are based on scientific 

literature and expert consultation.  

 

For the collection of the data, a database can be set up. This can be done for EVG alone, but also for 

data collection from other parties. This latter will allow for easy communication between the different 

parties in the food forest community and will be worked on in the Green Deal.  

 

Future Food Forest projects 

The aim of EVG and Syne Fonk is to increase the amount of food forests in the Netherlands. A 

monitoring study for the current food forest has been designed, which can also be implemented in 

7. Recommendations 
 

Contents 
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new locations. This monitoring plan can help to substantiate the positive effects of a food forest on 

the regulating and supporting ecosystem services. The aim is that this data should help to inform 

others (farmers, policy makers, citizens) about the concept of food forests and its potential. In order 

to compile a good database it is important to start monitoring from the start of the project. This means 

that soil samples have to be taken and analysed before any land is disturbed before redesigning it to a 

food forest. Samples also have to be taken and analysed after the disturbance, before planting the 

vegetation. The reason for this is that soil properties and biodiversity can be influenced by soil 

disturbances. As a result of disturbances by heavy machinery, the soil can be compacted (Gasso et al. 

2013). Also, disturbance of the soil profile can have a significant impact, which can be even bigger than 

the effect of compaction (Williamson & Neilsen, 2003). Disturbance can also cause a change in 

biodiversity. As a result of disturbance many micro-organisms will die in a short period of time. A side 

effect of this is that the breakdown of these organisms results in the release of nutrients, which will 

become available for the survivors from other niches (Choi et al. 2017). These changes in soil properties 

have to also be monitored to understand the impact of the disturbance. What has to be monitored in 

the stage before planting vegetation is soil organic matter and carbon, earthworms, beetles, bulk 

density, pH and infiltration rate. After completing these measurements, the planting of vegetation can 

start and the monitoring plan as described in our manual can be followed. The samples that have been 

taken before the planting act as references.  

 

Besides these reference samples, measurements may also be taken from a neighbouring field 

throughout the whole project. This can be used as comparison material and is relevant advice not only 

for new project plots but also for the current location of EVG.   

 

The long term effect 

It is expected that food forests will have high plant and crop production with positive effects on the 

environment, and will provide a number of ecosystem services (carbon sequestration, soil enrichment, 

biodiversity). For monitoring long-term effects, it is recommended to expand the land area of food 

forest from 1 hectare to 50 hectares with different species of crops, which could reduce risks such as 

damage from insects or diseases. As a result, there would be a buffer if some crops die, as there would 

be other crops producing yield. We also suggest incorporating livestock into the food forest: the trees 

in the food forest can provide livestock with shade and shelter, and could be helpful for reducing 

animal energy requirement, which in turn reduces feed costs and increases feed conversion rates and 

output (Business Wales, 2017). Another positive effect of monitoring a bigger plot is also discussed in 

Chapter 5 - Policy, where it is explained that a bigger plot has a higher potential to be compared with 

conventional agriculture.  

 

Further research  

The work that we have done for EVG is just the start of a long-term monitoring plan. Besides monitoring 

the parameters, we also propose other research to improve the public perception of food forestry. 

There are certain actions that EVG could consider in the following years, which will be discussed here.  

 

https://businesswales.gov.wales/farmingconnect/posts/benefits-hedgerows-and-trees-agriculture
https://businesswales.gov.wales/farmingconnect/posts/benefits-hedgerows-and-trees-agriculture
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During this project we have mainly focussed on the regulating and supporting ecosystem services, as 

this is where the expertise of this ACT group is. To get a more complete picture of the ecosystem 

services that a food forest provides, EVG could consider proposing a new ACT project that can focus 

on the provisioning and cultural services that a food forest provides, which is also discussed in more 

detail in chapter 6.4. As mentioned in chapter 5, food forests are currently adopted primarily for their 

high social value and educational purposes. Having a monitoring design for these social aspects could 

help to enlarge the understanding of the social and cultural - and thus the total - value of the food 

forest concept for society. Aspects such as the effect of a food forest on labour, entrepreneurship and 

innovation can be covered by these socially focused subjects.   

