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SUMMARY

The sustainability of agricultural, forest and natural soils in rural areas 

of the Netherlands is in jeopardy. Despite the unambiguous regulatory 

and policy framework on sustainable soils provided by national and 

international policies and guidelines, soils suffer from acidification, 

eutrophication, desiccation, compaction and heightened vulnerability. This 

prevents objectives for nature, water and climate from being achieved. 

In this advisory report the Council for the Environment and Infrastructure 

makes the case for a more vigorous soil policy.

Rural soils are crucial for several land uses and functions: not only 

agriculture, but also forestry, nature, water quality, and water and carbon 

storage. All these uses and functions depend on sustainable soils, but 

their sustainability is being put at risk by intensive use and the presence 

of hazardous substances. Climate change exacerbates this situation 

by increasing the rate at which organic matter is broken down, which 

adversely affects water retention capacity, soil fertility and greenhouse 

gas emissions. Faced with the extreme weather conditions associated with 

climate change, what we really need, though, are more sustainable soils 

that can store more water and more carbon.
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This decline in soil sustainability has a negative impact on the land uses 

and functions which directly depend on the soil. Agricultural yields are 

increasingly hard to maintain, forests are less productive and ecological 

quality is being lost. The conservation status of most protected ecosystems 

is moderate to poor. Water quality also fails to meet the required standards 

and soils retain too little water. Poorer soil sustainability restricts soil 

carbon storage, which leads to higher volumes of greenhouse gases being 

emitted, rather than being broken down and stored in the soil.

Maintaining sustainable soils is the responsibility of society as a whole, 

but the government has a key part to play. First, it must ensure that all 

relevant players are much more aware of the urgent need to restore the 

sustainability of rural soils and of the various functions they perform. 

Although there are numerous good initiatives, sustainable soils deserve 

much more attention from value chain partners and policymakers.

As land is scarce in the Netherlands, soils must be suitable for multiple 

uses, such as agriculture and carbon storage to combat climate change, 

forestry and water storage, and agriculture combined with nature 

conservation. However, this is only possible if the soils are sustainable 

and if the use of the soil does not damage its sustainability, but improves 

it. This also means that the aim should not be to make soils suitable for 

all possible activities and functions, but rather to follow the principle of 

‘function follows soil’. National government should adopt it in the National 

Environment and Planning Strategy and encourage multifunctional use of 

soil wherever possible. The responsibility for translating this principle into 

practice should lie primarily with the provincial governments, which should 

exercise it in the planning decisions they make and through the use of area-

based processes.

Given the agenda-setting nature of this advice, the Council does not make 

any detailed recommendations for adapting policy or legislation. However, 

the Council does see the need to make several changes to the relevant 

policy instruments in order to put a ‘sustainable soils first’ policy into effect. 

In the opinion of the Council, this should at least include establishing a 

monitoring and knowledge system to collect and share more information 

on soil sustainability, amending the regulatory framework (including 

agricultural tenancy, fertiliser and fiscal policies), introducing targeted 

remuneration packages (e.g. via the common agricultural policy or regional 

branding) and introducing ecological restoration measures. The Council 

gives some examples of ways to do this. The details will have to be worked 

out in practice.
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A sustainable soil is essential for agriculture, forestry and nature,1 to 

maintain and improve water quality, and for the storage of water and 

carbon. Agriculture provides us with food, forestry provides us with wood, 

nature and forests provide biodiversity, habitats and ecosystems. The 

filtration and storage function of sustainable soils also provides us with 

enough safe water for drinking and other uses. Soil carbon in the form 

of organic matter is a key component of the global carbon cycle. And the 

build-up and breakdown of organic matter has a substantial influence on 

the amount of greenhouse gases in the atmosphere and therefore plays a 

major part in the climate problem.

Nevertheless, it is difficult to give soil the place it deserves in management, 

in policy  and with parties in the food chain. Many different parties have 

an interest in the soil and much of the land is in private ownership. 

Moreover, several ministries have responsibilities for the soil and laws and 

regulations often apply to just one sector or field of activity. An example is 

the Soil Strategy, which applies only to agricultural soils; no such specific 

soil strategy exists for forest soils and natural soils. There is legislation 

1 Where we refer to nature this includes forests as well. Forestry is referred to separately where timber 
production is the prime objective.

1 AN INTEGRATED APPROACH  
 TO SUSTAINABLE RURAL  
 SOILS
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that applies to certain aspects of soils, such as regulations on specific 

substances in soils, but much of this was drawn up in response to disasters. 

This is exemplified yet again by the current efforts to find measures that 

can help to resolve the nitrogen and PFAS problems. It seems as if we lurch 

from one incident to the next – with no overall vision. In the opinion of the 

Council it is high time to adopt an integrated approach to the sustainability 

of rural soils in the Netherlands.

1.1  Major land uses are dependent on sustainable soils
Soils in rural areas are managed by farmers, foresters and nature 

conservation bodies and are essential for the proper functioning of 

agriculture, forestry and nature and for water quality and the storage 

of water and carbon. To perform these functions effectively, soils must 

be sustainable. In the opinion of the Council, a soil is sustainable if its 

quality is sufficient to sustain the activities and functions stated above. 

Sustainable agricultural soils produce sufficient quantities of healthy food, 

sustain the production of safe drinking water and play an essential part 

in the breakdown of greenhouse gases and the sequestration of carbon. 

Sustainable natural soils are the foundations on which resilient ecosystems 

that support biodiversity are built. They also retain a sufficient supply of 

water. The sustainability of the soil is determined by several properties: 

organic matter content, soil chemistry (including the nutrient balance), soil 

biodiversity and soil structure (Figure 1). Changing one property influences 

the others and together they make the soil resilient and adaptable to 

change. If they are disrupted, the sustainability of the soil declines. As the 

soil is a slow system – the effects of activities only become visible much 

later on (often generations later) – building or restoring soil sustainability is 

a lengthy process. Chapter 1 of Part 2 gives more information on the status 

of the various soil properties. Chapter 2 of Part 2 provides details on each of 

the uses and functions of soils.

Figure 1: Properties and functions of soils
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1.2  The sustainability of Dutch soils is at risk
Intensive human activities have for some time been exerting a detrimental 

effect on the sustainability of soils, both in the Netherlands and elsewhere 

in the world. In response, several national and international policy 

measures, legislation and guidelines have been adopted to improve the 

quality of soils and make them suitable for performing the functions that 

depend on them (Box 1 and Figure 2).

Box 1. Soil sustainability enshrined in policy, legislation and guidelines

•  Soils are on the road to full recovery and by 2030 agricultural soils will 

be managed sustainably (SDG 15.3, United Nations, 2015a; Tweede 

Kamer, 2018a and 2019b).

•  Soils sustain the production of safe and healthy food and by 2030 

natural resources will be managed sustainably and used efficiently 

(SDGs 2 and 12, United Nations, 2015a; Codex Alimentarius2 FAO & 

WHO 2020).

•  Soils provide safe and healthy water. This means that the objectives 

stated in the Water Framework Directive (WFD), the Nitrates Directive, 

the Groundwater Directive and SDGs 6 and 14 have been achieved 

(United Nations, 2015a; European Parliament and the Council, 1991, 

2000 and 2006).

•  From 2030 each year soils capture and store an additional 0.5 Mt of 

atmospheric carbon dioxide. Until 2030 the aim is to increase the soil 

2 The Codex Alimentarius contains international food standards for the protection of public health 
worldwide and to promote fair trade In food products.

carbon percentage by 4 ‰ per year. Emissions from grassland, arable 

land and managed forest during the period 2021–2030 must be no 

higher than in the reference period. Emissions from ‘forested land’ 

and ‘deforested forest’ should be zero. Countries where emissions are 

higher will be able to compensate for this (LULUCF) (Tweede Kamer, 

2019b; SDG 13, United Nations, 2015b; European Parliament and the 

Council, 2018; Arets et al., 2019).

•  Soils form the basis for the conservation and restoration of 

biodiversity and protected ecosystems. The Natura 2000 sites should 

be sustainably conserved (United Nations, 1992; SDG 15, United 

Nations, 2015a; European Parliament and the Council, 1979 and 1992; 

Tweede Kamer, 2019c).

•  In 2030 the area of forest will have been increased by 37,000 hectares. 

Forests have been restored to health and are managed sustainably. In 

the period 2011–2027 the area of natural ecosystems will have been 

increased by at least 80,000 hectares (Tweede Kamer, 2013 and 2020a; 

United Nations, 2015a).

Despite national and international policy, legislation and guidelines, Dutch 

soils are not in a good state. This can be seen in Table 1, which shows the 

current status of soils in the Netherlands. Policy objectives and targets are 

not being achieved and the sustainability of soils is under intense pressure, 

which is adversely affecting the various functions performed by the soil.
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Figure 2: Sustainability of soils is enshrined in policy, legislation and guidelines
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Table 1: Current status of Dutch soils: national/international goals, legislation and guidelines are not being met

Policy Objectives Current situation

SDG 15.3
Soil Strategy
National Agricultural 
Soils Programme

· Soils are on the road to full recovery (United 
Nations, 2015a)

· By 2030 all agricultural soils in the Netherlands will 
be managed sustainably (Tweede Kamer, 2018a 
and 2019a)

· 50% of agricultural soils are compacted (Van den Akker, 2019)
· The critical load for nitrogen deposition is exceeded in 92% of forests and 72% of natural ecosystems 

(CLO, 2019)
· 1.6% of forest soils and 3.6% of natural soils have a poor pH (PBL, 2018)
· 19.8% of forest soils and 14.9% of natural soils have a moderate pH (PBL, 2018)
· 15% of forest soils and 14% of natural soils are severely desiccated (CLO, 2018)
· 18% of forest soils and 23% of natural soils are moderately desiccated (CLO, 2018) 

SDG 2 and SDG 12
Codex Alimentarius

· Soils sustain the production of safe and healthy 
food (United Nations, 2015a)

· By 2030 natural resources will be managed 
sustainably and used efficiently (United Nations, 
2015a)

· Food safety standards (FAO & WHO, 2020)

 Subsoil compaction in agricultural soils reduces yields by 10% (Akker, 2019)
· The organic matter fractions (organic particles and mineral-bound organic matter) in European 

agricultural and forest soils are demonstrably reduced; recovery is needed for food production and CO2 
storage (Lavallee et al., 2019).

· The concentrations of micronutrients (zinc, boron, phosphorus, potassium, sulphur and calcium) in Dutch 
soils are declining. The use of fertilisers has so far prevented this from reducing plant growth (Hospers-
Brands et al., 2016).

· The available stocks of some minerals (zinc, boron, manganese, molybdenum and selenium) will be 
depleted within a few decades (Bastein & Van Bree, 2012).

· For some years the amounts of various minerals (copper, magnesium, calcium, sodium, iron and 
potassium) and other nutrients in potatoes, vegetables and fruit have been declining. As a result, 
consumers have been ingesting fewer vitamins (A, B, E, D) and minerals (Ca, Fe, P, Mg, Se, Zn). In the 
Netherlands this has not yet led to deficiency diseases (Hospers-Brands et al., 2016).

SDG 6 and SDG 14
Nitrates Directive, 
WFD and Groundwater 
Directive

Groundwater (European Parliament and the Council, 
2006):
· 50 mg nitrate per litre
· 2.0 mg nitrogen per litre in regions with sandy soils
· 6.9 mg nitrogen per litre in other regions

· Under current policy, in 2027 the targets for nitrogen and phosphorus will not be met in about half of all 
surface water bodies. Ecological objectives will therefore not be achieved.

· In 2027, the nitrate concentrations in groundwater in the southern region of sandy soils will exceed the 
nitrate target by 20%. This will affect drinking water quality (PBL, 2017). 

Surface water, targets for 2027 (European Parliament 
and the Council, 2000):

· 0.11 mg phosphorus per litre of water in regions 
with sandy soils

· 0.22 mg phosphorus per litre of water in regions 
with clay and peat soils

· 2.3 mg nitrogen per litre of water in regions with 
sandy soils

· 2.4 mg nitrogen per litre of water in regions with 
clay and peat soils

· In the period 2000–2015 the quality standards for drinking water were exceeded in 89 drinking water 
sources in sand deposits, which is probably related to the higher application rates of nitrogen fertilisers 
and manure in the past (PBL, 2017).

· It is expected that sea level rise will lead to exceedance of the drinking water standard (annual average) 
of 150 mg chloride per litre in surface water or in drinking water for one or more days (Helpdeskwater.nl, 
n.d.).

http://Helpdeskwater.nl
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Policy Objectives Current situation

SDG 13
LULUCF
National Climate 
Agreement

· From 2030, each year soils will capture and store 
an additional 0.5 Mt of atmospheric CO2 (Tweede 
Kamer, 2019b).

· Until 2030 the percentage of carbon in soils will 
rise by 4‰ per year (United Nations, 2015b).

· In the period 2021–2030 soils and forests will 
capture and store 2.7 Mt CO2 equivalents (PBL, 
2019).

· Land use goal for 2050 (LULUCF): 2 Mt CO2 
equivalents (Lesschen et al., 2020)

· In 2021–2025 and 2026–2030 net CO2 emissions 
and uptake in grasslands and agricultural soils 
should be zero. The reference amount (the average 
in 2005–2009) may be subtracted.

· The reference amount may not be subtracted for 
‘forested land’ and ‘deforested land’ (where there 
has been a change of use). This is permitted for 
managed forest (European Parliament and the 
Council, 2018; Arets et al., 2019).

· Risk calculations indicate that the critical limit of 1.5% carbon in arable farmland will not be reached for at 
least 50 years (Conijn & Lesschen, 2015).

· The organic matter fractions (organic particles and mineral-bound organic matter) in European agricultural 
and forest soils are demonstrably reduced; recovery is needed for food production and CO2 storage 
(Lavallee et al., 2019).

· Climate change is increasing the rate of decomposition of organic matter. The reduction in organic matter 
content is greater in arable soils; the rate of sequestration is lower in grasslands. According to model 
calculations, a 2°C increase in temperature will lead to an average reduction in the annual carbon balance 
of 290 kg per ha per year. An additional 0.6 t of effective organic matter will be needed to compensate for 
this loss (Conijn & Lesschen, 2015).

