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In 2007, the European Parliament requested the European Commission to carry out a pilot project
on ‘Sustainable Agriculture and Soil Conservation through simplified cultivation techniques’ (SoCo).
The European Parliament considered that ‘in Europe, soil degradation and erosion is probably the most
significant environmental problem’ and underlines the importance of conservation agriculture as being a
‘set of soil management practices which minimise alteration of the composition, structure and biodiversity
of the soil, safeguarding it against erosion and degradation’1. While stating that ‘Rural development
planning action for 2007 to 2013 affords a unique opportunity to make headway with these techniques’,
the European Parliament underlined that the project should ‘foster knowledge of these techniques so that
future European legislation can be easily applied’.
The SoCo project was designed in a close cooperation between the Directorate-General for Agriculture
and Rural Development (DG AGRI) and the Joint Research Centre (JRC) in form of an administrative
arrangement (AGRI-2007-336). It has been implemented through a joint effort by the JRC’s Institute for
Prospective Technological Studies (IPTS) and Institute for Environment and Sustainability (IES). Further
information about the SoCo project is available on the website: http://soco.jrc.ec.europa.eu.
This report synthesises the findings of the SoCo project and translates them into conclusions and
recommendations. It reviews soil degradation processes, soil conservation practices and policy measures
at European level. The analysis is taken to the local scale by means of ten case studies distributed over
three macro-regions. Aggregated environmental benefits of adopting particular soil conservation practices
are explored with model calculations. Finally, the report discusses the effectiveness and efficiency of
instruments for soil protection, maintenance and improvement in Europe, exploring opportunities and
critical issues linked to the adoption of conservation practices. The report closes with policy-relevant
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Preface

conclusions as a basis for policy recommendations. The following institutes contributed to this report:
the JRC-IPTS, the JRC-IES, Institute for European Environmental Policy (IEEP), Humboldt University and
Leibniz-Centre for Agricultural Landscape Research (ZALF) e.V.
Preliminary results of the EU-wide review have been presented and discussed at a stakeholder
workshop (with representatives from all EU Member States) in May 2008 and those of the case studies
at five macro-regional workshops in the summer of 2008. This report has been reviewed by the SoCo
Steering Group, comprising representatives of DG Agriculture and Rural Development, the Joint
Research Centre, DG Research and DG Environment, as well as by the SoCo Scientific Advisory Board:
Arnold Hermanus Arnoldussen (Norwegian Forest and Landscape Institute), Štefan Bojnec (University of
Primorska, Slovenia), Floor Brouwer (Agricultural Economics Research Institute (LEI), the Netherlands)
and Pierre Dupraz (Institut National de la Recherche Agronomique (INRA), France). We thank all
involved for their support to the work.
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Software company provider of ArcGIS: www.esri.com
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Geographic Information System
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Institute for European Environmental Policy
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Institute for Environment and Sustainability
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Agriculture occupies a substantial proportion of European land, and consequently plays an important
role in maintaining natural resources and cultural landscapes, a precondition for other human activities
in rural areas. Unsustainable farming practices and land use, including mismanaged intensification and
land abandonment, have an adverse impact on natural resources. Having recognised the environmental
challenges of agricultural land use, in 2007 the European Parliament requested the European Commission
to carry out a pilot project on ‘Sustainable Agriculture and Soil Conservation through simplified cultivation
techniques’ (SoCo). The project originated from close cooperation between the Directorate-General for
Agriculture and Rural Development (DG AGRI) and the Joint Research Centre (JRC). The JRC’s Institute for
Prospective Technological Studies (IPTS) coordinated the study and implemented it in collaboration with
the Institute for Environment and Sustainability (IES).
The overall objectives of the SoCo project are: (i) to improve the understanding of soil conservation
practices in agriculture and their links with other environmental objectives; (ii) to analyse how farmers
can be encouraged, through appropriate policy measures, to adopt soil conservation practices; and (iii) to
make this information available to relevant stakeholders and policy makers EU-wide.
Regarding the first objective, a stock-taking was conducted throughout the EU, collecting information
via a literature review, the use of parametric and empirical models, and a survey of policy measures.
The second objective was mainly achieved by ten case studies across the EU and a series of regional
workshops. The third objective will be met with this report and the planned dissemination process.
This report synthesises the findings of the SoCo project and translates them into conclusions and
recommendations. Following the introduction (Chapter 1), Chapter 2 reviews soil degradation processes,
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soil conservation practices and policy measures at European level. Soil degradation risk was assessed
through parametric and empirical models, whereas the review of soil conservation farming practices is
based on the available literature. The literature review of policy measures is supplemented by a survey
of policy implementation at national or regional level. Chapter 3 takes the analysis to the local scale
by means of ten case studies distributed over three macro-regions. Aggregated environmental benefits of
adopting particular soil conservation practices are explored with model calculations in Chapter 4. Finally,
Chapter 5 discusses the effectiveness and efficiency of instruments for soil protection, maintenance and
improvement in Europe, exploring opportunities and critical issues linked to the adoption of conservation
practices. The report closes with policy-relevant conclusions as a basis for policy recommendations.

Nature, location and magnitude of soil degradation related to agriculture
Soil is defined as the top layer of the earth’s crust and is composed of mineral particles, water, air and
organic matter, including living organisms. It is a complex, mutable, living resource which performs many
vital functions: food and other biomass production, storage, filtration and transformation of substances
including water, carbon and nitrogen. Soil further serves as a habitat and a gene pool, and provides a basis
for human activities, landscape and heritage, and the supply of raw materials.
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Soil is also subject to a series of degradation processes. Six of the soil degradation processes recognised
by the Commission (water, wind and tillage erosion; decline of soil organic carbon; compaction; salinisation
and sodification; contamination; and declining soil biodiversity) are closely linked to agriculture. Within
SoCo, the magnitude of the related soil degradation risks was estimated at EU level and areas where these
risks are most likely to occur were identified. The degree of ‘risk’ of soil degradation is established as a
function of the underlying predisposing factors, and does not indicate the actual occurrence of degradation
processes in particular areas.
The major drivers for water erosion are intense rainfall, topography, low soil organic matter content,
percentage and type of vegetation cover, inappropriate farming practices and land marginalisation
or abandonment. Several areas with a high risk of erosion (including some hotspots) are located in the
Mediterranean area. Erosion risk is also observed across western and central Europe. The highest number
of erosive days on bare soil per year, posing a wind erosion risk, is found across the sand belt covering
southeast England, the Netherlands, northern Germany and Poland. Additionally, the areas exposed to
high wind speed along coastlines show elevated levels of wind erosion risk.
Apart from soil characteristics (such as soil texture), and soil type, the soil organic carbon content is
determined by land use, climate (mainly temperature and precipitation) and soil hydrology. Risk related to
soil organic carbon decline is defined in terms of the potential of soils to lose organic carbon (removal of
carbon from the soil) compared to rates of accumulation of soil organic carbon. The climate factor explains
the existence of a north-south climatic gradient, with high soil organic carbon levels in the colder humid
northern part of Europe and in mountainous areas, and lower levels in the warmer semi-arid southern
part. The model results show that agricultural soils in Europe have very different actual soil organic carbon
levels and are subject to different risk levels as regards soil organic carbon decline. Soil organic carbon
is a major contributor to soil fertility and general soil conservation. Less well known are the interrelations
between soil organic carbon and climate change. Soil organic carbon is the second biggest carbon pool
on the planet after the oceans. There are more than 70 billion tonnes of organic carbon in EU soils, as
compared to about 2 billion tonnes of carbon altogether emitted by the Member States annually. Releasing
just a small fraction of the carbon currently stored in European soils to the atmosphere could wipe out
emission savings in other sectors of the economy. Maintaining and optimising organic carbon levels (as a
specific objective of land management) is important in contributing to climate change mitigation.
The natural susceptibility of soils to compaction mainly depends on soil texture, with sandy soils
being least and clayey soils most susceptible. Human-induced compaction is caused by soil use and land
management. European soils used for agricultural purposes have a predominantly low or medium natural
susceptibility to compaction.
The main natural factors influencing soil salinisation and sodification are climate, the salt contents
of the parent material and groundwater, land cover and topography. The most influential human-induced
factors are land use, farming systems, and land management, such as the use of salt-rich irrigation water
and/or insufficient drainage. The countries most affected by salinisation or sodification are Spain, Hungary
and Romania. Other countries show localised occurrence of these conditions, which could have a
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devastating effect locally.
Because of a lack of data, SoCo has not been able to produce comprehensive risk assessments of the
degree of soil contamination (by heavy metals and pesticides; excess nitrates and phosphates) or declining
soil biodiversity.

SoCo focused its review on two specific farming systems, namely conservation agriculture and organic
farming, along with a range of farming practices. The review considered their impact on soil quality and
assessed, as far as possible, the uptake and benefit-cost effects in a broader sense.
No-tillage and reduced tillage, in combination with permanent soil cover (cover crops, crop residues)
and crop rotation, are essential practices in conservation agriculture. These practices minimise the risk of
soil degradation by increasing the organic carbon stock, thus improving biological activity, soil fertility,
soil structure and the water-retention capacity of soils. As a consequence, soil erosion and nutrient runoff are reduced (with positive effects on water quality), and soil resistance to compaction is improved. In
addition, significant cost savings with respect to labour and fuel consumption are reported. Nevertheless,
switching to conservation agriculture might require significant capital investment (for example, in sowing
equipment) and greater attention in the use of chemicals for weed control. Within the EU-27, Finland
and Greece show the highest uptake of no-tillage (more than 4.5 % of total arable land), while reduced
tillage is practised on 40 to 55 % of the arable land in both Finland and the UK. Furthermore, conservation
agriculture is a complex, site-specific farming system, requiring training of farmers and adaptation to local
circumstances before maximum economic benefits can be obtained.
Organic farming, although different from conservation agriculture, has similar positive effects on soil
organic carbon content and soil biodiversity. Energy consumption is reduced and beneficial effects are
reported on water quality, in particular with respect to pesticides (which are strictly limited in organic
farming), and on above-ground biodiversity (in particular species abundance and/or richness) and
landscape. Net returns depend on yields, with some variation according to the crops. Over the period
1998-2005, the area under organic farming (including conversion areas) certified under Regulation (EEC)
2092/91 increased by 130 % in the EU-15, and by 2005 it amounted to 4 % of the total utilised agricultural
area in the EU-25.
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Farming practices relevant for soil protection, conservation and improvement; their
uptake and related environmental objectives

SoCo further reviewed the following specific farming practices: ridge tillage, contour farming,
subsoiling, intercropping, grassland establishment and maintenance, agroforestry, buffer strips, and
terracing. They were selected because of their potential to remedy soil degradation processes. For
example:
•

ridge tillage has positive effects on moisture-holding capacity, soil fertility maintenance and

•

contour farming increases the soil’s infiltration capacity, may have positive effects on soil organic

biological activity, and thus on water erosion and nutrient run-off;
carbon content and results in controlling water and tillage erosion;
•

subsoiling has a beneficial effect on infiltration rate and capacity, but shows variable effects on

•

terracing has beneficial effects on infiltration rate and capacity, and thus on controlling water

nutrient cycling;
erosion.
The information derived from the literature review afforded some insight into the cost and benefits of
some of the practices, but on a case-by-case basis only. All studies reviewed clearly confirm that farming
practice impacts are site-specific, which prevents extrapolation to the European level. Nevertheless, two
examples are worth mentioning. Buffer strips lead to a retraction in the productive area and investment in
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their establishment (seeding, planting). In return and depending on local conditions, they may replace or
reduce the need for other nature restoration activities, in addition to mitigating the negative impacts of soil
erosion and thus helping to improve the quality of watercourses. Cost-benefit analyses of terracing need
to take social factors into account, since there is evidence that underlying trends in the socio-economic
structure of the agricultural population have been leading to the abandonment of terraces and many
authors report adverse effects of terracing once they are badly maintained or even abandoned.

Review of the regulatory environment and policy instruments that address soil degradation
To date, soil protection is not a specific objective of any EU legislation but features in some legislation
as a secondary objective. Currently, the most important EU environmental directives with respect to
soil quality are the Nitrates Directive (91/676/EEC) and the Water Framework Directive (2000/60/EC).
Others, such as the Birds and Habitats Directives, the Sewage Sludge Directive (86/278/EEC) and the Plant
Protection Products Directive (91/414/EEC), are expected to have beneficial effects on soil quality, but to a
lesser extent owing to a more focused set of objectives.
In the framework of the Cardiff Process, environmental objectives are to be integrated into EU sectoral
policies, including the Common Agricultural Policy (CAP). The CAP comprises two principal headings
of budgetary expenditure: market price support and direct income payments (Pillar 1), and a range of
selective incentive payments targeting rural development (Pillar 2).
Cross compliance, a horizontal tool for both pillars and compulsory since 2005, plays an important
role in soil protection, conservation and/or improvement. The statutory management requirements
(SMRs) create synergies between the Direct Payments Scheme and the need to ensure compliance with
a number of relevant EU environmental directives, including the Nitrates Directive. The requirement to
keep agricultural land (whether in productive use or not) in good agricultural and environmental condition
(GAEC) aims to prevent land abandonment and ensure minimum maintenance of agricultural land. The
elements of GAEC specifically target protection against soil erosion, maintenance or improvement of soil
organic matter, and maintenance of a good soil structure.
Within Pillar 2 (Regulation (EC) 1698/2005), a wide range of measures can be supported and is
potentially relevant to soil protection, conservation and/or improvement. Member States or regions
are obliged to spread their rural development funding across three thematic axes: (1) competitiveness;
(2) environment and land management; and (3) economic diversity and quality of life. ‘LEADER’ is a
horizontal axis supplementing the three thematic axes. The axes contain measures which offer Member
States the possibility of supporting actions to reduce soil degradation on agricultural land when such
a need has been identified in their territories. Some of the most important are in Axis 2, where agrienvironment measures can stimulate appropriate farming practices and farming systems such as organic
farming and conservation agriculture. Measures should be well targeted and focused on actions above the
reference level. As such, a range of rural development measures provides the Member States or regions
with possibilities for encouraging farmers to go voluntarily beyond the reference level of soil quality,
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established through SMRs, GAEC requirements, minimum requirements for fertilisers and plant protection
products and other relevant mandatory requirements established by national legislation.

objective is the protection and sustainable use of soil, based on the prevention of further soil degradation,
preserving soil functions and restoring degraded soils to a level of functionality consistent with current
and intended use. The proposed Soil Framework Directive (COM(2006) 232) requires Member States
to identify areas at risk of soil degradation, as well as to set up an inventory of contaminated sites.
Subsequently Member States have to adopt measures, which could be built on measures already
implemented in national and Community contexts. However, Member States are free to decide on the
level of ambition of their soil policy, to set their own targets and to decide how and by when to achieve
them. The European Parliament adopted its first reading decision on the proposed Directive in November
2007, endorsing the proposal and calling for a directive on soil protection. In the Council meeting
(environment) of 20 December 2007, despite the support and call for legislation from 22 Member States,
five Member States (France, Germany, the United Kingdom, Austria, the Netherlands) voted against the
compromise text prepared by the Portuguese Presidency, thus creating a blocking minority. The proposal
is still under discussion in the Council.
SoCo conducted a survey of policy implementation at Member State and regional levels across the
EU-27, which was extensive but not fully comprehensive. The results indicate that the existing policy
measures have the potential to address all recognised soil degradation processes across the EU-27, even
though not all policy measures are implemented in all Member States or regions, nor are they implemented
in the same way. Measures are implemented using the flexibility provided within the legislative framework
of the EU. Adaptation to local conditions improves implementation but not always to the desired degree.
Typically, policy intervention in soil conservation is either through support for beneficial farming practices,
or through the prevention or prohibition of damaging practices. A range of factors appear to influence the
impact of different policy instruments. Compliance with prescriptions (mandatory measures) and levels
of uptake of voluntary incentive-based measures, in particular, are both strengthened through increasing
awareness and advice. However, the lack of monitoring and of a (quantitative) database prevents
comprehensive evaluation of the impact, effectiveness and efficiency of the different policy measures at
the present time.
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The Commission published the Soil Thematic Strategy in 2006 (COM(2006) 231). Its overall

Classification of soil degradation processes, soil conservation practices and policy
measures
SoCo established a classification of soil conservation practices and related policy measures.
It provides a schematic representation of the (expected) effects of farming systems (organic and
conservation agriculture) and farming practices on soil degradation processes and related environmental
issues, as well as indicating which policy measures encourage the adoption of such practices. The
earlier-presented information on the impacts of farming practices on soil degradation processes is
based on the scientific literature, which mostly concerns observed effects under particular geo-climatic
conditions and farming characteristics such as farming type and tradition. In contrast, the survey of the
implementation of EU policies at Member State or regional level did not throw light on the extent to
which the links between farm technical requirements and soil degradation processes are based on actual
measurements. Given differences in the use and implementation of policy measures, these hypothesised
cause-and-effect models may not reflect what happens on the ground in the diverse and more complex
agri-environmental reality.
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Synthesis of land management practices and policy measures at regional level: case studies
In order to reach a sufficiently detailed level of analysis and to respond to the diversity of European
regions, a case study approach was applied. Ten case studies were carried out in Belgium, Bulgaria, the
Czech Republic, Denmark, France, Germany, Greece, Italy, Spain and the United Kingdom between spring
and summer 2008. The results of the case studies were elaborated and fine-tuned through discussions at
five stakeholder workshops (June to September 2008), which aimed to interrogate the case study findings
in a broader geographical context. While the results of case studies are rooted in the specificities of a
given locality, the combined approach allowed a series of broader conclusions to be drawn.
The selection of case study areas was designed to capture differences in soil degradation processes,
soil types, climatic conditions, farm structures and farming practices, institutional settings and policy
priorities. A harmonised methodological approach was pursued in order to gather insights from a range of
contrasting conditions over a geographically diverse area.
The synthesis focused on the main soil degradation processes encountered in each case study area:
-

water erosion, which is closely linked to compaction and loss of soil organic matter, is a major issue
in all case study areas, with the exception of the Bulgarian case study. Both organic matter decline
and compaction are experienced to a moderate or severe degree in all case study areas;

-

diffuse contamination (especially excess of nutrients) is of particular importance in more intensively
farmed areas such as the Belgian case, but is also observed in other case study areas; and

-

soil salinisation, which although a specific problem in the Bulgarian and Spanish case study areas,
can be very severe wherever it occurs.
Comparing these results to the EU-wide stock-taking exercise, it is clear that these dominant degradation

processes are not necessarily representative of the EU in its entirety. Other reported soil degradation
processes include wind erosion, acidification (which is particularly problematic in eastern Europe) and
soil sealing. Pressure arising from livestock farming, particularly nutrient loading from intensively stocked
farms, was noted in some case studies and in the workshops, and is also well documented elsewhere in
Europe.
There is considerable physical and spatial variability in the soil degradation processes analysed, which
are not uniform even within relatively small areas. This is because the nature and extent of a degradation
process is typically influenced by two interacting elements, namely the physical, environmental conditions
in a given locality and the farming practices adopted.
The case studies further identified some of the complex causal chains between factors that shape the
adoption of different farming systems and practices, and the ultimate impacts on agricultural soils. Some
drivers are economic, such as agricultural commodity prices and energy prices; others are socio-cultural
and technological, such as the trend towards using larger and heavier machinery to increase the efficiency
of field operations.
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Certain farming practices are compatible with good soil management in one location but not
necessarily in another. That said, it is helpful to divide practices into those that are broadly beneficial
and those that are generally inappropriate. Beneficial practices are those that are well adapted to local
environmental and agronomic conditions, but also ones that serve to alleviate the risk. Inappropriate

site impacts too.
Within the case study areas, there was a wide range of farming practices being used to protect,
maintain or improve soil quality. Certain practices were associated with a particular type of farming system,
some were pertinent only to a certain soil type, whereas others crossed these boundaries and could best
be categorised as addressing a specific soil degradation process. Most of the promising practices for the
sustainable management of agricultural (mostly arable) soils, however, were not consistently adopted.
Adoption was impeded by a number of barriers, including technical factors such as the lack of adequate
machinery and infrastructure, or the shortage of adequate information for farmers, economic factors
including the costs of new machinery and the risk of income loss during transition periods, and because
policy measures have not been appropriately targeted.
In addition, the case study interviews suggested that farmers were usually aware of the challenges,
but did not necessarily regard them as pressing. They did not express marked concerns about likely future
effects of soil degradation processes. In this respect, the case studies corroborated evidence from the
impact assessment for the Soil Thematic Strategy and additional literature about the causes and drivers of
soil degradation processes.
In most cases, stakeholders saw a mix of policy measures, combining voluntary incentive-based
measures, mandatory measures, advice and support, as the way forward. More coordination, targeting,
technical support and stronger monitoring were considered priorities. It appears that, by embodying new
requirements with the potential to address key soil conservation, cross compliance has raised awareness of
soil conservation among farmers. Provision of incentives through agri-environment measures was widely
regarded as necessary to increase the adoption and development of certain practices, ideally helping to
bring about a transition to more sustainable practices, with farmers adapting to higher standards and an
enhanced level of responsibility for soil quality with time.
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practices contribute to soil degradation, primarily on the farmer’s own land, but almost always have off-

Lack of data on the precise levels of soil degradation in many areas and rather limited monitoring of
the impacts of adopting specific farming practices emerged. This leaves uncertainties as to which practices,
adopted under what circumstances, might be most appropriate and cost-effective. Robust evaluation of
policy impacts on soil conservation appears even scarcer.

Modelling environmental benefits of adopting soil conservation practices
In order to assess the potential environmental benefits of adopting agricultural soil conservation
practices EU-wide, the Erosion-Productivity Impact Calculator (EPIC) was used to simulate two scenarios
over the period 1990-2004. The first scenario assumed adoption of no-tillage practices for producing
barley, and the second the introduction of a cover crop before maize is sown. The results of the scenarios
were compared to those under conventional agricultural practices (ploughing and no cover crop).
The modelling allowed those EU regions to be identified where the adoption of conservation farming
and/or soil conservation practices would have the biggest potential benefits for the environment. It
emerged that no-tillage practices can effectively contribute to the reduction of erosion across Europe. The
number of areas (10 x 10 km) with the most serious erosion dropped by 7.5 %, while the areas with soil
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erosion below 0.5 t/ha increased by one quarter. Concerning the spatial distribution, most of the benefit
(between 7 and 23 % reduction of erosion) is achieved in France, northern Italy, central Europe, Portugal
and southeast Spain. Introduction of the cover crop was shown to be an effective means of reducing
erosion in non-irrigated maize, although the benefit declines with water stress. However, results varied
widely in areas with no water stress.
The modelling supports the general conclusion that long-term policies aiming at widespread adoption
of conservation agriculture practices (no-tillage and cover crop) will reduce soil erosion effectively in most
regions of the EU.

Existing policies for soil conservation
The SoCo study has shown that the existing suite of policy measures, including mechanisms for advice
and support, is in general adequate for addressing soil degradation processes in the EU. However, there
are issues in relation to the effectiveness of implementation and the relative weight given to different types
of instruments. The effectiveness of the policy measures could be significantly increased if the reference
level were clearly defined, if incentive payments were better targeted and monitored, if greater levels of
advice and support were provided, and if all relevant policy measures were coordinated and specifically
targeted to soil protection.
Cross compliance has clearly contributed to establishing a common reference level for sustainable
soil management across the EU. Although there are considerable differences between Member States
regarding interpretation of the standards, and therefore in the obligations introduced, the number of
mandatory measures relating to soils at national level has increased as a result of the GAEC requirements.
The degree to which these have been implemented or adopted at farm level is less evident and is likely to
vary considerably between regions. However, partial evidence from the case studies and from discussions
at the stakeholder workshops indicates that certain standards have had a positive impact, and certainly
appear to have increased awareness of soil conservation within a range of governmental institutions as well
as among farmers and farm unions. The effectiveness of GAEC standards could be improved by ensuring
more focused specification by Member States.
Rural development measures are an important instrument for assisting farmers’ transition to higher
levels of soil quality rather than for providing permanent support for measures that need to be accepted
as good practice. They should aim to facilitate those changes in management practices that are more
extensive or costly, and be accompanied by training and advice to provide information and to develop
expertise in soil-friendly farming practices. The main policy instruments available for incentivising farmers
to adopt soil-enhancing farming practices remain the agri-environment measures, despite the fact that
soil quality and management have not been treated as a key objective within agri-environment schemes
in most Member States. Improved targeting of agri-environment schemes towards specific local priorities,
backed up by stronger information and advice, would increase the impact of this approach.
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The complementarity of agri-environment measures with the requirements under GAEC (reference
level) is critical in order to ensure that incentive payments are not used to pay for practices that should
be provided through basic good practice. In general, policy measures the positive effects of which are
relatively clear to the farmer and will accrue in a short period of time, show a relative high degree of

less positive if the benefits are not very clear or cannot be realised in the short term, and if they involve
major cost burdens, particularly on smaller farms.

Effectiveness and efficiency of farming practices and policy measures
There is a wide range of farming practices available to farmers throughout the EU for mitigating or
even reversing soil degradation processes. The case studies and the EU-wide stock-taking exercise resulted
in a detailed synthesis establishing and analysing the interrelation of farming practices and soil quality in
the context of the current policy setting. However, the issue of which farming practices are preferable or
should be further promoted to avoid or mitigate soil degradation processes needs further investigation.
Generally, controlling the soil degradation process itself, rather than mitigating its off-site effects, is
regarded as more effective, even though the result might not be immediate. For example, avoiding the
occurrence of soil erosion is more effective than damming off silt.
A stronger commitment to monitoring would strengthen the knowledge base for policy making and
help to establish the right balance between the different policy measures in an integrated approach. In
particular, it is important to monitor the uptake of voluntary incentive-based measures, as this shows how
well these measures suit the social, economic and natural environment of farms. The use of the indicators
developed under the Common Monitoring and Evaluation Framework of Rural Development should meet
that need.
Information and advice are essential to support any changes in farming practices. Farm advisory
services should support the implementation of farming practices aimed at sustainable soil use. However,
stakeholders in nearly all case study regions mentioned the lack of routine advice and encouragement for
farmers to practise soil conservation. On the one hand, this indicates the apparently limited effort devoted
to soil conservation by the formal farm advisory and extension services. On the other hand, it points to the
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uptake and meet with public support beyond the farming community. On the other hand, measures appear

low profile of the soil issue in the public debate and in organisations engaging with farmers, such as food
processors and retailers or input suppliers. The latter is in contrast to the higher profile given to water and
biodiversity concerns in recent years.
The absence of detailed information on the cost of different measures means that general conclusions
about their efficiency in addressing soil degradation cannot be drawn, beyond the reasoning set out
above.

Recommendations
The EU-wide stock-taking exercise and the case study analysis have shown that there is a range
of measures within the current rural development policy (EAFRD) that are appropriate for supporting
sustainable soil management, over and above the mandatory reference level, including agri-environment
measures and measures facilitating the provision of advice and training to farmers. Given the appropriateness
of these existing instruments, and the clear case for promoting certain beneficial farming practices, the
existing role for rural development policy to address some of these soil conservation needs and challenges
should at least be continued into the future.
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If the conservation of agricultural soils is to become a rural development priority, it is recommended
that a number of preparatory steps be taken. More work is needed to improve policy makers’ and
stakeholders’ understanding of the appropriate reference levels that determine which agricultural practices
farmers should adopt and are responsible for in line with the polluter pays principle, and those that produce
public benefits beyond mandatory requirements and for which farmers should be remunerated. While
some basic requirements might conceivably be similar throughout Europe, there is a need for more clarity
on how minimum standards are interpreted to ensure their compatibility with a commonly established
reference level. Given the scale of the challenge and the fact that a degraded soil resource will seriously
constrain the capacity to achieve other environmental objectives, the Soil Framework Directive should be
adopted to provide the essential targeted policy framework while leaving enough flexibility to allow for
regional implementation. Soil conservation objectives should also be included more explicitly in the Rural
Development Strategic Guidelines and the intervention logic of appropriate rural development measures.
The implementation of Pillar 2 measures is subject to structured monitoring and evaluation
requirements. This is supported by a Common Monitoring and Evaluation Framework, a suite of
indicators designed to help assess the effectiveness of rural development interventions and the impacts
of the programmes relative to a baseline. It would be helpful to invest in the development of reliable,
comprehensive and operational indicators on (i) the state of soils (soil degradation), (ii) the social impact
(cost) of soil degradation, and (iii) the impacts of soil protection, conservation and improvement practices,
as encouraged in the proposed Soil Framework Directive. With proper investment in indicators, data and
monitoring over the next few years, it should be possible to produce a more accurate baseline estimate
of the condition of European soils at the start of the next rural development programme. This would allow
better future evaluation of the impact of any soil conservation measures adopted, which is essential if the
effectiveness of policy interventions is to be properly assessed over the longer term.
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to be managed in a sustainable way in order to

Overview of farming systems and
agricultural soil conservation practices
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2

Source: http://ec.europa.eu/environment/soil/index_en.htm
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quality. In the agricultural context, this implies
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scenarios for the EU with agricultural conservation
practices (no till and cover crops) are compared
to a baseline under conventional agricultural

Structure of this report

practices. Regions in the EU are identified where
the adoption of soil conservation practices

This report synthesises the findings of the
SoCo project and translates them into conclusions

would have the biggest potential benefits for the
environment.

and recommendations.
Chapter

5

identifies

effectiveness

and

Chapter 2 summarises the findings of the EU-

efficiency of soil protection, maintenance and

wide stock-taking of soil degradation processes,

improvement in Europe, listing opportunities and

soil conservation practices and policy measures

critical issues linked to the adoption of efficient

with a specific focus on developing a typology of

and cost-effective conservation practices by

these components. The chapter focuses on effects

farmers, and highlight implementation problems

of soil conservation practices on soil degradation

linked to policy measures. The report addresses

processes, and highlights which policy measures

the

facilitate the adoption of beneficial farming

off) between the different policy instruments

systems and/or practices.

as regards agricultural conservation practices.

interactions

(complementarities,

trades-

Policy-relevant conclusions as a basis for policy
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Chapter 3 synthesises the findings of ten
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addressing soil degradation and policy measures

Given the general EU-wide character of the
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collection would be required, ideally through the

Thus, although completeness has been aimed for,

development of a harmonised monitoring system

an inventory of all measures across all Member

across Europe and through additional research on

States has not been achieved. The information

EU-wide soil degradation processes.

collected is presented in detail in an accompanying
report (European Commission, 2009).

Due to the loss of topsoil, the soil
becomes less fertile and the aquatic ecosystem
contaminated. Erosion in agricultural areas could

2.1 Nature, location and magnitude
of soil degradation related to
agriculture

result in undercut slopes which remove the
slope base, causing landslides. Water erosion is
a natural process; the major drivers are intense
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rainfall (particularly pronounced in clay soils
Across Europe, six main soil degradation

after long droughts), topography, low soil organic

processes (water, wind and tillage erosion;

matter content, percentage and type of vegetation

decline of soil organic carbon; compaction;

cover. It is however intensified and accelerated by

salinisation and sodification; contamination; and

human activities, such as inappropriate cultivation

declining soil biodiversity) are closely linked to

techniques and cropping practices, changes in

agriculture. Drivers of these processes as well

hydrological conditions, deforestation and land

as an assessment of their risk (location and

marginalisation or abandonment. Following the

magnitude) are described below.

geographical distribution of these major drivers,
several areas with a high risk of erosion (including

SoCo’s

soil

some hotspots) are located in the Mediterranean

EU-wide

area (Figure 2.1). Erosion risk is also observed

estimates only and should not be interpreted with

across western and central Europe. Even though

the same accuracy as field measurements. The

the risk is relatively limited in France, Germany

degree of ‘risk’ of soil degradation is established as

and Poland, for example, water erosion can still

a function of the underlying predisposing factors,

be a substantial problem here. On the other hand,

and does not indicate the actual occurrence

the analysis shows hilly to mountainous areas

of degradation processes in particular areas. In

(Pyrenees, Apennines and the Alps) with very low

degradation

macro-assessment
processes

of

represents

the
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Figure 2.1: Soil erosion risk assessment map of the EU-27
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This map provides a complete picture of the erosion risk for the 27 Member States. It is derived from
the Pan-European Soil Erosion Risk Assessment (PESERA) and the RUSLE (Revised Universal Soil
Loss Equation) model for Finland and Sweden.
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or no erosion risk. These are largely forest areas
with soils stabilised through tree roots.

Wind erosion, involving a removal of
predominantly the finest soil particles, results in
an ongoing decrease in soil fertility, so that the

2.2) and are subject to different risk levels of soil

are detectable only after years or decades. A soil’s

organic carbon decline.

susceptibility to wind erosion is determined by
its erodibility (mainly soil texture and organic

Soil organic carbon is a major contributor to

matter content) and the climate’s erosivity (mainly

soil fertility and general soil conservation. Less

wind velocity and direction and precipitation).

well known are the interrelations between soil

Wind erosion is additionally influenced by the

organic carbon and climate change. Soil organic

interactions of various components (such as land

carbon can be a source of greenhouse gases

use) resulting in a high temporal variability in the

through the formation of CO2, CH4 and N2O; it

actual wind erosion risk of a particular site. The

can also be a sink through carbon sequestration

highest number of erosive days on bare soil per

under an organic form. Soil organic carbon is the

year (calculated over the last 30 years) is found

second biggest carbon pool on the planet after the

across the sand belt covering southeast England,

oceans. There are more than 70 billion tonnes of

the Netherlands, northern Germany and Poland.

organic carbon in EU soils, as compared to about

Additionally, the areas exposed to high wind

2 billion tonnes of carbon altogether emitted

speed along coastlines show elevated levels of

by the Member States annually. Releasing just a

wind erosion risk. However, the outcome of the

small fraction of the carbon currently stored in

modelling exercise might be influenced strongly

European soils to the atmosphere could wipe out

by lacking data (e.g. detailed info on soil, climate

emission savings in other sectors of the economy.

and land management) and scale effects.