 

Another option could be to engage another ACT group to carry out the measurements. Students with 

the appropriate expertise often have experience with the methods proposed in this report and should 

be able to perform them based on the manual. This provides an opportunity to consult EVG about the 

methods proposed in this report by testing them, and volunteers could be taught the methods at the 

same time. There might also be some constraints to this, however. The students have to travel to the 

site regularly, which will increase the costs. Also an ACT project only takes eight weeks. Within these 

eight weeks students would have to perform all the measurements, but some measurements have to 

be taken in the winter whereas others have to be taken during summer time. Therefore, not all 

measurements can be taken during one ACT project unless the time schedule is compromised. A 

further consideration is what the students can do with the data, since there is no data yet to compare 

it with. It is however possible to compare it to the agricultural field next door or with the baselines 

provided in this report. An advantage of this approach for EVG is that students might have access to 

WUR labs for a reduced price. As a result, ovens in the soil lab could be used and no oven has to be 

purchased to measure SOM, SOC or bulk density. However, for the long-term monitoring this does not 

provide a solution, unless EVG is able to find an ACT group every year. A WUR student could also be 

employed to perform his or her internship based on this report and the manual. As an intern there is 

more time and it increases the scope to perform all the measurements that are needed in one year. 

An intern could also consider taking the measurements at another food forest location in order to 

compare the data. However, again, this is not a long term solution unless there are possibilities to find 

a new intern every year.  

 

A final option for involving student would be to collaborate with either Wageningen University or Van 

Hall Larenstein. In Wageningen there are several courses in which agroforestry plays a major role; for 

example FEM-22803, coordinated by Madelon Lohbeck, or FSE-50306, coordinated by Kees van Veluw. 

People from Van Hall Larenstein are interested in integrating monitoring into their agroforestry-related 

courses. This option also involves the constraints of of a single, rigid timeframe for performing 

measurements. An advantage, however, is that if the monitoring is included in a course it would result 

in regular yearly measurements, as courses normally take place once a year. To cover the whole 

concept of a food forest, coordinators of more social-oriented courses could be approached to 

implement a social monitoring study for food forests in their courses.  
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General findings 

We found that the best way to evaluate the environmental impact of food forests is by quantifying its 

ecosystem services, mainly the supporting services and regulating services. There are four indicators 

that can be measured to represent the status of the services, namely biodiversity, carbon 

sequestration, soil quality and water quantity and quality. Food production is an additional aspect that 

is covered in this report that relates to provisioning services. 

 

Indicators and methods 

 

Carbon sequestration   

Carbon sequestration is part of global climate change mitigation as a regulating ecosystem service. It 

refers to the amount of carbon stored both above- and belowground, mainly in biomass and soil 

components. We propose to measure both aboveground carbon stored in trees, via the stem wood 

biomass method, and belowground carbon stored in the soil, via the loss on ignition method.  

 

Soil enrichment 

Soil enrichment is one of the supporting services in the food forest system. It can be measured from 

its physical, chemical and biological aspects. We propose bulk density, pH and soil infiltration rate as 

8. Conclusion 
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indicators for soil enrichment assessment via the oven dry method, pH pocket meter and the single 

ring infiltrometer method, respectively.  

 

Biodiversity 

Biodiversity is an indicator for both supporting and regulating services due to its role in nutrient cycling, 

soil formation, pollination and population dynamics. It can be monitored by measuring the diversity of 

plants and animals. Plant diversity can be monitored via the quadrat method including three general 

vegetation layers (trees, shrubs and ground vegetation). We propose to measure animal functional 

diversity, using bees as an indicator pollinator species aboveground, beetles for ground level and 

earthworms for belowground level.   

 

Water quantity and quality 

Food forests play a role as a buffer system for water quality. Water quantity is related to soil water 

retention and infiltration. Water quality could be quantified by analysing the water samples. However, 

direct measurements deal with several sampling difficulties in the food forest context. Therefore, 

indirect measurements are suggested which rely on interactions with other systems, such as soil 

infiltration rate and amphibian diversity.   

 

Production 

Food production is a provisioning service of food forests. It is highly challenging to compare the current 

production status of food forests with conventional agriculture. However, we can still monitor the 

production of the system by crop counting and weighing harvested products. Having a record over 

time can be a helpful indication of how the food production of the system is developing. 

 

 

Policy and social aspect 

Several challenges and opportunities arise while implementing a monitoring program for food forests. 