· Nature: trend unknown
· Forest: decrease in carbon due to forest ageing; in 2021–2030 0.1 Mt CO2 equivalents will be released 

(PBL, 2019).
· Emissions from land use in 2017 (LULUCF): 6 Mt CO2 equivalents (Lesschen et al., 2020).
· Reporting to the UNFCC indicates that in 2017 grasslands and wetlands emitted 2.5% and 9.1% more 

greenhouse gases than in 2016. Arable and forest soils emitted 0.4% and 0.2% less greenhouse gases than 
in 2016 (EEA, 2019). 

SDG 15, Habitats 
Directive, Birds 
Directive, Convention 
on Biological Diversity
Letter on the 
ambitions and targets 
of the Forests Strategy

· Soils offer a basis for the restoration of biodiversity 
and protected ecosystems (United Nations, 2015a; 
European Parliament and the Council, 1979 and 
1992).

· Deforestation is halted in 2020, forests are 
managed sustainably and forests have been 
restored (United Nations, 2015a).

· Conversion to nature of at least an extra 80,000 ha 
in the period 2011–2027 (Tweede Kamer, 2013)

· Expansion of the area of forest by 37,000 ha (10%) 
by 2030 (Tweede Kamer, 2020a)

· In 2006–2015 the areas of forest and agriculture declined by 1% and 2% and the area of natural ecosystems 
increased by 12%. In the same period the total rural area declined by 2% (CBS, 2018a).

· The conservation status of 46 of the 52 protected ecosystems is moderate to poor (Tweede Kamer, 2019d, 
2019e and 2019f).

· Decline in soil biodiversity: the complexity of the soil community and the biomass of most soil organisms 
are decreasing (Van der Putten, 2019). The decline in soil biodiversity has consequences for ecological 
cycles and biodiversity above ground: on average, the number of characteristic animal species declined by 
50% in agricultural areas and in open ecosystems, such as heath; in forests the number of characteristic 
animals species remained on average about the same (WNF, 2020).

· A minimum of 41,257 ha still has to be converted to nature by 2027 (IPO et al., 2019).
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Chapter 2 takes a closer look at the problems facing Dutch soils and the 

causes of these problems.

1.3  Research question and contextualisation
This advisory report concerns rural areas only. In its advice the Council 

attempts to answer the following question: What can the government do 

to restore the sustainability of rural soils in the Netherlands such that they 

are able to sustain the activities and functions that directly depend on them 

(agriculture, forestry, nature, water quality, and water and carbon storage)?

This advice is restricted to soils in the Netherlands and does not consider 

soils abroad where crops are grown to provide food or animal feed for 

the Netherlands. It includes the standards for the application of manure 

and other fertilisers to the soil, but does not address the issue of animal 

numbers. Changing the food system to reduce emissions, as described 

in the Council’s advisory report ‘Sustainable and Healthy’ (Rli, 2018), will 

certainly make a positive contribution to the sustainability of soils, but 

that is not the subject of this advice. Neither does this advisory report 

look at pollution from point sources, major soil remediation operations, 

geothermal heat, fracking or soil subsidence. The subject of soil subsidence 

(and the associated problem of salinisation) is dealt with in the Council’s 

advisory report on soil subsidence (Rli, 2020a). Archaeological values are 

not discussed because they do not directly concern the sustainability of 

the soil.

The advisory report is agenda-setting and suggests potential solution 

pathways.
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The sustainability of Dutch soils is in jeopardy. There are two reasons for 

this. First, agricultural soils in the Netherlands are intensively farmed to 

obtain high yields. For many decades market forces have been driving 

this intensification of food production, which has been brought about 

through the use of pesticides, fertilisers and manure, high-yielding crops, 

monocultures, intensive cropping plans and large, heavy machinery, and 

by lowering the water table. Not only does this have consequences for 

agricultural soils, but also for forest soils and natural soils, whose health 

is declining as a result. The complex interplay of soil properties is being 

disrupted.

In addition, all rural soils contain at least some hazardous substances, such 

as per- and polyfluoroalkyl substances (PFAS), microplastics, residues of 

medicines, pesticides, antibiotics and nanoparticles. It is not clear where 

exactly these substances are present and in what quantities, or the trends 

in their concentrations and whether or not they present any danger (Rli, 

2020b; Beltman et al., 2019).

2  DISRUPTION TO SOIL  
 PROPERTIES UNDERMINES  
 SUSTAINABILITY OF SOILS



15PRINT

The damage being done to the sustainability of soils is reflected in the 

various soil properties and this is discussed briefly below. In the years to 

come, the sustainability of Dutch soils will be put under additional strain by 

climate change and the energy transition. All these developments put the 

functions performed by soils at risk.

2.1  Properties of agricultural soils
Some forms of agriculture have a greater impact on the soil than others. 

Flower bulb cultivation, for example, has a particularly damaging impact on 

the soil (see Box 2).

Box 2: Bulb cultivation has a major impact on the soil

Bulbs are cultivated on dune sand soils near the coast in the west 

of the country. They are also cultivated in the east of the country on 

cover sand soils and on livestock and arable farms (Bokhorst et al., 

2008). The province of Noord-Holland in the west accounts for half of 

all the bulbs cultivated in the Netherlands, followed by the provinces 

of Flevoland and Zuid-Holland, and Drenthe in the east (CBS, 2018b). 

Bulb cultivation is highly profitable. In 2019 bulb growers earned about 

€140,000 per unsalaried annual work unit (Van der Meulen, 2019a); the 

equivalent in arable farming is €37,000 (Van der Meulen, 2019b). But 

growing flower bulbs requires special, often artificial conditions. The 

soil is treated to create ideal conditions for the growth of the bulbs. This 

means maintaining a low groundwater level and ensuring the soil is 

well aerated. On the other hand, in dry periods the fields are frequently 

irrigated, which in the west can lead to underseepage pressure and a 

high salt load (DHV, 2009). Bulbs need nutrients before the organic matter 

in the soil has started to mineralise in the spring (Bockhorst et al., 2018). 

They are also susceptible to fungal and viral diseases. In the period 2015–

2017 the environment impact of pesticide use amounted to 14,000 mbp 

(environmental impact points)3 per ha (Smit, 2019a); for comparison, 

pesticide use on arable farms in recent years amounted to less than 2,000 

mbp per ha (Smit, 2019b). About two thirds of the pesticides applied to 

bulb fields leaches to surface waters (particularly insecticides and soil 

sterilants) and about a third remains in the soil. A small amount enters 

the groundwater (Smit, 2019a). There are indications that all this leads 

to a lower organic matter content in the soil and a reduction in soil 

biodiversity, which in turn prompts growers to look for new methods or 

new land (Van Roekel, 2015).

Soil structure is disrupted

The physical structure of half of all agricultural soils has been degraded 

by the use of heavy machinery and is compacted. Water is not retained as 

well as it should be, which can lead to desiccation or to waterlogging where 

water remains on the surface. In wet conditions nutrients leach from the 

soil more quickly and soils that are too dry are more likely to erode. These 

3 Environmental impact points (milieubelastingspunten) are calculated using the CLM Environmental 
Yardstick tool which indicates how harmful a pesticide is for the environment. The tool was developed 
in the Netherlands for Dutch soil types.
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effects are already leading to demonstrably suboptimal yields (Van den 

Akker, 2019).

Soil biodiversity, organic matter content and soil chemistry are disrupted

Widespread use of monocultures, such as maize and ryegrass, is causing 

biodiversity to be lost. Moreover, intensive cropping plans (such as 

potatoes, onions and beet) include a limited number of break crops, limiting 

the capacity of the soil to restore organic matter content (Van den Akker, 

2019; Beltman et al., 2019; Koopmans & Van Opheusden, 2019; Van der 

Putten, 2019). The declining nutrient content of the soil is compensated to a 

certain extent by the application of chemical and organic fertilisers, but the 

problem with this is that the nutrient composition of the fertilisers disturbs 

the nutrient balance in the soil. All this makes the soil more vulnerable. 

Moreover, the available fossil reserves of some nutrients in chemical 

fertilisers will be depleted within a few decades (Bastein & Van Bree, 2012). 

The amounts of various minerals and other nutrients in food (potatoes, 

vegetables and fruit) are declining worldwide. In the Netherlands this has 

not yet led to deficiency diseases (Hospers-Brands et al., 2016).

2.2  Properties of forest and natural soils
The Council notes that the health of forest and natural soils is declining (see 

Box 3 on natural soils in the province of Noord-Brabant).

Soil chemistry and biodiversity are disrupted

The chemical composition of forest and natural soils has been disrupted 

by years of atmospheric deposition, mainly of nitrogen and sulphur, which 

causes acidification and eutrophication. As a result, these soils have become 

susceptible to drought, pests and diseases (Beltman et al., 2019; Van der 

Putten, 2019). The acidification of natural habitats and ecosystems is 

eroding landscape diversity as nitrophilous species become more dominant. 

Species richness is decreasing. Just 6 of the 52 protected ecosystems in 

the Netherlands are in a favourable conservation status (Tweede Kamer, 

2019e and 2019f) and poor habitat quality (caused among other factors 

by eutrophication and water abstraction) is responsible for 84% of the 

unfavourable conservation status (Pouwel & Henkens, 2020). The health and 

quality of forests, especially those on the poorer sandy soils, are also under 

pressure (Tweede Kamer, 2020a). Even if nitrogen deposition were to decrease 

sharply overnight, acidification of soils will continue for many years because 

the soil composition responds very slowly to changing conditions.

Water tables are lowered to increase agricultural production. The abstraction 

of drinking water can also draw down the water table. Both forests and nature 

are affected by this and can suffer from severe desiccation (PBL, 2018).

Box 3: The sustainability of natural soils in the province of Noord-Brabant

The sustainability of natural soils in the province of Noord-Brabant has 

been mapped by analysing soils for desiccation, eutrophication and 

acidification. The results show that all is not well with the sustainability of 

natural soils in the province: 7% of these soils (including soils in forests 
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with a timber production function) fall in the sustainability class ‘good’, 

32% in the class ‘moderate’ and 61% in the class ‘bad’. Moreover, there 

are indications that the sustainability of soils is not only being damaged 

by atmospheric pollution and desiccation, but also by the input of 

nutrients via groundwater (Witte et al., 2018).

2.3  Climate change and the energy transition can       
 exacerbate soil problems

Climate change is driving up soil temperatures, which accelerates the 

decomposition of organic matter. Besides increasing emissions of 

greenhouse gases, this has consequences for the water retention capacity 

and fertility of soils. At the same time, the heavier showers and longer 

periods of drought brought on by climate change make greater demands 

on the sustainability of soils (Van den Akker, 2019; Beltman et al., 2019; 

Koopmans & Van Opheusden, 2019; Van der Putten, 2019).

Climate change is also causing sea levels to rise while at the same time 

the land is subsiding. In the lower lying areas of the Netherlands brackish 

deep groundwater is being pushed up towards the surface (seepage) via 

the soil and will enter the shallower groundwater and surface water bodies, 

salinising the soil and the groundwater and surface water systems. This will 

affect agriculture, drinking water quality and nature (Helpdeskwater.nl, n.d.).

Forestry and agricultural residues are an important source of organic matter 

for the soil. As part of the energy transition, branches and top wood from 
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forests and leaf litter from agricultural soils (biomass) are increasingly 

used as raw materials for energy generation (Vereniging van Bos- en 

Natuurterreineigenaren, 2017) or for processing into new products in the 

circular economy (such as packaging materials). This has led to competition 

for these residues.

2.4  Functions of the soil at risk
Disruption of soil properties undermines the sustainability of soils and puts 

the functions that soils perform at risk. The biggest problems for agriculture 

are soil compaction, greater vulnerability and susceptibility to extreme 

weather, pests and diseases, and the presence of the hazardous substances 

mentioned above. This has consequences for the amount and quality of the 

food that can be produced in the Netherlands, and thus for farmers’ profits.

Forestry and nature conservation are adversely affected by the acidification, 

eutrophication and increased vulnerability of soils, and most protected 

ecosystems have a moderate to poor conservation status. Water quality 

standards are not being met as a result of nutrient leaching and runoff 

due to soil compaction and the application of both chemical and organic 

fertilisers. Moreover, soil compaction and the lowering of water tables for 

agricultural purposes are reducing the capacity of soils to retain water. 

Disruption of the processes involved in capturing and storing organic 

matter results in greenhouse gases being emitted in greater quantities 

rather than being broken down and fixed in the soil. Climate change only 

makes matters worse.

http://Helpdeskwater.nl
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3  TOWARDS SUSTAINABLE  
 SOILS

As described above, the sustainability of Dutch soils is in jeopardy. In 

the long term there is a danger that large areas of the Netherlands may 

become less able to sustain vital land uses and functions. This problem 

is compounded by the fact that land is scarce. Nevertheless, national and 

international policies, legislation and guidelines clearly state the criteria that 

soils must meet to ensure their sustainability. In the opinion of the Council, 

the problem lies in putting these into practice. What is needed, therefore, 

are changes to the policy instruments. The Council proposes that this is 

guided by three basic principles:

• Aim for sustainable soils which can support multiple functions: 

multifunctional soil use.

• Function follows soil: to make optimal use of the soil, the permissible 

combination of land uses and functions should be determined by the 

type and properties of the soil itself.

• Numerous government instruments have an influence on the 

sustainability of soils and they should all be amended.

These principles have been worked up into concrete measures in the 

recommendations to the authorities discussed below. Step 1 concerns the 

importance of multiple functions. Step 2 elaborates the principle of function 
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follows soil. Step 3 examines possible instruments for fostering sustainable 

soils.

3.1  Step 1: Aim for multiple functions

Recommendation 1 to the authorities: Impress on everyone how extremely 

urgent the need for action is and aim for sustainable soils that can sustain 

multiple functions. Provinces: Take the lead in implementing policy for 

sustainable soils.

Making soils sustainable is not just a task for farmers, foresters and 

conservation managers. Society as a whole4 has a job to do and a 

responsibility to meet. But the Council argues for a greater role for 

government as a whole, with a more coherent package of instruments at 

its disposal than at present. This is all the more urgent because the slow 

responsiveness of the soil system means that the effects will only become 

fully visible on a timescale of generations. Only government is capable of 

assuming responsibility for challenges with a time horizon of more than a 

generation. In the Council’s opinion, national government should use policy 

instruments to set out the course to be followed.

4 The value chain consists of farmers and growers, the retail trade, landowners/lessors, contractors, 
industry, consumers, forest and conservation management organisations, financial organisations, 
consultants, public authorities (municipalities, provinces, national government and water authorities), 
educational establishments and scientists.