Maintaining and optimising organic carbon levels
(as a specific objective of land management)

Soil organic carbon is a source of food for

is important in contributing to climate change

soil fauna and contributes to soil biodiversity.

mitigation. However, the optimisation of soil

Soil organic carbon supports the soil’s structure,

organic carbon content as a specific objective

which improves the physical environment for

of land management in order to contribute

roots to penetrate through the soil, enhances the

to climate change mitigation is not widely

water-retention capacity, and supports drainage

recognised at present. There are a limited number

(thus reducing run-off and erosion). A loss in

of studies showing that the relationship between

organic carbon content can limit the soil’s

soil organic carbon and soil productivity is rather

ability to provide nutrients for sustainable plant

complicated and there is an upper threshold of

production. Apart from soil characteristics (such

soil organic carbon beyond which no further

as soil texture) and soil type, the soil organic

increases in productivity are achieved (e.g. Carter,

carbon content is determined by land use,

2004; Tóth et al., 2007). Clearly, for a successful

climate (mainly temperature and precipitation)

implementation of an optimisation goal of any

and soil hydrology. Risk related to soil organic

future post-Kyoto agreement, continually updated

carbon decline is defined in terms of the potential

knowledge of the soil organic carbon status

of soils to lose organic carbon (removal of carbon

indicators is valuable. Establishing a harmonised

from the soil) compared to rates of accumulation

monitoring system across Europe and developing

of soil organic carbon. The climate factor

an accounting system are essential.
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effects of wind erosion on agricultural productivity

explains the existence of a north-south climatic
gradient, with high soil organic carbon levels in

Compaction can create significant damage

the colder humid northern part of Europe and

to the soil infiltration rate, redistribution of

in mountainous areas, and lower levels in the

water and nutrients, root development, and the

warmer semi-arid southern part. The model results

direction and depth of root growth. As the degree

show that agricultural soils in Europe have very

of compaction increases, cultivation becomes

different actual soil organic carbon levels (Figure

more difficult demanding more energy as well
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Figure 2.2: Actual organic carbon content in agricultural mineral soils of the EU-27
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This map shows the actual carbon content of mineral soils in agricultural areas. The actual soil organic carbon
content (Act SOC) refers to the amount of carbon (kg/m2 or t C/ha) derived by pedotransfer rule for the Soil
Typological Units within a bioclimatic region. The pedotransfer rule (Jones et al., 2004) provides its results in four
classes: very low <1.0 %, low 1.1-2.0 %, medium 2.1-6.0 % and high >6 %. The actual amount of soil organic carbon
(kg/m2 or t C/ha) is calculated using Act SOC = C*BD*Depth*(1-Frag), where C is the percentage of SOC content,
BD is the bulk density of soil (in kg/m3 or t/ha), Depth is the thickness of a soil layer (in m) and, (1-Frag) is the
content of stones (in %).
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as decreasing crop yields and productivity. The

susceptible.

natural susceptibility of soils to compaction

caused by soil use and management (e.g. heavy

Human-induced

compaction

is

mainly depends on soil texture, with sandy

machinery used under wet conditions). European

soils being least and clayey soils being most

soils used for agricultural and pastoral purposes

Heavy metal input in agriculture may be

susceptibility to compaction. Agroforestry and

caused by human activities, such as fertilisation

permanently irrigated land (mainly on light sandy

and amendment practices, used to increase

soils) -with the exception of rice fields, mostly

soil productivity. High concentrations of heavy

on clayey soils with a high water table- are least

metals in soils can be toxic for living organisms,

susceptible to compaction.

resulting in biodiversity decline and groundwater
pollution. Heavy metals together with excessive

Salinisation leads to an excessive increase

nitrogen inputs are regarded as the main sources

of water-soluble salts in the soil, whereas

of contamination in agricultural soils with

sodification concerns an increased content

significant effects on water quality.

of exchangeable sodium (Na ). High levels of
+

salinity in soils provoke the withering of plants

Soil biodiversity tends to be greater in forests

both due to the increase of osmotic pressure and

(compared to grasslands) and in undisturbed

the toxic effects of salts. Salinisation increases

natural lands (compared to cultivated fields).

the impermeability of soil layers, eliminating the

Agricultural land use and management practices

possibility to use the land for cultivation. When

can have significant positive (liming in grasslands

alkalinity takes place, the high pH level does not,

or low levels of disturbance) and negative

in most cases, permit plant life. Excess sodium on

(ploughing, overuse of agrochemicals or organic

the exchange complex results in the destruction

wastes) impacts on different components of

of the soil structure that due to a lack of oxygen,

soil biodiversity. Soil tillage operations modify

cannot sustain either plant growth or animal life.

the soil’s architecture (soil structure, porosity,

Alkaline soils are easily eroded by water and

bulk

wind. The main natural factors influencing soil

the distribution of crop residues and organic

salinisation and sodification are climate, the salt

carbon content. The adoption of conservation

contents of the parent material and groundwater,

agriculture, organic farming or low-input farming

land cover and topography. The most influential

can reduce the impact of agricultural activity on

human-induced factors are land use, farming

soil biodiversity. Changes in biodiversity alter

systems, and land management, such as the use

ecosystem processes and change the resilience of

of salt-rich irrigation water and/or insufficient

ecosystems to environmental change.

density,

and

water-holding

capacity),

Final report on the project ‘Sustainable Agriculture and Soil Conservation (SoCo)’

have a predominantly low or medium natural

drainage. Saline soils have developed in most
arid regions, where climate is the determining
driver. Salinity of local groundwater or substrata
is causing problems of salinity too. The countries
most affected are Spain, Hungary and Romania.
Other countries show localised occurrence of

2.2 Farming practices relevant for
soil protection, conservation and
improvement; their uptake and
related environmental objectives

these conditions, which could have a devastating
effect locally. Particular types of soil, such as acid

SoCo focused its review on two specific

sulphate soils may be at risk of salinisation under

farming systems3 (conservation agriculture and

certain environmental conditions.

organic farming); along with a range of farming
practices. This focus, allowing an in-depth

SoCo has not been able to produce
comprehensive risk assessments of the degree
of soil contamination (by heavy metals and
pesticides; excess of nitrates and phosphates) or
declining soil biodiversity due to a lack of data.

3

Farming system, i.e. the procedure of using land, labour,
capital and inputs (e.g. fertilisers) to manage farm
production and consumption to meet its objectives and
priorities under certain abiotic (e.g. climate), biotic and
socio-economic (e.g. government subsidies, knowledge
and philosophy of the farmer) conditions.
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Figure 2.3: Application of reduced tillage in the EU-27 at NUTS 0 level
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This map shows the use of conservation agriculture in EU-27 at NUTS 0, expressed as percentage on the
total arable land. Source of data is: European Environment Agency (EEA), EEA/EAS/06/002 framework contract,
“Support for agri-environmental analysis at the EEA”.
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analysis, has left out many other appropriate

European contexts was reviewed, along with

practices. The review was based on a wide range

some information from other regions to extend

of literature; including peer-reviewed articles,

the information base. In this section, the most

working papers, farming handbooks and other

important findings are presented; more details

relevant material. In particular material from

can be found in European Commission (2009).

50 %) and 25-35 % (up to 60 %) for reduced
tillage and no-tillage respectively. Higher values

Conservation
combination

of

agriculture
practices

comprises

which

a

apply in heavy soils with high clay content, as

minimise

reported in literature. Nevertheless, switching

alteration of the composition and structure of

to

conservation

agriculture

might

require

the soil, safeguarding it against erosion and

significant capital investment (for example, in

degradation, and preserving soil biodiversity. No-

sowing equipment) and greater attention in the

tillage and reduced tillage, in combination with

use of chemicals for weed control. Furthermore,

permanent soil cover (cover crops, crop residues)

conservation agriculture is a complex, site-specific

and crop rotation, are essential practices in

farming system, requiring training of farmers

conservation agriculture. These practices are also

and adaptation to local circumstances before

referred to as ‘simplified cultivation techniques’.

maximum economic benefits can be obtained.

Crop rotation involves growing a range of crops

The practices forming the basis for conservation

in the same space in sequential seasons to avoid

agriculture are also (individually) used in other

the build-up of pathogens and pests that often

farming systems (e.g. conventional, organic).

occur when a species is continuously cropped.
Uptake of no-tillage varies from 4.5 to 10 % (of

Organic production is an integrated system

total arable land) in Finland and Greece and from

of farm management and food production that

2.5 to 4.5 % in the Czech Republic, Slovakia,

combines best environmental practices, a high

Spain and the United Kingdom. Reduced tillage

level of biodiversity, the preservation of natural

is practised on 40 to 55 % of the arable land

resources, the application of high animal welfare

in Finland and in the United Kingdom, and on

standards and a production method in line

20 to 25 % in France, Germany and Portugal

with the preference of certain consumers for

(Figure 2.3). All mentioned practices minimise

products produced using natural substances and

the risk of soil degradation by increasing the

processes (FAO, 2008). Organic farming plays a

organic carbon stock, thus improving biological

dual societal role, on the one hand responding

activity, soil fertility, soil structure and the water-

to consumer demand for organic products,

retention capacity of soils. This in turn reduces

and on the other hand delivering public goods

soil erosion and nutrient run-off (with positive

through the protection of the environment and

effects on water quality), and improves soil

animal welfare, and thus contributing to rural

resistance to compaction. As for crop rotations,

development (Regulation (EC) 834/2007). Over

in addition to erosion control, the interaction

the period 1998-2005, the area under organic

between distinctive crops within a crop rotation

farming (including conversion areas) certified

can increase the yields, especially for the first

under Regulation (EEC) 2092/91 increased by

consecutive crop. An example is the positive

130 % in the EU-15, and by 2005 it amounted to

effect of legumes on the subsequent yields of a

4 % of the total utilised agricultural area (UAA)

grain crop.

in the EU-25. However, there is considerable
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Farming systems

variation between Member States. Organic
On the economic side, significant cost
savings

with

respect

to

labour

and

farming, although different from conservation

fuel

agriculture, has similar positive effects on soil

consumption are reported. Reduced tillage and

organic carbon content and soil biodiversity.

no-tillage can potentially reduce the need for

Energy consumption is reduced and beneficial

labour hours by 30-40 and 50-75 % respectively,

effects are reported on water quality, in particular

depending on the geographical location (northern

with respect to pesticides (which are strictly

or southern Europe). Similarly, consumption

limited in organic farming), and on above-ground

of fuel can realistically drop by 10-20 % (up to

biodiversity (in particular species abundance and/
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or richness) and landscape. Net returns depend

crops) on the same piece of land, during the same

on yields, with some variation according to the

growing season. By exploiting the ecological

crops.

characteristics of different plant species or
varieties, intercropping aims at enhancing the

Additional farming practices

overall stability of the farming system, including
a significant resilience against pests, diseases

Ridge tillage, i.e. cultivating crops on

and weeds, and at a better use of the available

pre-formed ridges, alternated with furrows

resources. This practice increases soil porosity

protected by crop residues, has positive effects

and supports organic carbon and nitrogen cycles;

on

fertility

there are indications of positive effects on soil

maintenance (including organic carbon content)

biology and biodiversity too. Studies highlight

and biological activity and thus on water erosion

the variability in net returns for a number of

and nutrient run-off. Evidence suggests that ridge

intercrops.

moisture-holding

capacity,

soil

tillage can be an economically viable alternative
to conventional tillage with higher net returns

Maintenance

and

establishment

of

and lower economic risk. Ridge tillage has only

permanent grassland (grass sward over five

been studied in experiments in most parts of

years) and temporary grassland (grass sward less

Europe.

than five years) can improve soil protection.
Permanent grasslands significantly contribute

Contour farming involves activities, such

to aggregate size and stability and soil biology

as ploughing, furrowing and planting, carried

(from micro- to macro-organisms). They also

out along contours instead of up and down the

support the cycling of nutrients (organic carbon,

slope. It aims at creating detention storage in

nitrogen, phosphorus and potassium) in the

the soil surface horizon and slowing down the

soil. The continuous vegetative cover reduces

rate of run-off. Contour farming thus increases

the erosion risk by water and wind. Permanent

the soil’s infiltration capacity, may have positive

grassland covers 32 % of the European UAA

effects on organic carbon content, and results in

with important differences between the Member

controlling water and tillage erosion. However,

States: e.g. in the United Kingdom, Ireland and

climate, soil type, slope aspect and land use

Slovenia, permanent grassland covers at least

should be taken into account when judging the

60 % of the UAA. Both permanent and temporary

suitability of this practice. Data on cost-benefit

grasslands have undergone a gradual decline

analyses are scarce.

over the past 25 years, having been converted
into cropland or forest, returned to fallow land

Subsoiling involves loosening deep hardpans

or abandoned. However, the 2003 CAP reform

in soils, thereby improving the soil’s infiltration

introduced the obligation to maintain permanent

rate and root penetration. In particular, it has a

pastures in order to prevent massive conversion

beneficial effect on infiltration rate and capacity,

into arable land. This resulted, in 2006 and

but shows variable effects on nutrient cycling. The

2007, in a limited increase in permanent pasture

effects of subsoiling are influenced by many other

in most Member States.

parameters such as a combination of practices,
type of crop and soil, (micro-)climate, period of
soil cultivation, etc.
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Agroforestry refers to land use systems
and

technologies

where

woody

perennials

(trees, shrubs) are deliberately combined with
Intercropping involves growing two or more

agricultural crops, either in some form of spatial

crops in alternating rows on adjacent strips of

arrangement or temporal sequence. Agroforestry

variable width or in different layers (under-sown

has positive effects on soil fertility maintenance,

capacity,

erosion

control,

biodiversity, carbon sequestration and control
of nitrate leaching. However, its environmental
effects

are

highly

variable,

depending

on

2.3 Review of the regulatory
environment and policy
instruments that address soil
degradation

biophysical conditions, management intensity,
and choice of crops and tree species. Research has

The review of the regulatory environment

shown that the long-term economic profitability

and policy instruments is based on three forms of

of silvo-arable agroforestry systems relative to

data collection. Firstly, a review of the existing,

that of conventional arable farming is not clear-

relevant EU legislation; secondly, a review of

cut; when the profitability of the latter is high,

impact assessments, evaluations and research

the overall economic performance of agroforestry

projects relating to EU policies; and thirdly,

depends on the proportion of farm land planted,

through a survey monitoring national and

tree density and land quality.

regional implementation (European Commission,
2009). The results from the policy survey are not

Buffer strips (filter strips, field borders,

exhaustive, i.e. they do not reflect all existing

windbreaks, grassed waterways, riparian buffers,

policies in the EU-27 with a soil protection,

etc.) at the edge of arable lands can significantly

conservation or improvement potential.

reduce (by 70-90 %) the volume of suspended
solids, nitrates and phosphates transported by

To date, soil protection is not a specific

agricultural run-off to waterbodies. Depending

objective of any EU legislation but features in some

on the type, they can reduce wind erosion and

legislation as a secondary objective. To close this

contribute to biodiversity and aesthetics of the

gap, the Commission proposed a Soil Framework

landscape. On the economic side, buffer strips

Directive in September 2006. Reviewing existing

lead to a retraction in the productive area and

legislation from a soil protection point of view

investment

(seeding,

requires considering all stated objectives and

planting). In return and depending on local

their expected effects on soil quality. In many

conditions, they may replace or reduce the need

cases other environmental objectives (e.g. water

for other nature restoration activities.

protection and waste management) contribute

in

their

establishment
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water-holding

to some extent to soil protection, although not
Bench terraces consist of a series of (nearly)

always effectively.

levelled platforms built along contour lines, at
suitable intervals and generally sustained by

EU Common Agricultural Policy

stone walls. Terracing has a particularly beneficial
effect on the soil’s infiltration rate and capacity

In the framework of the Cardiff Process,

and thus on controlling water erosion. However,

environmental objectives are to be integrated

the high maintenance required, coupled with the

into EU sectoral policies, including the Common

high cost of labour and the significant changes in

Agricultural Policy (CAP). The CAP comprises

the socio-economic structure of the agricultural

two principal headings of budgetary expenditure:

population over the last decades, has led farmers

market price support and direct income payments

to abandon terraces. In turn, many authors report

(Pillar 1), and a range of selective incentive

adverse effects of terracing once they are badly

payments targeting rural development (Pillar 2).

maintained or abandoned. A simple cost-benefit
analysis of terracing is often not sufficient to
establish its profitability.

Cross compliance, a horizontal tool for both
pillars and compulsory since 2005 (Council
Regulation (EC) 1782/2003), plays an important
role in soil protection, conservation and/or
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improvement. Under cross compliance rules, the

supplementing the three thematic axes. The axes

receipt of the Single Farm Payment and payments

contain measures which offer Member States the

for eight rural development measures under Axis

possibility of supporting actions to reduce soil

2 is conditional on a farmer’s compliance with a

degradation on agricultural land when such a

set of standards. First, the statutory management

need has been identified in their territories. The

requirements (SMRs; listed in Annex III of

following list can be mentioned in particular.

Regulation 1782/2003) create synergies between
the Direct Payments Scheme and the need to

-

ensure compliance with a number of relevant

Axis 1:


vocational training and information

EU environmental directives, including the

actions (Art. 20 (a) (i)); use of advisory

Nitrates Directive. Second, the requirement to

services (Art. 20 (a) (iv)); and setting

keep agricultural land (whether in productive use

up of farm management, farm relief

or not) in good agricultural and environmental

and farm and forestry advisory services

condition (GAEC; listed in Annex IV of Regulation

(Art. 20 (a) (v)). The above can promote

1782/2003) aims to prevent land abandonment

important

and ensure minimum maintenance of agricultural

among farmers which is essential for

land. The elements of GAEC specifically target

changing practices toward those which

protection against soil erosion, maintenance

are

or improvement of soil organic matter, and

sustainable, or help farmers meet costs

maintenance of a good soil structure. The fact that

arising from the use of advisory services

GAEC requirements are defined at national level

or to cover costs arising from the setting

enables Member States to address soil degradation

up of farm management, farm relief and

processes flexibly according to national priorities

farm advisory services. However, these

and local needs. Some Member States used GAEC

measures have only been marginally

to compensate for gaps in their existing national

implemented so far.

legislation on soil protection, while other Member



more

diffusion

of

knowledge

environment-friendly

and

modernisation of agricultural holdings

States already had a legislative basis in place and

(Art. 20 (b) (i)) or investment support.

merely adopted it for cross compliance. This has

This measure can be used to encourage

resulted in the situation that national designs of

transfer of technologies protecting and

GAEC are highly variable in scope and detail of

enhancing the environment in order to

describing measures.

improve the overall performance of the
agricultural holding, while respecting

Within Pillar 2 (Regulation (EC) 1698/2005),

the Community standards applicable to

a wide range of measures can be supported

the investment concerned.

and is potentially relevant to soil protection,
conservation

and/or

improvement.



restoring

agricultural

production

Member

potential damaged by natural disasters

States or regions are obliged to spread their rural

and introducing appropriate prevention

development funding across three thematic axes:

actions (Art. 20 (b) vi).

(1) competitiveness; (2) environment and land
management; and (3) economic diversity and
quality of life; with minimum spending thresholds
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-

Axis 2:


natural

handicap

mountain

and 25 % for Axis 2). ‘LEADER’ is a horizontal

other areas with handicaps (Art. 36

axis (with minimum spending of 5 % and 2.5 %,

(a) (i-ii)). Ensuring sustainable and

in the old and new Member States respectively;

extensive land use is the overarching

Article

objective of the Less Favoured Areas

of

Regulation

1698/2005)

and

payments

in

applied per axis (that is 10 % for Axes 1 and 3,

17(2)

areas

payments

in

established by national legislation and

continued use of agricultural land

identified in the Rural Development

(preventing abandonment of farming)

Programme

and compensate for farmers’ additional

environment measures usually include a

costs and income foregone related to

description of technical measures to be

the handicap for agricultural production

adopted by farmers (farm management

in the area concerned. LFA measures

obligations), as well as eligibility criteria

are generally relevant to soil protection

and payments. The actual service is

through

land

agreed between the implementation

abandonment. Farmland abandonment

authority and a farmer through a

has generally negative impacts on soil,

contract of a minimum of five years. The

such as increased erosion and reduction

provision of agri-environment measures

of soil organic matter quality (Pointereau

represents the only compulsory measure

et al., 2008). Targeting LFA aid to areas

for Member States within their Rural

suffering from natural handicaps like

Development

poor soil texture or steep slopes, and

environment measures particularly those

to extensive farming systems important

addressing soil erosion are common4

for land management, reduces the

under Regulations (EC) 1257/1999 and

above risks. Maintaining agricultural

1698/2005. Additionally some schemes

land use in these areas thus delivers

with other objectives like water or

environmental and landscape benefits

biodiversity protection, or landscape

that would otherwise not be provided

maintenance, require or support the

by the market alone.

adoption of soil conservation practices.

Natura 2000 payments and payments

Reduction of input (e.g. fertilisers, plant

linked to Directive 2000/60/EC (Art.

protection products), crop rotation,

36

help

cover crops, buffer strips, conversion of

farmers address specific problems and

arable land to grassland, extensification

compensate farmers for disadvantages

of livestock and in specific cases

resulting from the implementation of the

voluntary set-aside, are examples of

respective directives (Birds, Habitats and

farming practices to protect, maintain or

Water Framework Directive) (see below)

improve soil quality5.

(a)

the

(iii)).

avoidance

Such

of

payments

in agricultural areas.




(Art.

39.3).

The

Programmes.

agri-

Agri-

support for non-productive investment

agri-environment measures (Art. 36

(Art. 36 (a) (vi)), the aim of which

(a) (iv)) which support provision of

is to enhance achievements of the

environmental

services

the

commitments undertaken under agri-

reference level in agricultural areas

environment schemes and Natura 2000

through

income

through support of non-remunerative

foregone or additional costs incurred in

investments. Out of eight selected Rural

providing such services. The reference

Development Programmes6 (AT, CZ,

level

mandatory

DE (Saxony), ES (Andalusia), IE, PL, SE,

standards established pursuant to the

UK (England)) this measure was either

compensation

comprises

the

beyond
for
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(LFA) Scheme. LFA payments support

Articles 4 and 5 and Annexes III and IV
to Regulation (EC) 1782/2003, as well
as minimum requirements for fertiliser
and plant protection product use and
other relevant mandatory requirements

4
5
6

Finn et al. (2007)
European Commission, Agriculture and
Development Directorate-General (2005):
environment measures, p. 11s.
Accessed February 2008
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not introduced (five regions) or not

Through LEADER, support is granted to

specifically targeted to soil protection

local action groups (LAGs) to implement local

(three regions).

development strategies with a view to achieving

first afforestation of agricultural land

the objectives of one or more of the three other

(Art. 36 (b) (i)) and first establishment

axes, as well as to implement cooperation

of agroforestry systems on agricultural

projects involving the objectives selected, and

land (Art. 36 (b) (ii)), which stimulate

to run and animate the local action group. The

diversification from agriculture toward

policies can be potentially used as instruments

forestry which has high ecological (and

to promote soil-friendly practices and knowledge

good long-term economic) potential.

and to help farmers in their investments. However,

These measures offer a strong potential

only the programme level provides the detail

to prevent serious soil degradation

(links between farming practices and specific

processes, in particular soil erosion.

soil degradation processes) needed to conclude

First afforestation of agricultural land

whether LEADER targets soil quality in particular.

has been used in many programmes.
EU environmental legislation
Axis 2 measures are of particular interest
within the scope of soil quality, since both

Currently the most relevant EU environmental

environmental improvement and preservation

directives with respect to soil quality are the

of the countryside and landscape encompass

Nitrates Directive (91/676/EEC) and the Water

soil degradation processes. Regarding this axis,

Framework Directive (2000/60/EC). Others, such

Member States are encouraged to focus on key

as the Birds and Habitats Directives, the Sewage

actions; of which some explicitly refer to soil,

Sludge Directive and the Plant Protection Products

such as the delivery of environmental services, in

Directive, are expected to have beneficial effects

particular water and soil resources; or stressing the

on soil quality, but to a lesser extent owing to a

role of soils in adapting to climate change. Also,

more focused set of objectives.

the listed measures can stimulate specific farming

-

Nitrates

Directive

(91/676/EEC)

is

designed to protect the Community’s waters

farming and conservation agriculture. Measures

against nitrates from agricultural sources, one

should be well targeted and focused on actions

of the main causes of water pollution from

above the reference level. As such, a range of

diffuse sources, and is thus primarily targeting

rural development measures provides the Member

water quality. However, it is expected to

States or regions with possibilities for encouraging

have positive effects on local and diffuse soil

farmers to go voluntarily beyond the reference

pollution by nitrates (and phosphates). Also

level of soil quality, established through SMRs,

in particular cases, soil compaction might be

GAEC requirements, minimum requirements for

positively affected, as fertiliser spreading is

fertilisers and plant protection products and other

banned in the winter period (with prevailing

relevant mandatory requirements established by

wet or water-saturated soils).

national legislation. However, in most cases, it is
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The

practices and farming systems such as organic

-

The Water Framework Directive (2000/60/

impossible to conclude at the EU level to what

EC), including its daughter directives such as

extent the measures focus on soil quality, since

the new Groundwater Directive (2006/118/

the required level of detailed information, in

EC), has the objective to prevent and reduce

particular the link between farming practices and

pollution, promote sustainable water use,

specific soil degradation processes, can only be

protect the aquatic environment, improve

obtained at the programme level.

the status of aquatic ecosystems and mitigate
the effects of floods and droughts. Because

expected to have repercussions for soil

measures

contamination and soil biodiversity.

taken

under

these

directives

may contribute to reducing diffuse soil

-

-

-

contamination, with expected positive side-

Given the socio-economic and environmental

effects on soil biodiversity. Soil degradation

importance of soils, the Sixth Environment

processes (especially erosion and local and

Action Programme called for the development

diffuse soil contamination) were identified as

of a Soil Thematic Strategy, published by the

negative factors for water quality, rather than

Commission in 2006. Its overall objective is the

being positively affected by improved water

protection and sustainable use of soil, based

quality.

on the prevention of further soil degradation,

Avoiding

of

preserving soil functions (biomass production;

agricultural soils is regarded as an implicit

pollution

or

deterioration

storing, filtering and transforming nutrients,

precondition for the protection or recovery

substances and water; biodiversity pool, such as

of habitats under the Birds Directive (79/409/

habitats, species and genes; physical and cultural

EEC) and Habitats Directive (92/43/EEC).

environment for humans and human activities;

Soil biodiversity is likely to benefit from the

source of raw materials; carbon pool; and archive

(extensive) farm practices implemented under

of geological and archaeological heritage) and

these directives. Positive effects on (local

restoring degraded soils to a level of functionality

and) diffuse soil contamination are expected

consistent with current and intended use. The

too. A coherent European ecological network

proposed Soil Framework Directive (COM(2006)

known as ‘Natura 2000’ is integrating the

232) requires Member States to identify areas

protected areas of both directives.

at risk of erosion, decline in organic matter,

The Sewage Sludge Directive (86/278/EEC)

salinisation, compaction, sealing and landslides,

addresses the decline of organic matter and

as well as to set up an inventory of contaminated

soil contamination, through regulating the

sites. Subsequently Member States have to adopt

use of sewage sludge on agricultural land,

measures, which could be built on measures

while encouraging its correct use (through

already implemented in national and Community

limitations on the concentrations of certain

contexts such as cross compliance and rural

substances, or outright bans where needed).

development measures under the CAP. However,

The Plant Protection Products Directive

Member States are free to decide upon the level

(91/414/EEC) concerns the authorisation,

of ambition of their soil policy, to set their own

placing on the market, and use and control

targets and to decide how and by when to achieve

within the EU of plant protection products

them. The European Parliament adopted its first

in commercial use. It will be replaced

reading decision on the proposed Directive in

with a regulation once the Commission

November 2007, endorsing the proposal and

proposal (COM(2006) 388) is adopted by

calling for a Directive on soil protection. In the

the Council and the European Parliament.

Environment Council meeting of 20 December

This Regulation will be complemented

2007, despite the support and call for legislation

by a Thematic Strategy on the Sustainable

from 22 Member States, five Member States

Use of Pesticides (COM(2006) 372) and

(France, Germany, United Kingdom, Austria, the

its corresponding legislative proposal for

Netherlands) voted against the compromise text

a Framework Directive (COM(2006) 373)

prepared by the Portuguese Presidency, thus

which address risks resulting from the actual

creating a blocking minority. The proposal is still

use of pesticides (mainly plant protection

under discussion in the Environment Council.

products and biocides). These policies are
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of the link between water and soil quality,
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International agreements

measures is low. Crop rotation and soil cover
practices are most widely distributed (11-13 %).

The United Nations Convention to Combat
Desertification

(UNCCD)

Nations,

offered in the questionnaire, these figures

1994; into force since 2006) and United Nations

are considerably higher than 5 % (expected

Framework Convention on Climate Change

percentage with assumed equal distribution

(UNFCCC) (United Nations, 1992) are two

of the practices). Also requirements on tillage

multilateral

going

are frequently presented, as well as livestock-

beyond the EU borders that have potential

related practices. The remaining practices are

for soil quality protection, maintenance and

used less frequently, which is probably due to the

improvement.

particularity of the soil degradation process they

international

(United

Having in mind that there were twenty practices

agreements

address.
National and regional implementation of EU
policies and national/regional policies

The

literature

review

and

the

policy

implementation survey in the EU-27 indicate that
SoCo conducted an extensive survey of

the existing policy measures have the potential

policy implementation at Member State and

to address all recognised soil degradation

regional levels across the EU-27 (a synthesis

processes across the EU-27, even though not all

of which is provided in Table 2.5) (European

policy measures are implemented in all Member

Commission, 2009).

States or regions. Measures are implemented
using

the

flexibility

provided

within

the

The distribution of farming practices in the

legislative framework of the EU. Adaptation to

responses of the policy survey roughly illustrates

local conditions improves the implementation

their uptake. Twenty farming practices or categories

but not always to the desired degree. The link

of practices were offered in the questionnaire to

between available policy measures, implied

the respondents (mostly officials from agricultural

soil conservation practices and soil degradation

ministries). Figure 2.4 shows frequencies of a

processes can be either two-stage, by supporting

selection of categories of practices7 representing

or requiring a specific farming practice which

slightly more than 70 % of the entries. There

positively affects soil quality, or one-stage with

were more than 15 hundred entries of practices

a direct link to soil quality and a free choice

in specifications of mandatory measures (231

of farming practices. Typically, the two-stage

records) and voluntary incentive-based measures

policy intervention is either through support

(167 records). It can be concluded that, on

for beneficial farming practices, or through the

average, a single policy measure defined or

prevention or prohibition of damaging practices.

included three farming practices. However, there

Especially with regard to voluntary incentive-

is large variability, also depending on whether

based measures, it is important to monitor the

a respondent included a particular operational

uptake, as this provides an indication of their

policy measure or a category of measures (e.g.

relevance to the social, economic and natural

agri-environment measures).

environment of farms and of their expected
effect. Compliance with prescriptions (mandatory

As can be seen in Figure 2.4, the difference in

measures) and levels of uptake of voluntary

the use of practices along the categories of policy

incentive-based measures, in particular, are both
strengthened through increasing awareness and
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advice. However, a lack of monitoring and of a
7

Practices not included in these categories include:
fertilisation, pesticide use, strip cropping, drilling and
other.

(quantitative) database hinders a comprehensive
evaluation of the impact, effectiveness and

Note: MM = mandatory measures; VIBM = voluntary incentive-based measures
Source: SoCo project: own presentation of policy survey (European Commission, 2009)

efficiency of the different policy measures at the

knowledge reviewed in 2.1and 2.2 (the details

present time.

of which are provided in European Commission

Final report on the project ‘Sustainable Agriculture and Soil Conservation (SoCo)’

Figure 2.4: Frequency and distribution of selected farming practices by type of policy measure

(2009)):

2.4 Classification of soil degradation
processes, soil conservation
practices and policy measures

1.

soil

characteristics

and

soil-

forming factors that influence the soil
degradation processes: Table 2.1;
2.

In order to synthesise and analyse results

the effect (positive, neutral or negative) of
farming practices on soil characteristics:

from a large number of diverse sources, SoCo
developed a classification of soil conservation

the

Table 2.2;
3.

the effect (positive, neutral or negative)

practices and policy measures that address soil

of farming practices on soil degradation

degradation processes.

processes and related environmental
quality issues: Table 2.3.

2.4.1 Classification

of

soil

degradation

processes and soil conservation practices

4.

In

addition,

processes and farming practices are provided
by three consecutive tables summarising the

between

soil degradation processes and related
environmental

The relationships between soil degradation

interlinkages
issues

(water,

air,

biodiversity and landscape) are provided
in Table 2.4.
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Chemical

x
x

x

x

x

x
[x]

x
x
[x]

x
[x]
x

x
[x]
[x]

x
x

x

[x]
x

x
x
x
x

x
x

Biological activity

x

x

x

x

x

Parent material and substratum
Climate
Landform and topography
Hydrology and soil moisture regime
Vegetation type/Soil cover
Human influence1

x
x
x
[x]
x
x

x
x
x
x
x
x

x

x
x
x
x
x
x

x
x

x
x
x
x

x
x
x

x
x
x
x
x
x

x

x
x
x
x
x
x

x
x
x
x
x
x

x
x
x
x
x
x

x

x
x
x

x
x

x
x

x
x
x

Landslides and floods

x
x

Soil biodiversity
decline

x
x

x
x

Contamination

x
x
[x]

Salinisation/Sodification

x
x
[x]

Compaction

x
x
x

Organic carbon decline

Tillage erosion

pH/Acidity/Alkalinity
Organic carbon
N (cycle)
P (cycle)
K (cycle)
Electrical conductivity (EC)

Wind erosion

Determining soil characteristics

Physical

Texture
Porosity
Infiltration rate/capacity
Gas permeability
Aggregate stability (/size)
Moisure content/-holding capacity
Soil temperature

Water erosion

Soil degradation processes

Determining soilforming factors

2 Summary of the EU-wide stock-taking

Table 2.1: Summary of soil characteristics and soil-forming factors that determine soil degradation
processes

x

x
x
x
x
x
x

Legend: x, essential factor in the process; [x], factor that expectedly has an influence on the process; empty field: no particulars
mentioned within the context of this stock-taking exercise; 1Human influence here often refers to (change of) land use. However,
other farming practices, such as stocking density, cultivation techniques or field size can also play a role.
Source: SoCo project (European Commission, 2009)

The tables have to be interpreted within the

-

With respect to the effect of texture on

scope and limitations of the stock-taking. While

organic matter decline: sandy soils usually

the mapping cannot be fully comprehensive, it

have a low initial soil organic carbon

schematises the main relationships.

content, as opposed to soils rich in clay or
amorphous products that can accumulate

Table 2.1 describes how soil characteristics
(soil response properties) and soil formation
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stable forms of soil organic carbon (humus).
-

Water erosion is influenced, in particular,

factors (external factors of degradation) influence

by pore number, size and continuity, the

soil degradation processes. The links are potential,

presence or absence of topsoil compaction,

while the actual occurrence of the indicated

as well as by landslides and floods risk. The

relationship is site-specific. Most of the links are

drainage direction (vertical or horizontal) of

relatively straightforward; however some deserve

the pore system affects the salinisation or

additional explanation to be fully understood

sodification risk. Aeration is important for

(European Commission, 2009).

preserving soil biodiversity.