Managers, especially in EcoVredeGaard, need to give considerable attention and further develop 

several aspects of their communication approaches with policy makers, namely: the goal of the food 

forest, land use issues, data-evidence provision, collaboration with other stakeholders and 

involvement of citizen science schemes. Regarding the social aspect, collaboration, communication 

and involvement with broader communities (general public, scientists, practitioners) in food forest 

projects bring opportunities to strengthen the link in our current systems’ understanding and the 

implementation of food forests in the Netherlands. In return, it could help to transform the social 

perception on the whole value and function of food forest systems through innovative thinking.  
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Annex A. Expert interviews 
Dr. ir. Dirk van Apeldoorn - is researcher at Wageningen University in the chair group Farming System 

Ecology. His main expertise is in agricultural systems and agroecosystems. Dirk was consulted via email 

to inform about beetle measurement methods. He provided us with background literature to the 

subject and helpful informations on the execution of measurements. 

 

Prof. dr. ir. Jan Willem van Groenigen - is researcher at Wageningen University in the chair group Soil 

Quality. His field of expertise is in soil biology, the nitrogen cycle, earthworms, soil biodiversity and soil 

carbon sequestration. Jan Willem shared with us his knowledge on earthworms and how to measure 

them. Also he gave us advice about the wet sieve method to measure aggregate stability.  

 

Ir. Kees van Veluw - is lecturer at Wageningen University and consultant at the Louis Bolk institute. His 

expertise is in organic farming and animal production. For the ACT project Kees was our academic 

advisor. We have consulted Kees twice, first about our first set up of this project and later. During the 

second interview he informed us about the parameters that could be included and how to tackle 

certain questions about interactions between and in the systems.  

 

Prof. dr. Lijbert Brussaard - is a retired researcher from Wageningen University, who worked in at the 

chair group of Soil Quality. His main expertise is in soil biology, biodiversity and soil quality. Lijbert was 

consulted via email and gave advice about the best parameters to represent a food forest.  

 

Annexes 
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Dr. Madelon Lohbeck - is researcher at Wageningen University in the chair group Forest Ecology and 

Forest Management. Her expertise is in biodiversity and forest ecology. She also coordinates the WUR 

course Agroforestry. Madelon advised on monitoring study in general and on the subdivision in four 

system components. Madelon also advised us about the sampling design and about the water quality 

system and how that relates to the whole (ground) water network.  

 

Dr. ir. Marcel Hoosbeek - is researcher at Wageningen University in the chair group Soil Quality. His 

field of expertise is in biogeochemistry, the carbon cycle, soil carbon sequestration and soil science. 

With this background Marcel was able to provide us answers regarding questions that we had for 

different methods to measure C sequestration and soil enrichment. Also he shared with us sources for 

baselines and ideas for the soil sampling. Marcel also has a lot of knowledge on nutrient availability 

and cycling and gave us advice on how to tackle that component in a food forest.  

 

Prof. dr. Rachel Creamer - is researcher at Wageningen University and chair of the chair group Soil 

Quality (Biology). Her expertise is in soil biological indicator assessment and soil classification. Rachel 

was consulted via email with questions regarding soil enrichment indicators and suitable methods, and 

the application of NIR spectroscopy.  

 

Annex B. Policy interviews 
Bastiaan Seynaeve – is project leader management of Park Lingezegen and responsible for the 

maintenance and regular evaluations. A few years ago he was involved in the development of the 

different food forest systems in the park. With his background he provided us with more detail in the 

management and governments involved in the management of Park Lingezegen and food forest 

EcoVredeGaard. He shared with us his ideas and concerns on the future development of the park, and 

the need of ‘success stories’ to convince policy and decision-makers. 

 

Green Deal Food Forest - is signed by 20 participating parties who are willing to commit to food forests 

in the Netherlands. Jeroen Kruit, puller of the Research Agenda of this Green Deal, organised the first 

meeting in which we had the opportunity to be present. With a gathering of ±15 people we 

brainstormed about food forests as a system, monitoring food forests and the revenue model of food 

forests in the Netherlands.   

 

Harriët Tiemens – is seated in the board of Park Lingezegen and is alderman of Nijmegen: where she 

is, among others, responsible for finances and sustainability. She talked about the practical and social 

qualities of food forests and her vision for the future success of these systems in the Netherlands. 