The National Environment and Planning Strategy makes it possible to 

pursue land use and development policies that support the return to 

sustainable soils (Box 4). The Council observes that municipalities will 

have an increasingly large part to play because national and provincial 

structures, such as the Technical Committee on Soil Protection, are being 

abolished (Eerste Kamer, 2019), and responsibilities are being transferred 

from the provinces to the municipalities, including the tasks under 

the Nature Conservation Act. However, it is questionable whether the 

municipalities are adequately equipped to take on these responsibilities, 

given the complexity of the problem and the expertise and manpower 

required. Moreover, areas with natural soils often span municipal 

boundaries and landowners and land users sometimes have land in more 

than one municipality. The Council therefore advises including provisions 

in the National Environment and Planning Strategy that give the provinces 

responsibility for pursuing sustainable soil management through area-

based processes, because provincial governments have experience with 

rural planning. In addition, the provinces and the municipalities must jointly 

take on the task of coordinating efforts to establish sustainable soils that 

can sustain a combination of land uses and functions.

Box 4: National Environment and Planning Strategy

In the National Environment and Planning Strategy the Minister of the 

Interior and Kingdom Relations, recognising that land in the Netherlands 

is scarce, has set out a number of policy lines for the planning of the 

physical environment:
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•  we cannot do everything everywhere;

•  the growing pressure on the physical environment forces us to make 

critical fundamental choices and requires a leading role by national 

government in giving direction on the future spatial development of 

the Netherlands, to shape the major development agendas and ensure 

well-coordinated decision-making;

•  specific strategies for each region;

•  for every decision, ensure a good match between what happens 

above ground level and the conditions below ground level, a better 

alignment of land uses with the properties and functions of the soil 

and water system;

•  the existing toolbox of policy instruments, such as planning 

instruments, emission credits, area visions and land development 

instruments, must be renewed.

(Tweede Kamer, 2020b)

Changing the direction of policy requires political leadership to set the ball 

in motion and initiate experiments by encouraging and giving recognition 

to pioneers and innovators. Some players are already working for 

fundamental change to restore the sustainability and vitality of soils, such 

as local groups of land users, and initiatives are indeed being taken to make 

soils sustainable (Box 5). Experiments are being carried out. For the parties 

involved, sustainability of soils is a live issue, but they are often unable to 

get beyond the pilot project stage to scale up their initiatives and get them 

adopted as standard practices. Among these initiatives is a method for 

cultivating bulbs that does not affect the soil. Unfortunately, such initiatives 

tend to fail because the market for organically grown bulbs is weak. The 

value chain could make greater efforts in this direction, because they 

too have an interest in sustainable soils to ensure a supply of products. 

Structural help from the authorities is needed to move these initiatives 

beyond the pilot stage.

Box 5: Examples of initiatives for sustainable soils

The examples mentioned here focus primarily on the sustainability of the 

soil and less on the idea that soils should have multiple functions and 

uses.

Examples of organisations and groups that are working for the 

sustainable management of agricultural soils are organic and biodynamic 

farmers, Carbon Valley, the Duinboeren and Herenboeren movements, 

the Land van Ons cooperative, forest gardening initiatives, Beter 

Bodembeheer PPP, Caring Farmers, nature-inclusive farmers on land 

owned by Staatsbosbeheer (the government’s conservation management 

agency) and on private estates, organic farmers on land managed by 

Natuurmonumenten, etc.

Some provinces and water authorities have adopted policies for 

sustainable soils. For example, the provincial government of Noord-

Brabant has a Sustainable Soil Implementation Plan that contains 

several measures to improve the sustainability of soils (Provincie 
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Noord-Brabant, 2017). The Ministry of Agriculture, Nature and Food 

Quality acknowledges that changes are needed in practices that affect 

agricultural soils (Tweede Kamer, 2019a). The government is working 

with farmers in the vicinity of Natura 2000 sites to find out if agri-

environment schemes can help reduce the intensity of agricultural use. 

The common agricultural policy should ensure that even in a market-

oriented agricultural system the weaker social values (such as soil 

quality, climate and biodiversity) are actively protected and that the 

conditions needed to do this are created (Tweede Kamer, 2018b).

An important part of many ecological restoration projects is the 

restoration of soil sustainability. Nitrogen and phosphate rich sediments 

have been dredged from the Nieuwkoopse Plassen lakes and turf has 

been stripped from acidified reed and hay meadows. Rock dust is spread 

on acidified forest soils and ecologically impoverished grasslands to 

restore the nutrient balance in the soil where buffering minerals such as 

calcium and magnesium have largely disappeared. And trees and shrubs 

are being planted in forests in Noord-Brabant to restore the nutrient 

balance in acidified soils. The national and provincial governments are 

working on a joint Forests Strategy (Tweede Kamer, 2020a and 2020c), 

which also aims to improve the quality of forest soils as part of the wider 

aim of healthy forests for future generations. Another method for putting 

sustainable soils first is close-to-nature forestry, in which a continuous 

cover of forest is always maintained, the development of the forest is 

determined by natural processes, and all management activities are 

aligned with this principle (Kuper, 2019).

During the negotiations on drafting the National Climate Agreement the 

consultation panel on agriculture and land use explored ways in which 

soils can contribute to climate change mitigation.

Less attention is given to the multifunctionality of soils (for agriculture, 

forestry, nature, water quality and the storage of water and carbon). For 

example, agriculture and carbon storage can go well together, as can 

water storage and nature conservation. Not all parties are convinced of 

the need for a transformation as they do not recognise the urgency of 

moving towards sustainable soils that are able to sustain multiple functions. 

Sometimes the need for change is recognised, but legislative, economic 

or practical objections stand in the way. There is a need for a social 

movement to drive the shift to sustainable soils that can sustain multiple 

functions. For the Ministry of Infrastructure and the Environment and the 

Ministry of Foreign Affairs, Rijkswaterstaat has launched an awareness-

raising campaign on the role of land and soil to generate the momentum 

required for the adoption of soil- and land-inclusive practices (Ploeg, 

2019), focusing on the multiple functions of soil. The Council advises the 

government to set up a broad public campaign along similar lines, but 

aimed at all relevant groups and backed by an area-specific approach. 

Because public information campaigns are often not particularly effective 

(see the Council’s earlier advisory report on encouraging people to adopt 

sustainable practices (Rli, 2014)), additional actions will be needed. A 

forward-looking approach should be considered as this tends to be lacking 

among many of the relevant parties. Once land users and landowners have 
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a better understanding of how future developments will affect their soils, 

they will become more aware of the importance of managing the land to 

improve soil sustainability. For this reason, the government should make 

the information it possesses available to land users and landowners in 

the form of open source data. This could include information on expected 

trends in soil subsidence and salinisation per parcel of land and on the 

KNMI scenarios describing the likelihood of extreme weather events as a 

result of climate change.

3.2  Step 2: Function follows soil

Recommendation 2 to the authorities: Let the sustainability of the soil 

guide land use and soil functions and enshrine this principle in the 

National Environment and Planning Strategy. Use planning legislation and 

instruments to put this principle into practice. Protect soils essential for 

certain functions by designating them soil protection areas and prohibiting 

unsuitable activities.

Under current policies, the availability of fertilisers and pesticides and the 

ability to adjust groundwater levels make it possible to grow almost any 

crop anywhere. But what is good for one function (e.g. agriculture) is not 

necessarily good for another (water quality) (Box 6).

Box 6: Field vegetable cultivation on sandy soils

On horticulture farms growing asparagus, leek, strawberries and leaf 

crops such as lettuce on sandy soils in the southern provinces of Limburg 

and Noord-Brabant, nitrate concentrations in the groundwater are high 

(on average 1.5 times higher than the permitted level, with peaks as 

much as eight times as high as the 50 mg per litre limit). The calculated 

soil nitrogen surplus5 on these farms is also higher than average, 

because nitrate does not break down easily in sandy soils. Moreover, 

field vegetables take up nutrients less efficiently than other crops in 

the same type of soil (Hooijboer et al., 2014). These crops are grown in 

these areas for historical reasons, but the scale of their cultivation is not 

optimal for soil and water quality.

If we want soils to be sustainable enough to function sustainably in 

perpetuity, they must be used optimally and without adverse effects. The 

nature of the soil should be a determining factor in land use planning. As 

the Minister of the Interior has said, the adage ‘soil follows function’ must 

be turned on its head: ‘function follows soil’ (Box 4). This principle for soil 

quality should be clearly stated in the National Environment and Planning 

Strategy. It means that agriculture, forestry, nature, water quality and the 

storage of water and carbon will take place there where the soil is suitable 

for the function in question, without the need for all sorts of external inputs, 

such as fertilisers and pesticides, or interventions, such as adjusting the 

5 Based on total nitrogen: nitrate, ammonia and organic nitrogen.
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water table. This does not mean that soils cannot be used for multiple 

functions, but some functions will not be possible on some soils because 

they would damage the sustainability of the soil.

Figure 3 shows that in 2007 some grass and arable crops were not located 

in the right place given the properties of the soil (physical, chemical 

and biological) and in terms of maximising crop yield with minimum 

environmental impact and a minimum use of inputs (Hack-ten Broeke 

et al., 2008). This map is out of date and shows the results of a limited 

study that was only meant to be an example of such research,6 but it 

gives an indication of how we can assess which areas are suitable for 

which combination of functions. It shows that the sandy soils were highly 

vulnerable to agricultural practices in 2007, and that it is better both for 

the soil and for farmers to use the clay soils for arable farming instead of 

livestock farming.

6 It also shows that the quality of soil monitoring has worsened over the years.

Figure 3: Agricultural land use in suitable locations with low environmental 

impact in 2007

Source: Hack-ten Broeke et al., 2008

Such maps should be brought up to date and a forward-looking component 

added by taking into account aspects such as climate change (including soil 

subsidence and salinisation). For the province of Flevoland this would give 

somewhat different picture (Figure 4, Vogelzang et al., 2019).

Land use in optimal locations
Optimal is: reduction in yield <15% and low risk 
from copper and phosphate

Pasture in a suitable location

Pasture in a less suitable location

Arable farming in a suitable location

Arable farming in a less suitable location
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Figure 4: Soil subsidence prognosis for 2042

Source: Vogelzang et al., 2019

There are also major policy objectives for forests and nature conservation. 

The target for the national ecological network is an additional 40,000 ha by 

2027; there is a similar target of 37,000 ha for the planting of new forests. 

The challenge is to find which sites are suitable and whether or not the soils 

are able to sustain multiple functions at the same time (agriculture, forestry, 

nature, water quality and the storage of water and carbon). However, this 

does not mean that all soils should be able to support all functions. 

Maps have been made for 2120 (Baptist et al., 2019) that are not based 

solely on the natural system as the guiding principle, but also on the 

optimal use of water, a nature-inclusive society, a circular economy and an 

adaptive spatial structure. Such maps should be worked up in more detail 

for specific regions according to the principle of ‘function follows soil’.

The Council is not making a case for separate spatial development 

structures for different land uses (see Box 7). Based on firm conditions 

regarding the soil, it should be possible in an area-based process (Rli, 

2016) to determine which functions can be permitted in an area and where 

certain functions are not possible. For farmers this would mean that in the 

short term they could adopt different agricultural systems that will make 

it possible to continue the same activities in their current locations. In the 

long run, a vision for the future such as Figure 5 could indicate a direction 

of travel, which implies some rearrangement of functions and land uses. 

These changes will have a major impact on the spatial development of the 

Netherlands. Priorities will have to be set regarding what should be done 

first and what can be done later.

More than 60 cm

40–60 cm

30–40 cm

Soil subsidence in 2042
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Figure 5: Map of the Netherlands in 2020 and a vision for the future of the 

Netherlands in 2120

Source: Baptist et al., 2019

Box 7: Agricultural spatial structure

Arguments are sometimes put forward for defining a separate 

agricultural spatial structure, but in the opinion of the Council there 

are reasons for not doing so and for taking an integrated, area-based 

approach instead. In a number of areas in the Netherlands there is 

little discussion about the role of farming in the countryside, such as 

in the far north-east of the country (Noord-Groningen), the island of 

Noord-Beverland in the south-west delta (Zeeland) and the Flevopolder 

(province of Flevoland). For some areas it is also clear that nature should 

have priority, such as the Biesbosch National Park (at the head of the 

Hollands Diep estuary to the south-east of Rotterdam) and the Hoge 

Veluwe National Park north of Arnhem. However, in most of the country 

there will be a mix of functions and land uses. Competition for land is 

intensifying as the population grows and demands are made on land for 

things like carbon storage, solar farms and recreation. It will therefore 

be increasingly necessary to use land for more than one function. 

Moreover, past experience shows that the designation of agricultural 

development areas has not led to the desired results. In 2002 the regions 

with sandy soils were divided into three types of agricultural zones: 

extensification zones, mixed use zones and intensive livestock farming 

zones. In the areas where intensive agricultural activities were meant to 

be concentrated resistance was so great that the more intensive farms 

relocated to the mixed use zones where farming was supposed to be less 

intensive (Dienst Landelijk Gebied & LOLA Landscape Architects, 2010).
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Sometimes it may make sense to reserve certain areas as soil protection 

areas, along the lines of water protection areas and quiet areas. These 

would be areas with soils that are so important for a specific function, such 

as food security or nature conservation, that they need to be protected. This 

would only be the case in a limited number of situations (Box 8).

Box 8: Example of a soil protection area for nature

Certain soils have such specific properties or relevance, not only for food 

security but also for nature conservation, that they deserve protection. 

An example would be zones around nature reserves and protected areas 

that can act as a buffer between nature and agriculture. These buffers can 

protect natural ecosystems and habitats from further degradation or loss 

of quality (as proposed in the letter from the Minister of the Interior, Box 4).

The national ecological network designates areas of existing natural 

ecosystems and habitats and areas that are to be converted to nature. 

But outside this network there may also be areas of soils with special 

properties that have such a special significance for nature that they 

should also be protected. Examples are small ecotopes7 fed by mineral-

poor and mineral-rich water, base-rich and base-deficient sloping 

fens, areas of groundwater seepage in the wet sandy soils landscape, 

willow and bog myrtle scrub (relevant for fauna) and birch-dominated 

swampy woodland. These ecotopes are generally found on soil and 

7 Ecotopes are the smallest ecologically distinct landscape features in a landscape mapping and 
classification system (Wikipedia.org, 2020)

hydrological gradients in small-scale, naturally nutrient-poor, damp 

to wet and predominantly moderately acid and acid landscapes. 