The better the aggregate stability, the better

and evapotranspiration play an important

the resistance to the impact of raindrops and
surface sealing, and thus to water erosion.

role, affects primary salinisation.
-

Aggregate stability is also closely linked
to organic carbon content. Soil structure

slope, affect tillage erosion.
-

Groundwater can act as a carrier (or

(composed of pedality and porosity) and

medium of transport) of water-soluble salts.

soil organic matter (amount and distribution)

Accumulation of the latter may lead to

are also the main factors influencing soil

salinisation.

8

biodiversity.
-

Landform and topography, in particular

-

Surface roughness or resistance, in particular,

With respect to the effect of moisture content

and thus the presence or absence and/or type

and moisture-holding capacity on organic

of soil cover, influences the soil’s erodibility.

matter decline: anaerobic and wet conditions

Land use decisions determine vegetation

favour

type and/or soil cover to a large extent.

accumulation

of

undecomposed

vegetation residues.

-

Finally, other human activities (including
farming

The soil-forming factors refer to natural and

practices)

affect

many

soil

degradation processes; examples include:

anthropogenic processes that, in combination,

deforestation,

affect

processes. The

salt-rich water, overgrazing, inappropriate

distinction between natural and anthropogenic

cultivation and the application of phosphate-

factors is particularly important because soil

and lime-based fertilisers. Policy intervention

degradation processes may be accelerated or

can in its turn affect farmer’s actions, in

decelerated by human activities. A detailed

particular their farming practices.

all

soil

degradation

drainage,

irrigation

with

explanation is given for some of the links below
(European Commission, 2009).

Farming practices affect soil characteristics
and thus soil degradation processes. Table 2.2

-

-

Salts originating from the parent material

gives an overview of the effects of soil-friendly

and substratum may induce salinisation,

farming practices on soil characteristics. The

involving water-soluble salt accumulation.

effects of farming systems as a whole (e.g.

As parent material indeed influences which

conservation

minerals are present in the soil, it will have

are not presented, nor are those conservation

an influence on the biodiversity that naturally

practices which address one particular soil

occurs in the soil.

degradation process (e.g. appropriate irrigation

Climate and climate variability or change

practices to control and/or avoid salinisation and

will influence all soil degradation processes,

sodification).

agriculture,

organic
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-

farming)

since climate influences the water-holding
capacity. This has a snowball effect on

The way in which farming practices affect

other soil properties and in turn, on soil

soil characteristics is complex; nevertheless

degradation processes. Climate’s erosivity

it is useful to summarise the essentials of these

has an effect on wind erosion. Mainly

relationships (European Commission, 2009).

temperature and precipitation have a critical
influence on carbon mineralisation and

-

No- and reduced tillage both result, after

accumulation. The water balance in a soil, in

a transition phase, in a higher macro-

which the proportion between precipitation

porosity with vertical orientation and high
connectivity of the pores (as a consequence
of

8

i.e., arrangement of soil constituents into discrete units

increased

earthworm

activity);

soil

aeration also increases. The bulk density of
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(a)

Infiltration
rate/capacity

Gas
permeability

Aggregate
stability/size

Moisture
content/
-holding
capacity

Soil
temperature

No-tillage
Reduce tillage
Cover crops
Crop rotation
Ridge tillage
Contour farming
Subsoiling
Intercropping
Grasslands, esp. permanent
Agroforestry
(Conservation) Buffers
Terracing

Porosity

Soil physical characteristics

Farming practices

2 Summary of the EU-wide stock-taking

Table 2.2: Summary of the effect of farming practices on (a) physical, (b) chemical and (c) biological
soil characteristics

+ (macro-porosity)
+ (macro-porosity)
[x]

+
+
+

[x]

+
+
+

+
+
+

-

+

-

[x]
+

[x]
[x]

+
+

(0/+)
+
[x]

[x]

+

+
(b)

Potassium
(cycle)

+
+
+
(+)
+
(+)

+
+
+
0/+
x

+
+
[+]
0/+

0/+

(0/+)
+
+
+
[+]

(0/+)

+
+
+

+
+
[+]

Electrical
conductivity
(EC)

Phosphorus
(cycle)

-

Nitrogen
(cycle)

No-tillage
Reduce tillage
Cover crops
Crop rotation
Ridge tillage
Contour farming
Subsoiling
Intercropping
Grasslands, esp. permanent
Agroforestry
(Conservation) Buffers
Terracing

Organic
carbon

Farming practices

pH/Acidity/
Alkalinity

Soil chemical characteristics

+
+

(c)
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Mesofauna

Microfauna

Mycorhiza

Microbial
activity

No-tillage
Reduce tillage
Cover crops
Crop rotation
Ridge tillage
Contour farming
Subsoiling
Intercropping
Grasslands, esp. permanent
Agroforestry
(Conservation) Buffers
Terracing

Macrofauna
Farming practices

Soil biological characteristics

+
+
+
+

+
+
[x]

+
+
[x]

+
+
[x]

+
+
[x]

+
(+)
+
[x]
[+]

(+)
+
[x]
[+]

(+)
+
[x]
[+]

+
(+)
+
[x]
[+]

(+)
+
[x]
[+]

Legend: +, positive observed effect; 0, neutral observed effect; -, negative observed effect; [x], expected effect; (x), limited (e.g. shortterm) or indirect effect; empty field: no particulars mentioned within the context of this stock-taking exercise
Source: SoCo project (European Commission, 2009)

stability, moisture content and biodiversity

does not exceed the production limits for

abundance on the other hand, the effect of

most crops. These practices also induce a

cover crops on the latter characteristics is

higher aggregate stability, especially in soils

also expected to be positive. However, the

with low clay content, and an increase of

effect of soil temperature is expected to be

up to 40 % in aggregate size in the surface

negative, as soil cover protects the soil from

horizon (0-5 cm). As no- and reduced tillage
reduce soil evaporation and thus water loss,

direct light impact.
-

they can lead to an increase in the soil

soil fertility due to its recycling effect

moisture content of up to 300 % and 35 %

and through ensuring reduced leakage of

respectively. Soil temperature is reduced as

nutrients. Depending on the type of rotation,

a consequence of the crop residues left on

however, it has a neutral or positive effect

and in the soil. The pH in the surface horizon

on nutrient (N/P/K) content and cycles. By

(0-10 cm) can be reduced by <0.5 pH units;

definition, rotations also encourage greater

also, pH is negatively correlated to organic

biodiversity and have a positive effect on

carbon content. No- and reduced tillage

macro-fauna.

result in a higher organic carbon content

-

Ridge shape has an important effect on

of the surface horizon (especially the top

soil moisture; for example, soil moisture

5 cm), with annual increases of 4-120 g C/

in maize increased in the top 10 cm of the

m2/yr. However, it mainly concerns organic

interrows by 3.5-5.6 %. Ridge shape also has

matter with a rapid turnover, sensitive

an important effect on radiation absorption

to mineralisation. At the same time, the

(in the same example, soil temperature

mineralisation rate is reduced to 0.017

decreased by 3.5-5.6 % in the interrows),

and 0.032 respectively (as compared to

and it dramatically affects organic carbon

0.046 when ploughing the top 25 cm).

production and decomposition. Furthermore,

The organic matter under no- or reduced

ridge tillage leaves residues among the

till has a higher proportion of particulate

ridges, and has therefore the same effect as

matter and shows more stratification, with

reduced tillage. The soil microbial biomass

a decreasing gradient from surface to

under ridge tillage is 2 to 3 times higher and

bottom and more apparent with time. Both

thus may affect N turnover, micro-fauna and

no- and reduced tillage result in a higher
N and P content of the surface horizon,

microbial activity.
-

reduced N mineralisation and increased
P stratification. These practices favour

There is limited evidence that contour farming
positively affects soil organic carbon.

-

Subsoiling

combined

with

conservation

earthworm populations and activity (macro-

agriculture practices can result in increased

and meso-fauna), no-tillage even more

porosity, hence it has a positive to neutral

so than reduced tillage, and result in an

effect. There is limited evidence of positive

increased biomass (important for recycling)

effects of subsoiling on N/P content and/or

of up to 30-100 %, and support mycorrhizal
and enzymatic (microbial) activity.
-

Generally speaking, crop rotation improves

cycles.
-

Examples from Ireland and the UK show

Systematic use of cover crops leads to

that temperate winter wheat-white clover

an annual increase in organic carbon of

intercropping resulted in an increased input

up to 160 kg C/ha/yr. Due to the positive

of organic matter, and supported much

correlation

carbon

larger earthworm (Lumbricidae) populations

content on the one hand and aggregate

than conventional wheat mono-cropping.

between

organic
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the top horizon increases only slightly, and
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(a)

(-/+)
(-/+)

+
+
+
+

+

Landslides and
floods

Soil biodiversity
decline

Contamination

Salinisation/
Sodification

+
+
+
+
+

[x]
+

+
x
+
0

+
x
+
+

++
[+]
[+]

Compaction

+
+
++
+
[+]

Organic carbon
decline

-/+
-/+
+
+
+
+

Tillage erosion

Wind erosion

No-tillage
Reduce tillage
Cover crops/Vegetation cover
Crop rotation
Ridge tillage
Contour farming
Subsoiling
Intercropping
Grasslands, esp. permanent
Agroforestry
(Conservation) Buffers
Terracing

Water erosion

Soil degradation processes

Farming practices
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Table 2.3: Summary of the effect of farming practices on (a) soil degradation processes and (b) related
environmental issues

+
+
[+]
+

(+)

[+]

+
+
(+)

+
x

+

+

[+]

[+]

(+)
-/+

(b)

Related environmental quality/quantity issues

+
+
+
+
+

Landscape2

+

-/+
-/+
+
(+)

Biodiversity

-/+
-/+
[-/+]
+
+

Energy

+
+
++
+
+

Air quality1

Phosphorus

-/+
-/+
[+]
+
+

Potassium

Nitrogen

No-tillage
Reduce tillage
Cover crops/Vegetation cover
Crop rotation
Ridge tillage
Contour farming
Subsoiling
Intercropping
Grasslands, esp. permanent
Agroforestry
(Conservation) Buffers
Terracing

Pesticides

Farming practices

Water quality

[+]
[+]
[+]
+

+
x

[-]
+
+
+
+

+
+
+
+

+
+

+
[-]

+
+
+
+

[+]
+
+
+
-

Legend: +, positive observed effect; 0, neutral observed effect; -, negative observed effect; [x], expected effect; (x), limited (e.g. shortterm) or indirect effect; empty field: no particulars mentioned within the context of this stock-taking exercise; 1 The term air quality
mostly refers to greenhouse gas emissions here.; 2 The term landscape refers to a group of characteristics that cannot be described
as abiotic (water, soil, air) neither as biotic resources (genetic, species and habitat diversity) but refer to visual aspects/aesthetics,
cultural heritage, etc.
Source: SoCo project (European Commission, 2009)
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These animals are responsible for the

intercropping.

creation and maintenance of soil macro-

biological characteristics also exist.

porosity. Legumes contribute to soil fertility
via symbiotic N2 fixation in legume-cereal

-

Examples

of

improved

Agroforestry results in better soil cover and in
more moderate soil temperatures. It also has

to the increased organic carbon content and

fertility and thus positively affects nutrient

biological activity, adsorption and breakdown

content and cycles, as well as soil biological

of pesticides is higher under no- and reduced

characteristics.

tillage (with soil cover), despite the higher

Buffers result in reduced leaching of N and

macro-porosity

P and thus positively affect N and P content

transport, which is positive in preventing soil

and cycles. These reinforced nutrient cycles

and water pollution. Furthermore, surface

positively affect biological life and activity.

water contamination by pesticides is directly

and

preferential

vertical

linked to run-off. Reduced run-off using noTable 2.3 sets out the effects of farming

and reduced tillage can result in a pesticide

practices on multiple soil degradation processes

flow reduction of 29-100 %, depending on

and related environmental issues.

the type of pesticide and cultivation practice
used. However, in a period of high drainage

The most important effects of farming

(after

significant

rainfall),

preferential

practices on soil degradation processes (Table 2.3)

vertical transport could lead to groundwater

are highlighted below (European Commission,

pollution; on the contrary, the absence of a

2009).

draining period could support the biological
breakdown of pesticides. The risk of nitrogen

-

No- and reduced tillage (NT and RT) can

pollution also increases with increased

diminish spring time run-off and erosion.

leaching under preferential vertical transport.

Provided the soil is sufficiently covered

However, soil cover shows significant effects

(mulch, green manure, catch crops, etc.) and

in reducing nitrate losses, irrespective of the

has significant biological activity, run-off and

tillage system used. The situation with respect

erosion can be reduced by a factor 1 to 5 and 1

to phosphorus is more complicated because

to 10 respectively, compared to conventional

it is both soluble and particulate, the latter

tillage. However, higher run-off and erosion

property causing it to accumulate on soil

may occur in cases of severe soil compaction

organic matter. Despite reduced total P losses

and soil crusting; no-tillage combined with

under no- and reduced tillage, soluble P

no soil cover can even result in a significant

losses increase, resulting in an increased risk

increase in water erosion. Wind erosion

of eutrophication. Fuel savings have a positive

can be reduced by creating larger soil clods

impact on greenhouse gas emissions and air

(both under no- and reduced tillage) and thus

quality in general: reduced CO2 emissions of

protecting the leeward side of clods or furrows

27-162 kg CO2/ha/yr; reduced N2O emissions,

from wind erosion and particle impact. As

at least when no-tillage is combined with a

mentioned above, no-tillage also counteracts

cover crop (for green manure, etc.), especially

organic carbon decline. The reduced number

a leguminous one. However, increased

of tractor passages on fields under NT or RT

N2O emissions as well as NOx have also

should result in a reduced compaction risk.

been reported, the latter as a consequence

Vertical orientation of pores and aggregate

of reduced soil aeration. Bird populations

stability also improve soil resistance to severe

are likely to increase due to the higher seed

soil packing. However, both practices are

availability and presence of crop residues.

known to cause local compaction problems,

-

Cover crops are considered to be the best

especially on clay soils at the edges of fields,

measure against wind erosion. They also

where the machines turn around9. In relation

provide additional organic matter (up to
160 kg C/ha/yr) and thus contribute to

9

Written communication A. Arnoldussen
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-

a positive effect on the maintenance of soil

reversing organic matter decline. So-called
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catch crops, in particular, reduce nutrient

inorganic N10, with ensuing positive effects

leaching and thus have a positive impact

on water quality. An example of ridge tillage

on soil contamination. Soil cover in general

in cotton cultivation resulted in machinery

shows significant effects in reducing nitrate

savings of over 20 %.

losses, whatever the tillage system used,

-

-

and thus improves water quality. Reduced

the increased infiltration capacity and thus

emissions of N2O (greenhouse gas emission)

controls water erosion. On slopes less than

were observed when no- and reduced tillage

10 % and below a given threshold level of

was combined with cover crops, especially

rainfall intensity, contour farming may help to

leguminous ones.

reduce tillage erosion. However, tillage speed

Crop rotation contributes to controlling

and depth are reported to be as important as

erosion because of better soil cover. Inclusion

slope gradient. Slope farming inevitably affects

of grass and legumes improves the organic

the landscape too. There are technological

carbon status of soils. Crop rotation also

limits to contour farming; for example, root

reduces reliance on agricultural chemicals

crops might be significantly damaged during

and thus prevents contamination. Due to

the harvest, resulting in lower yield as well as

reduced use of herbicides and pesticides, it

affecting product quality.

improves water quality; however, the longest

-

Subsoiling has a very short-term positive

possible rotation of 5-10 years is necessary

effect on soil compaction, i.e. compaction

to minimise risks of weed, pest and disease

can occur again after subsoiling if the

development. Furthermore, nutrient (N/P/K)

causes (e.g mouldboard ploughing) are not

recycling allows reduced fertiliser use and

eliminated. It is also associated with high

thus reduces the risk of leaching nutrients
into the water. The lower use of N fertilisers

-

Contour farming slows down run-off due to

energy costs.
-

Increases in organic matter and earthworms

also reduces N2O emissions and saves fuel

from particular combinations of intercropping

(energy use), with knock-on effects on CO2

help to reverse the decline in organic carbon

emissions. Introducing leguminous plants

and soil biodiversity. For example, faba bean-

additionally contributes to reduced energy

pea and faba bean-cereals intercropping

dependence. In addition, crop rotation

reduced

also promotes biodiversity by varying crop

(thanks to the production of allelochemicals),

species and types of farmland habitats, with

thus reducing the need for pesticides, and

long rotations composed of many varieties

maize-grass intercropping reduced NO3 by

contributing to genetic biodiversity and an

15 and 20 mg/l compared to conventional

aesthetically pleasing landscape.

catch crop and fallow soil, respectively.

Ridge tillage may reduce erosion; for

Lower pesticide and N use both potentially

example, maize grown on a 3 % slope

improve water quality. The mixture of

using this tillage practice resulted in an

crops results in higher biodiversity, and the

85 % reduction in water erosion compared

landscape is also likely to benefit.

Orobanche

crenata

infestation

to traditionally tilled areas. However, tillage
erosion is likely to arise because of the yearly
formation of ridges. At the same time, residues
left in the furrows counteract organic carbon
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and biodiversity decline. Increased yield
and profitability allow for lower fertiliser
and pesticide- use, and reduced leaching of

10

Given the conformation of ridges, precipitation slips
away on the ridge’s side, thereby reducing the leaching
of inorganic nitrogen applied in the middle (ridge) and
increasing N use efficiency by plants (Schlinker et al.,
2007; Henriksen et al., 2006). In northern Europe, as
nitrogen leaching is a major concern in agriculture, the
implementation of ridge tilling in autumn and winter
could greatly ease the problem.

(a)

Soil degradation
processes

x
x

x
x
x
x

x
x

x
x

x
x

x
x

x
x
x
x

x
x
x
x
x
x

Landslides and
floods

x

Soil biodiversity
decline

x

Contamination

Salinisation/
Sodification

Organic carbon
decline

Tillage erosion

x
x
x
x
x
x

Compaction

Water erosion
Wind erosion
Tillage erosion
Organic carbon decline
Compaction
Salinisation/Sodification
Contamination
Soil biodiversity decline
Landslides and floods

Wind erosion

Water erosion

Soil degradation processes

x
x
x
x
x

x
x

x
x
x

x

(b)

Related environmental quality/quantity issues

x

x

x
x

x

x

x

x

x

x
x

x
x

x

Landscape1

x

Biodiversity

Potassium

Soil degradation
processes

Water erosion
Wind erosion
Tillage erosion
Organic carbon decline
Compaction
Salinisation/Sodification
Contamination
Soil biodiversity decline
Landslides and floods

Air quality

Phosphorus

x
x
x
x
x

Pesticides

Nitrogen

Water quality

x

x
x

x
x

x
x
x
x
x
x

x
x
x

x
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Table 2.4: Summary of the effects of soil degradation processes on (a) other soil degradation processes
and (b) related environmental issues

Legend: x, observed/measured effect; [x], expected effect; (x), limited (e.g. short-term) or indirect effect; empty field: no particulars
mentioned within the context of this stock-taking exercise; 1 The term landscape refers to a group of characteristics that cannot be
described as abiotic (water, soil, air) neither as biotic resources (genetic, species and habitat diversity) but that refer to visual aspects/
aesthetics, cultural heritage, etc.
Source: SoCo project (European Commission, 2009)

-

Agroforestry has a positive effect on soil

carbon sequestration and improve the soil’s

fertility maintenance and thus on organic

CO2 sink potential.

carbon decline. Some trees (namely willows,

-

Soil contamination in (conservation) buffers

poplars and certain eucalyptus trees) can

is potentially reduced by plant absorption.

potentially help to reduce water-logging and

The reduced drift of pesticides and leaching

thus contribute to preventing landslides and

of nutrients (abatement of 70-95 % in

floods. Agroforestry has a positive effect on

N, abatement of 70-98 % in P) results in

nitrate leaching due to the potential of tree

improved water quality. Buffer zones or strips

roots to recover N from below the crop
rooting zone; it thus favours watershed
protection. This practice may also increase

also contribute to diversifying the landscape.
-

When combined with other conservation
practices, such as contour ploughing, strip
cropping or permanent soil cover, terracing
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can reduce water erosion. However, severe

-

Soil organic carbon enhances the water-

piping or tunnel erosion may occur when

retention capacity and allows excess water

terraces are abandoned. The effect on

to drain freely from the soil, thus reducing

landslides and floods depends on the slope

overland flow and water erosion. As such,

stability per se, i.e. terraces might either

organic carbon decline exacerbates water

contribute to stabilisation or cause instability.

erosion. As organic carbon supports the soil

On the downside, terrace creation requires

structure, organic carbon decline may also

a lot of energy. Terracing also produces

contribute to compaction. Loss of organic

significant landscape transformation, and a

carbon results in decreased aggregate stability

loss of original soil profiles.

with a negative impact on the denitrification
potential for biomass productivity, thus

Table

2.4

describes

interlinkages

resulting in soil contamination. Organic

between soil degradation processes and related

carbon contributes to soil biodiversity;

environmental

degradation

organic carbon and soil biodiversity decline

processes are interrelated; however, not all

are thus interrelated. Conversely, increased

relationships between soil degradation processes

organic carbon content and biological

are direct and the occurrence and degree of

activity may enhance pesticide fixation and/

effects depends on site-specific conditions.

or adsorption in the soil or their breakdown

issues.

All

the
soil

in the surface horizon, and thus reduced risk
The

following

relationships

can

be

of surface run-off, with an expected positive

emphasised (European Commission, 2009).

effect on water quality.
-

-

(Surface) compaction creates significant

Water erosion is linked to the occurrence of

damage to infiltration rate and can thus

floods. If as a consequence of soil loss, the

accelerate erosion and landslides.

saline horizon comes to the surface, erosion

-

Contamination of surface and groundwater

has a negative impact on salinisation.

affects water quality in all its aspects

Water erosion is equally linked to soil

(pesticides, nutrients). Pesticide accumulation

contamination, as soil removal includes

may also affect all genetic and species

nutrient

biodiversity, including soil biodiversity, as

removal

(with

nutrients

being

attached to soil sediment); soil nutrient
pollution can also affect water quality.

the food chain may be affected.
-

Biological activity and soil biodiversity

Surface water contamination by pesticides

increase the breakdown of pesticides and

is directly linked to run-off. Simplified

thus reduce the risk of their removal through

cultivation practices can result in a reduction

surface run-off, and negatively affecting

of the pesticide flow by 29-100 %, depending

water quality.

on the type of pesticide and practice used.
-

Organic carbon decline results in reduced

2.4.2 Classification

of

soil

degradation

aggregate stability and thus an enhanced risk

processes, soil conservation practices and

of wind erosion. During wind erosion events

policy measures

pesticides can be displaced together with
soil particles, potentially resulting in water
contaminated
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with

pesticides.

Aerosols

This

section

relationships
and

aims

between
soil

at

exploring

soil

conservation

the

degradation

cause changes in the atmospheric radiation

processes

balance; wind erosion thus has an additional

Soil degradation processes imply a need for

practices.

effect on the aesthetics of the landscape

protection, maintenance and improvement of

(perceived in a broad sense).

soil quality. This corresponds to protecting from

Legend: MM, mandatory measure; VIBM, voluntary incentive-based measure;
, exchange between science and policy process;
, environmental quality objectives
Sources: European Commission, Budget Directorate-General (2004); Scheele (2008a, b)

‘bad’, maintaining ‘good’ and applying ‘best’

policy (making), which ideally interact with one

practice respectively. However, due to the public

another.
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Figure 2.5: Adoption of soil conservation practices (farming systems and/or practices) for soil quality
protection, conservation or improvement

good characteristics of the desired soil quality,
its optimal level of provision is not assured

As mentioned in 2.4.1, soil degradation

through the market (market failure). Thus, policy

processes are driven by the internal properties of

intervention is required to reach adequate levels

the soil as well as by external soil-forming factors

of soil protection through appropriate practices.

such as climate, land use, soil management, and

The policy process includes allocation of property

so on. Certain farming systems and practices

rights through the establishment of a reference

aim at addressing soil degradation processes, at

level which distinguishes between what is

times as a consequence of inappropriate farm

mandatory and what exceeds the reference level

management. Both the environmental and the

and should therefore be obtained contractually

economic (cost-benefit) effects of such practices

(voluntary incentive-based).

can be monitored, providing empirical evidence
for cause-effect links. Such empirical models feed

Figure 2.5 illustrates the process of adopting

into the policy cycle.

soil conservation practices (farming systems
and/or practices) under social demand for soil

Policy seeks to address society’s expressed

protection, conservation and improvement. It

needs of dealing with soil degradation processes.

outlines the parallel processes of science and

The main instruments used are mandatory and
voluntary incentive-based measures. The reference
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level separates both types of policy measures

on soil degradation and farming practices with

by defining what is considered a minimum

the policy measures in operation.

(mandatory) requirement, and what goes beyond
that level. These policy measures can be either

Table 2.5 presents the interrelationships

action- or result-oriented, meaning that either the

between soil conservation practices (farming

farm technical requirements, or the required soil

systems and single practices), soil degradation

quality objective are prescribed. The latter leaves

processes and policy measures. It describes

the farmer with the choice of selecting those

(expected) effects of farming systems (integrated,

actions that suit the farm context best, in order

organic and conservation farming) and farming

to reach the required soil quality level. In both

practices on soil degradation processes and

cases, however, adoption of farming practices or

related environmental issues. The colours indicate

a farming system, will usually involve costs and/

which types of policy measures encourage the

or additional administration. Furthermore, the

different practices that seek to address one or more

adopted farming practices are expected to have

particular soil degradation processes. The survey

an environmental, and in particular, a soil quality

on national and regional policy implementation

effect.

(European Commission, 2009) provided the
evidence supporting most of the links presented.

An analysis of the intervention logic (which

Furthermore, the colours indicate whether or not

was adopted for the policy analysis) breaks

the link has ever been observed regardless of its

a measure down into different steps, from

frequency. The synthesis nevertheless highlights

society’s needs to policy formulation and design,

the potential of the existing EU policy framework

implementation and effects. This, in turn allows

(through its national or regional implementation)

one to assess the relevance and effectiveness

and other national policies for supporting soil

of a measure. Relevance is the extent to which

conservation practices.

the policy is responsive to the underlying
needs, and is assessed by comparing the policy

The

information

on

soil

degradation

objectives with the soil protection, conservation

processes and soil conservation practices is based

and improvement problems to be addressed.

on scientific literature, which mostly concerns

Effectiveness is the extent to which the policy

observed or measured effects under particular

output matches the objectives, whereas efficiency

geo-climatic and farming conditions. As regards

depends on the amount of policy output per

the incorporation of the policy review results, the

unit of input (i.e. financial and/or administrative

survey did not illuminate the extent to which the

resources). However, the latter will be hard to

links between farm technical requirements (i.e.

measure in the current study due to unavailability

mandatory farming practices or those prescribed

of data (not least the different costs associated

under voluntary contracts) and soil degradation

with an intervention).

processes are based on actual measurements.
Being aware of local specificities of most

These evaluation aspects can only be
quantified

(measured

or

estimated)

using

appropriate indicators.

scientific studies, these causal links may not
necessarily produce the same effect in the diverse
and more complex agri-environment reality. As a
consequence, Table 2.5 indicates expected (rather

In order to identify the cause-effect links

56

than observed) effects of policy measures.

activated by policy measures that are relevant to
soil protection, conservation and improvement,

Rural

it is necessary to confront the scientific evidence

Development

development
Regulation

policy
(EC)

(Rural

1698/2005)

refers to statutory management requirements

Farming
systems

Farming practices
[+]
[+]

[+]

[+]

[+]
[+]

[+]

[+]/+

[+]

[+]

[+]

[+]

[+]

[+]

+

[+]

[+]

(-/)+

Acidification
+

[+]

+

[+]

+

[+]

[+]

[+]

[+]

[+]

+

[+]

+

[+]

[+]

[+]

+

[+]

[+]

-/+

-/+

[+]

+

+

[+]

++

+

+

+/0

+

[+]

[-/+]

-/+

[+]

-/+

+/0

+

[+]
(+)

+

-/+

-/+

+

+

+

+

+

[+]

[+]

+

[+]

[+]

[+]

[+]

[+]

[+]

+

[+]

[+]

[+]

+

[+]

[+]

+/0
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[+]

[+]

[+]

+

[+]

[+]

+

[+]

+

[+]

+

[+]

Landslides and floods

+

[+]

[+]

[+]

[+]

(-/)+

[+]

General

+

++

+

[+]

+

[+]

+

[+]

+

Potassium

Crop rotation

Cover crops/Vegetation cover

[+]

[+]

-/+

[+]/+

++

Related offsite damages

Reduced tillage

+

Tillage erosion

[+]

-/+

[+]

Contamination (local)

[+]

Salinisation/ Sodification
0

Air quality (Green-house
gas emissions)

No-tillage

Organic carbon decline
+/0

Contamination (difuse)

ARABLE LAND

Water erosion
[+]

Phosphorus

[+]/+

Wind erosion
[+]

Energy

(Conversion from conventional to)
Organic farming

Compaction
[+]

Soil biodiversity decline

[+]

Pesticides

[+]

Nitrogen

[+]

Water quality

Related environmental quality/quantity issues

Biodiversity

Integrated horticultural production

Soil degradation processes

Table 2.5: (Expected) effects (positive, neutral or negative) of farming systems and practices on soil degradation processes and related environmental issues
and their link with policy measures

Landscape
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Water erosion

Farming practices

Grazing crop remains and stubble

Restrictions on intensive crop
production in reverside areas

Reduced (or no) plant protection/
pesticide use
[+]

[+]

[+]
[+]

[+]

[+]

[+]

[+]

[+]

[+]

[+]

[+]

[+]
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+
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+
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+

+
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+
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[+]

[+]

[+]

Contamination (local)

(Limited or no) Fertiliser use

[+]

[+]

[+]

(Appropriate) Use of exogenous
organic matter

[+]

Maintenance and incorporation of
stubble and crop(s) (residues)

[+]

[+]

[+]

Legumes on recultivated agricultural
land

[+]

Delayed manure incorporation

[+]

Restrictions on growing row crops

[+]

[+]

[+]

+

General

Strip cropping

[+]

[+]

[+]

Related offsite damages
+

Contamination (difuse)

[+]

[+]

+

[-]

+

[+]

[+]
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[+]

[+]
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+
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Compaction
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+
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Wind erosion

+

Tillage erosion

Contour farming

Organic carbon decline
+

Soil biodiversity decline

+

Pesticides

[-]
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[+]
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Related environmental quality/quantity issues

Phosphorus

+

Soil degradation processes
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Energy

Ridge tillage
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x
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[+]

[+]

(+)

[+]

Salinisation/ Sodification

[+]

x

[+]

Acidification

Afforestation of agricultural land

[+]

x

[+]

[+]

[+]

[+]

[+]

[+]

+

[+]

Air quality (Green-house
gas emissions)

Agroforestry

[+]

[+]

[+]

[+]

[+]

Potassium

FOREST

Establishment of (permanent)
wetlands

Temporary restrictions on grazing

[+]

[+]

[+]

[+]

Compaction

[+]

[+]

[+]

Landslides and floods

[+]
[+]

[+]

[+]

Contamination (local)

[+]

[+]

[+]

[+]

+

Contamination (difuse)

Extensive grassland management

[+]

Water erosion
[+]

Tillage erosion
+

Soil biodiversity decline
[+]

General

+

Organic carbon decline
[+]

Pesticides

+

Related offsite damages
[+]

Nitrogen

Grasslands, esp. permanent

[+]/+

Phosphorus

[+]/+

Water quality

Related environmental quality/quantity issues

Biodiversity

Conversion arable farming to
(permanent) pasture

GRASSLAND

Soil degradation processes

Landscape
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[+]

Appropriate machinery use

Adequate storage of organic fertiliser

Appropriate irrigation system

[+]

[+]

[+]

[+]

[+]

[+]

[+]

[+]

[+]

-/+

[+]

[+]

[+]

[+]

[+]

[+]

[+]

+

[+]

[+]

Air quality (Green-house
gas emissions)

Acidification

Salinisation/ Sodification

Tillage erosion

[-]

[+]

[+]

[+]

[+]

+

-

[+]

[+]

[+]

[+]