 

Xavier San Giorgi – is co-founder of Food Forestry Development. Through consults, training, design 

and implementation he promotes and encourages the development of sustainable food production 

systems. He has a wide experience with setting up food forest systems in different municipalities and 

with different local governments in the Netherlands and shared with us his opinion with regard to the 

current state and policy of food forests and the need in good monitoring designs. 
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Annex C. Criteria for methods 

 

Table 1. Criteria used for identifying the level of difficulty, accuracy of measurement, equipment required, time and 

repeatability of different methods for monitoring ecosystem services in a food forest.  

Criteria Code Explanation 

Costs 
  
  
  

€ 0-10 euros 

€€ 10-80 euros 

€€€ 80-200 euros 

€€€€ 200+ euros 

Level of difficulty 
  
  

Easy Everybody can perform the measurement 

Intermediate People with background knowledge can perform the measurement 

Hard Only appropriately trained people can perform the measurement 

Accuracy of 
measurement 

Indication Qualitative, provides an indication of the state, such as size and color 

Estimated number Quantitative, provides an estimated number somehow reliable 

Accurate number Quantitative, provides an accurate number for data analysis 

Equipment 
  
  

Not needed No equipment needed 

Easy to get It can be bought in the average market 

Hard to get It has to be ordered from a special company 

Time 
  
  

Takes little time Multiple measurements can be performed in 1 day 

Takes medium time 1 measurement per day 

Time consuming A measurement takes multiple days 

Repeatability 
  
  

Easy to repeat Provides good replicates over time, yearly base 

Repeatable Provides intermediate replicates over time, yearly base 

Hard to repeat Hard to get reliable replicates over time, yearly base 
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Annex D. Sampling considerations for bulk 

density 
 

In general, stratified sampling may allow for a finer analysis of the effects of land-use type, since the 

food forest is not uniform and is zoned, and is likely to display variability between zones. Samples 

should be taken in Spring/Autumn, since soils are most likely to be at suitable moisture levels for 

sampling. Sampling every two years should be sufficient since bulk density changes relatively slowly 

(Hoosbeek, Annex A). 

 

Four samples per ‘field treatment’ at each sampling depth (i.e. four samples per stratified zone 

according to the sampling plan) has been deemed sufficient to estimate the mean density to within 

10% of true values, 95% of the time for uniform soil types due to the fairly low spatial variability of 

bulk density (Hao et al. 2008). However, the variation of vegetation type in the food forest will be 

extremely high, and may necessitate more than four samples per zone to adequately capture the 

mean. 

 

Another approach could be composite sampling, which involves taking a number of samples and mixing 

them to create a composite sample that should represent an average condition. Under composite 

sampling, 8 samples could be taken and bulked (Arshad, Lowery and Grossman 1996). These samples 

could be taken according to stratified or a systematic sampling plan (i.e. for each distinct zone, or 

across the whole site). However, mixing samples must be done thoroughly and is generally considered 

more suitable for laboratory conditions (Bélanger & van Rees 2008). For this reason, we recommend 

caution if using this this approach, despite the fact that it could save time. Another disadvantage of 

composite sampling is that it will give less information about variability. 

 

Where to sample 

Samples should be taken from the mineral soil, which involves removing the organic layer: zero depth 

measurement corresponds to the top of the mineral soil with any organic layer removed (Stolbovoy et 

al., 2007). In clay soil such as EVG, earthworm bioturbation will likely mix the organic layer with the 

mineral soil, and finding the mineral soil should not be a problem for volunteers or interns (Hoosbeek, 

Annex A); moreover, in EVG as a nascent forestry system the litter fall is likely to be negligible for the 

coming years. However, in some soils it can be difficult to differentiate between organic and mineral 

horizons based only on colour and feel. In this case, it is possible to do a loss on ignition test (see carbon 

sequestration methods), since LOI of 30% or more indicates that the sample is from the organic layer, 

while LOI of less than 30% indicates the mineral soil. We recommend sampling at three depths: 0cm, 

15cm and 40cm (Hoosbeek, Annex A). The workload and time required increases considerably with 

each deeper sampling, but it will give a better idea of the effects of the food forest. Each sample must 

be taken directly below the higher sample, so sampling must proceed in the order given, and care 

taken to ensure that excavation and sampling does not cause compaction of the sample being taken 

or deeper soil depths yet to be excavated and sampled (Stolbovoy et al. 2007).  
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Annex E. Water quality - Pond System 
Table 1. Comparison of possible indicators and methods to monitor pond water quality and quantity in a Food Forest. Criteria 

used for identifying the level of difficulty, accuracy of measurement, needed equipment, time and repeatability are stated in 

Annex C.  