These soil conditions are the reason why these ecotopes, despite their 

relatively small area, can contain valuable biodiversity. They are often 

isolated, which hampers the dispersal of the characteristic plant and 

animals species they support. Changes in the hydrological conditions, 

both quantitative and qualitative, present the greatest threats to the 

functioning of these special ecotopes (Bobbink et al., 2013).

Relocating and mixing land uses can be achieved by pursuing an active 

land policy. Such an approach is already being taken to resolve the nitrogen 

problem around Natura 2000 sites by buying out livestock farms (Tweede 

Kamer, 2020d). A few provinces are also taking steps towards an active land 

policy (Box 9). One option for steering the land market in the direction of 

the desired mix of land uses is to use the Municipalities (Preferential Rights) 

Act to oblige landowners when selling land to offer it first to the municipal 

or provincial authority. The Council realises that this area-based approach 

requires public sector investment in the short term, but is also aware that 

continuing on the current path will only lead to much higher costs in the 

end. For one thing, maintaining the same level of production is probably 

going to require increasing inputs of fertilisers and pesticides, and that 

means the costs of water treatment to maintain water quality standards 

will rise.
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Box 9: Examples of public land acquisition

‘Province of Brabant uses purchase-leaseback arrangement to stimulate 

nature-inclusive farming

The province has reserved €30 million to buy agricultural land under 

a leaseback arrangement with the farmer. This will give farmers the 

financial leeway to buy the extra land they need to convert to nature-

inclusive farming. … It is expected that the scheme will be taken up 

mainly by livestock farmers located close to protected areas. With 

additional land they will be able to convert to nature-inclusive farming, 

which makes use of ecological processes requires lower inputs of 

chemical fertiliser, pesticides and medication, and accommodates a 

greater diversity of plants and animals on the farm. A sustainable soil, a 

diverse soil biodiversity, and closed-loop mineral cycles form the basis of 

nature-inclusive farming.’ 

(Provincie Noord-Brabant, 2020 – translated from the Dutch) 

 

Province of Friesland 

The provincial government’s coalition agreement (Provincie Fryslân, 

2019) states that the province supports the idea of a land bank and will 

join with other public authorities to investigate the best form for this 

to take.

3.3  Step 3: Tune policy instruments to sustainable soils
Current national and international policies, legislation and guidelines 

(section 1.2) set down clear parameters for sustainable soils. However, 

they are not enforced and the current policy instruments are not adequate 

to meet these objectives. At the moment, both the food supply chain 

and the regulatory framework are geared towards the intensification of 

agriculture. As the Council has already reported, certain players in the food 

supply chain (particularly the major retail chains and food manufacturers) 

have considerable power over both producers and consumers (Rli, 

2018). Until now the Dutch revenue model has been based on low-cost 

standard products, a strategy which has been behind the current huge 

volumes of Dutch agricultural exports and imports of animal feed. This 

intensification has a negative impact on soil properties. For example, the 

legislation encourages the use of manure as a fertiliser as much as possible, 

irrespective of the needs of the crops or the soil itself. There are also 

incentives to plough up grasslands more often, which is disadvantageous 

for the climate because it releases greenhouse gases. More information on 

agricultural governance can be found in Part 2, Chapter 3.

To steer policy towards sustainable soils it is necessary to remove the 

pressure for intensification, as that is what has led to the current problems. 

However, the remit of this advice is not to change the current agricultural 

system, but to steer policy towards sustainable soils. In the Council’s 

opinion, the policy instruments needed for this should include at least 

the following: improve the monitoring and knowledge system, amend 

the legislation and regulatory instruments, deploy targeted remuneration 
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packages and introduce restoration measures. The Council gives examples 

that illustrate how the regulatory framework steers developments in the 

wrong direction (Part 2, Chapter 4). As this report is agenda-setting in 

nature, our advice is limited to examples of the type of approach that could 

be taken. The Council hopes that these examples will show the direction 

the amendments to the legislation should take. Some amendments could 

be made in the short term, for example because the laws or regulations in 

question are currently under revision; other amendments must be set in 

motion now in order to be completed in the longer term.

It may be helpful to translate the above steps into the following more 

specific principles:

• Less tillage and less use of heavy machinery promote sustainability of 

soils.

• More crop diversity and more break crops promote sustainability of soils.

• Deeper rooting crops promote sustainability of soils.

• Maintaining the levels of water tables instead of lowering them promotes 

sustainability of soils.

• Lower inputs of chemical fertiliser and pesticides promotes sustainability 

of soils.

• More solid manure and less slurry promotes sustainability of soils.

• Opportunities for farm expansion and lower land prices reduce the need 

for intensification and promote sustainability of soils.

• Forest harvesting within the limits set by the nutrient balance maintains 

sustainability of soils.

These principles can be used to check whether steps are being taken in the 

right direction.

3.3.1 Monitoring and knowledge system

Recommendation 3 to the authorities: Improve the monitoring and 

knowledge system so that it covers all rural soils and gives insight into soil 

sustainability and the ability of the soil to support all functions.

The current monitoring and knowledge system has not been designed with 

the objective of sustainable soils that can sustain multiple land uses and 

functions. There are a number of reasons for this:

1. Measurements are not made on a systematic basis. There is no accepted 

and/or nationally adopted method for measuring all the functions a 

sustainable soil should perform. The measurement methods apply only 

to agricultural soils and not to forest or natural soils.

2. Measurements are not independent and it is not clear who is permitted to 

use the data and for what purposes.

3. Much is known about soils, but much remains unknown.

4. There is a lack of knowledge among stakeholders.

Enshrine a national measurement system in the National Environment and 

Planning Strategy

The Council is aware that at the time of preparing this advice work is 

progressing in the national programme on agricultural soils (Nationaal 

Programma Landbouwbodems) to develop an accepted measurement 
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instrument. A number of agreements are being made with players in the 

food supply chain. The Council notes that there are several measurement 

systems (see Box 10). When developing a national measurement system it 

is important that the indicators are based on soil sustainability and not just 

on the old indicators for soil fertility for agriculture. The Council argues for 

a single national index that is consistent with the idea that soils can be used 

for more than one function. In other words, one that provides information 

on how a soil supports the range of uses and functions (agriculture, 

forestry, nature, water quality and the storage of water and carbon). The 

monitoring system must cover all rural soils (forest, nature and agriculture) 

and its independence must be guaranteed. It must also be future-proof, for 

example by investigating how citizen science and high-tech solutions could 

play a part in sharing and interpreting data. Enshrine the chosen national 

system in the National Environment and Planning Strategy.

Box 10: Different measurement systems for agricultural and natural soils

The indicator set for agricultural soils in the Netherlands 

(Bodemindicatoren voor Landbouwgronden in Nederland – BLN) 

consists of 17 indicators for assessing the quality of agricultural soils. 

Besides the name and unit of measurement, the BLN states how each 

indicator can be measured, using a standard and/or a quick and cheap 

method. Selected indicators can be used for specific forms of land use, 

soil types and assessment objectives. The indicator set is based on soil 

fertility and carbon storage properties (Hanegraaf et al., 2019).

Rabobank, a.s.r. (real estate insurers) and Vitens (drinking water 

company) are developing the Open Soil Index (Open Bodem Index 

– OBI). This index is expressed as a single score for soil quality. The 

index takes account of the soil type and the use to which it is put, and 

is compiled from measurements of biological, physical and chemical 

properties and processed management data (such as cropping plan 

and tillage). The index is limited to agricultural soils and in its current 

stage of development focuses primarily on soil functions for sustainable 

agricultural production. Other functions may be incorporated at a later 

date (Openbodemindex.nl, n.d.).

A set of critical performance indicators (CPIs) is being developed 

under the circular agriculture implementation programme 

(Uitvoeringsprogramma Kringlooplandbouw). These CPIs should provide 

information for use in determining remuneration or financing packages 

in support of revenue models for food supply chains (Erisman J.W. & F. 

Verhoeven, 2019). The preliminary study has investigated the following 

soil properties: organic matter management, soil compaction, crop 

diversity, crop protection, nutrient management and water management. 

The total set of CPIs covers additional parameters, such as biodiversity, 

farming intensity (the degree to which farm management is land based) 

and inputs (e.g. nitrogen and protein), climate impact and CO2 storage, 

and water buffering and water quality. The CPIs are designed to promote 

quality improvement without prescribing any specific measures to 

allow room for local solutions and for the development of methods and 
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practices for an integrated approach in which insight into the linkages 

between various management methods is more important than a total 

score. The Council has previously advised on an integrated points system 

for the CAP to allow for a more flexible and adaptive steer towards 

circular agriculture (Rli, 2019).

For natural soils use is made of the ITERATIO computer program. This 

program uses vegetation mapping to derive terrain conditions (abiotic 

value maps) based on the strong correlations between soil conditions 

and vegetation. This means that fewer direct measurements are needed 

and these are based on the natural functioning of the soil (Synbiosis.

alterra.nl, n.d.).

Perform measurements at different scales

To obtain a good understanding of the effects and value of soil 

management techniques it is necessary to obtain a long-term series of 

reliable measurements on an appropriate spatial scale. National and 

provincial monitoring networks that were set up in the past to measures the 

effects of policies on the soil have in recent years either been abandoned or 

were set up on a spatial scale inappropriate for informing land management 

practices. Data collection has been fragmented, with varying sampling 

intensities and locations, and using different methods of sampling and 

analysis. The Council therefore advises taking measurements on different 

scales and at set times in line with nationally determined measurement 

methods. These data should be transferable to farm suppliers and advisers 

and to landowners (where land is leased or rented) in the interests of a 

transparent land market and improved soil sustainability (comparable with 

house energy labels and clean soil certificates).

Make data transferable and public

Farmers are given advice on soil management and cropping plans from 

suppliers of fertilisers and pesticides. Interpretation of data by third parties 

such as these is therefore seldom independent.8 Alternatively, farmers 

can pay consultants for advice, but that will often involve a return-on-

investment time that is too short for sustainable soil management. Also, 

the data needed for all this advice are often not made available to farmers 

or are not available for further use. The ownership of data is not clearly 

regulated and data are often ‘lost’ to private parties. There is no collective 

management and no exchange mechanism for obtaining new insights from 

larger datasets or for giving feedback, whereas much is expected from the 

application of data science (artificial intelligence).

The Council therefore feels it is important that agreements made on data 

ownership should follow the principle of open data as this would make 

it possible to implement soil management practices for sustainable soils 

and to remunerate users of the soil for doing so. It would also be advisable 

8 Appropriate land use, an active land policy and independent knowledge dissemination have been 
put forward as solutions. This raises the question of whether the Council should argue for the reuse 
or resurrection of the rural land development policy instruments, the land bank or the Government 
Service for Land and Water Management (DLG). The answer is no. Far more important is that there is 
a sense of urgency among the public authorities and value chain parties. Organisations must want to 
work together, because they could then bundle their knowledge. A new organisation is not necessarily 
needed, but a new working relation – a new form of governance – is.
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to make agreements on the conditions under which data should be made 

available, the way they are to be exchanged and who should be permitted 

to use them, with the aim of preventing certain market participants 

becoming too dominant should open data not be a possibility. This aspect 

of the government’s ICT policy needs to be tightened up (Tweede Kamer, 

2019g).

Commitment to the dissemination of knowledge through mutual learning

The Council places particular importance on learning from each other as 

this can help to make the shift in governance more socially and culturally 

acceptable. Farms are not isolated entities, but are embedded in a social 

and cultural context (what type of farmer are we talking about, how do they 

see their role, what group do they belong to, and what values, norms and 

opinions do they hold?). Farms are part of a value chain (which chain does 

the farm belong to and how is it influenced?) and use resources (where do 

they come from?). Ultimately, it is the personal views and preferences of the 

farmer that determine the way the farm is run (Methorst, 2016; Westerink et 

al., 2019). Also, it is important that this knowledge is not only disseminated 

among farmers and their suppliers and advisers, but also among foresters 

and conservation managers.

Knowledge development remains necessary

We know much about soils, but much remains unknown. In general, 

far too little research is being done into the functioning of natural and 

forest soils. The research effort has recently picked up, for example in 

the OBN Knowledge Network for Nature Restoration and Management 

(Ontwikkeling + Beheer Natuurkwaliteit, n.d.), but much of what is known 

remains indicative and conceptual. An obstacle is that forestry and nature 

conservation cannot draw upon substantial co-financing, which prevents 

long-term research in these sectors from getting off the ground. The 

ministry finances knowledge development via public-private partnerships 

(Tweede Kamer, 2019a), while fundamental research into soils and soil 

ecology is financed nationally by NWO (the Dutch Research Council) and 

internationally. Data and expertise from farmers, foresters and conservation 

managers can help the research effort. Indicator sets must be dynamic so 

that they can incorporate new insights. The systematic collection of data 

can increase knowledge about soils and lead to better understanding of 

how the soil system works.

An important knowledge gap concerns the restoration of damaged soils. 

Some areas of natural and forest soils on the ‘higher sandy soils’ have been 

irreversibly altered by deposition of sulphur compounds and ammonia in 

particular. Knowledge needs to be acquired on possibilities for restoration.

3.3.2  The regulatory framework

Recommendation 4 to national government: Identify where the 

regulatory framework facilitates sustainable soils and where it frustrates 

the development and maintenance of sustainable soils. Change those 

provisions that work against sustainable soils.
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The national government is pursuing policies for soils on a number of 

fronts: in the National Environment and Planning Strategy (Nationale 

Omgevingsvisie), through its Soil Strategy (Bodemstrategie) and in its 

vision on the environment (Milieuvisie). Soil sustainability is also heavily 

influenced by many other policies (fertiliser, agricultural tenancy and fiscal 

policies), but these do not ensure that national and international objectives 

are achieved and guidelines complied with (Part 1, section 1.2). The 

regulatory framework is still geared mainly towards increasing agricultural 

production and the associated intensification of the use of agricultural 

soils. It enshrines the interests and investments of the established parties. 

An example is the investments in animal housing with slurry collection 

systems and manure injection equipment, which will obstruct the move 

towards solid manure management (one of the principles for sustainable 

soils mentioned earlier). Similarly, the legislation on agricultural tenancy 

has always protected the position of the tenant and in recent decades 

has been liberalised to support specialisation in high-yielding crops 

(flower bulbs, vegetables, trees). The land user therefore has no long-

term interest in the proper management of the soil. Landowners can, 

however, include requirements for sustainable management as conditions 

in short-term contracts. These could be made compulsory in the interests 

of sustainable soil management and based on results obtained using the 

national measurement method. The position of landowners who want to set 

sustainable soil management conditions when renewing the lease can also 

be strengthened. In Chapter 4 of Part 2 a number of examples are given 

of how the regulatory framework obstructs the move to sustainable soil 

management and how it should be amended.