+

Legend: +, positive effect; 0, neutral effect; -, negative effect; x, actual/observed/measured effect; [x], expected effect; (x), limited (e.g. short-term) or indirect effect; empty field: no particulars mentioned
within the context of this stock-taking exercise; 1 The term landscape refers to a group of characteristics that cannot be described as abiotic (water, soil, air) neither as biotic resources (genetic, species and
habitat diversity) but that refer to visual aspects/aesthetics, cultural heritage, etc.;
, Conservation agriculture;
, SMR;
, GAEC;
, RDP – Axis 2: LFA;
, Natura 2000 (and Water
Framework Directive);
, RDP – Axis 2: Agri-environment measures;
, RDP - Axis 2: Agroforestry and afforestation

Farming practices
[+]

[+]

[+]

Landslides and floods

Efficient surface water drainage
system

[+]

+

Terracing: maintenance or
reconstruction

[+]

[+]

+

Energy

[+]

0

[+]

Rearrangement of field size

FARM INFRASTRUCTURE

Compaction
[+]

Contamination (local)

[+]

Organic carbon decline
[+]

General

[+]

Related offsite damages
[+]

[+]

+

Potassium

Extensification of bufferstrips

[+]

Water erosion

[+]/+

Wind erosion
[+]

Soil biodiversity decline
[+]

Pesticides

[+]

Contamination (difuse)
[+]

Nitrogen

+

Water quality

Related environmental quality/quantity issues

Phosphorus

+

Soil degradation processes
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Biodiversity

(Conservation) Buffers

LINEAR LAND ELEMENTS
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Landscape

crops, strict conditions on fertilisation (with

agricultural and environmental condition (GAEC)

emphasis on application of livestock manure

as part of the reference level for a number of

or organic material) and tillage practices.

measures under Axis 2. It can be seen from Table

Organic farming is encouraged under agri-

2.5 that in some Member States or regions rural

environment payments. In Umbria, Italy,

development measures support practices that in

mid-term evaluations of agri-environment

other countries are required by SMRs or GAEC.

measures (2000-2006) indicate that organic

Therefore, what is considered mandatory in one

farming practices were found to reduce soil

context is apparently seen in another context as

erosion on average by 6.8 t/ha/yr. Conversion

an environmental outcome that goes beyond the

of arable to grassland was estimated to have

reference level, and for whose provision farmers
should be compensated. This could indicate
different

equity

considerations

or

resulted in a reduction of 30 t/ha/yr.
-

different

Mid-term evaluations of agri-environment
measures

(2000-2006)

in Austria

have

approaches towards specifying farmers’ property

shown that direct sowing practices in maize

rights. In this respect, the scope for harmonisation

production resulted in a 40 % reduction of

remains to be explored.

soil erosion.
-

Evaluating

the

effectiveness

of

Cover crops, i.e. any crop grown to provide

policy

soil cover, regardless of the period or soil

measures with respect to soil quality would be

incorporation, include catch crops and

facilitated if a (quantified) framework for soil

green cover. Catch crops are especially

quality objectives existed. This would require

used in drinking water catchment areas and

a complex database that takes into account the

thus serve water quality objectives too. In

wide variability of geo-climatic conditions and

addressing water erosion in particular, the

of farming types in the EU-27. This complexity

practice may refer to minimum soil cover

could be addressed, however, if soil quality

during winter or after the main harvest,

objectives were defined following common

such as green cover (on terrace plots). In

criteria according to the function of the soil (for

controlling wind erosion, it could mean

example, for agricultural soils, the soil erosion risk

using coarse seedbeds or shelter belts, or

is acceptable if it does not seriously impede crop

the spring-planting of nurse crops (i.e. an

production), but allowing quantitative differences

annual crop used to establish a perennial

from context to context.

crop), especially when sowing on light soils.
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(SMRs) and requirements to keep land in good

GAEC, as well as agri-environment measures
For a proper understanding of Table 2.5

and LFA payments specify the use of cover

some explanation regarding the required farming

crops to reach their respective aims. The

practices as prescribed in the policies is needed

mid-term evaluation of agri-environment

(European Commission, 2009).

measures (2000-2006) in Flanders, Belgium,
found that green cover of the soil reduces

-

Integrated horticultural production covers
practices like planting vegetation during the

-

soil erosion by at least 50 %.
-

Intercropping, i.e. growing one or more

winter time, or on machine and irrigation

crops in proximity and in the same field

tracks. It is supported under agri-environment

during

payments.

interaction, is perceived to control water

a

growing

season

to

promote

(Conversion from conventional to) organic

erosion as it provides minimum soil cover

farming

no

in winter. This practice is believed to have

or limited pesticide use, crop rotation

a structuring effect on soils and, as such,

including legumes and other green manure

may prevent soil compaction. Undersown

includes

requirements

like
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crops are considered as a particular type of
intercropping. Intercropping is used under
-



ground or on water-saturated, flooded,

sown crops (e.g. hay, wheat, or other small

frozen or snow-covered ground and

grains) with strips of row crops (e.g. corn,

conditions for land application near
watercourses;

be seen as a special type of intercropping.



both chemical fertiliser and livestock

(a mixture of) weeds (e.g. white clover and

manure, such that nutrient losses to

between crop rows (e.g. lettuce, tomatoes,

water are kept to an acceptable level.
-

Reduced (or no) use of plant protection

peppers in raised beds), are also considered

products or pesticides refers among other

under this practice. This integration of weeds

things to the Plant Protection Products

into cropping systems creates the following

Directive

benefits: (i) a diverse, protective habitat and

management requirement (SMR) (dealing

food supply for beneficial insects and micro-

with public, animal and plant health).
-

(91/414/EEC),

a

statutory

The same expected effects of establishing

(ii) a source of organic matter or mulch from

or maintaining permanent grasslands as

the clippings of the plants (making sure to

described under agri-environment schemes

mow before any wildflowers go to seed); and

(survey national and regional implementation)

(iii) confinement of potential compaction to

can be expected under GAEC.

bio-strips, where the soil is supported by the

-

The same expected effects of establishing

root system of this mix (SARE, 2008). Strip

or maintaining permanent grasslands as

cropping is also covered by GAEC and agri-

described under agri-environment schemes

environment measures.

(survey national and regional implementation)

Maintenance and incorporation of stubbles
and crop residues (including mulch) refers

can be expected under GAEC.
-

Extensive

grassland

management

(and

to either the prohibition of stubble and crop

extensification in general) can cover the

residue burning, or stubble maintenance

following

(on arable and grassland), or the working of

restricting livestock density or maintenance

plants (including legumes) or plant residues

of minimum livestock density; avoidance

into the soil to maintain fertility. This practice

of cutting or mulching on permanent

is part of GAEC.

grasslands; and using limited fertilisation or

Livestock

manure

should

usually

be

incorporated within a limited time (e.g. two

-

the rate and uniformity of spreading, of

So-called bio-strips, which involve sowing
perennial grasses, wild herbs, wildflowers)

-

applying fertiliser on steeply sloping

Strip cropping, i.e. alternating strips of closely

soybeans, cotton, maize, or sugar beets), can

-

periods when the application of fertiliser
to soil is inappropriate;

GAEC and agri-environment measures.

organisms in the field alongside the crops;
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farm

management

actions:

plant protection products.
-

Temporary restrictions on grazing (supported

weeks) after spreading on stubbles. However,

through agri-environment measures) may

in areas prone to wind erosion, incorporation

consist of seasonal removal of cattle in areas

may be delayed, specifically to control this

prone to waterlogging, compaction and

soil degradation process (practice applied

poaching, or even changing the location of

under GAEC).

feeders.

Fertiliser use refers to both organic and

-

Establishment of (permanent) wetlands is

inorganic fertilisers. The implementation

especially promoted in sensitive areas, such

of the Nitrates Directive should lead to

as those used for drinking water extraction.

restrictions on:

This practice was reported under agri-

-

-

-

-

rather than specific environmental objectives.

areas.

This means that policy makers need detailed

Avoiding encroachment on land that is not

knowledge of the cause-effect links between

or no longer used for agricultural production

farming practices and soil degradation processes.

is often attained through maintaining a

However, our review of the research literature

minimum amount of livestock on the land.

showed that scientific models based on field

Conservation buffers, i.e. areas or strips of

experiments and actual measurements of the

land maintained in permanent vegetation,

effects of farming practices on soil characteristics

can include riparian buffers, windbreaks,

and degradation processes, do not provide a

shelterbelts

Mid-term

sufficient base for reliable policy models. This

evaluations of agri-environment measures

is mainly due to their context-specificity, which

(2000-2006) in the Piemonte region, Italy,

makes their generalisation problematic given the

have shown that planting hedges had a

diversity of European soil, climatic, farming, etc.

significant positive impact on soil erosion.

conditions.

or

hedgerows.

Efficient surface water drainage systems (e.g.
drainage furrows) are particularly relevant

Furthermore, even if some models are

on sloping ground and on sites that are

accurate enough to provide a reliable assessment

vulnerable to erosion.

of soil protection, conservation and improvement

With respect to adequate storage of organic

effects on a national or EU scale, the detailed

fertiliser, the implementation of the Nitrates

database required to run these models is often

Directive should cover provisions for the

lacking. This holds not only for the effects

capacity and construction of storage for

but also for the assessment of the state of soil

livestock

measures

degradation across the EU as a whole. Although

to prevent water pollution by run-off and

manures,

including

the state of the soil can be directly observed,

seepage into the groundwater and surface

for example while inspecting farms for cross

water of liquids containing livestock manures

compliance purposes, nevertheless, most models

and effluents from stored plant materials

used for calculating the occurrence and extent

such as silage.

of soil degradation, or the risk thereof, do not

Appropriate machinery use (under GAEC)

take into account precise farm elements beyond

is of utmost importance on water-logged or

Corine Land Cover. The challenge of mitigating or

frozen soils where a ban might be required.

at least adapting to natural disasters like floods,
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-

environment schemes and in Natura 2000

long-term threats such as global warming and
Although

conservation

is

unsatisfactory progress in improving the quality

supported explicitly in only a few Rural

of European waters, highlights the need for more

Development

action in the field of soil protection, conservation

Programmes

agriculture
(e.g.

Andalucía,

Nordrhein-Westfalen, Saarland), individual soil-

and improvement.

conserving practices (no-tillage, reduced tillage,
soil cover, and crop rotation) are covered under

These observations also call for agri-

a number of national GAEC requirements and

environment monitoring based on reliable and

Rural Development Programmes.

comprehensive indicators of (i) the state of soils
(soil degradation), (ii) the social impact (cost) of soil

Table

2.5

also

provides

information

degradation, and (iii) the effects of soil protection,

weaknesses relevant to the policy process.

conservation and improvement practices. The

The policy survey showed that soil protection,

development of operational indicators requires

conservation and improvement measures are

sound indicator selection criteria and designing a

mostly defined in terms of farming practices

monitoring system with a related database. In this
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spirit, the ENVASSO consortium (Kibblewhite et

Despite the policy survey review not being

al., 2008) has developed ‘a system to harmonise

fully comprehensive across the EU-27 and the

existing, mostly national soil monitoring networks

fact that not all policy measures are implemented

and databases, to form a European-wide reference

in all regions or Member States, the review

that can assess current and future soil status and

nevertheless highlights that the implementation of

support the sustainable management of soil

current EU and national policy measures has the

resources’. The current absence of systematic

potential to address all recognised soil degradation

monitoring and operational indicators is mirrored

processes at EU level. It is also consistent with

by the proposed Soil Framework Directive. Even

the use of the wide variety of relevant soil

though the proposal suggests common criteria

conservation practices (farming practices and

and factors (such as soil type, texture, hydraulic

systems). However, the lack of monitoring and a

properties, land use, topography and climate) for

(quantitative) database hinders a comprehensive

a harmonised definition of risk areas , it leaves

evaluation of effectiveness and efficiency of the

the responsibility for selecting indicators to the

applied measures. The analysis at local and farm

Member States or regions. Also the definition of

level appears necessary to clarify what drives

threshold, reference and target levels is shifted to

successful adoption of proposed measures. The

the implementation level, which is appropriate,

latter is especially relevant for understanding the

as it is impossible to set threshold levels centrally.

adoption of whole farming systems, rather than a

Nevertheless, it should be emphasised that the

number of uncoordinated individual practices.

11

proposed Soil Framework Directive strongly
recommends

collecting

information

and

monitoring the state of soils.
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In a technical report to DG Environment, Eckelmann et
al. (2006) provided elaborate common criteria for risk
area identification for the following soil degradation
processes: soil organic matter decline, erosion,
compaction, salinisation and landslides.

In order to reach a sufficiently detailed

and western European region have a central and

level of analysis and to respond to the diversity

northern Atlantic climate respectively, those in

of European regions, a case study approach

the Mediterranean region experience a northern

was adopted. To this end, ten case studies were

Mediterranean climate, while the remaining three

carried out, during spring and summer 2008, in

case study areas have a continental climate. The

Belgium, Bulgaria, the Czech Republic, Denmark,

selection of case study areas was designed to

France, Germany, Greece, Italy, Spain, and the

capture differences in soil degradation processes,

United Kingdom. The case study material was

soil types, climatic conditions, farm structures and

corroborated and elaborated through stakeholder

farming practices, institutional settings and policy

discussions at five workshops held in Murcia

priorities in order to gather insights from a range

(Spain), Berlin (Germany), Toulouse (France),

of contrasting conditions as well as achieving a

Tolentino (Italy) and Bristol (United Kingdom)

geographical spread (Figure 3.1). At least three

between June and September 2008. Despite

case studies were conducted within each macro-

the richness of detail it provides, the case study

region to provide a comparison, where possible,

approach introduces methodological limitations

of the role of these different factors in shaping the

since generalisations cannot be drawn.

policy response to similar types of soil degradation
processes.

3.1 The ten case studies

Soil degradation processes were identified
in line with those highlighted in the Thematic

The ten case study areas, listed in Table

Strategy for Soil Protection (COM(2006) 231).

3.1 and shown in Figure 3.1, are located in

Five soil degradation processes are prevalent in

three European macro-regions: the northern

the selected case study areas, namely soil erosion,

and western European region, Mediterranean

decline in organic matter, soil compaction, diffuse

region, and central and eastern European region,

soil contamination (associated with agricultural

which are characterised by different climatic

use) and salinisation. The case studies do not

conditions. The case study areas in the northern

focus explicitly on the decline in soil biodiversity,
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3 Synthesis of soil/land management practices and
policy measures at regional level: case studies

Table 3.1: The ten SoCo case study areas
Macro-region
Northern and western
European region

Mediterranean region

Central and eastern
European region

Country

Case study area (with district, province)

BE – Belgium

West-Vlaanderen (Flanders)

DK – Denmark

Bjerringbro and Hvorslev (Viborg and Favrskov)

UK – United Kingdom

Axe and Parrett catchments (Somerset, Devon)

GR – Greece

Rodópi (Anatoliki Makedonia, Thraki)

ES – Spain

Guadalentín basin (Murcia)

FR- France

Midi-Pyrénées

IT- Italy

Marche

BG – Bulgaria

Belozem (Rakovski)

CZ – Czech Republic

Svratka river basin (South Moravia and Vysočina Highlands)

DE – Germany

Uckermark (Brandenburg)
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Figure 3.1: Map of the SoCo case study locations and of erosion risk
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This map provides a complete picture of the erosion risk for the 27 Member States. It is derived from
the Pan-European Soil Erosion Risk Assessment (PESERA) and the RUSLE (Revised Universal Soil
Loss Equation) model for Finland and Sweden.
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European Union where data available
Pixel size: 1 km
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floods and landslides. However, they are explored

erosion – are experienced in all case study areas,

indirectly as all the degradation processes tend

whereas other soil degradation processes are

to be interrelated. Some of these – such as soil

more context-specific.

stakeholders. Questionnaire 2 was designed for
interviewing farmers and related stakeholders;

A report for each case study was produced

Questionnaire

3

for

administrative

and

by institutions from the countries concerned

governmental stakeholders; and Questionnaire

following a common framework. Each report

4 for non-governmental and civil society actors.

provides an introduction to the area and the

The interviews were conducted face-to-face or by

main soil degradation processes, a description

telephone, and typically lasted for an hour. The

and evaluation of farming practices that address

number of semi-structured interviews conducted

soil

in each case study area is detailed in Table 3.2.

conservation

processes,

the

extent

of

their application under local agricultural and
environmental conditions, a description of the

In addition to the semi-structured interviews,

actors and institutions involved, and an analysis

quantitative data on technical measures, along

of the design and implementation of rural

with an expert assessment of their effectiveness,

development and other policy instruments for

were collected in line with a common template

soil conservation.

(Questionnaire 1) for analysis by the Leibniz
Centre for Agricultural Landscape Research

A common methodological approach was

(ZALF). Four of the most significant measures for

pursued, including a literature review, semi-

addressing the soil degradation challenges faced

structured interviews, and an expert assessment of

in each of the case study regions were subject to

individual policy measures. Qualitative (primary)

detailed expert assessment and evaluation. These

data were collected through three semi-structured

policy evaluations can be found in ‘policy fiches’,

interview scripts, directed at different types of

appended to each case study report.

Table 3.2: Semi-structured interviews conducted in the case study areas
Farmers/ farming
actors

Government and
administrative actors

Non-governmental/
civil society actors

Total

7 (+9*)

9

9

25 (+9*)

Bjerringbro and Hvorslev (DK)

4

2

1

7

Axe and Parrett catchments (UK)

6

11

12

29

Rodópi (GR)

13

7

5

25

Guadalentín basin (ES)

8

6

6

20

Belozem (BG)

18

9

3

30

Marche (IT)

32

2

0

34

Midi-Pyrénées (FR)

17

12

13

42

Svratka river basin (CZ)

8

11

10

29

Uckermark (DE)

6

10

10

26

Case study area
West-Vlaanderen (BE)

276
* Interviewed as part of a previous study on soil conservation (MESAM project)
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3.1.1 Methods used
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Table 3.3: Participants in the stakeholder workshops
Ministries, local
authorities,
government agencies

Murcia, Spain

NGOs/civil society
organisations

(farmer groups, environmental
groups, interest groups)

Research/
academic
community

SoCo
team

Total

8

4

14

10

36

Berlin, Germany

8

4

14

14

40

Toulouse, France

11

5

9

5

30

Tolentino, Italy

48

64

21

8

141

Bristol, United Kingdom

20

10

9

13

52

Workshop

299

Case studies are, by their very nature,

boundaries are aligned either to administrative

qualitative and context-specific, and the results

entities (municipality, district, region) in most

and lessons learned are rooted in the specificities

countries, or natural units (catchment, basin). The

of a particular set of soil degradation processes,

population density varies but all are classified as

farming systems and practices, and institutional

rural areas. The case studies are characterised

and governance structures. The aims of the

by a range of soil types and topographical

project cannot be achieved through a case study

characteristics, and are located in three different

approach alone. Consequently, the case study

climatic

results were subject to scrutiny and review at

implications for the type of land use and farming

the five stakeholder workshops. They provided

systems practiced, affording both constraints and

a forum in which to discuss and disseminate

opportunities. Table 3.4 shows area size, and

the research findings from the case studies and

natural characteristics such as main soil types,

to explore the robustness of the technical and

topography and climatic region.

zones.

These

characteristics

have

policy recommendations in order to ensure that
the results have a wider applicability across the
European Union.

Land use and farming practices
Approximately one third to two thirds of the
total land area of each case study is devoted to

The workshops are an important component

agricultural use. The land use varies but in all

of the methodological approach, serving to draw

areas, the greater share of the utilised agricultural

on the expertise of the participants in order to

area (UAA) is under arable production – up to 93

interrogate the relevance of the lessons learned

per cent in the Danish case. This means that in

for effective soil conservation at the national and

this report the soil degradation processes, farming

European scales. Table 3.3 gives a summary of

practices and appropriate policy response are

the workshop participants.

explored and developed much less fully for
livestock systems. A range of farming systems

3.1.2 Character of the case study areas

are found, including, for example, rotational
cropping
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Spatial and natural characteristics

systems

managed

under

different

levels of intensity. Perennial cropping systems,

The size of the case study areas varies

such as almonds in the Spanish case study

significantly, ranging from 42 km² (Bulgaria)

area, are associated with different forms of land

to 45 348 km² (Midi-Pyrénées, France). The

management and processes of soil degradation.

Case study area

Total area and
administrative unit

West-Vlaanderen
(Flanders), BE

3 144 km²
(NUTS 2, province)

Eutric to Calcaric Fluviols,
Humic Podzols, (Dystric)
Podzoluvisols, Orthic
Luvisols

Landscape from flat to
hilly

Bjerringbro and
Hvorslev
(Viborg and Favrskov),
DK

330 km²
(LAU1)

Poor, sandy soils in the
west and richer, mostly
sandy loam soils with
finer textures in the east

Moraine plateaux

Axe and Parrett
catchments
(Somerset, Devon), UK

1 980 km²
(NUTS 3, counties)

Loamy or silty soils
over clay with slowly
permeable subsoils

Moderate relief

Rodópi
(Anatoliki Makedonia,
Thraki), GR

2 553 km²
(NUTS 3, prefecture)

Haplic Luvisol, Calcaric
Fluvisol

Undulating landscape;
small-scale patterns

3 300 km²
(part of a
NUTS 2 region)

Various soil types on
Cretaceous and Jurassic
limestones, dolomites
and Paleozoic shales and
phyllites

Flat valleys to hilly parts

45 348 km²
(NUTS 2 region)

Brown and calcareous
soils, clay-calcareous
hillsides. Colluvial deep
soils

• Midi-Pyrénées Central
Basin (extensive plains);
• Massif Central: southwest border
• Pyrénées

A maritime climate
with harsh winters
The landscape can be
and hot summers.
divided into sections
The seasonal
that run parallel to the
differences are
coast, with a gradual
influenced by winds
increase in relief, moving
from the Atlantic
from coastal areas to
and central-eastern
low hills of Apennines,
Europe. In winter
to high hills and finally
cold winds are
to the mountainous
prevalent, in summer
areas. The regional
humid and warm
territory is furrowed by
winds. The annual
main rivers that cross
average temperature
it perpendicular to the
varies between 14coastline.
16 °C depending on
the altitude.

Guadalentín basin
(Murcia), ES

Midi-Pyrénées, FR

1

Soil types

Landscape and
topography

Marche, IT

9 694 km²
(NUTS 2 region)

Cambisols (32 %),
Calcisols (19 %),
Phaezoms (12 %),
Leptosols (8 %),
soils with vertic
characteristics (1 %),
Luvisols (1 %)

Belozem
(Rakovski), BG

42 km²
(LAU)

Haplic Luvisols, Vertisols,
Eutric Planosols and
Fluvisols

Agricultural plains

Svratka river basin
(South Moravia and
Vysočina High-lands),
CZ

1 729 km²
(part of 2 districts,
NUTS 3)

Mostly Cambisol

Hilly with slopes, partly
plains

Uckermark
(Brandenburg), DE

3 058 km²
(NUTS 3, district)

Glacial tillage soils (Haplic
Undulating landscape
Luvisol)

LAU: Local Area Unit, former NUTS 4 and 5

Climate

Central and northern
Atlantic climate

Northern
Mediterranean
climate

Oceanic and
Mediterranean
climate
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Table 3.4: Spatial and natural characteristics of the case study areas

Continental climate
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Table 3.5: Agricultural land use in the case study areas
UAA (ha) and
% of total case
study area

Farming system and main
crops

Number and size of
farms

72 % arable,
27 % grassland

Cereals, sugar beets, potatoes,
vegetables;
intensive livestock and vegetable
production

12 500 farms
Large farms (>50 ha), of
which an important share
with full-time and/or family
labour

93 % arable,
7 % grassland

Cereals, winter rape, set-aside,
grassland;
mixed livestock

703 farms
Few large farms, many
small hobby farms

Cereals, rape, beans, fallow;
grazing by cattle and sheep;
intensive dairy

6 634 farms
Smaller farms dominate

Arable;
large share
of grassland
and forested
agricultural land

Mixed farms;
cereals, tobacco, cotton

16 678 farms
High share of part-time
farmers

94 % agricultural
production;
6 % permanent
pasture

Almonds, cereals in mountainous
areas;
intensive horticulture,
greenhouses in irrigated plains of
the river basin;
pig production

13 500 farms
Small farms, subsistence
farming

69 % arable;
50 % fodder and
grass;
27 % permanent
grassland+
meadows;
2 % permanent
crops

70 % cereal farms
30 % mixed farms (livestock);
common wheat, durum wheat,
barley, oats, rape, maize fodder,
maize, sorghum, sunflower,
soybeans, peas

47 580 farms
Average farm size: 49 ha

403 374.10
41.6 %

Arable land

SC1, SC2, SC4, SC12, SC142

43 925 farms
9.18 ha

65 358.35
6.7 %

Pasture

SC32

3 278 farms
19.9 ha

38 448.17
3.9 %

Perennial Crops

SC5, SC6, SC7, SC11, SC132

21 239 farms
1.8 ha

507 180.62
52.3 %

Total

Belozem
(BG)

3 300
79 %

90 % arable,
10 % pasture,
12 000 ha not
cultivated

Cereals, forage crops, vegetables;
irrigated agriculture;
livestock systems

722 farms cultivating
50 % of UAA, largely small
subsistence farms;
some large cooperatives

Svratka river basin
(CZ)

71 010
41 %

71 % arable,
31 % grassland

Winter wheat, corn as forage,
barley;
extensive livestock production

Number of farms not
available;
large farms and
cooperatives dominate

Uckermark
(DE)

176 956
58 %

84 % arable,
26 % grassland

Winter wheat, winter rapeseed,
winter barley;
some livestock: cattle, pigs,
poultry

581 farms
Many large cooperatives,
with a few small farms

Case study area
West-Vlaanderen
(BE)

Bjerringbro and
Hvorslev (DK)
Axe and Parrett
catchments (UK)

Rodópi
(GR)

Guadalentín basin
(ES)

210 671
68 %
21 225
66 %

Data only available at county level

96 580
38 %*

113 500
34 %

2 340,250
Midi-Pyrénées (FR)
52 %

Marche (IT)

Land use as a
% of UAA

68 445 farms
7.4 ha

* This figure does not include 24 650 hectares of grassland, 10 560 hectares of nature grasslands and 111 430 hectares of forests and
mixed grassland.
2
Main crops: SC1: crop rotation (no fodder); SC2: fodder and forage crops; SC3: pasture; SC4: outdoor vegetable crops; SC5: fruit
orchards; SC6: kiwi; SC7: grapevines; SC8: short-rotation forestry; SC9: wood plantations; SC10: forest; SC11: olive groves; SC12:
set-aside; SC13: truffle grounds; SC14: other

Different systems and practices are not equally

Bulgarian and the Spanish case study areas,

represented; the bias towards arable systems has

and is a significant factor contributing to soil

been noted already. The research results do not,

salinisation. Table 3.5 summarises information

therefore, represent a comprehensive catalogue

on agricultural land use and characteristics of the

of soil degradation processes, practices and

different types of farming systems encountered in

pressures but rather focus on the most important

the ten case study areas.

problems and solutions.

3.1.3 Limitations to the case study approach

3.2 Conceptualising the problem
Case studies provide useful tools for a
detailed analysis of those factors which lead to the

3.2.1 The challenges of soil conservation

conservation or degradation of agricultural soils.
While some scaling-up of the results is possible,

Soils

underpin

agricultural

production

they do not, however, provide comprehensive

and are central to the sustainability of farming

coverage. Furthermore, as many soil conservation

systems. They are, however, often treated as

processes are specific to certain locations, some

a renewable resource that can be neglected,

of the links between existing practices, best

leading to degradation. The SoCo case studies

practice, obstacles to improvement and broader

provide a snapshot of some of the soil degradation

environmental and agricultural conditions will

processes affecting Europe’s agricultural soils.

not be replicated everywhere. A varied and

While these are by no means generic across the

sometimes complex picture emerges, and certain

case study areas, or within them, it is possible to

amount of caution should be exercised when

identify the key degradation processes in play.

identifying effective farming practices and policy
responses.

This report focuses on the key soil degradation
processes experienced in the case study areas,

In addition, the case studies have relied

which are not necessarily representative of

heavily on expert judgement, both in the

Europe as a whole. These are water erosion,

identification of significant technical practices

compaction, organic matter decline, salinisation

and of policy responses. This to some extent

and soil contamination primarily by excessive

precludes a comparison of results. Some of the

nitrate or phosphate content. Although other

case study areas are small and not representative

soil degradation processes are experienced in

of wider conditions. It should, however, be borne

the case study areas, these are less severe. They

in mind that they were able to draw on some

include wind erosion, acidification of land

depth of information, augmented by a number of

(particularly problematic in eastern Europe)

new interviews. Experts were better represented

and soil sealing. The area of agricultural and

at the workshops than practitioners, limiting

other, undeveloped land affected by soil sealing

the focus to specific soil farming practices;

is expected to increase in the future, as urban

nonetheless, participants did suggest that the

infrastructure pressures increase. At present, these

issues surfacing in the research were helpful and

are particularly pronounced in the Guadalentín

relevant for understanding the challenges arising

basin (ES) and West-Vlaanderen (BE). The decline

at a national and European level.

in soil biodiversity is highlighted as a concern
within West-Vlaanderen (BE), and noted as a

The

case

studies

review

the

farming

more widespread phenomenon in the workshops;

practices regarded as most prominent in the areas

however, the extent of the problem is difficult to

concerned and their linkage to soil conservation.

measure.
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Irrigated agriculture is fairly widespread in the
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3.2.2 The three main soil degradation processes
in each case study area

area. In the Marche (IT), erosion is widespread in
the hilly fields; its off-site effects are particularly
visible in the plains in the form of suspended

Erosion by water – compaction – declining

sediment in the rivers, which affects water quality.

organic matter

It is estimated that 30 % of the area is at risk.

Erosion of soils by water is a major issue
common to all case study areas, with the exception

Erosion is linked closely to other forms of

of Belozem, Bulgaria. Erosion is closely linked to

degradation, particularly compaction and declining

other soil degradation processes, such as organic

organic matter. Both are even more widespread

matter decline and compaction, both of which are

and are usually associated with more intensive

experienced to a moderate or severe degree in all

production systems. These processes are evident

case study areas. Water erosion can vary in nature

across all the case study areas. While less dramatic

from ongoing, low levels of loss across extensive

and visible, they can have major impacts on

areas, to extreme events linked to intense rainfall.

productive capacity, yields, environmental quality

These two processes can occur in the same place

and can also exacerbate other soil degradation

simultaneously, as demonstrated by experiences

processes. Scientists attending the workshops

in the Axe and Parrett catchments (UK) and in the

reported a continuing decline in organic matter in

Uckermark (DE). These two areas are generally

most countries and suggested that this was a major

susceptible to water erosion, experiencing an

concern for agriculture and the environment in the

underlying trend of loss from vulnerable soils that

long-term. For example, reduced infiltration due

is exacerbated by higher-risk cropping patterns,

to compaction can contribute to increased surface

such as potatoes. They have also experienced

water flows and soil erosion.

extreme and catastrophic events , where massive
12

soil losses occurred with subsequent impacts on

Diffuse contamination – excessive nutrient

the surrounding environment, including flooding.

enrichment

The off-site impacts of water erosion events, such

Diffuse contamination is also widespread,

as river and dam sedimentation (Svratka river

particularly in more intensively farmed areas

basin, CZ), degradation and contamination of

such as West-Vlaanderen (BE), although it is

watercourses (West-Vlaanderen, BE) or blocking

also experienced in other case study areas. It

and damage to roads (Axe and Parrett catchments,

is typically associated with the application of

UK), make this the most visible soil degradation

fertilisers and liquid manure leading to a build

process in the case study areas. In France, 17

up of excess nitrogen and phosphate in the

thousand mud flow events were registered from

soils. West-Vlaanderen’s phosphate problem is

1985 to 2001 and 12 % of the total French UAA

particularly acute due to the excessive application

is under high or very high risk of erosion . The

of fertiliser. Due to its relatively low availability

main crops concerned are spring crops (potatoes,

to plants and ability to bond with the soil matrix,

sugar beet, maize and sunflower) and vineyards

high levels of phosphate can persist in the soil

located in risky climatic and geological conditions

over long periods, representing a potential diffuse

(loamy soils, steep slopes with intensive rainfall)

source of water contamination and leading to

including those in northwestern France (Nord-

eutrophication events.

13

Pas-de-Calais,

Picardie,

Seine-Maritime),

the

southwest (Midi-Pyrénées) and the Mediterranean

Soil salinisation
Soil salinisation is a more localised problem
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but can be very severe where it occurs. It is a
12
13

Reference to the August 2007 event in Germany and UK
flooding events
According to the MESALES model developed by two
French institutes (INRA, IFEN)

serious issue in Belozem, (BG), and has also
been experienced in the Guadalentín basin (ES).

challenge to the effective management and

conditions, and farming practice, particularly

protection of soils.

irrigation and drainage. In Belozem (BG), slow
draining soils with a high sodium content,
coupled with a shallow water table, led to water-

The influence of environmental factors
The

incidence

and

severity

of

soil

logging by groundwaters containing high levels

degradation processes can vary at the field,

of salts, which seriously impede plant growth.

farm and landscape levels. For example, in the

In Spain, the irrigation of dryland agriculture has

Svratka river basin (CZ), very different problems

also contributed to soil salinisation in several

are experienced within the upper and lower

areas, including parts of the coastal plain in

catchments, explained by differences in soil

Murcia that are heavily irrigated. Some of the

type, topography, cropping regimes and farm

worst problems are in heavily irrigated areas

management

where water is sourced from increasingly greater

Axe and Parrett catchments (UK) potatoes are

depths, causing salinisation to occur as water

cultivated on a variety of different soils. When

moves through deeper saline aquifers. Drip

grown on a slope and in specific loamy soils,

irrigation is more efficient in terms of water use,

the incidence of extreme erosion events greatly

but can tend to increase the concentration of salts

increases.

practices.

Meanwhile,

in

the

in the soil, resulting in drastic decreases in soil
quality and productivity.