Indicator  Method Unit Costs Level of 
difficulty 

Accuracy of 
measurement 

Needed 
equipment 

Time Repeatability 

Turbidity Turbidity 
meter 

NTU €€€ Easy Accurate 
number 

Easy - hard to 
get 
 

Takes little 
time 

Easy to repeat  

Turbidity-
transparency- 
apparent 
color 

 Secchi disk m  €  Easy Indicating and 
Estimated 
number  

Easy to get  Takes little 
time 

 Easy to repeat 

True color Platinum - 
Cobalt Scale 
using the 
Spectrophoto
meter LAB 

Mg 
(Pt/Co) 

 €€€  Hard Accurate 
number 

Hard to get  Takes 
medium 
time 

  Easy to repeat 

Temperature Thermometer
Oxygenmeter 
pH meter 

Cº  € -€€€  Easy Accurate 
number 

Easy -hard to 
get  

 Takes little 
time 

  Easy to repeat 

Oxygen 
concentration 

Oxygen 
meter 

mg/l €€€ Easy Accurate 
number 

Hard to get Takes little 
time 

 Easy to repeat 

 Winkler test 
LAB 

mg/l €€€ Hard 
 

Accurate 
number 

Hard to get 
 

Time 
consuming 
 

 Easy to repeat 
 

 HI3810 
Dissolved 
Oxygen 
Chemical Test 
Kit 

mg/l €€ Intermediate Accurate 
number 
 

Hard to get 
 

Takes 
medium 
time 

Easy to repeat 

pH pH meter - €€€ Easy Accurate 
number 

Hard to get Takes little 
time 

 Easy to repeat 

 Color 
indicators 

- € Easy Estimated 
number 

Easy to get Takes little 
time 

 Easy to repeat 

Alkalinity HI3811 
Alkalinity 
Chemical test 
kit 
via titration 

mg\L 
CaCO3 

€€ Intermediate Accurate 
number 

Hard to get Takes 
medium 
time 

 Easy to repeat 

Hardness Color 
indicators 

- € Easy Estimated 
number 

Easy to get Takes little 
time 

 Easy to repeat 

 HI38033 
Total 
Hardness Test 
Kit 
Via Edta 
titration 
 

mg/l  
ppm 

€€ Intermediate  Accurate 
number 

Hard to get Takes 
medium 
time 

 Easy to repeat 

Conductivity Conductivity 
meter 

µS/cm €€ Easy Accurate 
number 

Hard to get Takes little 
time 

 Easy to repeat 

Nitrate Total N, 
standard, 
419A LAB 

mg/l €€€ Hard Accurate 
number 

Hard to get Time 
consuming 

 Easy to repeat 

 HI3874 
Nitrate 
Chemical test 
kit  

mg/l €€ Intermediate Accurate 
number 

Hard to get Takes 
medium 
time 

 Easy to repeat 

Phosphate total-P and 
PO4’P 
method SIS 
02812 LAB 

mg/l €€€ Hard Accurate 
number 

Hard to get Time 
consuming 

 Easy to repeat 
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 HI3833 
Phosphate 
Chemical Test 
Kit 

mg/l €€ Intermediate Accurate 
number 

Hard to get Takes 
medium 
time 

 Easy to repeat 

Macrophyte 
zonation and 
depth 
distribution 

Transects. 
Cover and 
species 
diversity 

% 
 
count 

€ Easy Estimated 
number 

Easy to get  Takes 
medium 
time 

 Easy to repeat 

Shore plant 
inventory 

Transects % 
count 

€ Easy Estimated 
number 

Easy to get Takes 
medium 
time 

 Easy to repeat 

Quantitative 
shoreline 
benthic fauna 

Kick net 
method 

count/
m2 

€ Easy Estimated 
number 

Easy to get Takes 
medium 
time 

 Easy to repeat 

Quantitative 
shoreline 
macro-
invertebrate 
samples 

Inventory count € Easy Estimated 
number 

Not 
necessary 

Takes 
medium 
time 

 Easy to repeat 

 

 

 

 