3.3.3  Remuneration packages

Recommendation 5 to all parties: Use remuneration packages to stimulate 

good practice, backed by a set of critical performance indicators.

Agricultural products command a price, but nature does not, while timber 

yields from Dutch forests are limited. Ecosystem services generate some 

additional income, but this is not sufficient to make it possible for land 

users to adopt proper sustainable soil management practices. In the current 

situation, farmers do not necessarily benefit in the short term from good 

soil management. Moreover, if they have no-one to take over the farm when 

they retire, it is questionable whether investments in soil management can 

be recouped in the price of the land.

Bouma et al. (2020) say that nature-inclusive farming, which is inextricably 

linked with sustainable soils, will only be scaled up if smart financial 

incentives are provided. Because soils – including natural and forest soils 

– will have to perform multiple functions, the Council thinks it is only 

logical that payment should be made for these functions. Where farmers, 

foresters and conservation managers can demonstrate from the results 

of the national measurement method that they are on the right track, they 

should be eligible for remuneration. Appropriate arrangements will have 

to be worked out in detail. Another approach is the creation of added value 

through regional branding, such as dairy products from the Weeribben 

area – niche products from a region where organic farmers produce higher-

valued dairy products. Such regional approaches can be pursued through 
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area-based strategies. Additional training could be encouraged by awarding 

farmers CAP bonus points for training.

All this would result in multiple remuneration possibilities to support 

sustainable soil management. This is equivalent to the CPIs proposed in 

the Delta Plan for Biodiversity Recovery (Agrifirm et al., 2018). Eco-schemes 

under the CAP could be integrated into these remuneration packages (Rli, 

2019).

3.3.4  Restoration measures

Recommendation 6 to the authorities: Stimulate restoration work in forests 

and natural ecosystems.

The Integrated Approach to Nitrogen programme (Programmatische 

Aanpak Stikstof – PAS) contains 1,847 measures to bring about the 

restoration of nitrogen-sensitive ecosystems in 118 Natura 2000 sites. 

These measures are to be completed by 2021. Various funds were made 

available, some of which are for management (Box 11). The provinces and 

three ministries – Agriculture, Nature and Food Quality; Infrastructure and 

Water Management; Defence – are responsible for implementing these 

measures. The programme is on schedule (BIJ12, 2019): 516 measures have 

been completed (as of 31 March 2019) and 1,255 measures are still being 

implemented.

Box 11: Finance

‘In the Nature Pact (Natuurpact ontwikkeling en beheer van natuur in 

Nederland) the national and provincial governments have agreed that 

funds made available for the provinces under the Pact will be used by 

them for restoration management and hydrological measures in Natura 

2000 sites under the PAS programme and also for the management of 

Natura 2000 sites in general. These funds are an additional €100 million 

for 2014 and 2015, €300 million for 2016 and 2017, and €200 million 

for the remaining years. The Minister of Agriculture, Nature and Food 

Quality has also made funds available for the programme as part of the 

original €120 million intensification of the programme as stated in the 

coalition agreement of the Rutte I Government. These funds amount to 

€29.9 million for 2014 and €13.5 million for 2015–2018’ (Rijksoverheid, 

2017 – translated from the Dutch). In February 2020 an additional €125 

million was made available for a regulation on targeted measures for 

habitat restoration and reducing the nitrogen sensitivity of ecosystems 

by conservation management organisations (Tweede Kamer, 2020e). In 

addition to this, in the period 2021–2030 investments will be made each 

year in specific areas to ensure the most effective restoration measures 

are taken, up to a total amount of €300 million (Tweede Kamer, 2020f).

Protecting nitrogen-sensitive ecosystems in Natura 2000 sites is just one 

element of the measures that are needed to restore forest and natural 

soils. Many areas of natural and forest soils on the ‘higher sandy soils’ 

(including some outside Natura 2000 sites) have been irreversibly altered by 
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deposition of sulphur compounds (until the 1990s) and ammonia (until the 

present and near future). All the nutrients that have leached from soils as a 

result of these depositions will not be replenished naturally and so specific 

measures will have to be developed and implemented. This means that the 

damage to the soil system that has been done over the past 60 to 70 years 

will have to be restored.

The Council advises the government to take active measures for the 

restoration of forest and natural soils, including soils that are not covered 

under the PAS programme, and to make subsidies available for ecosystem 

and soil restoration. It is important that the restoration measures include 

the necessary climate change adaptations, with a key role for the OBN 

Knowledge Network for Nature Restoration and Management. This 

independent knowledge network was established by the Ministry of 

Agriculture, Nature and Food Quality, BIJ12 (on behalf of the twelve 

provinces) and the Dutch Forest and Nature Reserve Owners Association 

(VBNE) and generates strategies and measures for a structured approach 

to ecological restoration and management. This knowledge is used 

for the implementation of important policy items such as Natura 2000, 

species conservation policy, the development and management of cultural 

landscapes and the conversion to nature of newly acquired agricultural land.



PART 2 | ANALYSIS READER’S GUIDE

This second part of the advisory report gives background information on 

various topics discussed in Part 1.

Chapter 1 explains the properties of a soil that determine whether or not 

it is sustainable and gives an overview of the state of these properties 

in the different types of soil. The properties are organic matter content, 

soil chemistry, soil biodiversity, and soil structure. Chapter 2 describes 

the land uses and functions that depend on sustainable soils: agriculture, 

forestry, nature, water quality and the storage of water and carbon. Chapter 

3 gives an explanation of the how agriculture has become intensified in 

the Netherlands. Chapter 4 describes several aspects of the regulatory 

framework that hinder the move towards sustainable soils.
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1  PROPERTIES OF  
 SUSTAINABLE SOILS

Soil sustainability is under pressure. The sustainability of a soil is the result 

of a complex set of interactions between soil structure, soil chemistry, 

soil biodiversity and organic matter content. In sustainable soils these 

properties are in a state of equilibrium, which allows them to fulfil several 

vital functions, but the interactions between these properties have been 

disrupted and soils are becoming unstable (see Table 2). Agriculture is 

dependent on the use of fertilisers and pesticides, but these also have 

adverse effects on the soil and on other land uses.

The differences between soils, and even between neighbouring fields, can 

be large.
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Table 2: Overview of the status of soil properties in the Netherlands

Agricultural soils Forest soils Natural soils

Area/% soil in NL (total 
includes water) (CBS, 
2018a and 2020)

2,220,806 ha (54%) of designated agricultural land, of 
which 1,816,319 ha is actually under agricultural use

341,270 ha (8%) 95,055 ha (2%)

Soil structure
(Van den Akker, 2019)

50% is compacted; arable land is more compacted than 
grassland, particularly due to the high wheel loads of 
agricultural vehicles

Increasing compaction caused by timber 
harvesting from production forest, especially the 
use of flail mowing9 and the high wheel load of 
harvesting machines 

Unknown

Soil chemistry
(Beltman et al., 2019 and 
CLO, 2019)

Addition of nutrients, heavy metals, pesticides and 
other substances (e.g. lime) through the application 
of manure, nutrients and pesticides; current status of 
chemical soil fertility (nutrients and heavy metals for 
food production) is good to high in the Netherlands in 
relation to the standards that apply

Addition of nutrients, heavy metals and 
other substances via atmospheric deposition 
(particularly sulphur and nitrogen), via 
groundwater and surface water, and sporadically 
through the addition of fertilisers (e.g. rock dust in 
forests on poor sandy soils)

Addition of nutrients, heavy metals and 
other substances through atmospheric 
deposition (particularly sulphur and nitrogen), 
via groundwater and surface water, and 
sporadically through the addition of fertilisers

92% critical load for nitrogen deposition exceeded 72% critical load for nitrogen deposition 
exceeded

Organic matter content
(Koopmans & Van 
Opheusden, 2019)

Arable land 3–4%, maize fields 4–5% and grassland 
7–9%; large regional differences and differences 
between fields within a farm, with some fields below 
the critical threshold of 1.5%

Depending on the soil type: sandy, loamy and 
wetland soils 5–10%, clay and peat soils 12–16%

Depending on the soil type: poor sandy soils 
1%, peat soils 40%

Soil biodiversity
(Van der Putten, 2019)

Nutrient balance is disrupted, allowing bacteria to 
become too dominant, leading to a reduction in soil 
sustainability

Nutrient balance is disrupted, allowing bacteria to 
become too dominant, leading to a reduction in 
soil sustainability

Nutrient balance is disrupted, allowing 
bacteria to become too dominant, leading to a 
reduction in soil sustainability

9 Mulching rough vegetation with the use of high-speed rotating steel drum-type cutters.
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1.1  Soil structure
Soil compaction is defined as densification and deformation of the soil 

structure (Figure 6). It is particularly problematic in agricultural soils and 

in forest soils where timber is harvested. The subsoil in about 50% of 

agricultural soils in the Netherlands is compacted, and arable soils are 

generally more compacted than grassland soils. Compaction is caused 

mainly by mechanical stress from the wheel loads of agricultural and 

forestry vehicles. Wet soils are weaker and more susceptible to compaction 

than dry soils. Compaction reduces porosity due to the compression 

of the soil volume. It deforms the soil, causing a loss of structure that 

disrupts the continuity of the flow of air and water through the drainage 

channels (macropores) and leads to a homogenous and structureless 

material. Compaction considerably degrades vital soil properties such as 

water and air permeability, infiltration capacity, water storage, rootability 

and oxygenation. Reduced infiltration capacity and permeability to water 

increase the risk of soil erosion and nutrient losses due to runoff and 

denitrification10 (Van den Akker, 2019).

There is a difference between the effects of compaction in topsoil and 

subsoil. Most of the root mass and soil organisms are found in the 

topsoil. This is where most water and nutrients are extracted, and where 

most of the formation and exchange of oxygen and other gases with the 

atmosphere take place. The topsoil absorbs rainwater and wind, retains 

10 ‘Denitrification, a microbial process in which nitrate is broken down into gaseous nitrogen compounds, 
occurs in soils under anaerobic conditions in the presence of biodegradable organic matter’ (Beltman 
et al., 2019).

water and transfers excess water to deeper layers, thus preventing surface 

runoff. In dry periods some plant roots have to penetrate into the subsoil 

to extract water and nutrients. It is also important that the soil contains 

channels through which water can travel from the topsoil to deeper 

layers. Compaction of the subsoil adversely affects both rooting depth and 

infiltration capacity (Van den Akker, 2019).

Mechanical pressure from machinery often leads to the formation of a 

plough pan, a less permeable layer in the upper subsoil. This effect depends 

among other things on the size of the tractor tyres, the wheel load and the 

tyre pressure. Roots and water are less able to penetrate this hardpan and 

reach the subsoil below. The subsoil is not broken up each year because 

this is costly and working the soil to this depth requires dry conditions. 

This compaction of the subsoil is therefore a cumulative process which 

eventually leads to a partially permanent homogenous compacted subsoil. 

Repairing subsoil compaction is a lengthy process.

Topsoil compaction can be repaired by ploughing, although this has 

adverse effects on the soil organisms. These can be avoided through the 

use of non-inversion tillage, a ploughing method in which the topsoil is 

loosened by a ripper.11 Another method is to use machinery equipped with 

lower pressure tyres or tracks. Natural methods of recovery are frost, freeze 

drying, desiccation shrinkage, swelling, rooting and soil organisms (Van 

den Akker, 2019).

11 Rippers are agricultural machines with long tines that can be used to break up compacted soil 
(Wikipedia.nl, 2017). 
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1.2  Soil biodiversity
Sustainable soils contain a wealth of organisms. A handful of soil can 

contain as many as 5,000 species and the total number of soil organisms 

is about the same as the number of people on the planet (about 7 billion). 

In comparison, there are 1,400 native plant species in the Netherlands; if 

garden plants are included the total comes to around 4,000 to 5,000. Most 

soil organisms belong to one of four groups: bacteria, fungi, Archaea 

and Protisten. Other types of organisms found in the soil are viruses, 

nematodes, tardigrades, potworms, springtails, mites, isopods, spiders, 

earthworms, moles and other invertebrates and vertebrates.

Sustainable soils contain a food web in which many species of organisms 

interact with each other. Bacteria and fungi break down organic matter and 

are eaten by protozoa, nematodes, potworms, springtails and mites. This 

releases nutrients such as nitrogen and phosphate, which are taken up by 

plants. The soil organisms are in turn eaten by other organisms, which 

again releases nutrients (De Ruiter et al., 1995). Eating and being eaten 

ensures that nutrients are continually being released into the soil to support 

plant growth and helps to improve soil structure. The more interactions 

there are between species, the more stable the food web becomes. A soil 

food web with many links between species is more sustainable than a food 

web in which there are few links between organisms (Figure 7).

A good relationship between fungi and bacteria increases the resilience 

of the soil to diseases, pests and extreme weather conditions. Fungi break 

down organic matter more slowly (slow food consumers) than bacteria 

Figure 6: Half of all agricultural soils are compacted
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(fast food consumers) and consume less oxygen. This slower rate of 

decomposition allows other organisms to take up more of the released 

nutrients. In soils where bacteria have become too dominant, the organic 

matter is broken down too quickly and the nutrients are more readily 

leached from the soil, which in turn has consequences for biodiversity. In 

soils where the relationship between bacteria and fungi is disrupted there 

are fewer interactions between species. The soil food web then regresses 

from a fully evolved system to an unstable pioneer system (Van der Putten, 

2019).

Intensification of land use leads to a decline in soil biodiversity, in the 

complexity of the soil food web and in the biomass of most groups of 

soil organisms. Only herbivorous organisms sometimes increase in 

number (Van der Putten, 2019). These effects on soil biodiversity also 

have consequences for the above-ground biodiversity (Part 2, section 2.4). 

Biodiversity is also important for agriculture (Erisman & Slobbe, 2019).

Figure 7: Development of networks of soil organisms in agricultural soil 

in the South Veluwe region that were taken out of production in the 

following three periods in the past: Recent (5–10 years ago), Mid-term 

(10–25 years ago) and Long-term (>25 years ago). The dots on the edges 

of the circles represent soil organisms (bacteria, fungi, springtails, mites, 

potworms, nematodes, earthworms, plants). The green lines between 

the species groups indicate that species occur together (correlated). 