A review of the case studies allows some
identification of particular environmental factors

3.2.3 Determining the susceptibility of soils to
degradation

and farming practices that predispose an area or type
of soil to specific degradation processes. Clearly
the type of soil is a major factor in determining its

Soil

degradation

processes

are

not

vulnerability, but topographical, hydrological and

experienced uniformly. The physical and spatial

climatic characteristics also exert an important

variability of degradation is demonstrated clearly

influence. Examples are provided from the case

within the case study areas and the processes

studies demonstrating the susceptibility of different

concerned are not consistent even within

soils to water erosion and compaction. In West-

relatively small areas. This is because the nature

Vlaanderen (BE) and the Uckermark (DE), sandy

and extent of a degradation process typically

loam and loam soils particularly increase the risk

is influenced by two interacting elements: the

of water erosion, while clay-rich soils in the Axe

physical, environmental conditions in a given

and Parrett catchments (UK), and Solonetz soils

locality, and the farming practices adopted.

(heavy textured with poor structure) in Belozem

The former predetermines the susceptibility

(BG), render these areas particularly susceptible to

of agricultural soils within an area to certain

compaction.
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Its causes vary, according to soil and geological

degradation processes. Degradation can occur
naturally, but in the SoCo project it is the farming

Topography, specifically the length and

practices responsible that are the main focus.

gradient of slopes, is fundamental in determining

Practices also vary greatly between places and

the speed and extent of overland water flow and

over time, and also in relation to their suitability

therefore the likelihood and severity of erosion by

for the soils being managed. The interaction

water. Slope length and gradient are identified as

between environmental conditions and farming

important in determining rates of water erosion

practices means that a practice can be carried

within the Axe and Parrett catchments (UK), Rodópi

out in one locality with limited impact but in

(GR), and Svratka river basin (CZ), with erosion

another it may have major consequences, either

levels greatest in hilly and mountainous areas.

positive or negative. This constitutes a significant
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Figure 3.2: Annual number of mud flows and rainfall events in France, 1985-2000

Source: Thorette and Le Bissonnais (2005)

The quantity of water within a given flow is

seems to be linked to annual rainfall averages

dictated by climate. Rainfall, especially heavy

beyond certain thresholds as shown in Figure 3.2.

and episodic storm events at key times in the
cultivation cycle and crop rotation, combined

In

the

Marche

(IT),

the

following

with susceptible soils and undulating topography,

environmental factors contribute either negatively

can lead to extreme soil erosion. There are

(-) or positively (+) to soil degradation processes

susceptible times during the cropping cycle when

(Table 3.6).

heavy rainfall can have major impacts and these
vary according to circumstances and locality. In

The influence of farming practices

West-Vlaanderen (BE), heavy rains in September

Certain farming practices and cropping

and October are particularly problematic; in the

regimes are identified within the case study areas

Axe and Parrett catchments and in the Uckermark

as exacerbating the risks of degradation. Table

(DE), summer rainfall is highlighted; while in

3.7 sets out the key practices highlighted within

Rodópi (GR), spring and autumn storm events

the case studies that contribute to particular soil

often occur when soil cover is absent. Climate

degradation processes. There are some, such

can also influence water availability in other

as irrigation, associated with more localised

ways. Within the Bjerringbro and Hvorslev (DK)

problems, contrasting with other practices that are

area, water erosion can be linked to snowmelt

common in all case study areas, and are repeatedly

waters moving on frozen soil at the end of winter.

highlighted as leading to soil degradation. These

In the Uckermark (DE), heavy rains can lead

include conventional approaches to tillage14, the

to water-logging and an increased risk of soil
compaction. By contrast, a lack of water and high
summer temperatures driving rapid evaporation of
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irrigation waters, predispose soils in Rodópi (GR),
Belozem (BG), and the Guadalentín basin (ES) to
salinisation problems. In France, mud flows have
been registered as an important off-site effect of
water erosion. The number of mud flow events

14

In context, conventional tillage is considered to be a
combination of primary and secondary tillage operations
performed in preparing a seedbed for a given crop. It is
distinguished from conservation tillage, defined as any
tillage system that reduces the number of passes over
the field for land preparation and increases the surface
residues to protect soil and water loss. The practices
involved in conservation tillage include single disking,
chiselling, subsoiling, ridging and no-tillage.

High mountains

(+) Predominance of forests and pastures

Medium-high hills

(-) Clay soils make introduction of cover crops in winter and no-tillage difficult

Low hills

(-) Agricultural intensification; clay soils; hydrological situation can be critical

Inland alluvial plains

(+) Easier application of no-tillage due to more even composition of the soil texture (sand, silt and
clay)

Coastal alluvial plains

(-) Highest risk of soil loss due to soil sealing, urban development
(+) Easy implementation of track reduction due to generally larger field size and gentler slopes;
since soils are less vulnerable to compaction, track reduction mainly arises from reduced
cultivation and operation costs

use of heavy machinery, inappropriate cultivation

although some crops are highly sensitive

of row crops and, more broadly, a failure to match

to market conditions;

the crop rotation to the environmental conditions.

•

the specific practices employed, which

These potentially affect a large area of agricultural

are

land across Europe.

in tradition or heavily constrained
by

sometimes
local

deeply

conditions

embedded

but

in

other

Most of the farming practices discussed

cases are susceptible to change, for

in the case studies are associated with arable

example in response to technological

systems. While a majority of soil degradation

developments;

processes are indeed associated with intensive

•

agricultural
size,

structures,
investment

including

arable production, or irrigated permanent crop

field

in

irrigation

systems in the Mediterranean region, pressures

and drainage and other longer-term

from livestock farming were also observed in

infrastructure, which in turn shape

some of the case study areas and discussed at

farming practice and influence soil

the stakeholder workshops. These are mostly

management.

associated with over-grazing, manure and slurry
disposal, and the progressive marginalisation of
extensive grazing land.

Some determinants are economic, such as
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Table 3.6: Environmental and human factors affecting soil degradation in the Marche (IT)

agricultural commodity prices and energy prices,
with knock-on effects on the cost of fertilisers

3.2.4 Determinants of agricultural practices
and structures

manufactured from fossil fuels. Some are sociocultural, and technological such as the trend
towards using larger and heavier machinery to

There are complex causal chains between

increase the efficiency of field operations, with

broad economic, personal, social, technical

significant environmental consequences. In most

and policy factors, which shape the adoption of

areas, a farmer’s willingness to adopt certain

different farming systems and practices in Europe,

practices will depend on the extent to which

and the ultimate impacts on agricultural soils. A

they are compatible with regional and cultural

schematic representation of these relationships is

traditions or conform to social norms. Many

set out in Figure 3.3.

farmers, for example, are attached to conventional
systems.

The above drivers bear on:
Looking ahead, changes in climate are likely
•

the

farming

systems

and

broad

to impact on water availability and the location

production patterns in use, which tend

of crop production in the short to medium term.

to change relatively slowly over time,

Increased knowledge and technical capacity, and
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Table 3.7: Farming practices that exacerbate soil degradation in the case study areas
Soil degradation
process

Water erosion of
soils

Practices that exacerbate soil degradation
Intensification of arable farming leading to
increased field size, more intensive tillage,
changing cropping patterns

West-Vlaanderen (BE), Midi-Pyrénées (FR)

Conventional tillage practices resulting in bare soils

West-Vlaanderen (BE), Svrakta river basin (CZ),
Uckermark (DE), Axe and Parrett catchments (UK) –
particularly problematic if wet soils are tilled

Cultivation of row crops, i.e. potatoes, maize and
sugar beet, especially on slopes

West-Vlaanderen (BE), Axe and Parrett catchments
(UK), Uckermark (DE)

Cultivation of inappropriate crops leading to bare
soil during seasons predisposed to rainfall events

Maize production leaving field exposed to summer
rain in the Axe and Parrett catchments (UK);
decrease of grassland and increase of spring
crops (especially maize and sunflower) in the MidiPyrénées (FR)

Ploughing up and down rather than along the
contour lines

Rodópi (GR), Midi-Pyrénées (FR)

Inappropriate surface water management with
exacerbation of run-off

Marche (IT)

Use of heavy machinery in wet weather conditions
or on saturated fields

West-Vlaanderen (BE): harvesting of crops in
September/October; Bjerringbro and Hvorslev (DK):
use of machinery in spring for injecting slurry; Axe
and Parrett catchments (UK): cultivation of maize
which requires early planting and late harvest
coinciding with wet conditions; Rodópi (GR);
Belozem (BG); Svratka river basin (CZ); Uckermark
(DE); Marche (IT)

Intensive land management practices including
high stocking densities and/or grazing in the
wetter seasons

Axe and Parrett catchments (UK), Belozem (BG)

Conventional tillage practices

West-Vlaanderen (BE); Midi-Pyrénées (FR); Marche
(IT)

Removal of straw and other crop residues from
the field

Bjerringbro and Hvorslev (DK), Belozem (BG)

Burning of crop residues, especially stubble

Rodópi (GR), Belozem (BG)

Inappropriate crop rotations with a lack of humusproducing crops leading to degradation of the
soil’s nutrient reserves

Rodópi (GR); Belozem (BG); Uckermark (DE)
particularly through cultivation of potatoes and
beets that leave little residue in the field; MidiPyrénées (FR) with simplification of crop rotations;
absence of forage in many crop rotations in the
Marche (IT)

Inappropriate land use

Marche (IT), in hilly areas where fields previously
occupied by cattle are abandoned, with reduced
input of livestock manure as a consequence

Intensive agriculture, especially intensive pig
breeding and vegetable production

West-Vlaanderen (BE)

Excessive application of fertilisers and reliance on
artificial nutrients

West-Vlaanderen (BE), Axe and Parrett catchments
(UK)

Inappropriately timed application of fertilisers

Axe and Parrett catchments (UK)

Application of excessive volumes of mineral
fertilisers

West-Vlaanderen (BE)

Excessive use of irrigation water in summer
months

Rodópi (GR); Belozem (BG)

Use of inappropriate waters for irrigation and
reliance on old and degraded infrastructure

Rodópi (GR); Belozem (BG)

Drip irrigation and severe depletion of aquifers

Guadalentín basin (ES)

Soil compaction

Decline in organic
matter

Diffuse
contamination
linked to excess
nutrients
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Soil
salinisation

Case study area(s) where degrading
practices are observed

technical innovations, will have an impact on the

contribute to ongoing agricultural restructuring

type of practices adopted, such as the introduction

and changes in land use and management.
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Figure 3.3: A schematic representation of the relationship between macro- and farm-level drivers
and soil degradation processes

of drip irrigation practices in the Guadalentín
basin (ES), and machines using Global Positioning

The impacts of these interacting factors will

System (GPS) technology for use in ‘controlled-

vary in different localities, as they are mediated

traffic

in

through specific structural and environmental

many areas. Policy factors will also exert an

conditions. In combination, they will precipitate a

important effect. International trade agreements,

number of restructuring trajectories, the outcomes

environmental, agricultural and energy policy all

of which are typically agricultural intensification,

farming’15,

potentially

applicable

growing scale and specialisation, less commonly
abandonment and land use change out of
15

Controlled-traffic farming (CTF) aims at managing
soil compaction, confining machinery use to narrow
strips across the land and maximizing the remaining
undamaged soil area for cropping. In practice it means
matching machinery tracks so they take up the least
possible area. Although this is made simpler by satellite
guidance, it can be achieved with conventional marking
systems. Farm conversion to CTF means adopting a CTF
‘mindset’: the belief that separating wheels and crops is
a key method of reducing costs and increasing returns.
Once this is achieved, it is a matter of good planning
and timely investment that ensures a minimum 15 %
return on capital, an increase in crop returns and a
substantial reduction in costs.

agriculture. These restructuring trajectories are
associated with changes in farm management
decisions and farming practices which will
impact on soil management. In general terms, the
restructuring trajectory of northern and western
Europe is characterised by a progression to fewer,
larger farms, increasing specialisation and regional
concentration in production, and a decline in the
agricultural labour force and aspects of the skills
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base. Intensification is evident in West-Vlaanderen

to degradation, primarily on the farmer’s own

(BE), the Axe and Parrett catchments (UK), the

land, but in some circumstances with impacts

Svratka river basin (CZ), Uckermark (DE) and the

on the wider environment. While trends towards

Midi-Pyrénées (FR), and has led to the increased

intensification,

use of fertilisers, larger field size and the use of

specialisation and abandonment, as discussed

larger and heavier machinery. Simplification in

in section 3.2, have been driving many of the

crop rotations, reduction of permanent grasslands

more degrading practices, improved knowledge

and of the use of spring crops were also detected

and some technological developments create the

in the Midi-Pyrénées (FR). The gradual cessation

potential for more sensitive soil management and

of agricultural management and eventual land

use of resources. A wide range of measures and

abandonment and associated loss of labour and

technologies helpful to soil conservation are in

skills is a contrasting restructuring trajectory,

use within the case study areas.

concentration

of

production,

typical of parts of southern and central-eastern
Europe, and the mountainous regions of the
Guadalentín basin (ES).

Together this section and section 3.4 present
an overview of the practices that are being
applied within the case study areas in response

In all the case studies, it was clear that

to the prevailing soil degradation processes. This

soil degrading practices persist even where it is

involves considering what is motivating farmers

clear that they are damaging. In some cases, the

to adopt the different practices; insights from the

interviews suggested that farmers regarded the

case studies concerning when these alternative

problem as less severe than the scientific experts

practices

or as too long-term to be an immediate priority.

assessment of their effectiveness in addressing soil

In others, the farmers recognised the problem

degradation. Finally, we discuss what is limiting

but continued the practice as they perceived the

the adoption of good or improved practices in

alternatives to be impractical or economically

order to consider how uptake might be increased

unappealing. Whereas innovation and greater

in future.

have

proved

successful

and

an

sensitivity to soil issues was apparent to some
degree in most case study areas, there was also

3.3.1 The nature of action

an impression that inappropriate practice was
quite deeply engrained in some farming systems

Within the case study areas, there is a wide

and would not shift without a significant change

range of farming practices and technical solutions

in attitudes.

that are being used to maintain or improve soil
quality. Certain practices are associated with a
particular type of farming system, some will be

3.3 Delivering solutions: technical
measures to improve soil
degradation

pertinent only to a certain soil type, whereas
others cross these boundaries and can be
best categorised as addressing a certain type
of degradation process. Most of the practices

While it is clear that certain farming
practices
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are

compatible

with

good

that were encountered take place on the farm,

soil

including its boundaries, where physical barriers

management in one location but not necessarily

such as soil traps can be found. However, some

in another, it is helpful to divide practices into

occur in the wider environment or infrastructure,

those that are broadly beneficial or generally

for example irrigation and drainage systems.

inappropriate. Beneficial practices are those well
matched to local environmental and agronomic

In this section, practices are grouped primarily

conditions. Inappropriate practices contribute

according to the forms of soil degradation that

be made on the level of local information and

key practices identified within the case studies

targeting required to select the best options.

related to the five categories of agricultural soil
degradation processes described in previous

The figures below treat the three degradation

sections. They summarise the general nature of

processes separately, while the text that follows

the degradation process and the factors driving

reflects the interactive nature of these processes

it in a schematic form, before identifying broad

and the ways in which farming practices can

solutions and specific practices encountered in

address solutions to mitigate the effects of all

the case studies.

three. The boxed examples highlight cases
where farming practices appear to have proved

The logic applied to this procedure is, first,
to identify through appropriate farm practice the

particularly successful in addressing one or all of
the degradation processes.

solution to the degradation process, and then to
consider the method of providing the solution.

Figure 3.4 provides a synopsis of the

For example, as seen in Figure 3.4, one means of

links

reducing erosion by water is to cut back overland

farming practices addressing water erosion, as

between

the

causes,

solutions

and

flow by increasing infiltration and water retention.

implemented in the case study areas. Some are

There are various ways of doing this. Although in

applied in isolation, others in combination.

some circumstances a particular practice, such as

Some require special equipment, for example for

the introduction of in-field grass buffer strips, will

reduced tillage, whereas others are more readily

be appropriate, elsewhere different practices or

applied by most farmers with conventional

combinations of practices will be available and

machinery. Nearly all the options identified were

perhaps preferable.

in use in several case study areas. Figure 3.5
and Figure 3.6 provide the same synopsis for the

The effectiveness of farming practices in
addressing degradation depends greatly on the

degradation processes of compaction and organic
matter decline, respectively.

particular soils, regions or farming systems in
question. In the following sections, a distinction

Arable farming systems

is made between arable farming systems, which

The most severe degradation processes in

dominated the case study reports and discussions

the case study areas were associated with arable

in the workshops and pastoral systems, which

farming. Examples of solutions varied from the

received much less attention.

cessation of arable cropping, through conversion

Final report on the project ‘Sustainable Agriculture and Soil Conservation (SoCo)’

they address. Figure 3.4 to Figure 3.8 set out the

of the land to grass or forestry, to measures along
3.3.2 Water erosion, loss of organic matter and
compaction

farm boundaries to contain soil being washed
off the cropped area, and a variety of in-field
operations, use of special technologies and

In comparison with the other two groups
of

degradation

processes

(salinisation

general good practice.

and

contamination of land), these three apply more

The choice of appropriate crops, rotations

generally and ubiquitously in the case study

and cropping practice was critical to the reduction

countries and regions. A comparison of the

of erosion in most of the case studies.

relevant farming practices therefore draws from a

The cultivation of row crops (e.g. potatoes

wider range of situations and examples but not

and leeks) renders soil particularly susceptible

all the practices mentioned would be appropriate

to erosion by water, especially when planted

for use on a wider European scale, even within

perpendicular to the slope. Planting in rows leaves

the same farming systems. Decisions need to

the soil more exposed to intensive summer rainfall
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Figure 3.4: Erosion by water: causes, solutions and beneficial farming practices

Figure 3.5: Compaction: causes, solutions and beneficial farming practices

events. In several regions, harvesting between

Many

mitigating

practices

focus

on

September and November, a period characterised

considerations of topography within cultivation

by heavy rainfall, further increases the risk of soil

practices, or on the machines used for cultivation.

compaction and therefore soil erosion.

Ridge and contour tillage systems reduce the
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Figure 3.6: Organic matter decline: causes, solutions and beneficial farming practices

vulnerability of soil to overland flow and erosion,
Major changes in the rotation, such as

and small earth barriers within the ridges can be

reducing the cultivation of row crops, particularly

created with specialised machinery to stem the

on slopes, or rotating cultivation with lower-

flow of water and particulate matter. These practices

risk crops and cover crops at critical times, are

require careful planning if they are to be effective

often desirable in areas with severe problems.

and not exacerbate the degradation process.

However, incentivising farmers to accept much
lower returns by reducing the planting of crops
like potatoes can be difficult.

New varieties of maize in the United
Kingdom, and of winter wheat in Belgium, mature
quicker and therefore can be harvested earlier

Inappropriate cultivation timing can leave

when soil moisture conditions should be more

soils susceptible to erosion by leaving surfaces

favourable. This can offer greater protection to

bare in winter. Fine seed beds, perceived as good

the soil surface over winter through providing

agronomic practice, can exacerbate the scale

the opportunity to sow a green manure crop or

of erosion. One way of reducing this hazard is

implement direct drilling/undercropping following

by selecting appropriate crop varieties able to

harvest, increasing soil protection and the build-

flourish in coarser seed beds.

up of soil organic matter, which in turn can reduce
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the risk of diffuse contamination. This is a good

Clearly, when crops and cropping systems

example of farming practices working in concert

are identifiable as high-risk in terms of soil

to address multiple soil degradation processes.

degradation, they should be avoided and other
crops, rotations and practices substituted for them.

In the Marche (IT), the soil is generally

However, farmers are often attached to current

ploughed along the maximum slope (‘rittochino’).

crops and practices, because of profitability,

However, this practice is combined with water

tradition and social norms, long-term investment

regime management that consists of a systematic

in machinery, limited skills, pressures from

introduction of ditches. Priority is given to this

processors and retailers, and other factors. It may

type of management as the risk of landslides

be difficult to abandon damaging practices in the

in this area is high due to a very clay-rich soil

short term, and therefore incremental change and

and increases exponentially with the often

more limited technical adjustments may be more

recommended contour tillage approach. The

realistic goals in the immediate future.

farmers of the Marche (IT) have developed this
form of tillage management paying attention to

Boxes 3.1 to 3.3 provide specific examples,

most aspects of cultivation and soil conservation.

from the case studies, of practices that appear to

The ditches allow management of surface water

have proved effective in more than one location.

flows and should avoid erosive phenomena,
while ensuring adequate soil moisture.

Box 3.1: Case example: reduced tillage
In the Uckermark area (DE), reduced tillage is considered a beneficial means of addressing soil erosion,
decreased soil organic matter and soil compaction. Soil structure and its water infiltration capacity are
improved by tilling the soil at a lower depth, and the risk of compaction is reduced as trafficking by
machinery is reduced. The practice is primarily applied to maize crops, but also rapeseed, for which it
is considered most favourable under wet conditions.
The uptake of this practice is mainly driven by associated reductions in costs to farmers; fuel
requirements are lowered, along with equipment and labour. Savings of EUR 28-70 /ha/yr are estimated
by experts. Yields are considered consistent with, or higher than, those under conventional tillage, and
some farmers report increased reliability of yields.
In the Guadalentín basin (ES), long-term studies of the region’s almond agro-systems show that
intensive tillage can reduce water infiltration and carrying capacity rates. Experts consider that the
cost-effectiveness of reduced tillage is considerable, and reductions in soil erosion, the decline of
organic matter, and damaging off-site effects are observed.

Box 3.2: Case example: cover crops
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Cover crops are utilised in several case study areas, including Bjerringbro and Hvorslev (DK), and
are the most widely adopted farming practice for soil conservation in West-Vlaanderen (BE). Cover
crops are sown after the main crop before winter; they reduce soil erosion by covering soil that would
otherwise be left bare. Several demonstrations have reinforced farmers’ opinion that the practice is
effective in addressing erosion. The residues of the cover crop are also considered to contribute to the
soil organic matter pool and to provide an additional source of nitrogen for the next crop, as well as
mitigating contamination through nitrate leaching by taking up residual nitrates in the soil.

A general trend towards increasing machinery size and weight was observed in the case studies and
cited as a significant cause of soil compaction. The tendency for tractor and machinery size to increase
is ubiquitous, but some practices for reducing compaction are available.
Adjusting wheel sizes and pressures is almost universally considered an effective practice for reducing
the load and pressure on soils. However, in the Axe and Parrett catchments (UK) and the Uckermark
(DE), the costs of new tyres and the impracticalities of the extra time and work inputs required are
considered a barrier to uptake, which is consequently low. In the Axe and Parrett catchments, however,
farm contractors are increasingly adopting this practice, and it is considered that this may result in
increased pressure on contracted farmers to adopt the practice in turn.
Controlled traffic tramlines are reported as a potentially successful practice to mitigate compaction by
restricting machinery movements to very precise, restricted lanes, maintained by GPS systems guiding
high-technology machinery. Although there is some evidence that this approach is effective, it is not
widely applied in the Axe and Parrett catchments (UK) or the Uckermark (DE) due to the high initial
costs of machinery and technical equipment, and a perceived requirement for demanding training in
using this equipment. It is often seen as an option for large farms only. The GPS systems are being
questioned for their ability to provide accurate guidance under different weather conditions, although
this is disputed by experts. Further criticisms include the high levels of compaction created along
the tramlines themselves, and even associated increases in erosion, as reported in Bjerringbro and
Hvorslev (DK). A simplified alternative of manually defined routes between ridges for row crops has been
successful in the Axe and Parrett catchments (UK), although the primary motivation for this practice is
ease of harvesting, rather than soil conservation, and a lower level of precision is expected.

Livestock farming systems

set of issues concerned the more mechanical

In the case of livestock farming, there were

impact of livestock on soils, including poaching

two main groups of issues. One set related to

and overgrazing by cattle, goats and sheep.

excessive levels of nutrients and poor nutrient

Better grazing management and/or reduced

management, often associated with intensive

stock numbers were generally seen as the key

livestock farms generating large quantities of

to reducing pressure on soil. This would need to

liquid manure to dispose of. Problems could be

be encouraged either by market incentives, for

reduced by lowering livestock numbers, and by

example by switching to organic production, or

improved management and application of manure

through agri-environment payments.
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Box 3.3: Case example: machinery adaptations and adjustments

and slurry to reduce soil contamination. A second

Box 3.4: Farming practices related to livestock production and soil erosion
Organic farming and extensification are considered effective methods to lower the intensity of animal
production and therefore the risk of soil compaction and erosion.
Reducing the length of the grazing season and/or the stocking intensity at wetter times of the year
reduces structural damage to soils. However, economic pressure to extend the grazing season,
particularly considering the high costs of silage and animal feed, is high.
In many cases, managing the movement of animals more effectively so that land is less grazed and
pasture has time to recover is a more feasible option. In the Axe and Parrett catchments (UK), livestock
is sometimes confined to relatively small fenced-off blocks of grass for defined periods and is then
moved block by block across the available land. Increased recovery time for the grass sward and soil
structure is provided by this practice, and a higher proportion of lush grass is made available for the
animals’ diet. Moving the location of feeders and drinking troughs regularly or relocating them to less
sensitive locations can also improve soil structural conditions (Heathwaite et al., 1990).
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3.3.3 Diffuse soil contamination

centred on raised concentrations of nitrates and
phosphates in both ground and surface water.

The problems arising from diffuse soil

Soil conservation is not always seen as the

contamination are covered in six case studies,

primary motive for addressing contamination

namely

(BE),

problems, although any action taken, for example

Bjerringbro and Hvorslev (DK), the Uckermark

to improve nutrient management, has a direct

(DE), Rodópi (GR), the Guadalentín basin (ES),

impact on soil itself. Figure 3.7 summarises the

and the Axe and Parrett catchments (UK). The

links between the causes, solutions and farming

main sources of contamination mentioned are

practices addressing this form of degradation, as

nutrients from organic and inorganic sources and

observed in the case studies.

those

for

West-Vlaanderen

pesticides, with others mentioned in the margins,
including waste materials, plastics, heavy metals

Box 3.5 gives further details on farming

and sewage sludge. Nutrient loadings were

practices considered to be effective in addressing

the most prominent form of contamination

soil contamination, and some of the considerations

in most case studies, with the main concerns

to be taken in to account in applying them.

Figure 3.7: Diffuse soil contamination: causes, solutions and beneficial farming practices

The spreading of slurry and manure presents a serious risk of both on- and off-site water pollution
and contamination by nitrates and phosphates, especially when inappropriately timed to coincide
with wet weather conditions in colder climates. The timing of applications and appropriate storage
of the material to allow spreading to be deferred until conditions are satisfactory are, therefore, very
important. Both storage and spreading plans need to account for soil and climatic conditions. In
the Guadalentín basin (ES), adding organic matter to the soil is considered by experts to be very
cost-effective for controlling organic matter decline, and moderately so for reducing water erosion.
However, this practice presents an increased risk of soil contamination, as a major source of added
matter is made of urban and sewage plant refuse. Residues from sewage plants are usually rich in
heavy metals, and the high alkalinity of the region’s soils, combined with an arid climate, increases the
chance of sustained, high levels of these hazardous substances in the soil.
Injecting slurry directly into soil is considered environmentally preferable to uniform surface spreading,
as it delivers the slurry directly to its target and reduces the risk of run-off. The need for expenditure on
technical equipment and training is considered a barrier to its wider adoption , which is nevertheless
common in some areas, partly because of Nitrates Directive requirements.
Legislation restricts manure and slurry applications to some level in all Member States and is described
in the case studies for Belgium, Denmark, Germany and the United Kingdom (see section 3.5), often
with a primary focus on containing water pollution. However, even where legislation has brought about
changes, it is considered that practice needs to be informed by technical knowledge and advice to
ensure effectiveness.
In West-Vlaanderen (BE), vegetable farmers find the restrictions imposed by the Manure Decree
economically restrictive, and consider that support through advice is lacking.
In Bjerringbro and Hvorslev (DK), restrictions on manure application (e.g. 70 % of the nitrogen in
manure must go into the soil) are considered the best method of securing water quality.

3.3.4 Salinisation of soils
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Box 3.5: Farming practices related to diffuse soil contamination

About 1 500 ha of land were irrigated by this
system. However, following the agrarian reform

The salinisation of soils was only stated as

and land restitution of the 1990s, the irrigation

a serious problem in the Mediterranean macro-

system has been poorly maintained and partially

region case studies of Spain and Bulgaria. Figure

destroyed. This increases the pressure on farmers

3.8 summarises the links between the causes,

to use underground water for irrigation, but since

solutions and farming practices addressing soil

the drainage system has also been neglected

salinisation in these three case studies.

and poorly maintained, the groundwater table
often rises above the critical level and poses a

In Belozem (BG), an extensive, state-

considerable threat that salinisation will revert

sponsored programme for the development of

to previous, serious levels. The area served by

a drainage system and reconstruction of the

the system has dropped to a maximum of 900

existing irrigation system in the 1960s produced a

hectares. According to the case study, without

considerable reduction in soluble salt content in

irrigation

the soil after three to four years, and a large part

drainage, the impacts of all other measures will

of the land surrounding the village was reclaimed.

only be temporary.

in

combination

with

appropriate
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Figure 3.8: Soil salinisation: causes, solutions and beneficial farming practices

3.4 Evaluating farming practices for
soil conservation

will be influenced by the factors discussed below,

3.4.1 Assessing

Delivering multiple benefits

the

potential

of

different

practices

but also importantly by local conditions.

Within the case studies, certain farming
practices

were

identified

as

being

highly

Many different practices were identified as

effective at combating one specific degradation

helpful in terms of delivering soil conservation.

process; for example, the adjustment of wheel

They represent a snapshot of the measures being

size and tyre pressure was noted as effective

undertaken on farms across the EU, with a strong

in reducing soil compaction where heavy

emphasis on arable farmland. When reviewing

machinery is regularly in use. Other actions

the array of practices addressing the five main

address a particular degradation process, as well

degradation processes in the case study areas,

as impacting upon the broader environment by

certain common themes emerge that indicate

reducing off-site impacts. Reductions in inorganic

the potential importance of various practices and

fertiliser use and better timed applications are an

may be useful in helping to inform decisions as to

example. While such measures are important in

appropriate implemention. It should be noted that

addressing a particular degradation process, there

the lessons associated with individual farming

are other farming practices that address multiple

practices have been generalised in order to enable

degradation processes, if correctly applied.

comparison. The effectiveness of any measure

In Bjerringbro and Hvorslev (DK), there are restrictions on manure application. The amounts restricted
are adapted annually based on soil nitrogen level measurements. Farmers must incorporate slurry as
early as possible to avoid large losses by evaporation and run-off.
Farmers are reportedly well disciplined in this practice and go to considerable efforts to comply,
acting in response to social pressure and the prospect of complaints by neighbours in the event of
non-compliance. SMS lists are employed for this reason, to alert neighbours of intentions to spread
manure, and to discuss options in case of conflicts of interest.
These practices thus prevent the leaching of an excess of nitrates and phosphates into the surrounding
water systems on these permeable sandy soils on moraine plateaux. Increases in soil organic matter
may also arise as a result. Appropriate spreading of slurry in appropriate weather conditions will thus
have a double effect, equally facilitating the efficient retention of nutrients – but also including those
that may turn into contaminants (nitrates and phosphates) when provided in excess. The outcome is
that diffuse soil pollution and its related effect on water quality is accordingly no longer considered a
serious threat in Bjerringbro and Hvorslev (DK).

Experts considered that the use of cover

problem, it is easier to identify the systemic cause

crops and undersown crops help to mitigate soil

of a soil degradation process and the critical

erosion, hence limiting off-site damage by mobile

farming practices that will provide a basis for

soil particles. Moreover, if practiced over a long

ongoing improvement. Conversely, for diffuse

time period, they also help to halt the decline

processes such as organic matter decline and soil

in organic matter and to increase levels of soil

erosion by water, it is often harder to pinpoint

carbon, especially if ‘green manure’ is utilised.

clearly the precise underlying causes and

The same multiple benefits are also noted for

therefore the most effective actions.

reduced tillage and no-tillage systems, although
their effectiveness depends on their combination

For

example,

in

Belozem

(BG),

well

with cover crops, the characteristics of the

maintained and appropriately managed drainage

cropping system and the underlying soils.

and irrigation (using non-saline water) systems
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Box 3.6: Targeted technical measures: examples of restrictions and appropriate timings of fertiliser application

are seen as central to addressing the salinisation
Priority actions – addressing the systemic problem
There

are

numerous

farming

of soils16. Without well managed drainage and

practices

irrigation infrastructure, other changes to farming

identified within the case study areas that can

practice might deliver short-term improvements

be used to counter soil degradation processes.

to soil quality but there would eventually be a

However, some stand out as being critical for

return to present conditions. To some extent, the

long-term, sustained improvements in soil quality.

same is true of salinisation linked to irrigation, as

These practices are effective as they address the

experienced in the Guadalentín basin (ES) and

key factors behind the degradation processes

Rodópi (GR). In these regions, this degrading

– for example, the excessive application and

process will continue to persist in the absence

evaporation of slightly saline irrigation waters

of the proper regulation of irrigation waters to

leading to a build up of salts and salinisation of

ensure appropriate usage and water sourcing.

soils in Spain. The causal link is, however, often
not as clear as in this example.
From reviewing the case studies it becomes
clear that, when dealing with a more localised
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Note that in this case study area, salinisation is primarily
associated with the movement of mineral salts up the
soil profile via capillary action.
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Prevention versus mitigation

Matching measures to risk levels

The soil conservation measures identified

The ubiquitous nature of soil erosion by

within the case studies act in a variety of

water, with its multiple risk factors, poses a

ways; certain practices attempt to prevent a

particular challenge. There is a suite of measures

soil degradation process from occurring while

available to reduce water erosion risk but the

others attempt to minimise the impact of that

case studies do not point to any firm general rules

process, and a third set promote the sustainable

as to what specific farming measures constitute

management of soils.

appropriate practice. However, a broad grouping
of measures can be made according to the

This distinction is clearest in relation to

severity of risk, particularly in relation to slope,

those practices identified as helping to combat

topography and climate. In the lower risk band,

soil erosion by water. Actions such as the use of

some practices can be considered appropriate for

cover crops, intercrops, conversion to grassland,

more generic application such as contour tillage,

reduced tillage, no-tillage and contour tillage

planting row crops in line with the contours, and

all focus on reducing the mobility of the soil

reducing tillage as far as possible.

particles and retaining them in situ. As such, they
seek to minimise any erosion from occurring. In

general

practices

often

appear

contrast, barriers and brakes (which can be in-

sufficient on flatter land or on gentle slopes at

field, such as tide rows between row crops, grass

low levels of risk from water erosion. They will,

buffer strips, reintroduced hedges and terraces, or

however, offer only limited protection on steeper

on-farm boundaries, such as silt traps or ditches)

slopes or where higher risk crops such as maize

are designed to stop the flow of mobile material.

are grown. On slopes with steep elevation, or

They capture the mobile particles, reducing their

where protection measures are impractical to

loss from the farm or field and minimising off-site

implement given machinery limitations, only

impacts like the siltation of river systems .

systems that deliver effective soil coverage may

17

be appropriate. These might include converting
Measures aimed at preventing compaction

land from arable cropping to pasture, ensuring

can be grouped in the same way. They include

soil cover especially during critical wet periods,

systems for regulating the movement of livestock

or using different crop rotations or no-tillage

and cutting stocking densities, reduced tyre

systems. On intermediate slopes, alternative

pressure and increased tyre size on large

solutions may be sufficient, such as avoiding the

machinery within arable systems. Conversely,

planting of row crops or ensuring the use of an

measures such as aeration and subsoiling

intercrop or undersowing.

mitigate the problem once it has occurred, and
reduced-traffic tramlines reduce the impact of
compaction.
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These

17

This characterisation has been simplified to illustrate the
differences in the type of measure; in-field brakes, and
especially tide rows and grass buffer strips, may have
a dual function in combating erosion. Their presence
will slow overland flows, therefore reducing the erosive
power of the water.