Multiple and thicker lines indicate higher numbers of correlated species. 

The diagrams show that correlations between species in soil communities 

increase rapidly between the Recent and Mid-term time periods. Increasing 

correlation indicates a more efficiently functioning soil food web.

Source: Morriën et al. 2017
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1.3  Soil chemistry
Organisms need nutrients to grow, especially nitrogen (N), phosphorus 

(P), potassium (K), magnesium (Mg), calcium (Ca) and sulphur (S), and the 

trace elements boron (B), molybdenum (Mo), manganese (Mn), copper (Cu), 

cobalt (Co), selenium (Se), zinc (Zn) and iron (Fe). The soil supplies these 

nutrients (Figure 8). In agricultural soils the loss of nutrients is made up by 

applying chemical fertiliser and manure.

The long-term deposition of nitrogen and sulphur compounds on Dutch 

forest and natural soils has disturbed the chemical composition of these 

soils. The accumulation of nitrogen has led to nitrogen-saturated soils, 

with nitrogen present in excessive amounts in relation to other important 

nutrients and trace elements. The consequence of this is persistent 

acidification of these soils and lower availability of other nutrients such 

as calcium (Ca), potassium (K), magnesium (Mg) and phosphorus (P). 

Acidification can also lead to the release of toxic soluble aluminium ions 

in soil moisture in forested sandy soils. The effects of nutrient imbalances 

are directly visible in the vegetation and biodiversity and are exacerbated 

by drought (Beltman et al., 2019). In addition, in forests on dry sandy soils, 

where branches and top wood are harvested as well as timber, there is a 

chance that more nutrients are lost than are replenished by the conversion 

of organic matter. This leads to further impoverishment of the soil 

(Vereniging van Bos- en Natuurterreineigenaren, 2017).

The chemical soil fertility (nutrients and heavy metals) of Dutch agricultural 

soils is good to high for agricultural purposes (Beltman et al., 2019). 

However, the soil chemistry is being disrupted by the application of 

fertilisers, nutrients and pesticides. Besides the desired effect of increasing 

yields, this disruption of soil chemistry – as well as compaction of the soil 

– also leads to negative effects, such as impacts on nature and leaching 

and runoff of nutrients and pesticides to groundwater and surface water. 

The bulk of nutrients in surface water bodies have come from leachate (via 

groundwater) and runoff (over or through the soil) from agricultural soils: 

54% of the nitrogen and 56% of the phosphorus. A considerable part of this 

leaching is caused by the accumulation of nitrogen and phosphate in the 

soil from fertiliser applications in the past: 68% of the nitrogen and 33% of 

the phosphorus (Van Galen & Van Grinsven, 2017). As a result, the quality 

standards for surface water and groundwater in the WFD, the Groundwater 

Directive and the Nitrates Directive are not being met. Although the policy 

for phosphates has in fact led to a fall in phosphate levels in some arable 

soils, the stocks in the soil are still high and so this has so far not caused 

any problems for agricultural production (Beltman et al., 2019).

An unknown factor in soil chemistry are the rising levels of hazardous and 

‘new’ substances such as pesticides, per- and polyfluoroalkyl substances 

(PFAS), nanoparticles, microplastics and veterinary and human medicines. 

The effects of these substances on nature and agriculture are often 

unknown (Beltman et al., 2019).
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Figure 8:  Effects of disruptions to the soil chemistry Precision agriculture, which is based primarily on ecological principles 

and reinforces natural processes, can help to build sustainable soils on 

agricultural land. Supplementary resources are only needed to combat 

pests and diseases if necessary. Precision agriculture enables more precise 

measurement of soil quality and more efficient administration of pesticides 

and nutrients. As a consequence, leaching of nutrients to water is reduced, 

which in turn reduces the impact on forest and natural soils. Precision 

agriculture also opens up the possibility of using less heavy machinery, 

which means less compaction.

In forests experiments are being conducted with applying rock dust to 

reduce the effects of high nitrogen concentrations. A degree of recovery 

appears to be possible, although this is accompanied by the release of 

mobile nitrates from the organic matter in the soil, which then leach into 

the groundwater.

1.4  Organic matter
Soil organic matter is an umbrella term for various types of material of 

organic origin, 40–65% of which consists of carbon (Koopmans & Van 

Opheusden, 2019). It consists of both dead organic material, such as 

undigested plant residues, and living organic material, such as roots, 

bacteria and other soil organisms (Koopmans & Van Opheusden, 2019; 

Figure 9).
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Figure 9:  Properties of soil organic matter Organic matter plays an important part in the supply of food to soil 

organisms, in the retention and release of water, in the breakdown of 

greenhouse gases and in the storage of carbon. The organic matter content 

of the soil has a positive relation with soil biodiversity, soil structure, the 

water regime, nutrient balance, soil acidity, and pest and disease control. 

The amount of organic matter in the soil (expressed as carbon) is about 

twice the total amount in the atmosphere and in vegetation combined. 

A small change in the build-up and decomposition of soil organic matter 

can have a substantial effect on variations in the atmospheric concentration 

of greenhouse gases such as carbon dioxide and methane (Lehman & 

Kleber, 2015). Organic matter is broken down by soil organisms in the 

presence of oxygen and through mineralisation. The organic matter content 

of the soil and the rate at which it is built up and broken down are affected 

by the level of the water table, which determines the depth to which oxygen 

can penetrate the soil, and by the presence (or not) of residual organic 

matter on and in the soil after crops are harvested (the supply of organic 

matter), the soil biodiversity and the way the soil is worked (Koopmans & 

Van Opheusden, 2019).

The organic matter content of Dutch soils varies according to soil type 

and the crop being grown in the soil. The organic matter content of 

agricultural soils depends primarily on the use of the land. Arable land has 

an average organic matter content of 3–4%, or 4–5% where maize is grown, 

and grassland has an average organic matter content of 7–9%. There are 

large regional differences as well. The organic matter content of forest 

and natural soils is closely related to the type of soil. The average organic 
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matter content of sandy, loamy and wetland forest soils is about 5–10% 

and of clay and peat soils is 12–16%. The organic matter content of natural 

soils varies from less than 1% in poor sandy soils to more than 40% in peat 

soils (Koopmans & Van Opheusden, 2019). A risk analysis indicates that 

in 50 years’ time there is a chance that the carbon content of arable soils 

will reach the critical limit of 1.5%. Below this limit the amount of organic 

matter is insufficient to ensure that the soil can perform all its functions. 

This has already happened in some places, such as the north-western part 

of the province of Flevoland (Conijn and Lesschen, 2015). Climate change 

is increasing the rate of decomposition of organic matter. The loss of 

organic matter content is greater in arable soils, while in grasslands the 

rate of fixation is lower. According to model calculations, a 2°C increase in 

temperature will lead to an average reduction in the annual carbon balance 

of 290 kg per ha per year. To compensate for this an additional 0.6 t of 

effective organic matter is needed (Conijn & Lesschen, 2015).

Organic matter can decompose at different rates and thus perform different 

functions. In general, the higher the content of critical nutrients in relation 

to the amount of carbon in the fertiliser or crop residues, the faster the 

organic matter will be broken down. Decomposition of organic matter 

releases nutrients and greenhouse gases such as carbon dioxide, methane 

and nitrous oxide. These greenhouse gases escape to the atmosphere 

and the nutrients are taken up by the crop or leach to the groundwater 

or surface water. Lehman & Kleber (2015) talk of a soil continuum model 

in which biological, physical and chemical processes convert dead plant 

and animal material into organic compounds. Microorganisms play an 

important part in breaking these materials down. Decomposition releases 

nutrients and some of the decomposition products leach to water bodies or 

are released to the atmosphere in the form of carbon dioxide or methane. 

Another process that takes place at the same time is the binding of organic 

decomposition products to soil minerals, which holds the organic matter 

in the soil so that little or none of it is lost. The outcome of these biological 

and chemical processes in the soil is a continual flow from larger to smaller 

organic compounds and back again. At the same time, physical processes 

in the soil ensure a continual binding and release of organic matter with 

soil minerals, which maintains a dynamic buffer stock of mineral-bound 

organic matter. Lavallee et al. (2019) stress the complexity of organic matter 

decomposition and storage processes in soils and make a distinction 

between organic matter particles and mineral-bound organic matter. Both 

fractions are fundamentally different in terms of formation, persistence and 

function in the soil. The average residence time of organic matter particles 

is about ten years and of the mineral-bound fraction is ten to a hundred 

years. In European agricultural and forest soils both these fractions have 

demonstrably declined and must be increased again if soil fertility and the 

carbon reservoir are to be raised (Lavallee et al., 2019). There appears to be 

a reasonably stable balance between the input and output of organic matter 

in Dutch soils. However, little account has yet been taken of the relations 

between the different fractions of organic matter, which is necessary to 

ensure that the soil can perform all its functions.

Various measures have the potential to contribute towards increasing 

the organic matter content of soils. Agricultural measures that can 
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be considered promising are delaying the ploughing of grassland, 

non-inversion tillage for maize cultivation following grassland, the inclusion 

of additional break crops in cropping plans, and greater use of solid manure 

and compost. The effects of specific measures will depend on the initial 

state of the soil, the type of soil, the crop rotation, the fertilisation plan, 

weather conditions, etc. Moreover, it often takes many years for a really 

stable organic matter fraction to be formed. Trees and shrubs make an extra 

contribution to the build-up of organic matter in the soil (Koopmans & Van 

Opheusden, 2019).
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2  FUNCTIONS DEPEND ON 
THE SOIL

A sustainable soil is a sustainable resource that provides all the functions 

necessary to support agriculture, forestry, nature, water quality and the 

storage of water and carbon.

In 2015, the Dutch territory was 12% built-up area (infrastructure and 

buildings), 54% agriculture (excluding greenhouse horticulture), 8% forest, 

2% terrestrial ecosystems, 9% inland waters and 10% coastal waters (CBS, 

2018a). Built-up areas and waters can also play a part in the performance of 

these functions, but this advice does not include these areas.

2.1  Agriculture
Dutch agricultural soils are currently highly productive and deliver safe food 

in sufficient quantities. Maintaining soil quality is a necessary condition for 

continuing to meet the demand for safe food in future.

Agricultural soils around the world are becoming increasingly short of 

micronutrients (boron, iron, copper, manganese, molybdenum, zinc and 

selenium), including Dutch soils. However, this reduction has not yet led to 

a reduction in plant growth, partly because they are replenished through 
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the application of manure and chemical fertilisers (Hospers-Brands et al., 

2016).

On the other hand, the stocks of some minerals used in chemical fertilisers 

are limited. Known phosphate reserves are enough for 100 to 370 years and 

potash reserves are sufficient for 300 years. However, the reserves of some 

micronutrients will run out in a much shorter period of time. Zinc reserves 

are sufficient for just another 21 years and copper for 39 years. The reserves 

of boron, manganese, molybdenum and selenium will be depleted within a 

few decades (Table 3) (Udo de Haes et al., 2012; Hospers-Brands et al., 2016; 

Bastein & Van Bree, 2012).

Minerals (copper, magnesium, calcium, sodium, iron, potassium) are not 

only being depleted from soils, but a decrease in potato, vegetable and 

fruit products has also been observed, both nationally and internationally. 

Possible causes are the high crop yields, which can lead to a dilution 

of minerals and vitamins in the produce, fertilisation methods (e.g. 

displacement) and declining amounts in the soil (see Tables 4, 5 and 6) 

(Hospers-Brands et al., 2016).

Table 3: R/P ratios for various minerals

(R = known reserves (tonnes); P = production (tonnes/year))

R/P (years)

Nitrogen n.a.

Phosphate 370

Potash 288

Copper 39

Zinc 21

Boron 60

Manganese 48

Molybdenum 42

Selenium 39

Iron 75

Calcium n.a.

Magnesium 430

Source: Udo de Haes et al., 2012; Hospers-Brands et al., 2016

Because the amounts of minerals in food (fruit and vegetables) have 

declined over the years, consumers obtain fewer nutrients via their food. 

This is most pronounced for vitamins A, B, E, D and the minerals calcium, 

iron, phosphorus, magnesium, selenium and zinc. As a result of this, people 

in Asia, Africa and South America may suffer from deficiency diseases. In 

the Netherlands this is not yet the case (see Table 7) (Hospers-Brands et al., 

2016).
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Table 4: Trends in the nutrient content of fruit and vegetables

Vitamins & Minerals Results Differences

1985 1996 2002 1985-
1996

1985-
2002

Broccoli Calcium 103 33 28 -68% -73%

Folic acid 47 23 18 -52% -62%

Magnesium 24 18 11 -25% -55%

Beans Calcium 56 34 22 -38% -51%

Folic acid 39 34 30 -12% -23%

Magnesium 26 22 18 -15% -31%

Vitamin B6 140 55 32 -61% -77%

Potatoes Calcium 14 4 3 -70% -78%

Magnesium 27 18 14 -33% -48%

Carrots Calcium 37 31 28 -17% -24%

Magnesium 21 9 6 -57% -75%

Spinach Magnesium 62 19 15 -68% -76%

Vitamin C 51 21 18 -58% -65%

Apples Vitamin C 5 1 2 -80% -60%

Bananas Calcium 8 7 7 -12% -12%

Folic acid 23 3 5 -84% -79%

Magnesium 31 27 24 -13% -23%

Vitamin B6 330 22 18 -92% -95%

Strawberries Calcium 21 18 12 -14% -43%

Vitamin C 60 13 8 -67% -87%

Source: Herbalvitality.info (n.d.), Hospers-Brands et al., 2016

Table 5: Percentage of products (38 vegetables) whose nutrient content has 

increased, remained the same or decreased between 1980 and 2014
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Increase 87 18 13 0 8 21 8 11 18 18
No change 0 55 47 49 57 55 68 51 71 68
Decrease 13 26 39 51 35 24 24 38 11 13

Source: Hospers-Brands et al., 2016

Table 6: Median daily habitual intake of selected micronutrients from foods 

and dietary supplements by Dutch adults aged 19 to 30 years in 2003 and 

in 2007–2010

Men Women

2003 2007-2010 2003 2007-2010

Calcium mg 1,164 1,091 968 918

Iron mg 12,9 11,8 10,5 9,8

Magnesium mg 400 378 289 292

Phosphorus mg 1,839 1,753 1,308 1,329

Selenium μg 54 53 42 42

Zinc mg 11.8 12.2 9.3 9.6

Vitamin B6 mg 2.4 2.4 1.8 2.0

Folic acid μg 246 288 205 249

Vitamin D μg 4.0 3.7 3.0 2.9

Vitamin E mg 13,9 15,6 10,6 12,2

Source: Van Rossum et al., 2011; Hospers-Brands et al., 2016
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Table 7: Minerals reported as declining in soils, foodstuffs and/or 

human food

Declining in the soil Declining in 
foodstuffs

Shortage in human 
food

Boron X

Calcium X X X

Iron X X X

Phosphorus X X

Potash X X

Copper X X

Magnesium X X

Manganese X

Molybdenum X

Sodium X

Selenium X X

Zinc X X

Sulphur X

Source: Hospers-Brands et al., 2016

2.2  Water storage and water quality
Sustainable soils are important for water systems. They act like sponges, 

absorbing and retaining water in wet periods and releasing water in 

dry periods. This prevents flooding in wet periods and desiccation in 

dry periods. In addition, nutrients and other chemical compounds leach 

more quickly from soils with a poor water holding capacity (e.g. because 

they are compacted or contain too little organic matter), which leads to 

eutrophication and pollution of groundwater and surface waters.

Quality of groundwater and surface water bodies (text from the Council’s 

advisory report ‘Sustainable and Healthy’, 2018)

‘Under current policy, in 2027 the targets for nitrogen and phosphorus will 

be met in about half of all surface water bodies. As a result, in most surface 

waters the 2027 ecological targets will not be achieved. If there is no change 

in policy, in 2027 the nitrate concentrations in the groundwater in the 

southern sandy soils area are expected to exceed the 50 mg/l standard by 

20%, which will affect drinking water quality.

Water quality standards

The Dutch river basin management plans for implementing the WFD 

contain specific standards for surface water quality. The goal of the WFD 

is to improve water quality with the aim of restoring and maintaining its 

chemical and ecological health. The high concentrations of nitrogen and 

phosphorus in Dutch surface water bodies are an impediment to achieving 

the WFD ecological targets. About 55% of the nitrogen and phosphorus 

comes from the fertilisation of agricultural land, mostly with manure 

from livestock farms (PBL et al., 2017). Other sources of nutrients are the 

deposition of ammonia (via the air), the drainage of peaty soils and surface 

seepage from deep, nutrient-rich groundwater. The Nitrates Directive 

regulates the use of agricultural fertilisers with the aim of preventing 

and reducing water pollution by manure and fertilisers. It contains a 

use standard for the application of nitrogen in manure. The maximum 
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application rate for all crops is 170 kg nitrogen per hectare from animal 

manure, unless a Member State has received a derogation. The Netherlands 

has a derogation for grazing livestock farms (230 kg nitrogen per hectare 

in/on sandy soils in the south of the country; 250 kg nitrogen per hectare 

elsewhere). This derogation is subject to certain conditions, including 

an obligation to monitor the effects of manure application and report on 

this annually and to restrict total manure production to within a manure 

production ceiling (equal to the 2002 level). 

The Dutch government has transposed the Nitrates Directive into the Act 

on Manures and Fertilisers. The Act on Manures and Fertilisers includes 

provisions on the total amounts of nitrogen and phosphate that may be 

applied to arable land and grassland via chemical fertilisers and manures 

and the methods that must be used to apply them.

Exceedances of nitrogen and phosphorus standards in surface water

Problems with water quality resulting from manure application are largely 

regional in nature and depend on the composition of the soil and subsoil 

(clay and peat soils, sandy soils) and land use.

• Phosphorus/phosphate in surface water 

The WFD has been transposed into Dutch law with different standards 

for phosphate concentrations per surface water type and region: flowing 

waters and streams are found mainly in the higher lying areas of the 

country where the soils are usually sandy; ditches, lakes, canals and 

waterways are found mainly in the lower lying areas of the country 

with either clay or peaty soils. The average phosphorus concentrations 

in the water bodies affected by agricultural activities in the sandy soil 

regions are twice as high as the WFD standard of 0.11 mg P per litre. The 

average phosphorus concentrations in the clay and peaty soil regions 

are more than three times as high as the WFD standard of 0.22 mg P per 

litre. Under continuation of the current policy, the proportion of regional 

water bodies that meet the standards for nitrogen and phosphorus 

will rise from about 45% in 2013 to 50% in 2027, due primarily to 

emission reduction measures at sewage treatment plants (PBL, 2017b). 

Persistent replenishment of phosphorus from soils laden with excess 

concentrations and from phosphate-rich groundwater seepage (only 

in the lower lying regions of the country) are the main reasons why 

phosphorus concentrations in surface waters are hardly being reduced. 

The gradual tightening of use standards for phosphate in the Act on 

Manures and Fertilisers between 2006 and 2014 has now put a halt to and 

reversed this accumulation of phosphate in soils. But it will be only after 

2027 that this decrease in the phosphorus stocks in soils will actually lead 

to an improvement in the quality of regional surface waters (PBL, 2017).

• Nitrogen/nitrate in surface water 

The nitrogen standards also depend on the type of water. After an initial 

decrease in the period 2012–2015, average nitrogen concentrations in 

the sandy soils regions are still about 40% above the standard of 2.3 mg 

N per litre. Concentrations in the clay and peaty soils regions are about 

20% above the WFD standard of 2.4 mg N per litre (PBL, 2017). Although 

concentrations are declining, it is expected that under continuation of 

current policy in 2027 the WFD targets will not have been achieved in 

50% of surface waters.
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Groundwater

Besides the standards for surface water, the EU has also set quality 

standards for groundwater. The Groundwater Directive sets a maximum 

concentration for nitrate in groundwater of 50 mg per litre. This quality 

standard is met in most areas and is exceeded only in the southern 

sandy soils region, where average nitrate concentrations in the shallow 

groundwater layer are around 80 mg per litre. It is expected that without 

a change in policy, the decrease in nitrate concentrations in the southern 

sandy soils region will not be enough to achieve the nitrate target by 2027 

and that concentrations will still be 10 mg per litre too high (PBL, 2017).

The degradation of nitrate in the groundwater can lead to an increase in the 

concentrations of heavy metals and sulfate and an increase in the hardness 

of the water. As a consequence, quality standards for drinking water may 

also be exceeded. In the period from 2000 to 2015 this occurred in water 

from 89 drinking water abstractions in the sandy soils region. According 

to PBL, these cases are probably a consequence of higher applications of 

chemical fertilisers and manures in the past (PBL, 2017).’

2.3  Carbon storage
Sustainable soils are crucial for meeting climate targets. Soils contain twice 

as much carbon as there is in the atmosphere and three times as much 

as in living organisms (Technische Commissie Bodem, 2016). Increasing 

soil organic matter content is one of the measures we can use to combat 

climate change. However, it is not only a climate mitigation measure, but 

also an adaptation measure for coping with the consequences of climate 

change and extreme weather conditions. Soils that contain more organic 

matter are more resistant to more frequent extreme weather conditions, 

such as longer periods of drought (moisture retention) or much heavier 

rainfall (soil structure).

EU legislation states that in 2021–2025 and 2026–2030 the balance of CO2 

emissions and sequestration in grassland and agricultural soils must be 

zero. When calculating this, the reference amount (the average in 2005–

2009) may be deducted, which means that a net emission is permissible, 

but no more than took place in the reference period. The reference amount 

may not be subtracted for ‘forested land’ or ‘deforested land’ (where there 

has been a change of use), but it may be deducted from the emissions from 

managed forests. If the resulting emissions are larger than in the reference 

period, the EU regulation permits countries to offset the totals for forests 

and soils, either within the same land use or within the ‘non-ETS sectors’ 

(European Parliament and the Council, 2018; Arets et al., 2019).

The Netherlands is committed to the 4‰ initiative under the Global 

Climate Action Plan (GCAP), which contributes towards the goal of a land-

degradation-neutral world. The idea is to raise the soil carbon stock in the 

top 30–40 cm of soil by 4‰ per year (Verenigde Naties, 2015b).

The 2019 National Climate Agreement (Tweede Kamer, 2019b) states that 

the government aims for a soil carbon sequestration rate of 0.5 Mt CO2 

per year by 2030. This could offset about 5% of the current CO2 emissions 
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from agriculture, giving the soil a climate mitigation function. The ability 

of the soil to perform this function depends on the soil organic matter 

content. This appears to be stable at the moment, but a significant decline is 

expected in the long term (Koopmans & Van Opheusden, 2019).

2.4  Nature
Sustainable soils are essential for the conservation and restoration of 

nature. Changes in soil biodiversity have consequences for biodiversity 

above ground and disrupt the whole ecosystem (Figure 10).

Soil biodiversity is the foundation of the food pyramid. Soil organisms 

not only ensure there are sufficient nutrients available for plant growth 

(including crops and trees), but of course are themselves a source of 

food for organisms higher up the food chain. That is why insufficient soil 

biodiversity has consequences for biodiversity above ground level.

Agricultural intensification and scaling up of production has led the number 

of characteristic animal species in farmland to decline by almost 50%. A 

similar percentage reduction has been observed in open ecosystems due to 

desiccation and excess nitrogen concentrations. Ecosystems on sandy soils 

are the most vulnerable, particularly where nitrogen deposition is high. 

No decline in the average population sizes of characteristic animal species 

has been found in forests, but animal species of heathland ecosystems, the 

most nutrient-poor soils, have on average been less successful (WNF, 2020).

There are twenty international targets for nature conservation (Aichi 

Biodiversity Targets). The Netherlands National Report published in 2019 

shows that the Netherlands has made progress towards all twenty Aichi 

targets, but that in most cases the targets have not yet been reached. 

However, neither can it be said that biodiversity is improving as the 

report indicates that progress is often frustrated by poor environmental 

conditions (Tweede Kamer, 2019e and 2019f). The national evaluation of 

the Habitats Directive (Tweede Kamer, 2019e and 2019f) indicates that 46 

of the 52 protected ecosystems in the Netherlands have a moderate to bad 

conservation status.
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Figure 10: Nitrogen deposition: soil biodiversity and above-ground 

biodiversity are inseparably linked
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3  AGRICULTURAL  
 GOVERNANCE

This chapter gives a brief description of current agricultural governance 

and why this pays little attention to the soil and other land uses (Figure 11). 

After the Second World War, government policy was aimed at economic 

recovery and modernisation, with agriculture to provide enough food for 

everyone as well as products for export. Since then the overall level of 

welfare and prosperity has risen sharply and as incomes have risen, so 

have labour costs. To allow farmers and growers to profit from this increase 

in prosperity and prevent high labour costs from stifling the sector, labour 

productivity had to be increased. This was achieved in part by making 

products with higher added value (e.g. seed potatoes for export instead of 

table potatoes, and niche products such as boerenkaas – artisanal cheese 

made on the farm), by scaling up production (which means fewer farmers 

because farms require more land), by mechanisation, by specialisation 

and above all by intensification of production. In livestock farming this 

intensification was achieved by holding more animals on a smaller area 

of land, by outsourcing feed production to other continents, by producing 

high-protein food, and by breeding higher yielding animals (more milk, 

more meat or more eggs per animal). Animal housing was adapted and 

solid manure replaced with slurry. In arable farming, this process was 

driven by mechanisation with larger and heavier machines, by more 
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intensive cropping plans with high-yield crops in short succession and 

fewer break crops, and through the use of chemical fertilisers, pesticides 

and improved varieties to raise yields.

The increasing labour productivity was accompanied by a need for more 

land per worker and therefore to higher land prices, which can only be 

afforded by a limited number of farmers. This stimulates them – particularly 

those farmers who are least able to buy land – to further intensify 

production.

The whole value chain is geared to this process. As part of this, the 

agricultural knowledge system has become liberalised. Whereas once the 

independent national agricultural extension service played an important 

role in acquiring and sharing knowledge with land users, this role has 

now been taken over by agricultural suppliers and advisers. However, they 

sell seeds, fertilisers and pesticides or are in the business of contracting 

production. The knowledge and advice they provide, therefore, is not 

independent and is fragmentary; it is limited to the product being sold or to 

a specific crop and is therefore not comprehensive enough to be relevant 

for a whole soil management regime. Moreover, advice is limited to short-

term recovery measures that increase harvest security.

At the macroeconomic level, this has led to significant exports of 

agricultural products and the development of an agricultural supply and 

processing industry that has acquired a strong position in international 

markets. The innovations at the core of this process have driven the export 

of machines and knowledge and led to considerably lower food prices. This 

continual pressure on prices drives a vicious circle of further upscaling and 

intensification, which leads to the adverse impacts on the soil described in 

Chapter 2 of Part 1.

The focus has been on agricultural production, which means that changes 

in the use and management of the soil have not automatically taken 

account of other functions of the soil, such as nature, water quality, and 

water and carbon storage. The resulting optimisation of agricultural value 

chains, the rising exports and the pressure on retail prices are putting 

farmers’ incomes under pressure. In recent years, farmers have just been 

able to maintain sufficient margins by reducing costs and increasing 

production, which also makes it difficult for them to bear the costs of 

sustainable production methods. Decisions that are good for agriculture 

are clearly not always good for other functions of the soil. If the interests 

of these other functions are to be included in decision-making, policy will 

have to be adjusted accordingly. After all, sustainable soils are also in the 

interests of agriculture and there are already signs of vulnerabilities due to 

poor soil sustainability (Part 1, Chapter 2).
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Figure 11: Agricultural governance illustrated
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4  THE REGULATORY  
 FRAMEWORK

Soil governance is based on the regulatory framework. This chapter 

explores several aspects of the regulatory framework that hinder the move 

towards sustainable soils: fertiliser policy, agricultural tenancy policy, tax 

regulations and the CAP. The Council realises that this is not the complete 

picture. Nevertheless, this chapter is an attempt to reveal how current soil 

governance can hinder progress towards sustainable soils that are suitable 

for multiple functions.

4.1  Agricultural tenancy policy
Control over the management of agricultural land is governed by the 

agricultural tenancy legislation. As high-yielding crops such as Brussels 

sprouts, carrots, flower bulbs and tree nursery plants require a wide crop 

rotation, growers that specialise in these crops have to rent land from 

colleagues. Exchanging grassland for arable land to grow potatoes is also 

a common practice. Although this is less sustainable for grassland, it can 

increase the sustainability of the soil used for growing potatoes, vegetables 

and ornamental crops. To accommodate these practices the agricultural 

tenancy legislation has been liberalised to permit short-term lease 

contracts. Including conditions in these contracts specifying which crops 

may be grown on the land need not be problematic (and is sometimes even 



better for the land than long-term leases), but it can also lead to a far too 

intensive use of the land if the landowner is only interested in obtaining the 

best possible rent on the market.