In the Axe and Parrett catchments (UK), a risk-based approach to improving farming practices is
reported to be highly successful. Soil experts and technical advisors assess the soils, topography,
crop systems and weather conditions of farms by parcel, and produce farm-wide plans highlighting
the areas and soils at greatest risk of degradation. Advice is then provided to the farmer on appropriate
farming practices, which are aimed specifically at the degradation processes identified. The
recommended practices also take into account a farmer’s economic objectives, such as maintaining
productive capacity and crop yields, as well as delivering wider environmental benefits.
Environmentally certified practices include the creation of buffer strips and the installation of silt traps
to reduce off-site impacts such as run-off. By taking small patches of land out of production, they may
lead to minor reductions in overall productive capacity. Practices that maintain yields while reducing
the threat of degradation in high-risk scenarios include, for example, constructing ridges on which to
grow potato crops, in order to reduce the impacts of trafficking and therefore of soil compaction and
erosion.
The advice driving uptake of these beneficial farming practices has been provided through the
Catchment Sensitive Farming scheme. This policy initiative funds dedicated farm-level advisors to
provide advice at no cost to farmers, and also offers (limited) financial assistance with investment
costs. It is described in more detail in Box 3.22.

Holistic systems for soil management
In addition to the adoption of specific

a broad approach to promoting healthier soils
based on three principles19.

individual practices, there are two more holistic
approaches to agricultural management that are

Good soil management is at the heart of

seen in the case study areas as having significant

the organic farming philosophy and many good

potential for improving soil quality. These are

practices are followed, not least in relation to

organic farming and conservation agriculture.

building up organic matter and sustainable

Organic farming promotes soil fertility by, inter

crop rotations. It was noted by various actors,

alia, using effective crop rotations and green

however, that poorly managed organic farms can

manures, applying compost, farmyard manures

lead to soil degradation processes in the same

and the recycling of on-farm materials, and

way as poorly managed traditional farms, and a

avoiding artificial fertilisers . As discussed in

farm’s organic status does not automatically lead

the previous section, conservation agriculture is

to beneficial soil management. Experts at the

18
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Box 3.7: Case example: risk-based approach to soil management

workshops did, however, comment that a key

19

18

Details of EU organic farming regimes can be found at:
http://ec.europa.eu/agriculture/organic/home_en, and
information on soil association specifications at:
http://www.soilassociation.org/web/sa/saweb.nsf/ed093
0aa86103d8380256aa70054918d/0f1a4812774b8c23
80257149004cb42a!OpenDocument.

According to the Food and Agriculture Organization
of the UN, conservation agriculture (CA) is a concept
for resource-saving agricultural crop production that
strives to achieve acceptable profits together with high
and sustained production levels while concurrently
conserving the environment. CA is based on enhancing
natural biological processes above and below the
ground. Interventions such as mechanical soil tillage are
reduced to an absolute minimum, and the use of external
inputs such as agrochemicals and nutrients of mineral or
organic origin are applied at an optimum level and in a
way and quantity that does not interfere with, or disrupt,
the biological processes. For further details see http://
www.fao.org/ag/ca/1b.html#1a-2#1a-2.
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benefit of the organic approach is the control

Conservation agriculture received greater

element, with farm practices being regularly

attention in parts of Germany and, within the

inspected to ensure compliance with and

Mediterranean region, especially at the workshops

retention of organic status.

in

Murcia, Tolentino

and Toulouse.

Many

participants were positive in terms of the potential

Box 3.8: Expansion of conservation agriculture practices in France (in particular in the Midi-Pyrénées)
Cover crops in France
In 2000-2001, cover crops were poorly represented in France (5 % of the spring crop area, and 1.4 %
in Midi-Pyrénées), and were mainly located in specific regions where the principal driver for their use
was the implementation of the Nitrates Directive (Bretagne, Champagne-Ardenne, Nord-Pas-de-Calais
and Picardie).
Between 2001 and 2006, however, cover crops for these regions tripled in area although they were
equivalent to only 17 % of the spring crop, at national level. Therefore, more than 80 % of the area
occupied by spring crops remained potentially bare in autumn and winter. A part of this was occupied
by re-growth.
Simplified tillage practices in France
Simplified tillage practices are growing more popular in France and represented 34 % of the main crop
areas in 2006 (20.5 % in 2001). The southwest (Midi-Pyrénées, Languedoc-Roussillon, Aquitaine) and
north (Picardie, Champagne-Ardenne) are the main areas where these practices have developed. In
these regions, simplified practices represented over 40 % of the main crop areas (and up to 50 % in
Midi-Pyrénées) in the same year.
No-tillage, however, represented only 1.5 % of the national agricultural land area in 2006. MidiPyrénées is the region where no-tillage is the most developed. It represents 4.1 % of the area.
Simplified tillage practices are far more developed for winter crops (cereals and rapeseed) than spring
crops. In 2006, they accounted for 42 % of winter crops and only 17 % of spring crops in France (up
to 24.6 % for Midi-Pyrénées). This represents an increase of 19 % for the spring crop and 79 % for
winter crops between 2001 and 2006.
In 2006, for winter crops, the proportion of crop areas where these practices were used exceeded
70 % (79.4 and 73.9 % in Aquitaine and Midi-Pyrénées respectively). In Midi-Pyrénées, 85 % of durum
wheat and 76 % of common wheat were managed with these practices.
Simplified tillage practices attract large farms. On average, 58 % of the arable area was no longer
ploughed on farms of more than 400 hectares in 2006. This proportion rises to 74 % for common
wheat for the same type of farms.
Crop rotation in France
The area of different crop rotations is difficult to measure due to the large number of possible crop
combinations and the absence of sufficient field information.
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The census data for France suggest a trend to simplify crop diversity, particularly in specialised areas.
However, rotations for most crops still vary, particularly when the rotation includes peas, potatoes,
sugar beet, rapes, barley or common wheat.
Between 80 and 100 % of the cultivated area of these crops was included in a rotation with more than
four different crops or fodder area during the period 2001-2006. The rotation is more simplified for
grain maize and durum wheat.

determined and the relatively limited investments

term yields as well as reduced soil degradation,

made include, inter alia, the introduction of

particularly on larger farms where the cost of

cover crops, undersown crops, reductions in tyre

specialised equipment was less of a barrier.

pressure, better tailoring of fertiliser applications

However, there were also reservations regarding

and adjustment of grazing regimes.

the perceived need for increases in the level of
herbicide application potentially necessary to

Some other farming practices can be

combat weed growth under no-tillage systems and

introduced relatively quickly assuming conditions

the lack of compatibility with organic farming.

and cropping regimes are appropriate, but they

Moreover concerns were expressed regarding

require more significant investments. These

the cost of conversion. At the northern European

include reduced tillage, no-tillage, increasing

workshop, conservation agriculture was viewed

wheel size, and contour tillage on significant

as an interesting approach but only suitable for

slopes. All these approaches require the purchase

a proportion of farms; no-tillage and permanent

of additional machinery or equipment or, if not

cover approaches may not be appropriate for all

owned directly by the farmer, the employment of

farming systems, climates and soil types.

a contractor. Even where changes can be made
quite quickly, results may not become apparent

Organic farming and conservation agriculture

rapidly and some adaptation, fine-tuning and

both promote understanding among farmers of the

patience may be required, as several farmers

importance of soil as a non-renewable resource

reported for conservation agriculture.

and add value to measures adopted in isolation.
Conservation agriculture in particular needs to

There are other changes to farming practices

be tailored to soil and farming conditions. There

that require a more significant investment in terms

is considerable scope for applying these systems

of time, commitment and resources. These will

more widely. Some farmers are more likely to

take effect over a relatively longer time period.

be open to their adoption if these practices are

Examples include the alteration of crop rotations

presented in a pragmatic way rather than as part of

and the introduction of green manures to address

a movement or a prescriptive, certified approach.

the underlying causes of organic matter decline
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offered by this approach with respect to long-

and soil erosion, the replacement of row crops
Rapid shifts, incremental change and long-term

by pasture and conversion to a new farming

commitment

approach such as organic farming or conservation

The practices identified within the case studies

agriculture. These approaches potentially require

need very different investments in terms of time

significant commitment by the farmer over

and funds. Some require a commitment to change

subsequent years in order for the full benefits to

over a long time horizon whereas others can be

be realised. Other measures require longer-term

achieved rapidly, with impacts discerned in the short

collective action, such as the establishment and

term. Examples of farming practices that can be

maintenance of more appropriate irrigation,

introduced quickly once the best approach has been

drainage systems and terraces.

Box 3.9: Case example: terraces and retention ponds in the Mediterranean area
In the Guadalentín basin (ES), experts consider bench terraces and water-retention ponds to be highly
effective measures for combating water erosion and off-site damage, concluding that these long-term
measures are the most important for addressing these degradation processes. Interviews with farmers
show that over 75 % maintain terraces and benches with vegetation to increase their effectiveness;
however, rates of implementation were much higher in the past.
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3.4.2 Translating potential into reality – limits

overturn established farming methods.

to soil conservation

For example, the danger of forest fires in
Greece has created pressure on farmers

Most of the promising practices for the

to cease burning crop residues, and

sustainable management of agricultural soils,

instead to incorporate plant residues

however, are not consistently adopted. This

into the soil. Similarly, mud on roads

section highlights some of the reasons why good

in England leads to pressure on farmers

practices have been adopted, and also discusses

from highway authorities to reduce

certain barriers to entry and factors limiting take-

erosion;

up rates.

gives rise to protests from neighbours.

mud

on

private

property

Nutrients in watercourses can result
Further details of caveats and preconditions

in action by water suppliers (as has

for the use and adoption of the specific farming

occurred in the Czech Republic); one

practices identified in the case studies are

reason for Danish farmers complying

explored in Annex 3.1.

with slurry application restrictions is
that neighbours will complain if they do

Factors

encouraging

uptake

of

beneficial

not.

practices
While uptake by farmers remains patchy,
even in areas with severe soil degradation



Economic and production factors:
-

the prospect of reduced labour or input

problems, certain factors stood out from the case

costs. For example, interest in cover

studies as encouraging the uptake of beneficial

cropping is increasing in Germany as

farming practices.

prices for artificial soil additives (an
alternative) are increasing. Reduced



Social factors:

tillage generally reduces production

-

continuation of appropriate traditional

costs, with less field work, though a

practices that do not require extra

sizeable group of farmers still require

incentives. For example, maintaining

convincing that yields will increase in

green cover during the rainy period

the long term.

on steep slopes is a well established

-

farming practice in parts of Greece.
-

-

discussion

and

debate

within

have been achieved by a number of
the

farmers under reduced tillage. For

farming community, which may be

example, the cultivation of new maize

led by innovators or people who have

varieties, which mature more quickly

joined voluntary schemes

and therefore can be harvested earlier

leadership of innovative farmers and

when soil moisture conditions are

prominent members of the community,

usually more favourable, can also be

for

more profitable.

example,

in

adopting

more

sustainable practices, new forms of
machinery, etc. (demonstration effect)
-

demonstration

-

effect

exerted

contractors

who

-

healthier

crops.

For

example,

in

Germany, well considered crop rotations
by

have a positive effect on soil organic

may

matter through the accumulation of

diffuse new ideas when visiting farms to

humus, contributing to weed control

perform work under contract

and reductions in plant disease and

third-party social pressures can influence

insect pests.

agricultural
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the search for increased yields, which

the uptake of new practices that may

(In extreme cases) the need to act in order

operate. Most of the limitations can be grouped

to prevent a collapse in production can

into five categories.

stimulate change. For example, in parts
of Spain salinisation is very severe.

1.

Lack of access to technical know-how and
equipment: a major category encapsulating



Environmental factors:

issues such as a lack of knowledge regarding

-

Intrinsic concern for the environment

the best practices to employ in a given

was noted on some farms, for example

situation or the most effective means of

where

implementing

organic

or

conservation

agriculture methods were being adopted

lack

of

available

machinery and equipment or access to it,

or silt traps installed in low field corners
in place of crops. It is not clear where to

them,

and lack of access to specialist advice.
2.

Environmental

concerns

and

impacts:

draw the line on personal as opposed to

concerns related to increased pesticide and

environmental gain in soil management

herbicide use associated with simplified

but both considerations apply.

tillage, the impact on water resources of
specific practices and availability of water



Policy factors:
-

In some cases, such as in the French case

for the main crops.
3.

Socio-cultural norms: where there is a

study, it appears that the implementation

widespread perception that a ‘clean field’

of national and European legislation

is the appropriate way to farm, leading

can be a powerful factor leading to the

to negative perceptions of more limited

adoption of various soil conservation

tillage and organic systems that differ from

practices. This is particularly true of

traditional and accepted methods, individual

cross compliance, including GAEC,

farmers may have concerns about departing

because compulsory measures seem

from the norm and about how early adopters

to have triggered more attention to soil

will be perceived by other farmers.

management.

4.

Restrictions associated with the farming
system: the choice of particular farming

Barriers to entry

systems

and

approaches

can

lead

to

Identifying the nature and causes of barriers

limitations on a farmer’s ability to adopt

to entry is fundamental to understanding why

specific practices, for example where certain

promising farming practices are not being

crops require a fine seed bed.

implemented. The barriers to entry identified

5.

Need for collective infrastructure: where

by farmers and experts in the case studies fall

investment in irrigation, drainage or other

into two broad categories: technical limitations

large infrastructural projects is essential for

to adoption and the costs involved. Annex 3.1

soil conservation but requires a collective

presents a long list of barriers to entry associated

action, coordination or the intervention of

with specific farming practices, while the main

external institutions, individual farmers may

issues are summarised here.

have limited scope to act.

There is a range of non-economic limitations
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-

Economic barriers to entry

preventing farmers from adopting beneficial

While real or perceived technical problems

practices. These can be associated with a lack of

were identified by some farmers as preventing

information, farmer perceptions of various kinds

their adoption of particular practices, the most

and the restrictions imposed by the systems,

commonly cited barriers were economic, either

equipment and infrastructures within which they

short- or long-term. The latter require significant
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investment or ongoing costs, while the former

Adopting appropriate measures

typically consist of initial high costs of conversion

It is clear that changes in farming practices

to a new approach. Concerns about costs

are only helpful for soil management if they are

included not only straightforward financial costs

truly appropriate to local conditions, particularly

but also those associated with reduced productive

with respect to soil type, landscape conditions,

capacity, transaction costs and administrative

climate and the dominant farming system and

costs.

crop under cultivation.

1.

Short-term economic costs: initial outlay for

These factors need to be taken into account

specific materials like seeds or machinery

in determining the possible success of a proposed

were raised as particular concerns.

measure and whether it can be successfully
integrated into evolving practices and approaches

2.

Long-term economic costs: key concerns

on the farm.

focused on perceived loss of yield and
productive capacity, or on the need for more

There were many examples in the case

materials being required on an ongoing

studies of generic responses to soil problems that

basis, such as more pesticide use or ongoing

apparently did not fit local conditions well.

and expensive maintenance.

Box 3.10: Short-term costs and technical limitations
Adjusting machinery tyres (Axe and Parrett catchments, UK)
The adjustment of tyre pressure to different soil conditions was considered to be too difficult and timeconsuming and is, therefore, not applied by any of the interviewed farmers. More recently, farmers
have noticed that agricultural contractors are also more aware of either using larger wheels or reducedpressure tyres. This is most likely related to direct pressure from farm managers. The cost of adjusting
tyres was considered to be quite high because of the need for specialised tyres and the time needed
to change wheels.
Adopting cover crops (Uckermark, DE)
High costs associated with labour, the preparation of seedbeds and the purchasing of seeds (costs
for mustard seed were noted as particularly high), are off-putting for farmers if a return cannot be
gained from the cover crop, for example by selling the crop as fodder or by using it to replace mineral
fertilisers and external improvements of soil organic matter content.

Box 3.11: Economic impact of reduced livestock density (Axe and Parrett catchments, UK)
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There is considerable economic pressure to extend the grazing season because of the high costs
of silage and animal feed, which in turn increases the pressure on the land and leads to reduced
infiltration and greater surface run-off. Reducing the grazing season and/or the density of grazing stock
in wetter periods of the year would reduce structural damage in the catchment; the best approach was
considered to be an agri-environment scheme targeted at promoting extensive grazing.

Clay-rich soils in combination with steep slopes in the part of the Marche region with medium-height
hills create difficulties for seedbed preparation of spring crops after a winter cover crop as well as
difficulties in introducing no-tillage. Since the lower hills are also dominated by clay soils, the same
difficulties in seedbed preparation were also reported there.

Box 3.13: Limits to the application of cover crops
In West-Vlaanderen (BE), technical constraints on the planting of cover crops have been identified
for certain crop systems. For example, in cereal rotations (such as wheat-maize), ryegrass cover
crops quickly become weeds, and in cabbage rotations, white mustard intercrops may promote
cabbage-specific pests and diseases such as club root and cabbage root fly. As maize and sugar
beet are harvested late, conditions following harvest may hinder cover crop growth and, therefore, the
production of sufficient biomass.
Widespread concerns were voiced that cover crops decrease water availability and potentially yields for
the main crop in some conditions. Within the Uckermark (DE), only 20 % of the UAA is cover-cropped,
with farmers considering the economic efficiency of intercropping as relatively low compared to other soil
conservation practices. Cover crops are not widely planted in the Axe and Parrett catchments (UK), as
increased competition from cover crops can reduce overall crop yields. One solution is to use selective
herbicides on cover crops once the main crop has provided sufficient protective surface cover. However,
the negative environmental impact of increased agro chemical use may counter-balance any benefits for
the soil. Similar concerns were also expressed in the Midi-Pyrénées (FR) case study.

Reduced

tillage

practices

in

particular

integrated into organic farming systems, as the

need to suit local conditions. In the Uckermark

requirement for herbicides reportedly declines

(DE), adoption of these practices varies by crop

over a period of time. However, this is contentious

type and cropping regime. Reduced tillage is

and the level to which these tillage practices can

extensively applied for maize and winter wheat

apply to organic systems remains a subject of

(only when cultivated after a leaf crop such as

debate.
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Box 3.12: Difficulties in introducing cover crops during winter in the Marche (IT)

sugar beet), but not for crops with high demands
for seedbed preparation.

In the Axe and Parrett catchments (UK),
initial trials of no-tillage by farmers showed that

It is widely acknowledged that weeds are

it led to compaction on heavier clay-rich soils,

likely to increase in abundance under low- and

which resulted in increased overland flow. Since

no-tillage, requiring higher levels of herbicide

then, more has been learned about how the

application, at least in the shorter term. This

practice can be used on different soil types. If soil

creates

with

moisture levels are carefully monitored and the

organic farming systems, within which herbicide

an

immediate

incompatibility

land is worked under optimal conditions, then

applications are prohibited. Discussions in the

this method could be used successfully. Flexibility

central and eastern European macro-region

within the farming system, and a consideration of

workshop noted that in some countries, low-

soil type, is clearly required.

and no-tillage practices are being promoted and
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Box 3.14: Costs during the transition period to conservation agriculture
Conservation agriculture practices, as adopted in the Midi-Pyrénées (FR), in particular the introduction
of no-tillage, require a transition phase of up to five years, depending on local conditions and the
farmer’s skills. Additionally, the seeding equipment is expensive and represents a major investment
for farmers. Small farms (less than 100 ha in the French case) reported the cost of new machinery
for conservation agriculture (especially direct seed drills) to be very high and difficult to absorb
economically.

Another example of practices not fitting with
local conditions concerns contour tillage, which

3.5 Policy measures encouraging soil
conservation

is desirable in terms of soil erosion but not always
compatible with cultivation of steep slopes with
current equipment. In Rodópi (GR), farmers

3.5.1 Introduction to the policy framework for
soil conservation

reported this practice to be dangerous, as most
cultivated land is hilly with gradients in excess

Farmers’

decisions

about

which

soil

of 10 %. A significant number of accidents with

management practices to adopt are influenced

agricultural machinery are reported annually, and

by a variety of diverse factors. Some are largely

therefore most farmers adopt a more convenient

fixed, such as topography; others change over

ploughing pattern that does not protect soil

time, technology being one example, public

against erosion.

policy another. The role of policy was a key issue
for the SoCo project, but it is important to set it

3.4.3 Conclusions – applying farming practices
for soil conservation

in context alongside other factors influencing
land management. This is illustrated in Figure
3.9, which suggests some of the linkages between

Some of the farming practices identified as

policy and other determinants.

potentially beneficial clearly contribute to the
alleviation of the soil degradation processes

In general terms, it was found that the

addressed. The most valuable soils require

conservation of agricultural soils is not a major

decisive protection. Certainly, a mixture of

focus of policy intervention in any of the case

measures adapted to local conditions, including

study areas or the Member States concerned.

farmer attitudes, is required. It is also clear that

Soil conservation does not feature as a strategic

there is no single easy and general solution to the

objective of Rural Development Programmes,

challenges posed by soil degradation.

it receives a lower profile among government
officials and stakeholders compared to other

As the case studies demonstrated, farming

rural environmental issues such as biodiversity

practices that are beneficial in one region can be

and water pollution, and the monitoring of the

harmful in other locations. Other practices can

condition of soils and the impact of policy on soil

be used more selectively, with an understanding

conservation is relatively sparse. In spite of the

of barriers to entry and key local concerns.

paucity of policies that are dedicated solely to
soils, there are a considerable number of policy
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In terms of urgency, it is possible to identify

instruments that affect soil management and thus

a number of priority measures but longer-term

soil quality either directly or indirectly, and their

issues, including the decline of soil organic

number appears to be growing. As in many other

matter, should not be neglected.

spheres of environmental policy, the origin of

Source: Posthumus and Morris (2007)

policy interventions and instruments ranges from

tend to include good soil management alongside

the EU level to rather local initiatives. The great

a wider set of objectives.
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Figure 3.9: Factors influencing farmers’ decision making regarding the approach to land management,
and hence farming practices

majority of measures apply at the national or
regional level; few are targeted solely at the case

Table 3.8 sets out the policy measures in

study areas themselves. A significant proportion

operation across the case study areas that have

of the national or regional measures have been

been identified by case study experts as exerting

introduced in response to EU environmental

a significant effect on the conservation of

legislation or agricultural policy.

agricultural soils. Soil conservation is an explicit
objective of certain of these instruments, notably

3.5.2 Key policy measures being used to support
soil conservation

cross compliance and certain agri-environment
schemes. However, the majority of the measures
listed have core objectives other than soil

The policy instruments in place in the ten

management and some of the impacts are

case study areas include binding legislation,

indirect. A relatively small number of measures

voluntary incentive-based measures, awareness-

were identified as being of central importance in

raising measures and private initiatives. Advisory

nearly every country. These are:

measures are used to support good practice,
mandatory

measures

focus

particularly

on

controlling water pollution and incentive schemes

•

legislation on water quality, in most cases
associated with the Nitrates Directive or
the Water Framework Directive;
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•

•
The

cross compliance rules, particularly of

disposal, the authorisation of pesticides and the

keeping land in good agricultural and

requirement to undertake environmental impact

environmental condition;

assessment for certain categories of project which

agri-environment schemes.

occupy or affect agricultural land.

case

studies

do

not

attempt

a

EU

legislation

considered

particularly

comprehensive review of all of the measures

relevant to soil conservation in the case study

with an impact on soil conservation in the

areas includes the Habitats Directive (92/439/

locality. The approach is rather selective, focusing

EEC), the Nitrates Directive (91/676/EEC), and the

on measures identified as being of particular

Water Framework Directive (2000/60/EC).

importance, both by local stakeholders and the
research team. On average, four policy measures

Each of these directives gives rise to national

were selected in each area to be assessed

or regional measures through which the obligations

in detail according to a common evaluation

arising from European Law are implemented.

template (Annex 3.2). Drawing on the case study

Measures (with the exception of the Water

interviews, broader evaluation literature and

Framework Directive) are reinforced through

expert judgement, the aim of this analysis was

cross compliance, since there is an additional

to provide a brief description of the measure,

incentive for farmers to respect the requirements of

to identify its objectives, important aspects

EU legislation through the statutory management

of its implementation and delivery, and some

requirements (SMRs). None of the above directives

assessment of its effectiveness, and reasons for its

is concerned primarily with soil conservation but

success if applicable.

they have an influence through:

For ease of analysis, the measures illustrated



protecting certain areas from agricultural

and discussed below are divided into three broad

intensification or deforestation (the Habitats

groups:

Directive);

•
•

mandatory measures, generally in the



storage and management, levels of inorganic

incentive-based

fertiliser use and other aspects of farm

measures,

mainly

offered through agricultural policy; and
•

shaping national legislation on manure

form of environmental legislation;

advice and awareness-raising initiatives,

management (the Nitrates Directive);


stimulating various initiatives by Member

driven by a range of actors from the

States to reduce diffuse pollution from

government to the private sector.

agriculture, including soil run-off from arable
land (the Water Framework Directive).

Mandatory measures – EU and national legislation
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A wide range of mandatory measures

In the Belgian, French, Danish and Czech

have an impact on soil conservation and soil

case studies, where water erosion, along with

management. Many of these measures were noted

a decline in organic matter (Uckermark, DE,

but not examined in any detail in the case study

and the Svratka river basin, CZ) and diffuse soil

reports and the subsequent workshops. Some

contamination (West-Vlaanderen, BE), constitute

have a rather particular objective, such as the EU

the main soil degradation processes, the national

Sewage Sludge Directive, or address issues that

legislation implementing the Nitrates Directive is

are important but not central to soil conservation.

considered to be a very significant measure for

Examples of the latter include legislation on waste

this aspect of soil conservation.

Mandatory instruments
EU legislation

National lgislation

Regional
legislation

Incentive-based
measures

Awarenessraising
measures

Catchment
Sensitive Farming
delivery initiative
(England, UK)

Catchment
Sensitive
Farming delivery
initiative
(England, UK)

Natura 2000
compensation
payments

Regional Land
Planning and
Protection
Guidance
(Murcia, ES)

Cross compliance GAEC
measures (UK, GR, DE,
ES)
National implementation
of the Nitrates Directive
(CZ)

Nitrates Directive
(91/676/EEC)

Manure Decree (C-2006/
37097) (Belgium transposition of the Nitrates
Directive)
Fertilisation Ordinance
(German transposition of
the Nitrates Directive)
Royal Decree 261/1996
(Spanish transposition of
the Nitrates Directive)
Law 62/2003 that
modifies the modified
text of the Water Law
(Royal Decree 1/2001)
(ES)

Water Framework
Directive (2000/60/EC)

Water Resources Act
(German transposition
of the Water Framework
Directive)

• Brandenburg
Water
Management
Act (DE)
• Brandenburg
Waters
Classifications
Act (DE)

Private
initiatives
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Table 3.8: Summary of policy instruments potentially significant for soil conservation in the ten case
study areas*

Well Registration (BG)
Aquatic Action Plan III
(2005-2015: DK)

Habitats Directive
(92/43/EEC)

Sewage Sludge
Directive (86/278/EEC)

Decree 1310/1990
(Spanish transposition
of the Sewage Sludge
Directive)
Sewage Sludge Directive
(German transposition)
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Mandatory instruments
EU legislation
Plant Protection
Products Directive
(91/414/EEC)

National lgislation

Incentive-based
measures

Awarenessraising
measures

Private
initiatives

Plant Protection
Products Directive
(German transposition)

Groundwater Directive
(80/68/EEC)
Council Regulation
(2092/91/EEC) on
organic production of
agricultural products
and indications
referring thereto on
agricultural products
and foodstuffs

Common Ministerial
Decision 245090/10-206 (GR)

Organic conversion
and support
schemes, in nearly
all Member States

Water User Association
Act (N34/2001, BG)

Erosion Decision
(07/12/2001
of the Flemish
Government; BE)

• RDP
Measure 121
‘Modernisation
of Agricultural
Holdings’ (BG)
• Farm
Modernisation
Scheme (GR)

MESAM (Interreg
III Project,
Organic
January 2003 agriculture
March 2007, BE)

National Environment
Monitoring System,
established under the
Law for Preservation of
Environment (Prom. SG.
91/25 September 2002,
CZ)

Brandenburg
Nature
Conservation Act
(DE)

Agri-environment
schemes, in all
Member States

Biosphere
Reserve
Schorfheide
Chorin (DE)

National Action
Programme to fight
against desertification
(August 2008, ES)

Less Favoured
Area measure,
in most Member
States

Scheme
for Nature
Conservation
Management
Agreements (DE)

Law on Soil Protection
(334/1992, CZ)

Afforestation
measures

Leader +

Law on Land
Consolidation and on
Land Settlement Boards
(139/2002 Coll. and
309/2002, CZ)

Direct payments
(BG: cross
compliance not
implementted)

Council Directive
85/337/EEC (O.J. No.
L175, 5.7.85, p.40)
on the assessment
of the effects of
certain public and
private projects on the
environment

Federal Soil Protection
Act (DE)
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Regional
legislation

National decree ‘Zones
under environmental
constraints’ (FR)
* Indicates policies stated in the case study reports

Conservation
agriculture

Agricultural soils in Flanders (BE) suffer from saturation with phosphates due to long-standing
agricultural practice, with serious consequences for the quality of water bodies. The consequent risk to
soil and water have been addressed by the Manure Decree, first introduced in 1991 and subsequently
updated in 2006; it applies throughout Flanders and all farmers must comply with its prescriptions.
The policy aims to improve water quality, with the preservation of soil quality as a secondary effect.
It stipulates rules for the maximum amount of manure and fertilisers that can be applied to the field,
the application time and the manner of application. To compensate for a reduction in the application
of fertilisers, farmers are encouraged to use green manure or catch crops. The use of catch crops
protects the soil against erosion during winter but it also retains nitrate in the soil instead of allowing it
to leach to the (ground)water.
Part of the success of the Manure Decree derives from the involvement of farmers’ unions, farming
magazines, farm extension workers, and animal feed suppliers in providing information to farmers.
Demonstration plots have been established on research stations to show farmers the effects of
different measures, and likely impacts on yields. The farmers interviewed noted that the information
provision has been an important part of encouraging a change in practices. However, environmental
NGOs argue that the Manure Decree is not implemented vigorously enough. After 15 years, while
improvements have been achieved, the nitrate problem is still not solved.

The Water Framework Directive requires

of nitrogen must not exceed the fixed nitrogen

action to monitor state authorities over an

quota calculated yearly for the enterprise. Each

extended period up to 2015. By December

farm must establish a crop to enhance normal

2009, Member States must publish River Basin

nitrate uptake on an annual basis.

Management Plans, and programmes of specific
measures to meet quality standards are to be

In Belgium, two of the main soil degradation

established by the same date. In many agricultural

processes are directly targeted by the Manure

catchments where the ecological quality of water

Decree and the complementary agri-environment

needs to be improved, this implies addressing

measure–‘Water’ the latter limits the application

a range of farm practices, some of which will

of livestock manure or slurry spread per hectare as

involve improved soil management, for example,

well as limiting the input, timing and manner of

to reduce phosphate levels in fresh water.

application. It imposes a duty of declaration and
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Box 3.15: Case example: regulation of diffuse soil contamination in West-Vlaanderen (BE)

registration on farmers, as well as setting up local
Member States have developed national

water quality groups in which they participate.

mandatory measures concerned with nutrient
use. In Denmark and Belgium, for example, there

In Bulgaria, there has been a long history of

is long-standing legislation addressing the issue

national soil legislation, with a number of laws,

of nitrates in water, with standards tightened in

strategies, programmes and regulations applying

recent years, often under pressure from the Nitrates

in the case study area that impact on soils and

Directive. One of the most far-reaching measures

their management. In order of establishment these

is the former Danish regulation on the use of

include the Law for the Protection of Soil against

fertiliser and plant cover by agriculture (1980)

Pollution (1963), Law for Ownership and Use of

which was amended by the Consolidated Act

Agricultural Land (1991), Law for Preservation of

757 of 29 June 2006, implementing the Nitrates

Agricultural Land (1996), Water Law (1999), Law

Directive. Farms must be registered in order to

for Preservation of the Environment (2002), and

purchase inorganic fertiliser and consumption

most recently, the Soil Law (2007).
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Both the Czech Republic and Germany

to run off onto roads. The formal legal notices

have national soil protection arable legislation.

require the farmer to undertake work to prevent

An important element in the Czech case is the

the problem from recurring20, and if it persists,

restriction of land conversion to other uses. In

the authority can apply for an injunction and the

Germany, the law defines the national Code of

Courts may impose fines.