Many parties have strategic land holdings, including provincial 

governments, water authorities and Staatsbosbeheer (the government 

conservation management agency). Such land holdings could be used to 

favour activities that put less of a burden on the soil when land is leased. At 

present, it is often impossible to impose sustainable soil use requirements 

or dissolve contracts if the tenant does not manage the soil according to 

sustainability principles. In a ruling on a lease drawn up by the provincial 

government of Noord-Brabant, the Central Agricultural Tenancies Authority 

(Centrale Grondkamer) stated that the need for additional conditions 

regarding the use of pesticides should be determined for each individual 

agricultural lease (Centrale Grondkamer, 2020). However, the Regional 

Agricultural Tenancies Authority for the South has rejected the inclusion 

of a prohibition on the use of pesticides in lease agreements (Maas, 2020). 

This raises doubts about whether the proposal by the Vilsteren Estate to 

set conditions on sustainable management for liberalised leasehold will 

withstand the scrutiny of the Agricultural Tenancies Authority (see Box 12). 

The Council’s opinion is that the landowner’s right to impose conditions 

on soil management should in fact be strengthened. Where the legislation 

prevents such proposals for the sustainable management of land holdings 

in agricultural leases, it should be amended to make this possible. Taking 

this further, conditions on sustainable soil management could be made 

obligatory in liberalised lease agreements, which would obviate the need 

to debate the pros and cons of short-term and long-term tenancies. The 

idea that it only makes sense to include conditions for sustainable soil 

management in long-term lease agreements would no longer be relevant, 

and high-yield crops could also be grown under sustainable conditions.

Box 12: Examples of leasing arrangements

‘14 sustainable conditions for liberalised leases

The Vilsteren Estate has drawn up 14 special conditions for leasehold 

land. Each condition is worth at least one point and farmers must obtain 

at least 10 points.

•  For every 10 cows there must be at least 1 hectare of grazing land. 

Farmers receive 1 point for 720 hours grazing per year and 2 points for 

1,440 hours.

•  At least 60% of the leasehold must be permanent pasture. Farmers 

receive 2 points if this applies to all land on the farm.

•  A 3-metre wide fertiliser-free and spray-free strip must be maintained 

along watercourses to reduce runoff. Farmers receive 2 points if they 

implement this across the whole farm.

•  Non-inversion tillage of arable land. Farmers receive 2 points if they 

implement this on all the arable land on the farm.

•  No applications of fertiliser. Farmers receive 2 points if no chemical 

fertiliser is used at all on the farm.

•  At least 50 trees or shrubs are planted each year. Farmers receive 

2 points if this measure is applied across the whole farm.
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•  At least 5% of the land must be herb-rich pasture, arable field margins 

or managed landscape elements. These may include strips along 

watercourses. Farmers receive 2 points if this measure is applied 

across the whole farm.

•  At least 65% of feed protein must be produced on the farm (no 

contracts with neighbouring farms).

•  The nitrogen surplus in the soil must not exceed 150 kg per hectare.

•  Ammonia emissions must not exceed 75 kg per hectare.

•  The organic matter balance is at least neutral.

•  Use or self-generation of green electricity.

•  The farm receives visitors or participates in cooperative arrangements 

on the estate.

•  The farmer takes courses on sustainable farming, soil management 

and biodiversity.’

(Boerderij.nl, 2020 – translated from the Dutch)

22 hectares under new lease agreements

A group of farmers have signed a lease contract with the municipalities 

of Haaren and Vught. They are renting the leasehold land for six years. 

‘The dairy farmers and arable farmers receive a 200 euro discount on the 

rent for making significant improvements in the quality of the soil. This 

means that they turn land used to grow maize over to herb-rich grassland 

for three years. They receive a further 200 euro discount if in addition 

they take 5% to 15% of the arable field margins out of cultivation and sow 

them with a wildflower mixture.’ The Louis Bolk Institute is monitoring 

and supervising the arrangement. 

(Van der Meijden, 2020 – cited text translated from the Dutch)

DuurzameGronduitgifte.nl

‘The Brabant Green Development Fund (Groen Ontwikkelfonds Brabant), 

Staatsbosbeheer, Stichting Brabants Landschap (Brabant provincial 

landscape foundation), Natuurmonumenten, the province of Noord-

Brabant, Brabant Water, and the Aa and Maas, the Dommel and 

Rivierenland water authorities want their leasehold land to be put to 

more sustainable use. They have imposed conditions on the use of these 

land holdings, but are also considering new approaches).’

(DuurzameGronduitgifte.nl, 2019 – translated from the Dutch)

Analogous to sustainable procurement, public authorities could adopt a 

policy of sustainable agricultural tenancy. Instead of selecting the highest 

bidder when leasing land, the Central Government Real Estate Agency 

could employ sustainable procurement principles like all other government 

procurement contracts. Land would then only be leased on the condition 

that a sustainable soil management regime is maintained. The more 

sustainably farmers farm, the more chance they will have of obtaining a 

lease. This is also recommended in a report to the House of Representatives 

(Rijksoverheid, 2020), which proposes that the agricultural land leased 

by the national land agency should only be used for sustainable forms of 

agriculture.
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4.2  Fertiliser policy
Current fertiliser policy sets a maximum limit on the amount of nutrients, 

particularly nitrogen and phosphate, that may be applied to the land. 

This policy encourages farmers to maximise fertiliser applications to the 

permitted limit because manure is abundant and they can earn money by 

applying manure from other farms. Farmers with a manure surplus benefit 

by applying the maximum permissible amount of manure on their land. 

In some regions they are required to have more than half of their manure 

surplus treated by manure processors (RVO.nl, n.d.). These farmers can pay 

other arable farmers and growers who have not used up their application 

limit to take the rest of their surplus manure. This is cheaper than having 

it processed. In certain farming sectors there are therefore strong financial 

incentives to apply as much manure as possible up to the permitted limit, 

regardless of the needs of the crops and the soil, or any consideration of 

the other vital functions of the soil. The same arable farmers apply chemical 

fertilisers as well because these are easier to dose than slurry. Some would 

prefer to use solid manure to stimulate the growth of soil organisms and 

build up the organic matter content of the soil. In addition, when manure 

tariffs are high, the recipient farmers benefit when the nutrient content of 

the manure is low because they can then apply larger quantities to their 

land (Luesink et al., 2007).

The fertiliser legislation can be used to provide clarity and a framework for 

action. For example, the quality of manure could be matched much better 

to the quality of the soil through the use of separate manure collection 

systems and improved application techniques. One solution would be 

to legislate for phasing out the use of slurry, with dates when specific 

percentage reductions must be achieved. The 20% reduction in phosphate 

application rights when farms are sold, which means a reduction in the size 

of the herd on the farm, could be used for this purpose. When applying 

this regulation a differentiated approach could be taken in which farmers 

who can demonstrate that they employ a sustainable soil management 

regime and limit other environmental impacts (nutrient losses, greenhouse 

gas emissions, and biodiversity loss) would be given more leeway in 

making these reductions, while farmers who cannot would be subject to 

more stringent measures. In other words, the Council argues for a bold 

approach to reducing emissions by setting targets backed by a policy 

aimed at changing farming practices and the agricultural structure rather 

than, as in the past, relying on price differentials resulting from supply and 

demand and related government measures (working manure into the soil, 

adaptations to animal housing, nutrient application standards, etc.).

4.3  Common agricultural policy
Whereas in the past the CAP led mainly to an intensification of agricultural 

production, nowadays there is a growing conviction that the aim should 

be to establish more sustainable farming systems. This is also stated in 

the Council’s earlier advisory letter on the new CAP, which advised using 

the eco-schemes and the existing private sustainability schemes to pay 

for sustainable soil management (Rli, 2019). This means that Pillar I direct 

payments per hectare will be paid not only for good agricultural practice 

and meeting cross-compliance conditions, but additional payments 
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per hectare will also be available for sustainable practices under the 

eco-schemes.12 The CPIs can be used to determine when such payments 

can be made.

An example of a current legislative obstacle to the pursuit of a policy for 

more sustainable farming concerns the ploughing up of grassland. Farmers 

receive a subsidy for managing ‘permanent’ grassland on the condition 

that the relevant fields have been under grassland for longer than five 

years. The law states that grassland is considered to be permanent if it 

has been continuously under grass for longer than five years. It is then not 

permissible to use the land for arable crops. Farmers who want to avoid 

being committed to maintaining permanent grassland are forced to plough 

it up every five years. This releases carbon dioxide, which is not the best 

outcome for the climate function of grassland.

4.4  Tax legislation
The high price of land in the Netherlands leads to intense forms of land use. 

Farmers have to pay back the investments they make or are forced to work 

with too little land because they cannot afford to buy or rent the additional 

land they need. The current exemptions from income tax, corporation 

tax, inheritance tax and gift tax keep land prices high. These taxes have 

been designed with the continuation of existing farm businesses in mind, 

regardless of whether or not the soil is managed sustainably. The same 

12 Cross compliance is meeting the provisions of existing EU directives in order to be eligible to receive 
CAP payments, including those in the Birds, Habitats, Nitrates and Groundwater Directives. 

goes for the six tax exemptions for forest management and conservation 

management (Table 8 and Box 13). One solution to this problem would be 

to transform these incentives so that they support desired forms of land use 

and management.

Table 8: Six tax exemptions for forested land and other natural areas

Scheme Exemption

1.  Forestry exemption Income tax on profit 
& Corporation tax

2.  Tax exemption on subsidies for forest and conservation 
management 

Income tax on profit 
& Corporation tax

3.  Tax exemption on income from savings and investments in 
forested land and other natural areas 

Income tax: Box 3

4.  Exemption from transfer tax on natural areas Transfer tax

5.  Exemption from transfer tax under the Rural Areas 
Development Act (Wet Inrichting Landelijk Gebied) 

Transfer tax

6.  Exemption on land acquisitions by the Land Management 
Service (Bureau Beheer Landbouwgronden, BBL) 

Transfer tax

Source: Silvis & Van der Meulen, 2016

Box 13: ‘Exemption from income tax and/or corporation tax

•  The forestry exemption (bosbouwvrijstelling) stipulates that the 

profits made by a forestry business are not taxed. This applies to 

every entrepreneur and business that manages forest. The exemption 

provides indirect financial support for forest management by 

enterprises.

61PRINTSOILS FOR SUSTAINABILITY | PART 2: ANALYSIS | CHAPTER 4



•  The tax exemption on subsidies for forest and conservation 

management (vrijstelling vergoeding bos- en natuurbeheer) applies 

to subsidy schemes for the development and conservation of forest 

and other natural areas. The development and conservation of forest 

and natural areas depends to a great extent on the available subsidies 

and this tax exemption provides an additional boost. It is particularly 

relevant for converting land from agriculture to nature in certain areas, 

which involves large sums to compensate for the loss of assets. The 

exemption means that the relevant subsidies can remain lower while 

achieving the same effect.

•  The tax exemption on income from savings and investments in 

forested and other natural areas (vrijstelling bos- en natuurterreinen 

bij voordeel uit sparen en beleggen) allows private individuals not to 

declare the value of their assets in Box 3 (income from savings and 

investment) of their income tax returns. This exemption makes private 

ownership of forest and natural areas more attractive.

Exemptions from transfer tax

•  The exemption from transfer tax on natural areas (vrijstelling 

overdrachtsbelasting natuurgrond) exempts acquirers of natural areas 

from transfer tax. This exemption makes natural areas more attractive 

as an investment.

•  The exemption from transfer tax under the Rural Areas Development 

Act (vrijstelling overdrachtsbelasting Wet Inrichting Landelijk Gebied) 

is a means to help realise structural improvements in rural areas.  

 

The exemption promotes the “smooth” transfer of property via the 

exchange of land parcels and the resubdivision of land without tax 

barriers. This makes it easier to build roads, watercourses and other 

infrastructure and for landowners to group their land holdings closer 

together.

•  The BBL exemption (vrijstelling verkrijging door Bureau Beheer 

Landbouwgronden) is a generic exemption from transfer tax that 

applies to the Land Management Service as a body for acquisitions 

under government policy. Traditionally, this exemption has contributed 

towards structural improvements in rural areas and is fully in line with 

the needs of the BBL.’

(Tweede Kamer, 2017 – translated from the Dutch)

The tax exemptions for forests and other natural areas are motivated by 

nature policy and seek to further two strategic objectives: the sustainable 

use of nature and the conservation of biodiversity (Tweede Kamer, 2015). 

From this perspective a solution could be to make these exemptions 

conditional on sustainable soil management: good forestry practices or 

good conservation practices, comparable with good agricultural practices. 

These could include, for example, concrete actions to increase forest 

biodiversity and to increase organic matter reserves (e.g. by not removing 

branches and top wood), raising the water table and not flail mowing.

Another tax stumbling block is inheritance and gift tax. Whoever inherits 

or is gifted a farm business is subject to inheritance or gift tax. However, 

62PRINTSOILS FOR SUSTAINABILITY | PART 2: ANALYSIS | CHAPTER 4



if the business is continued, use can be made of the ‘business succession 

scheme’, under which the inheritance/gift tax is reduced or waived. The 

scheme encourages farmers to keep the farm in the family, thus preventing 

the land from coming onto the market for farmers who want to farm 

more extensively or need to increase the size of their farms. This is not 

necessarily a bad thing if the soil is managed sustainably, but there is 

no incentive for successful continuation of sustainable soil management 

(Rosenboom et al., 2014).

The income tax exemption for agricultural businesses can also be an 

obstacle. This stipulates that if the management or designated use of the 

land remains the same, changes in the value of the land are not included 

in the profit and loss accounts of the business. This also makes it attractive 

for the farm to be passed on to the next generation, but at the same time 

this prevents the land from coming onto the market for farmers who want 

to extensify their production. As a result, land prices remain artificially high. 

Making this scheme conditional on a farm management regime geared to 

sustainable soil management could provide the required incentive. It would 

mean that farmers would only be eligible for the exemption if it can be 

demonstrated that sustainable soil management has been carried out for 

the past ten years (from the results of the proposed measurement method). 
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