Good Agricultural Practice which applies, inter
alia, to nutrient use and soil contamination.

In the Axe and Parrett catchments (UK),

Other Member States also have such codes of

farmers are considered to be aware of the threat

practice but the extent to which they cover soil

of this legislation, and to respect the implied

management – and to which they are enforced –

requirement to ensure soil run-off does not reach

varies considerably.

local roads. Run-off onto roads does occur,
however, although sanctions are reportedly low

There are further specific examples of

in occurrence as local authorities cannot supply

national legislation and case law that have a

the resources necessary for implementation of the

significant impact on the risk of soil salinisation

Act. Therefore, the authorities have in such cases

and on soil erosion through surface run-off in

called upon the Environment Agency (EA) to act as

the Bulgarian and United Kingdom case studies,

an advisory third party, to consult with the farmer

respectively.

in question in order to prevent and mitigate the
run-off risk by adapting farming practices.

An example of national legislation indirectly
affecting the management of agricultural soils is
that of highway legislation in England and Wales.
Under section 151 of the Highways Act 1980, it is
possible for highway authorities (in England, this
authority is held at county level) to serve notice

20

on farmers or land managers who allow their soil

In Devon, action must be taken within 28 days.
Reference: ‘The Management of Roadside Verges in
Devon’ (A summary of policies adopted by Devon
County Council), 7th Edition, updated August 2008.

Box 3.16: Land consolidation measures in the Czech Republic
A fragmented system of land ownership and a property rights structure developed under Communist
rule is hampering the current process of agricultural restructuring in the Czech case study area. The
Land Consolidation measure is based on the Land Consolidation and Land Settlement Boards 2002.
It is applied at the cadastral level, with the objective of reallocating land and rationalising field size to
create more viable holdings while instigating soil protection and erosion prevention measures. It is
an incentive measure within a mandatory framework and is considered to be fairly relevant to the soil
degradation processes, although its success locally depends on the personality of the person leading
the project and their commitment to soil conservation.
It is encouraging that the logic of soil conservation is being embedded in the restructuring of the Czech
Republic’s agricultural sector. However, the land consolidation process is hampered by a number of
factors, including a limited administrative capacity in certain regions, coupled with the fairly high cost
of the measures. Demand by farmers to participate in the scheme is greater than can be dealt with by
local authorities.
Although similar land ownership structures are present in Bulgaria, there is no similar policy in place.
Instead, ownership of agricultural land is regulated by laws such as the Law for Ownership and Use of
Agricultural Land (1991) and the Law for Preservation of Agricultural Land (1996).

this legislation acts as a useful preventative

was prosecuted and taken to court under the

method of minimising soil erosion and run-off,

Highways Act was reported, however. In this case,

as the threat of prosecution is low. However, it

the farmer was ordered to consult with the EA on

may be a good example of increasing awareness

preventing further soil run-off, which effectively

of the problems associated with soil run-off, and

formalised the procedure that takes place out of

of educating farmers through a combination of

court. It is not, therefore, altogether clear whether

compulsory and advisory measures.

Box 3.17: The implementation of the Nitrates Directive in France
In France, the implementation of the Nitrates Directive 91/676/EEC began in 1993 with the definition
of the areas classified as Nitrate Vulnerable Zones, the elaboration of the Code of Good Agricultural
Practices and a first Action Programme (set of measures). The current Action Programme (which is the
third) covers the period 2004-2009, and is based on measures such as the specification of periods
when it is inappropriate to apply fertilisers to the land, conditions for the application of fertilisers and
the registration of the practices, capacity requirements for livestock manure storage containers and
the preservation of a minimum quantity of soil cover after harvest (autumn and winter).
The measure concerning soil cover, the objective of which is to prevent nitrogen leaching, is optional
in 36 ‘départements’, and mandatory in another 31 ‘départements’. Generally, it is not implemented by
farmers when it is not mandatory.
The current Action Programme sets an objective concerning the percentage of soil to be covered at
the end of its application period. Depending on the ‘départements’ concerned, new measures, such
as the protection of grasslands along rivers and more broadly wet grasslands, and the implementation
of grass strips along riverbanks, are either advised or required. The protection or the establishment of
landscape elements is recommended but not required.
At present, the Nitrate Vulnerable Zones cover 15 million UAA ha (55 % of the French UAA and 60 % of
arable land). This directive is the main force in France driving the planting of cover crops. About 90 %
of cover crops reported in France are located in Nitrate Vulnerable Zones. Approximately 1 million ha
were established between 2000 and 2007, (partly funded by a specific 5-year payment plan as well as
by the voluntary agri-environment scheme, when this measure was not compulsory).

Final report on the project ‘Sustainable Agriculture and Soil Conservation (SoCo)’

One case in which a farmer in the region

Such measures benefiting water can also aid soil conservation, partly because most of the areas at
high and very high risk of erosion are located in Nitrate Vulnerable Zones (61.2 % of the UAA, 71.1 %
of arable land and 68.8 % of spring crops).
The fourth Action Programme (planned for 2009-2012) is currently under debate and will be applied
in June 2009. The administrative recommendation (‘circulaire’) GDFAR/SDER/C2008-5014, dated 26
March 2008, proposed a new mandatory measure, relevant for soil protection. This measure would
require a soil cover during the risky leaching period, with the objective of covering 100 % of arable
land by 2012.
The Nitrates Directive, with its Action Programmes, has since 2000 been the main force driving the
implementation of soil covers on arable land. The main weakness at present concerns the period
between February and April/May, during which a soil cover is not required and the risk of erosion is
still high. The fourth Action Programme (2009-2012) appears likely to mark a significant step forward
for soil conservation, with the objective of covering 100 % of the intercropping period (September/
December) in vulnerable zones. Perennial crops and interrow management are not affected by Nitrates
Directive measures in France.
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From January 2005, the receipt of the Single
Payment has been conditional on a farmer’s

been reasonable acceptance within the farming
community, as in Rodópi (GR) for example.

compliance both with a number of statutory
management requirements (SMRs) and GAEC

Incentive-based measures

requirements under Annexes III and IV of Council

Given the diversity of soil degradation

Regulation (EC) 1782/2003 (cross compliance).

processes in the case study areas, and their often

Member

wide-ranging

localised nature, mandatory standards may help

obligations within the framework provided

States

have

defined

to provide a reference of soil protection, but will

by Annex IV, three of which (soil erosion, soil

not be appropriate to address all processes in play.

organic matter, soil structure) clearly relate to the

In addition, since many of the changes required

conservation of agricultural soils, and a fourth

in practice entail significant costs, which may

(minimum level of maintenance) has a more

impose a greater burden than farmers can absorb,

indirect effect on soil condition.

mandatory approaches may not be acceptable.
Thus, in order to effect a change in practices and

Most of these cross compliance conditions

in accompanying attitudes, some kind of incentives

are established at the national level (or regional

will be required. In the context of the case studies,

level in federal Member States) and are not

payments under agri-environment schemes have

varied significantly at a more local scale. Some

played this role. These payments should in principle

conditions apply only in locations where soils are

meet only the costs incurred beyond those required

considered vulnerable but most apply to all farms

by cross compliance with the designated SMRs

or all arable farms.

and the GAEC requirement, together with other
environmental legislation, and, in this sense, they

The GAEC conditions applying to soil
management represent a mixture of existing

are meant to extend the soil-related GAEC standards
that are applied in the case study areas.

obligations on farmers, perhaps re-codified
for the purposes of cross compliance, and new

Agri-environment measures do address soil

obligations. It is not possible to ascertain the

conservation, although to a variable degree in

precise balance between old and new measures

the case study areas. Not all of those in place are

but there were clearly a number of new

regarded as highly relevant for dealing with the main

obligations in several Member States including

soil degradation processes in play. Some clearly

Greece, Spain and the United Kingdom, and

are, including measures to convert arable land to

fewer in others such as Germany. In Germany, it

grassland, to install cover crops and buffer strips,

was reported that a plan to increase the impact of

to encourage lower stocking densities and to adopt

GAEC conditions on soil management from 2009

organic farming. These are widespread measures

by focusing more on obligations applicable to

in Member States, as are schemes to stimulate the

vulnerable soils is no longer to be implemented.

retention of more extensively managed grassland,
which are beneficial in restraining potentially
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Cross compliance appears to have increased

adverse pressures like intensification, conversion to

awareness of soil conservation and the GAEC

arable cropping or outright abandonment. These and

mechanism has led to a range of new policy

other measures aimed at multiple environmental

initiatives being introduced at a national level.

benefits will contribute to better soil management.

While there has been little formal evaluation,

Measures aimed primarily at soil management are

several of these measures are relevant to the

much less common and do not always achieve

broad suite of soil degradation processes in

a high take-up rate. In some case studies, agri-

the case study areas, and seem to have had a

environment measures were not regarded as

positive impact, particularly where there has

fulfilling their potential in this respect. In Flanders

Case study
and main soil
degradation
process

Name of agrienvironment
incentive
scheme

West-Vlaanderen
(BE):
diffuse
contamination, soil
erosion, decline in
organic matter

Agri-environment
scheme (AES)
(RDP)

General objective of agrienvironment scheme to achieve
green and blue services of
agriculture for environment and
nature

AES-Water

Only available in zones
important for surface water
collection Objective: to tackle
soil degradation processes of
the region

Manure standards more
restrictive than in Manure
Decree (zero or reduced
manuring)

Diffuse
pollution

AES-Erosion

Only on parcels susceptible to
erosion Objective: to tackle soil
degradation processes of the
region

Non-inversion tillage, no-tillage,
grass buffer strips, grass
corridors, talus or erosion pools.

Soil
erosion, soil
compaction

Cover crop during winter months

Soil erosion

Objectives and description

AES-Soil cover
Bjerringbro and
Hvorslev (DK):
soil compaction,
decline in organic
matter, soil erosion

Axe and Parrett
catchments (UK):
soil compaction,
diffuse
contamination,
erosion

Technical measures

Conversion to
organic farming

Conversion to organic farming
for cultivated agricultural areas
during a 5-year commitment
period

Organic farming practices

Extensive
production on
agricultural land

Pesticide-free farming during
a 5-year commitment period
Support paid for cultivated
agricultural areas only

No use of pesticides

Establishment
and management
of set-aside
border strips

Replacement and special
Set-aside of agricultural land
conservation of set-aside areas.
The set-aside must be placed
on border strips adjacent to
lakes and watercourses, and will
reduce soil erosion to the lake or
watercourse.

Shelter belts

Establishment of landscape and
biotope-improving vegetation,
including shelter plants

Agri-environment
schemeEnvironmental
Steward-ship
Scheme England

One of the four primary overall
objectives is natural resource
protection with focus on water
quality and soil erosion.
Environmental Stewardship
Scheme comprising three
schemes: Entry Level
Stewardship
(ELS), Organic Entry Level
Stewardship (OELS), and, Higher
Level Stewardship (HLS).

Soil
degradation
process
targeted
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Table 3.9: Agri-environment schemes in the case study areas with an influence on soil conservation

Planting shelter belts

Soil in general
as a natural
resource, soil
erosion, risk
of run-off,
protecting
watercourses
from diffuse
pollution

Entry Level
Steward-ship
(ELS)

Choice of any of the following:
• management of cultivated land
with high erosion risk
• management of maize crops
• buffer strips, field margins
• beetle banks across contours.

Organic Entry
Level Stewardship (OELS)

As per ELS but for organic
farmers.
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Case study
and main soil
degradation
process

Name of agrienvironment
incentive
scheme

Axe and Parrett
catchments (UK):
soil compaction,
diffuse
contamination,
erosion

Higher Level
Steward-ship
(HLS)

Rodópi
Agri-environment
(GR):
scheme-Natura
soil erosion, decline 2000 (RDP)
in organic matter,
compaction

Agri-environment
scheme-Organic
agriculture (RDP)

Soil
degradation
process
targeted

Objectives and description

Technical measures

Targeted to environmental
priorities of the respective Joint
Character Area

Choice of:
• converting arable to grassland
• in-field grass areas
• seasonal livestock removal
• no use of fertiliser on grassland.

Soil in general
as a natural
resource, soil
erosion, risk
of run-off,
protecting
watercourses
from diffuse
pollution

Protect and improve natural
areas within the boundaries of
Natura 2000 sites

Requirements:
• harvesting from the centre of
the field
• uncultivated islands in the
parcel
• limitations on grazing
• protecting water collection
elements
• particular rules for each site

Indirectly soil
erosion, soil
compaction

Income support for organic
Particular requirements for
farmers to avoid use of chemical organic agriculture
fertilisers or pesticides

Indirectly
soil erosion,
decline in soil
organic matter,
compaction,
soil
contamination

To make agricultural
production compatible with soil
conservation. Targeted at soil
conservation and the control of
water erosion.
Allocation of 8 % of the agrienvironment scheme budget
(fourth rank).

Requirements:
• maintain and build new
infrastructure such as ponds,
ditches, trenches, stone
terraces
• tillage following slope line is
prohibited
• establish permanent vegetation
strips on erosion-prone land
with min 25 % planted with
re-vegetation species and max
75 % cereals and protein crops
• parcels crossed by water
flows maintain a 3-5 m wide
strip that is vegetated and
not cultivated mulching with
remains of pruning

Soil erosion by
water

Agri-environment
scheme-Organic
agriculture

Preserve ecosystems, maintain/ Requirements:
increase soil fertility and organic • comply with production rules of
matter content, obtain crops
EU Organic Farming Regulation
free of chemical residues and
and Confederation of
reduce chemical pollution from
Agricultural Producers of Spain
agricultural sources
• prohibition on hydroponic1
Allocation of 57 % of the agrisystems (and others not related
environment scheme budget
to soil conservation)

Decline of soil
organic matter,
indirectly
compaction
and pollution

Agri-environment
schemeIntegrated
production

Preserve ecosystems, recover/
maintain soil fertility and organic
matter content, obtain crops
with less chemical residues and
reduce chemical pollution from
agricultural sources
Allocation of 17 % of the agrienvironment scheme budget

Decline of soil
organic matter,
indirectly
compaction
and pollution

Guadalentín basin Agri-environment
(ES):
scheme-Soil
soil erosion,
erosion control
salinisation, decline
in organic matter

Requirements:
• reduction of chemical plant
treatments for pest control
• comply with technical rules
for Integrated Production by
RPOPIRM2
• hydroponic systems are
prohibited (and others not
related to soil conservation)

Name of agrienvironment
incentive
scheme

Midi-Pyrénées
(FR):
erosion, decline in
organic matter

2 Programme
(Regulation 2078)
(1993–1999)

Some projects addressing soil
erosion

3rd Programme
(2000-2006)

Local definition of environmental • Grassland payment scheme
Euthropicapriorities: biodiversity,
(‘prime à l’herbe’) : 43 % of AES tion, erosion
water quality and quantity,
payments
eutrophication, erosion (by
• Farm Territorial Contract
local authorities and farmers
followed by Sustainable
organisation and NGOs)
Agricultural Contract
• Main focus on management of
existing grassland

Current
Programme
(2007-2013)

Two environmental priorities:
• compliance with and
implementation of Water
Framework Directive
• biodiversity (compliance with
Birds and Habitats Directives)

LFA

Aimed at preventing land
abandonment, keeping the
farming population in these
areas, and preserving cultural
landscapes

Support permanent grasslands

Soil
degradation
(and landscape
preservation)

National policy :
Decree
Areas under
environmental
constraints

Preservation of humid areas
with a high potential for
biodiversity (e.g. peat bogs,
marsh swamps), drinking water
areas and areas subject to
erosion

Recommendations concerning:
• soil cover (temporary or
permanent)
• soil tillage
• management of crop residues
• provision of organic matter
• input management (fertilisers
and pesticides)
• crop diversification (rotation and
cropping plan)
• preservation or implementation
of structures to limit runoff (hedges, banks, ponds,
‘fascine’)

Soil
erosion, soil
compaction,
soil organic
matter
decline, soil
contamina-tion
(and landscape
features)

Protection and
valorisation of
the landscape
and of environmental resources
(so-called
F-measures; RDP
2000-2006)

Submeasures:
F1): actions targeting the
management of agriculture
according to low environmental
impact techniques and
environmentally protective
techniques
F2 and F2 B): actions targeted to
organic farming techniques and
protection of the environment

F1) Requires farms to adopt on
Erosion, loss
the entire farm area techniques
of soil organic
with low impact like:
carbon
• Fertilisation Plan defined on
the basis of the physical and
chemical characteristics of soils
and the crops grown
• integrated pest control
• a crop rotation plan for five
years and the respect of
surface water management as
indicated by GAEC
• cover crops maintained
during winter.. Other optional
techniques can be adopted, like
erosion control with barriers,
hedges or tree rows.
F2 and F2B) Mainly focused on
the organic farming techniques
as set by Reg. 2092/91

Marche (IT):
erosion, loss of
organic carbon,
compaction

nd

Objectives and description

Technical measures
Conversion of arable land
into grassland, grass strips
along river banks, hedgerow
plantations

Soil
degradation
process
targeted
Some projects
only: Rougiers
de Camarès
(Aveyron), Bes
Quercy (Tarn et
Garonne)
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Case study
and main soil
degradation
process
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Case study
and main soil
degradation
process

Name of agrienvironment
incentive
scheme

Belozem (BG)

Objectives and description

Technical measures

Soil
degradation
process
targeted

No reference to agrienvironment scheme in report

Svratka river basin
(CZ):
soil erosion,
compaction,
decline in organic
matter

Agri-environment
schemeConversion

Compensation payments to
farmers for conversion of arable
land to grassland. Targeted to
vulnerable soils.

Conversion of arable land to
grassland

Soil erosion

Agri-environment
scheme-Cover
crops

Compensation payments to
farmers for growing cover crops

Growing cover crops

Soil erosion
and preventing loss of
nitrogen

Uckermark
(DE):
erosion,
compaction decline
in organic matter

Agri-environment
scheme (AES)Environmentfriendly
cultivation and
maintenance of
grassland

Overall objective: contribute
to the protection of the rural
habitat, landscape, natural
resources, soil and genetic
diversity

Grassland extensification:
• application of manure and
fertiliser forbidden
• restrictions on periods of
grassland use.

Impact on
soils is a
by-product,
indirect effects
on soil erosion,
compaction
and diffuse
pollution

AESEnvironment- and
animal-friendly
agriculture and
horticulture and
genetic diversity

Greenbelt-setting for fruit and
vegetable production

AES-Organic
farming

Organic farming practices
including restriction on use of
fertilisers and soil-conserving
farming practices such as ban
on grassland conversion

1 Hydroponic, i.e. cultivation of plants in nutrient solution rather than in soil
2 ‘Registro de Productores y Operadores de Producción Integrada de la Región de Murcia’

(BE), there are relevant measures but they are not

Where schemes are targeted directly at

considered to affect farming practices significantly.

soil degradation processes, such as in the

There is also debate on the effectiveness of agri-

Guadalentín basin (ES), this is a highly relevant

environment measures for soil conservation in

instrument. Agri-environment schemes have great

Germany, where the existence and monitoring

potential partly because they can be tailored to

of schemes are reported, but measures targeting

local conditions, which is particularly pertinent

soil conservation have recently been reduced and

given the specificity of the contributing factors

farmer uptake of these options has not been high.

and the soil degradation processes themselves.

Table 3.9 describes the agri-environment schemes

More targeting of agri-environment measures on

or options in each case study area, including the

specific local priorities, backed up by stronger

scheme objectives and the technical measures

information and advice, would increase the

that are prescribed with a specific impact on soil

impact of this approach. The degree of focus and

conservation. The considerable range of measures is

active promotion of agri-environment measures,

evident and some are not covered (for example, all

rather than just the level of payment, is considered

the organic measures).

crucial to their uptake and long-term success.

because it encourages the buy-in of stakeholders

only form of incentive measures available to

– including farmers, input suppliers and crop

farmers. For example, aid for afforestation was

purchasers – and stimulates farmer uptake and

referred to as an important policy instrument for

longer-term behavioural change.

conserving vulnerable soils in Spain, particularly
in drier areas, although in other case studies it

Annex 3.3 lists the organisations and actors

was not referred to as significant. LFA payments

who provide more formal advice to farmers in the

help to keep land in agricultural use areas with

case study areas, along with a description of the

natural handicaps. Investment aid, for example

approaches pursued. In all case study countries,

through the European Agricultural Fund for

free advice is available but is not extended to all

Rural Development (EAFRD) farm modernisation

farmers. In many, such as the United Kingdom,

measure, can provide assistance with specialised

farmers can pay for additional advice from private

equipment purchase and the construction of

consultants, particularly in relation to specialised

slurry stores to reduce nutrient contamination.

issues. The provision of advice is structured in

On the whole, the case studies suggest that these

a number of ways. In Denmark, for example,

policies have not been used on a major scale

advice is highly centralised, dominated by the

explicitly for soil conservation purposes.

Danish Agricultural Advisory Service, a farmercontrolled extension service characterised by

Advice and awareness-raising initiatives

high levels of technical expertise. In Greece, the

In most cases, stakeholders consider the

Directorate General of Extension and Research

deployment of a mixture of policy instruments

of the Ministry of Agriculture supervises an

to be the most appropriate approach for tackling

intermediary

the main soil conservation challenges, except

training and certifying the farm advisors. In

where degradation processes derive from a

other countries, there is a range of organisations

highly specific source and are very localised. The

involved, although this does not mean that advice

effectiveness of nearly all measures appears to be

is more specialised or targeted at specific issues.

enhanced if they are supplemented and backed

The content of the advice received also varies;

up by advice and technical support, not least

some is predominantly agronomic as in the Czech

organisation

responsible

for
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Agri-environment measures are not the

Box 3.18: Targeted information helps farmers to protect the environment
In the Czech Republic, a sophisticated advisory programme is in place to support the implementation
of the Nitrates Directive. This has involved a series of regional workshops, the distribution of leaflets,
and the provision of information on appropriate management, accessed through the Land Parcel
Information System (LPIS). Developed in 2004, the Czech LPIS is innovative in its integration of other
forms of environmental data (such as soil data and a digital terrain model) into the standard LPIS
database in which areas and the demarcation of agricultural parcels are recorded. Registered users
can gain rather comprehensive information on the requirements and recommendations related to the
Nitrates Directive (for example, restrictions concerning the use of manures and fertilisers, and crop
rotation requirements) which is precise, specific and targeted at the level of individual parcels. The
system is accessible via the internet and used by farmers, farm advisors and inspectors.
The information can also be adapted to assist the design of anti-erosion measures. The LPIS has been
combined with detailed soil data and a digital terrain model as an input for precise calculation of soil
erosion. From this information, specific anti-erosion measures have been designed, including anti-erosion
balks, ditches, grass strips and retention polders and it has been used for the spatial targeting of 100
thousand hectares for conversion to grassland or the implementation of specific agronomic measures.
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Republic, whereas some covers a whole range

interventions alone, it is difficult to

of agronomic and environmental issues, and is

determine the extent to which there

delivered through a whole farm plan approach,

are gaps in the policy framework for

as in England.

addressing localised soil degradation
processes.

For the most part, however, independent

•

Soil conservation and management

advice to farmers on the mitigation of soil

have not been treated as a key objective

degradation processes, particularly from the

in agri-environment policies in contrast,

public sector, is perceived to be inadequate, and

for example, to biodiversity or water

this appears to be a significant reason behind a

pollution.

lack of uptake of schemes that are beneficial for

•

A wide range of policy instruments can

soil conservation. There are, however, a number

be used to advance soil conservation

of exceptions. Initiatives, such as the Catchment

objectives and there are examples of

Sensitive Farming delivery initiative in England,

most of them in the case study areas,

and the Interreg information and capacity building

although not always used in a concerted

measure in West-Vlaanderen (BE), supported by

and targeted fashion.

a municipal erosion plan, are targeted at local

•

Different policy instruments act in

issues, and are characterised by high levels of

different ways, but for the most part

advice. The outcomes of these schemes warrant

those in place in the case study areas

close monitoring.

are designed to mitigate immediate
threats, rather than to promote good

3.5.3 Conclusions

practice, although to some extent this
will be achieved through policies that

Policies addressing soil conservation and

promote sustainable land management

related issues in the Member States considered
here vary considerably between locations but they

and resource use.
•

appear to have several elements in common.
•

•

policy measures – whether advisory,

Most policies are developed at the

regulatory, market or incentive-based

EU or national level, and during

- has not been fully exploited for the

implementation are specified at the

pursuit of soil conservation objectives,

more local level.

partly because it has not been a high

The great majority of the policy measures

political priority.

identified were not focused mainly or

•

The potential of the existing range of

•

Nonetheless,

attention

to

soil

exclusively on soil conservation but

management issues has increased in

had another, broader set of objectives,

recent years. Two of the drivers for this

nonetheless affecting soil management

change have been the introduction of

on farms. The closest link is with

mandatory cross compliance from 2005

measures aimed at decreasing water

and the obligations to reduce diffuse

pollution.

water pollution in many agricultural

Actions on soil generally are not

catchments arising from the Water

coordinated within an overarching and

Framework Directive.

strategic policy framework and this has
implications for the effectiveness of the

110
•

Finally, it must be borne in mind that policy

instruments currently in place.

is only one factor influencing soil management.

Given that farmer adoption of technical

Moreover, the effectiveness of existing policies

measures is not stimulated by policy

Directive a key factor in several countries and the

the next chapter.

Water Framework Directive in others. Changes
in practice were particularly pronounced in
Denmark but noted also in Germany, Belgium,

3.6 Effectiveness of policies for soil
conservation

France and elsewhere. Regulations had led to
improved nutrient management, better timed
application, less application in some cases and

The case studies provide a predominantly
local

or

regional

perspective

on

improved storage.

policy

effectiveness, generally based more on the views

Another field where regulation appears to

of stakeholders rather than formal evaluations.

have been effective is in relation to the control

Such evaluations are uncommon, partly because

of rather precise activities, especially if they are

of the limited availability of data on changes in soil

readily monitored. Examples include the siting

conditions over time or on policy impacts, either

of buildings away from watercourses, controls

nationally or locally. However, there was often

on stubble burning, controls on the ploughing

a considerable level of agreement among those

of permanent pasture, requirements to maintain

interviewed in the case study regions about policy

hedgerows and penalties for allowing soil to

effectiveness, and these opinions were tested

impede highways. In some cases, such controls

to some degree in the regional workshops. The

had been supplemented by cross compliance, but

summary offered in this section draws mainly on

many stem from domestic sources. One example

a compilation of expert judgement, supplemented

noted in the Czech case study was the law on soil

to a limited degree by the literature.

protection, which appears to have been effective
in its objective of reducing the unnecessary

3.6.1 Effectiveness of different instruments

transfer of arable land to non-agricultural uses,
especially where it is confronting small, more

A policy intervention is considered to

piecemeal developments rather than larger ones.

be effective if it meets its objectives. As many

It has been less effective in improving agricultural

interventions do not have soil conservation as

soil quality.
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should not be taken for granted, as discussed in

an explicit objective, their effectiveness is often
judged in relation to meeting other, predominantly

Regulation is usually seen as more effective

environmental, objectives such as improving

where it seeks to control potentially damaging

water

biodiversity.

activities than when aiming to promote positive

However the observed policies can be regarded

ones. Since it may be difficult to enforce on

as having a certain relevance to soil degradation

the ground, it is highly desirable that farmers

processes.

understand the rationale for the regulation and

quality

or

maintaining

appreciate its purpose. Measures to register wells
The effectiveness of mandatory instruments

for irrigation in Bulgaria have been successful,

There was some evidence of the effectiveness

partly for the above reason.

of regulation in the case study areas. This was most
striking in relation to diffuse pollution, particularly

For similar reasons, the case studies suggest

the management of slurry and manure. It was

that regulations are more effective in targeting

noted that regulatory measures were widely used

the most negative practices than in promoting

in this area, often coupled to investment aid, for

more positive and holistic approaches to soil

example to assist the construction of slurry storage

management. The use of regulation has been taken

facilities. Regulations had changed practice,

further in some countries, such as Denmark, than

often over a long period of time, with the Nitrates

in others, such as Greece. This is partly a matter
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of political culture. It also suggests, however,

The extent to which these measures have been

that there is a place for regulating measures in

applied at farm level appears to vary considerably.

an effective policy mix and that this could be

Inspection rates for cross compliance do not need

exploited more than it has been in some Member

to exceed 1 % of farms receiving the relevant

States.

direct payments in the year in question, although
in practice they may be 2 % or more in some

Effectiveness of cross compliance

Member States. In England, it appears that the

It is clear from the case studies that with the

requirements are having an impact at farm level

advent of cross compliance, soil conservation

and it is relatively easy to check whether the

has been given a higher profile among policy

farmer has drawn up a Soil Protection Review

makers and farmers in nearly all countries, even

or not. In Spain, the cross compliance rules

though the precise effects on the ground are

have had an impact but there is doubt about the

difficult to establish. Some of the obligations are

level of conformity, particularly on smaller and

unpopular with farmers, especially if they appear

more marginal farms where requirements such

to be burdensome in cost terms. The obligation to

as the retention of terraces seem rather onerous.

maintain collapsed terraces in traditional farming

In Greece, the position appears more mixed,

systems (as in Greece and Spain) without financial

with the ban on stubble burning triggering a

support is a case in point. However, where

widespread change of practice and some changes

obligations are seen as essentially good farming

in ploughing practice achieved on the slopes, but

practice in current circumstances, there is more

there has been less response to measures where

acceptance of their place in cross compliance.

significant costs to farmers are involved.

Some of the more innovative or apparently
effective examples of cross compliance, related

Data on GAEC breaches in 2006, published

specifically to soil management, are shown in

by Member States, indicate a very variable

Box 3.19.

picture. No breaches were recorded in Flanders
(BE) and only 18 in England. However, in Spain

Box 3.19: Innovative examples of soil management-related cross compliance measures
Measures for containing erosion on arable slopes above 10 % (Greece):
 requirement for green cover during the rainy period
 ploughing along contours or diagonal lines.
Measures to address the loss of soil organic matter (Greece):
 cultivate grain legumes and incorporate them into the soil
 crop residue management, mulching, grazing or soil incorporation, but not burning.
Measures to control erosion in permanent crops (Spain):
 requirement to apply conservation tillage, or to maintain total vegetation cover in vineyards,
olive groves and nut plantations with slopes above 15 %, unless terraces exist
 requirement to maintain some vegetation cover on steep roads perpendicular to the slope on
olive groves with bare land
 requirement to implement one of five measures to reduce erosion and run-off following harvest.
These include retaining stubble and sowing a temporary cover crop.
Measures to improve soil management on arable land more generally (England):
 requirement to complete a ‘Soil Protection Review’ every year, identifying remedial measures
to be implemented to maintain soil structure and soil organic matter

technical adjustments farmers can be expected

and in Greece 1 191. In the Greek case, where

to make at their own expense and for which

the figure represents almost a quarter of the farms

they can legitimately demand compensation,

inspected that year, cases of non-compliance

for example through agri-environment schemes.

found were not deliberate but due to ignorance

Many stakeholders expressed the view that GAEC

and lack of expertise: local agricultural services

should be confined to measures that would not

were not able to fulfil their role in extension

be costly to implement on the majority of farms,

and advisory services due to lack of personnel

while penalising those adopting irresponsible

and farmers were thus asked to comply without

practices. Establishing this reference level is

any assistance. Soil management was one of

not easy, particularly as conditions vary greatly

the principal reasons for the breach of GAEC

between localities and farms.

conditions in these last three countries. Breaches
in the conditions for soil organic matter were

Cross compliance measures reported as

the single leading cause of non-compliance in

effective, at least in some conditions, include

Greece.

those that:

No evidence of evaluation studies examining



the effectiveness of GAEC obligations with any
rigour was found in the case study regions.

are relatively easy to monitor and observe in
the course of farm visits;



engage wider public support beyond the

Conclusions about the impact of cross compliance

farming community, for example, the ban on

must be tentative and are based mainly on the

straw burning in Greece;

results of interviews in the case study regions



clearly constitute good farming practice and

and some literature, for example, the study of

are properly understood by farmers – in some

the overall implementation of cross compliance

cases measures have been incorporated in

undertaken for DG Agriculture in 2006/2007.

codes of practice for some years;


are well targeted to farms where there are

In a few Member States, such as Denmark,

substantive problems rather than directed

there has been little use of cross compliance to

more broadly at all categories of agriculture.
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the total reached 376, in the Czech Republic 486

address soil conservation processes. However,
this is the exception and most Member States have
elaborated a number of measures, particularly

Conversely, measures seemed less likely to
be successful where:

addressing soil erosion and loss of organic matter.
These requirements have been incorporated



they were difficult to monitor;

into GAEC in those countries with some of the



they were deemed unreasonable, particularly

most severe soil management problems, such as

if they involved major cost burdens on

Greece and Spain, and in this sense the policy

smaller farms. If significant new investment

has stimulated interventions where they are most

was required it could be particularly

needed.

burdensome;


It has required national administrations
to address soil-related issues and has raised
awareness

of

the

problems

and

measures

they were not supported by adequate
information

and

engagement

with

the

farming community;


responsibilities for enforcement were not

required to address them, both within the policy

clear-cut, as in the case of Natura 2000 areas

community and among farmers who are sensitive

in Greece;

to the risk of forfeiting payments. It has also
focused debate in many Member States on which



enforcement was weak for other reasons,
including lack of resources for full inspections
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and problems arising from imprecise wording

effective policy and relatively easy to monitor,

of obligations on farmers.

but is not always attractive to farmers; national
administrations have to be willing to offer

Issues of policy coherence and efficiency

substantial payments to enrol farmers, particularly

arise in relation to cross compliance and to other

when commodity prices are high. More recently,

measures affecting agricultural land management.

the cover crop scheme in the Czech Republic has

Some of these arise within individual ministries,

had a strong positive impact since these crops

but failings can also occur when two or more

were neither well known nor widely planted

ministries are involved in policy development or

before the introduction of the scheme. The Higher

in the implementation process. The perceptions

Level Stewardship Scheme in England and the

and interests of environmental ministries may be

Agricultural Soil Conservation Agri-Environment

significantly different from those of agricultural

Scheme in Spain (see box below) also provide

ministries concerned more with soils as a

examples of agri-environment schemes with

production factor.

the potential to deliver positive results for soil.
These two schemes have a number of attributes

Effectiveness of agri-environment schemes

that contribute to their success. They are both

As discussed in section 3.5, there is some

precisely targeted, the technical measures are

targeting of agri-environment schemes on soil

pertinent to the scale of the issue, and there

conservation processes although to a variable

is a high degree of synchronicity with other

degree across the case study areas, and several

policy measures. Both schemes clearly build on

schemes were not considered as relevant to the

and add value to the provisions under GAEC,

principal soil conservation concerns in their area.

and link to other measures, namely Catchment

Where measures were aimed at soil conservation,

Sensitive Farming and the Environmental Impact

take-up often was reported to be rather low,

Assessment (agriculture) Regulation.

either because of failures in design or targeting,
inadequate payment rates or lack of interest by

The degree of focus and active promotion

farmers. Good advice, information and back-

of agri-environment measures, rather than just

up seemed to be lacking in many cases, at least

the level of payment, is considered crucial to

from the perspective of stakeholders attending

their uptake and long-term success. That said, the

the workshops. Given that agri-environment

appropriate level of payments is an important issue

measures have the potential to deliver positive

in all case studies. In certain areas, payment levels

outcomes for soils, and are probably the primary

appear to be reasonably high and thus attractive

means of providing compensation for farmers for

to farmers as indicated by the high levels of

positive actions, there is considerable scope for

participation. In England, the financial incentive

increasing effectiveness over time.

is said to drive uptake in almost half of all cases,
and in Spain, payments under the current scheme
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There are, however, examples of good

are considerably higher compared to those under

practice and of cases where these measures have

the previous Rural Development Programme.

been effective at addressing soil degradation

Initially attractive payments for cover crops in the

processes. Agri-environment measures, including

Czech Republic were a factor in the success of

conversion of arable land to grassland, seem

this measure; the impact of reductions remains

to have been received positively in the Czech

to be seen. Conversely, in the German case study

Republic, particularly in parts of the case study

and in Flanders (BE), low payment rates have

area that have been targeted for the protection

been identified as a discouraging factor, rendering

of water quality, mainly in the upper part of the

some schemes unattractive to most farmers. The

catchment. Arable conversion to grassland is an

Flemish Land Agency has noted a concomitant

In the Guadalentín basin (ES), agri-environment schemes are considered to be the most significant
measure for addressing the soil conservation challenges. The ‘Agricultural Soil Conservation/Soil
Erosion Control Agri-Environment Scheme’ forms part of the national agri-environment programme
for 2007-2013. This has a precedent in the 2000-2006 Rural Development Programme, although in
Murcia, the scheme has been substantively redesigned, aided by the participation of a working group
of soil scientists. The regional government of Murcia has been a forerunner in tackling soil issues.
Other regions in Spain have continued with the old scheme, whereas yet others have abandoned it
altogether. The greatest change from the previous scheme has been the introduction of more technically
stringent prescriptions linked to infrastructure works (maintaining and building new structures that aid
soil conservation and water retention; for example, ponds, ditches, trenches and stone terraces, and
the establishment of permanent vegetation strips). The scheme has higher rates of payment, but these
new prescriptions are reported to be unpopular with farming organisations.
The scheme is considered by academics and officials to be highly relevant to the greatest threat of soil
erosion in the region, with the capacity to target the soil degradation processes in the mountainous
areas of Murcia. Its effectiveness has not yet been evaluated given the scheme’s infancy. Potential
constraints include its unpopularity with farming organisations, a lack of awareness among farmers of
the scheme and the issues it addresses, and the fact that its reach is rather limited, being tailored only
to the threat of soil erosion in upland farming systems. This new scheme is supported by two others,
implemented as part of the agri-environment programme: one provides support for organic agriculture
and the other for integrated production. These are considered to be more relevant to farmers in the
low-lying irrigated plain.

increase in the termination of contracts with rises

has not had the high political priority accorded

in cereal prices. Monitoring and targeting of agri-

to water pollution for example; there are no

environment measures also require improvement,

binding targets laid down in EU legislation to

as does an evaluation of the management of areas

drive action at Member State level. There is no

once agri-environment payments have ceased.

external interest group equivalent to the water
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Box 3.20: Case example: agri-environment schemes in Murcia, Spain

supply organisations exerting pressure on the
It is clear that budgetary issues are a constraint

agricultural sector to improve performance. In

on the extent to which agri-environment schemes

cases where there is, for example where siltation

can be applied to soil issues and significantly

is affecting water reservoirs, action is more likely

greater expenditure would be needed to roll

to be taken and appropriate policy instruments

out the benefits of more successful schemes to a

found. More generally, disjuncture between the

much larger area of land where they are needed.

long-term nature of soil degradation processes

If commodity prices remain high, the scale of the

and the short-term policy cycle is a barrier to

budgetary challenge will increase.

progress.

3.6.2 Barriers to effectiveness

These underlying conditions in turn limit
the investment made in soil conservation in

With the wide range of measures reviewed

most Member States and case study areas. This

in the case studies, some of them at an early

is evident both in terms of building human

stage of implementation, general lessons must be

and technical capacity in the different levels of

delineated with caution, particularly since there is

administration, particularly at the extension and

a lack of monitoring and evaluation data to draw

enforcement level, and in terms of committing

on. As noted earlier, improving soil management

expenditure

in

agri-environment

and

other
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incentive

schemes.

Since

soil

conservation

•

targeting

of

measures

is

often

can require relatively sophisticated changes in

inadequate but remains essential; in

management, differentiated according to local

some circumstances this applies at a

conditions and even sensitive to weather in

very local level, engaging with farming

some cases, intervention can be challenging

communities in the most effective way,

and involve significant transition costs. Stronger

by working with opinion leaders for

long-term institutional capacity and investment

example. This requires an extension

on the one hand, and acceptance by the farming

or delivery service with significant

community on the other that soil conservation is

capacity, which often is not available;

a social, as well as private, priority is necessary

•

too many measures work in isolation

if the degradation of agricultural soils is to be

from one another rather than in an

reversed. This will need to include a stronger

interlocking and supportive fashion;

database covering trends in soil management and

•

in some cases, the long-term removal

status, and a reinforcement of monitoring, as well

of land from arable production is

as evaluation of policy measures.

necessary but this can be unpalatable to
farmers who are often reluctant to sign

At a more specific level:
•

a

more

strategic

up for conversion to grassland, fearing
framework

for

that it may be difficult to revert to

setting goals for soil conservation and

arable in future. Furthermore, grassland

deploying individual policy measures

may acquire protected status under

in a synchronised and complementary

nature conservation legislation, which

way is needed in most Member States,

is an issue in Germany and the Czech

underpinned by more clarity at the EU

Republic.

level;
•

policies at different levels need to

3.6.3 Factors for success

work towards explicit goals for soil

•

conservation and these need to be

Factors for success of policies for soil

reflected in more concrete objectives

conservation mirror those that create the barriers

in agri-environment measures, leading

to progress noted above. The commitment to

to more informative evaluations and

farmer goals and the corresponding allocation

the development of new schemes as

of resources to deliver them is the primary step.

required;

National frameworks are generally required to

a lack of budget has constrained the

create the right conditions even for measures

use of incentive schemes, particularly

applying largely at the local level. Institutional

agri-environment measures, for soil

capacity to engage in soil management needs to

conservation;

be built up and the opportunity taken to address

Box 3.21: An unsuccessful GAEC measure in Greece
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In Greece, the GAEC standard demanding legume cultivation and incorporation was not successful.
Farmers did not agree that this was necessary on all soil types, and marginal or small family farms
could not afford to implement this measure. In addition, the application and control of the measure
was extremely difficult due to the fragmentation of the farming households. A certain level of targeting
(in this case on a small scale to the specific types of soil that need this treatment) of the measure
seems essential.

addressing both soil and water problems,

priorities as required under the Water Framework

conserving soils and maintaining long-

Directive. Larger budgets and more commitment

term yields, are possible to identify and

to monitoring and evaluation are required, as

can form an important part of a balanced

noted above.

strategy.
•

There is a place both for policies that

At a more specific level:

promote

•

Interventions need to be complementary,

as organic farming and appropriate

with incentives building on mandatory

forms of conservation agriculture and

measures in a coherent and consistent

precise forms of management change,

way, with both informed by path-

for example the use of cover crops and

finding local initiatives tuned to local

arable conversion to grassland. Good

circumstances.

monitoring and evaluation is needed to

Soil policy needs to be built on a

achieve an appropriate balance.

•

stronger database allowing national

•

•

There is also a place for policies that

explicitly and adjusted over time.

questions, such as an obligation to

Measures need to reflect the appropriate

develop soil management plans.
•

Budgets for incentive measures, such as

appropriately addressed in a more

agri-environment schemes, need to be

generic way, others requiring localised

set at a relative level, particularly given

action.

the prospective commodity prices. They

In all cases, good information, advice

need to take account of transaction costs

and a capacity to engage in specific

in an appropriate way.
•

Effective enforcement of management

an important factor for success.

measures is essential, even though it

Where stakeholders, particularly farming

may entail significant costs. This was

organisations, have been involved in

clear in the Flanders (BE) case study

policy development, there is often

with respect to the Manure Decree, for

more understanding and willingness to

example.

support action.
•

such

engage farmers with soil management

local issues and concerns seems to be
•

systems,

and local priorities to be defined more

scale of intervention, with some issues

•

•

sustainable

•
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soil issues alongside diffuse water pollution

Even where the critical action required

Support for interventions from outside

has to take place outside the individual

the farming sector, for example from

farm, there may still be a pivotal role

food purchasers, water companies and

for farmers and other stakeholders in

others, can be a factor in persuading

producing results, as in the case of the

farmers that the issue is of real social

Water Users’ Association in Bulgaria

concern and here to stay.

engaging in the maintenance of drainage

Policy initiatives that are able to

and irrigation structures.

exploit win-win situations, for example
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Box 3.22: Awareness-raising initiatives: Catchment Sensitive Farming initiative (CSF) (England)
CSF (2006-2011) is a partnership initiative run by Defra, the Department for the Environment, Food and
Rural Affairs in England, and two governmental environmental organisations (the Environment Agency
and Natural England). It is funded by government, with GBP 25 million allocated in the initiative’s
first two years, including GBP 5 million for the Capital Grants Scheme. It aims to encourage early
voluntary action by farmers to reduce diffuse water pollution and to improve soil and land management
practices in 40 priority catchments, thus contributing to a number of policy objectives, including the
implementation of the Water Framework Directive. The emphasis is on information provision, advice
and capacity building.
The measures appear to have been successful in generating greater awareness among farmers of a
range of diffuse pollution issues, and the soil management practices in connection with these issues.
By financing advisory staff on the ground, capacity to address soil management issues has increased,
sharpening the focus of other measures including Environmental Stewardship, which is the main agrienvironment measure in England, and the farm Capital Grants Scheme. Estimates have been made of
the environmental benefits on the ground and the scheme evaluation was largely positive, although the
scheme has yet to run for long. Under the scheme, over 14 thousand farm-specific recommendations
have been made, including a large number relating to appropriate soil management. It certainly seems
to have filled a gap in the suite of policies available to tackle diffuse water pollution from agriculture
and soil pollution and to have considerable stakeholder support. It has been extended until 2011.

In order to assess the potential environmental

EPIC-EAGLE runs on a 10 by 10 km grid

benefits of EU-wide adoption of agricultural

with

soil conservation practices, two scenarios have

land use, terrain, soil and management. Daily

been

Erosion-Productivity

meteorological data were obtained from JRC’s

(Williams, 1995).

MARS climate database given on a 50 by 50 km

More specifically, the scenarios address two

grid, land use information was obtained by

conservation agriculture practices (no-tillage and

combining satellite land cover data (CORINE

cover crop) using examples of two crops (barley

2000) and farm structure survey statistics on

and non-irrigated maize).

crop areas (Grizzetti et al., 2007), digital terrain

assessed

by

the

Impact Calculator (EPIC)
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relevant

information

on

meteorology,

information was derived from SRTM (Shuttle Radar
Topographic Mission), soil data were obtained

4.1 Materials and methods

from the European Soil Bureau Database (ESBD
2.0) and sowing dates were determined using the

4.1.1 EPIC-EAGLE

potential heat units programme developed at the
Texas agricultural experimental station (for more

EPIC-EAGLE is a GIS version of the EPIC

details see: Williams, 1995; Bouraoui and Aloe,

model developed by the JRC-IES (Bouraoui and

2007; van der Velde et al., 2009). EPIC-EAGLE

Aloe, 2007) and has been used to illustrate

runs for 14 years from 1990 until 2004 with daily

the environmental effects of wide adoption of

meteorological data. The EPIC-EAGLE model

Conservation Agriculture practices across Europe.

considers relevant soil functions such as water

This tool was recently used in a number of studies

storage capacity in evaluating environmental

concerning pan-European rapeseed cultivation

responses to changes in crop management

and environmental effectiveness (van der Velde et

practices at pan-European scale.
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4 Modelling environmental benefits of adopting soil
conservation practices

al., 2009), estimation of pan-European irrigation
requirements

(Wriedt

et

al.,

forthcoming),

Examples of large-scale crop modelling

and an assessment of the role of irrigation in

studies that use EPIC include global assessments

mitigating the drought impact on maize yield

of crop production evaluated with data at

during the 2003 heat wave in France (van der

national level (Liu et al., 2007), as well as

Velde et al., forthcoming). The EPIC-EAGLE tool

estimates of the impact of global warming (Tan

is also being used for impact studies of climate

and Shibasaki, 2003). EPIC has also been used

change on European agriculture, with special

for irrigation scheduling (Rinaldi, 2001), climate

reference to nutrient cycling, and has been

change studies (Mearns et al., 1999), estimations

calibrated on regional NUTS 2 crop yields for

of soil carbon sequestration from agricultural

the period between 1995-2003 across Europe for

lands (Izaurralde et al., 2001) and a sensitivity

nine of Europe’s main crops (soft wheat, barley,

and uncertainty analysis of crop yields and soil

rye, sunflower, durum wheat, rape seed, rice,

organic carbon (Wang et al., 2005).

maize and cotton, unpublished data). A detailed
description of the model is given in Annex 4.1.

EPIC is a continuous simulation model
that can be used to determine the effects of
management strategies on agricultural production
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A detailed description of EPIC can be found in Annex 4.1.

and soil and water resources. EPIC was developed
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Figure 4.1: EPIC-EAGLE input data and output for a base run

by the USDA (Gassman et al., 2004). We designed

Nutrient cycles in EPIC are modelled for

a specific data framework using the ESRI ArcGIS

fractions of carbon, nitrogen and phosphorus;

geodatabase environment in order to structure all

these fractions are subdivided into pools.

the relevant geographic information to perform

Transformations between the different pools are

EPIC modelling at a European scale. The model

calculated on a daily time step through a series

is run with a daily time step on 10 by 10 km grid

of coupled equations that are solved within a

cells covering the EU-27 plus Switzerland. This

mass balance framework. These mass balance

results in a total of 49 157 grid cells. EPIC runs

equations are integrated within the model

for specific crops within the grid cell. Subunits

components that describe hydrological and plant

are defined for a possible total of 34 crops

nutrient uptake processes. C and N compounds

depending on the occurrence of that crop within

are allocated to biomass, slow and passive pools

the grid cell according to land use information.

(Williams, 1995).

Subunits can be seen as fictitious crop fields with
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an area that corresponds to the total crop cover

Currently, the EPIC-EAGLE is set up so

area within the 100 km grid cell having the soil,

that plant nutrient requirements are satisfied

meteorological and topographic attributes of that

by chemical NO3-N application. This may be

grid cell.

interpretable as a form of optimal precision

2

fertiliser management.

the many found by the SoCo project, considered
here. The modified simulations are compared to

Since EPIC-EAGLE does not allow running crops
simultaneously, the assessment of environmental

the reference output generated by base runs of
non-irrigated maize and barley.

effectiveness of soil protection cultivation practices
was performed in separate runs for two crops: non-

No-tillage and the introduction of cover

irrigated maize (spring crop) and barley. In this

crop practices are evaluated with respect to

modelling exercise no distinction between winter

conventional tillage as represented in the EPIC

and spring barley was made.

model by ploughing with a chisel plough to a
depth of 30 cm. The land is not tilled under the

These two representative crops are considered

no-tillage scenario. Sweet clover is chosen as

suitable for illustrating the general benefits and

a cover crop for two reasons; first, because it

some deficiencies of the selected practices for

performs the traditional role of a cover crop in

other crops as well. The crop areas of non-irrigated

relation to soil protection, and second, because

maize and barley were calculated according to

clover is a nitrogen-fixing plant with the ability

the spatial irrigation shares calculated by Wriedt

to store N in the soil. The cover crop scenarios

et al. (2009). The work of Wriedt et al. (2009)

are simulated with a plough depth of 15 cm. The

includes a refinement of the crop areas calculated

clover is killed one month before the sowing of

by Grizzetti et al. (2007) by distinguishing the

the maize.

area shares that are irrigated and not irrigated.
White colour in the maps indicates those areas
where maize or barley is not grown.

The no-tillage scenario is considered for the
barley crop only. The cover crop is introduced for
the non-irrigated maize in the winter period when

No-tillage and the introduction of a cover
crop are the two soil protection practices, among

maize is not grown. No cover and ploughing
constitute a baseline for each crop.

Figure 4.2: Non-irrigated areas of barley and maize (ha per 10 000 ha cell)
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4.1.2 EPIC-EAGLE SoCo application
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Note: calculated following Wriedt et al. (2009)

4. Modelling environmental benefits of adopting soil conservation practices

The performance of the soil conservation/
protection practices is evaluated against the base

with other information on the environmental
effectiveness of these practices.

runs using the following set of indicators: crop
yield (kg/ha), water stress (days), erosion (t/ha),

4.2.1 Baseline

N run-off (kg N/ha), N leaching (kg N/ha) and
fertiliser use (kg N/ha).

Barley
The baseline run for barley calculates an

The indicators are presented as differences

average yield of 3.5 t/ha/yr. Low yields (<2.2 t/ha)

between the conservation and baseline scenarios.

are calculated for the southeast of Spain and the

This means that positive values in maps

north of Finland (Figure 4.3, right panel). High

showing differences indicate those areas where

yields up to 8.5 t/ha occur in France, western

the scenario indicator has a higher value in

England, Ireland and northern Italy. Since barley

comparison to the baseline run. Negative values

is not irrigated, yields decline towards the south

indicate those areas where the scenario indicator

and the southeast in relation to water stress (Figure

has a lower value in comparison to the baseline

4.4). Erosion is highest in regions where two main

run. If erosion is lower in the scenario compared

determination factors occur: steep slopes and

to the baseline run (e.g. in a no-tillage scenario),

poor cover provided by barley plantation (Figure

the difference will be negative, indicating that the

4.5). Fertiliser use is higher with higher yields

scenario performs better in this respect than the

(Figure 4.6).

baseline run.
Non-irrigated maize
In the baseline, yields of non-irrigated maize

4.2 Results

average 4.6 t/ha and range from 0.2 to 9.9 t/ha
(Figure 4.3, left panel). Since the maize is not

The simulation results presented in this

irrigated, the water stress increases going towards

chapter should be interpreted with care. The EPIC

the south. Since the maize provides poorer cover

model has been successfully tested with field data

of soil in the southern regions of Europe, erosion

of variables such as erosion and nitrogen leaching,

rates tend to be higher there than in Atlantic and

and yield data from both field experiments and

central European regions. Fertiliser use is highest

regionally reported administrative data. However,

in France, Belgium, Germany, Austria and the

model results have not been compared with large-

Netherlands.

scale datasets on variables for run-off, erosion or
nitrate leaching so far. Comparisons have been

4.2.2 Tillage versus no-tillage in barley

made with regionally reported yields. Fertiliser
use has only been compared with crop-specific

The upper left panel of Figure 4.7 shows that

fertiliser rates as estimated by experts (van der

the EPIC model does not reveal any significant

Velde et al., 2009). In addition, the application

differences in yields between tilled and no-

on a pan-European scale and the relatively coarse

tilled barley, which is very much in line with the

grids of meteorological data and of other data

findings of the SoCo stock-taking.

grids ‑ such as the soil database ‑ combined with
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the uncertainty in the information derived from

Also, the water stress does not change much

these data and with the influence of management

across Europe whereas the loss of soil from the

decisions that cannot be simulated by the model,

field is reduced throughout the continent (Figure

are limitations of the approached followed here.

4.7, upper right panel). Largest reductions are

Thus, the simulation results should be used

obtained in areas with steeper slopes and/or high

solely as indications, and should be used along

annual precipitation rates such as the northwest of

Figure 4.4: Water stress modelled in the baseline scenarios
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Figure 4.3: Yield modelled in the baseline scenarios
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Figure 4.5: Erosion modelled in the baseline scenarios

Figure 4.6: Fertiliser use modelled in the baseline scenarios

Note: N run-off, N leaching and fertiliser use between tilled (30 cm plough depth) and non-tilled barley

Spain. In absolute terms, lowland areas, such as

The percentage changes in the soil erosion

the Netherlands, benefit much less from no-tillage

rate, graphed in the right panel of Figure 4.8, also

practices. The reduction of erosion also leads to

corroborate the positive evidence of SoCo work

lower N transported with run-off. Nitrate leaching

package 1. The relative erosion rate decreases

and fertiliser use are fairly similar between the

across the whole of Europe. The decrease in

no-tillage scenario and the reference.

erosion rate in relative terms is highest in the
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Figure 4.7: Yearly differences in yield, water stress and erosion

yellow areas found in the middle of Europe,
The amount of soil saved is graphed in the

Portugal, Sweden and parts of the Baltic States. It

left panel of Figure 4.8. This result is obtained

can be observed that these are areas that generally

by multiplying the erosion rate by the total area

speaking form the transition zones between steep

of barley within one model cell. The absolute

areas (such as the Alps) and less steep areas.

volumes of soil that are saved will thus be
resulting mainly from areas where barley is

These figures confirm the SoCo WP1 findings

cropped over large areas and, less significantly,

according to which soil erosion decreases

over steeper slopes.

significantly under no-tillage, especially in central
and southern Europe, whereas the effect is more
limited in the north.
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Figure 4.8: Change in soil erosion rate with no-tillage practices

Note: The left panel shows the amount of soil that is saved with no-tillage practices compared to 30 cm tillage in tonnes per
10 000 ha cell (resulting from the multiplication of erosion rate in t/ha by the ha of barley within one cell). The right panel
shows the percentage change in erosion rates across Europe.

Figure 4.9: The histogram of the erosion rates (t/ha) for tilled and no-tilled barley

Note: N run-off, N leaching and fertiliser use between non-irrigated maize without and with clover as a cover crop

The histograms of erosion rates under tillage

shift to widespread use of no-tillage plus winter

and no-tillage for barley are shown in Figure

cover crop could conserve a substantial amount

4.9. This indicates that there are more fields with

of carbon in the soil.
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Figure 4.10: Differences in yield, water stress and erosion

lower erosion rates under no-tillage and more
fields with higher erosion rates under tillage.

4.2.3 Cover crop versus no-cover crop in nonirrigated maize

We are able to observe differences in soil
erosion between the scenario and baseline

The upper left panel in Figure 4.10 shows

despite this relatively short time scale of 14

the difference in non-irrigated maize yield

years (1990-2004). EPIC was previously run for a

between maize grown without cover crops (base

period of 100 years in a study on the erosion and

run) and maize with clover as cover crop. The

carbon content of soil in the US cornbelt under

modelled maize yield is always higher in the base

different tillage practices (Lee and Philips, 1993).

run compared to the run with a cover crop. The

Their model results indicated that the current mix

red identifies those areas across Europe where

of tillage practices would lead to a substantial

the yield is least impacted in absolute terms

reduction of carbon stored in the soil, while a

(difference between 0.01-0.19 t/ha).
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The explanation for a yield reduction is

explained by the negative impact of the reduced

partly given by the increase in water stress that

soil moisture on the maize crop, leading to a

generally occurs in the main crop (upper middle

larger exposure of bare soil at the start of the

panel), which is associated with the soil moisture

growing season. The following paragraph will

depletion of the cover crop. This will lead to

examine this relationship in more detail.

lower soil moisture conditions at the start of the
maize growth season, if rainfall in the month

The introduction of the specified cover crop

prior to sowing is not sufficient to replenish soil

generally decreases the use of fertilisers since

moisture in the root zone.

clover is a legume that fixes N from the atmosphere,
thereby enriching the soil. This generally results in

These model results confirm some of the

less leaching of N. The erosion, strongly reflected

drawbacks of cover crops in southern European

in the organic N that is transported with the

countries as expressed by the farmers interviewed

particles away from the agricultural fields, shows

as part of the SoCo case studies.

a variable response to cover crops although it
generally decreases as well.

The

EPIC

model

indicates

that

the

introduction of a cover crop leads to a reduction

Figure 4.11 shows the relation between the

of erosion over most of Europe, although certain

baseline and the cover crop scenario for the six

parts experience a slight increase in erosion

variables based on the same data used to construct

(Figure 4.10, upper right panel). This might be

the differences between the scenarios shown in

Figure 4.11: Comparison in yield, water stress and erosion
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Note: N run-off, N leaching and fertiliser use between non-irrigated maize without and with clover as a cover crop

maize, the results will be now analysed in greater

of points above the straight line indicate that the

detail (Figure 4.12 and Figure 4.13).

scenario (cover crop) performs better than the
baseline and vice versa.

The growth of maize within the model is very
sensitive to water stress. The differences in water

The relationship modelled between yield, erosion

stress and yield in the two scenarios indicate an

and water stress

absolute reduction in yield of about 1 t/ha and

To understand better the consequences of

an increase in water stress of 10 days (Figure

the introduction of a cover crop in non-irrigated

4.12, upper left panel). The cover crop generally

Figure 4.12: Water stress difference versus yield difference (upper left panel); erosion difference
versus yield difference (upper right panel); water stress difference versus erosion difference (lower
panel) between non-irrigated maize with and without cover crop
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Figure 4.10. With the exception of yield, clouds
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Figure 4.13: Spatial distribution of classes considering combinations of differences in erosion and
water stress calculated between the non-irrigated maize with and without cover crop (left panel) and
allowing for five days of water stress (right panel)

Note: N run-off, N leaching and fertiliser use between non-irrigated maize without and with clover as a cover crop

decreases erosion as well as yield (Figure 4.12,
upper right panel).

4.

the difference in erosion is non-positive
(≤0) and the difference in water stress is
positive (>0).

The relationhip between the difference in
water stress and erosion is shown in the lower

The spatial distribution of these classes

panel of Figure 4.12. It shows that a certain trade-

across Europe is shown in the left panel of Figure

off exists between reducing erosion and increasing

4.13. The trade-off can be further explored by

water stress, which will have an impact on yields.

stating that a certain level of increased water

To find those areas where erosion decreases and

stress and an associated decrease in yield can be

water stress is not or only minimally affected, we

tolerated, if this leads to a reduction in erosion.

defined four classes such that:

For the purpose of illustration, an additional 5
days of water stress was attempted (see lower

1.

2.
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3.

the difference in erosion is positive (>0)

panel of Figure 4.12) and subsequently redefined

and the difference in water stress is non-

the classes mentioned above. This leads to a

positive (≤0);

considerable reduction in erosion across Europe

the difference in erosion is positive (>0)

as shown in the right panel of Figure 4.13, but it

and the difference in water stress is

brings with it a reduction in yields of about 0.25 t/

positive (>0);

ha (see upper left panel Figure 4.12).

the difference in erosion is non-positive
(≤0) and the difference in water stress is
non-positive (≤0);

The reduction modelled in yield due to water
stress is relatively small and falls within the range
in yields that is expected due to inter-annual

•

No-tillage

practices

can

effectively

in modelled yield in response to water stress

contribute to the reduction of erosion

is strongly dependent on the modelled yield’s

across Europe compared to tillage

sensitivity to water availability. In reality, different

practices,

confirming

maize varieties with different sensitivities to

evidence

(European

water stress will be grown in different climatic

2009).

conditions. The yield reduction as shown in the

•

the

literature

Commission,

Cover crops are generally an effective

upper panels of Figure 4.12 will thus likely be less

means of reducing erosion in non-

severe in reality. The model’s sensitivity to water

irrigated maize.

stress needs to be explored further and should

•

Modelling indicates that a trade-off may

be compared to water stress and yield relations

exist between lowering erosion and

obtained from field studies across Europe reported

increasing water stress (thus decreasing

in the literature.

yields) when using a cover crop in waterlimited environments, and therefore

Finally, it is worth stressing that introducing a

farmers

cover crop may have long-term benefits through
preserving soil and maintaining the soil’s organic

may

find

a

compromise

solution.
•

Modelling indicates that if water stress

matter content (Holland, 2004). This will have

is allowed to increase given a minimal

implications for the soil’s capacity to store water

reduction in yields (say smaller then

and thus its capacity to sustain crop yields in the

0.25 t/ha), erosion will be substantially

long term.

reduced across Europe when using a
cover crop with non-irrigated maize.
•

4.3 Conclusions

Long-term policy changes that stimulate
the widespread adoption of conservation
practices

The research results given above can
be summarised in several statements. These

would

be

beneficial

for

reducing soil erosion.
•

Although not studied here, efficient

statements are largely substantiated by research

irrigation is an important topic that

presented in the scientific literature.

needs to be considered in a wider,
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climate variability. Furthermore, the reduction

sustainable agriculture perspective.
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5.1 The issue and the need for policy
intervention

•

decreases the capacity of agricultural
land to underpin the provision of
public goods such as clean water and

There are six main soil degradation processes
associated with agriculture in the EU:

biodiversity conservation;
•

causes ‑  as well as on-site damage ‑ 
significant off-site damage, particularly

•

water, wind and tillage erosion;

through the transport of soil into aquatic

•

the decline of soil organic carbon;

and other environments or through

•

diffuse contamination;

damage to infrastructure.

•

compaction;

•

soil salinisation and sodification;

•

declining soil biodiversity.

The causes of degradation relate both to the
susceptibility of soils and to certain unsustainable
and inappropriate practices. As indicated in

Most of these processes occur on a large

the report, some farming practices that are

geographic scale and are particularly associated

inappropriate to the site concerned, like excessive

with cultivated soils. Risks are generally higher

nutrient use and certain forms of irrigation,

on arable land due to unfavourable agricultural

contribute to raising the risk of environmental

practices such as intensive plough board tillage,

damage. In line with the polluter pays principle,

the absence of a crop during the winter season

there is clearly a role for regulation to prevent

or the use of heavy machinery under wet

forms

conditions, while risks are generally lower and

imposing mandatory standards and offering

more beneficial forms of soil management are

compensation payments for the provision of soil-

mostly, although not exclusively, concentrated on

related public goods and services that go beyond

grassland and forest. The extent to which these

the (mandatory) reference level. Analysis suggests

processes are reversible at a reasonable cost

a need for improving control and monitoring

varies considerably.

of existing mandatory standards, while further

of

environmental

damage,

through
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exploiting the potential offered by incentiveThe exact extent of soil degradation problems

based policies to provide an enhanced outcome

is difficult to determine given the different forms

for sustainable soil management beyond the

of degradation taking place at different levels in

reference level.

a variety of locations. Knowledge of the science,
the contributing factors and the practices needed

Other farming practices exert a more

to contain and reverse degradation has increased.

beneficial effect, as has been discussed in

Given the nature of this study, no information

the report, and can contribute to a soil’s

was gathered to determine whether the risks are

resilience to degradation processes like erosion

increasing over time in aggregate terms or are

and compaction. If soils are managed in an

stable. That said, it is clear that soil degradation:

environmentally sustainable way, land managers
provide a service to society at large. In addition,

•

reduces the ability of soil to perform its

soil is the lynchpin of the provision of other

vital functions, including the ability to

public goods, such as biodiversity or water

produce food and biomass;

quality, which perhaps feature more prominently
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in public awareness. Beyond the long-term gains

in the EU. However, there are issues in relation

in relation to yield and productivity associated

to the effectiveness of the implementation,

with cultivating high-quality soils, sustainable

and the relative weight given to different types

soil management is not rewarded by the market.

of instruments. The effectiveness of the policy

In this respect, therefore, there is a justification

measures could be significantly increased if the

for remunerating farmers for the role that soils

reference level is clearly defined, if incentive

play in the provision of these additional public

payments are better targeted and monitored, if

benefits and services, and there is a case for

greater levels of advice and support are provided,

public support through some type of incentive

and if all relevant policy measures are coordinated

payment when the practices required go beyond

and specifically targeted to soil protection.

the regulatory reference level.
Many of the policy responses to soil
Many soil degradation processes, such

conservation to date have addressed immediate

as high levels of soil erosion in parts of the

needs in individual areas, such as soil run-off,

Mediterranean area, result from the accumulation

rather than long-term issues like the loss of soil

of unsustainable practices over a considerable

organic matter. The rather severe and long-term

period of time. As such, there is an inter-

degradation processes uncovered by some of the

generational issue to be considered in relation to

case studies raise questions about the need for

intervention and public support. While regulation

strategic spatial and resource planning, a domain

and mandatory standards are important tools

into which agricultural policy currently does

to prevent damaging practices, there may be a

not extend. In those areas, for example, where

case for transitional and time-bound incentive

serious levels of soil erosion and loss occur, a

payments to support behavioural change and to

more proactive approach may be needed to

assist farmers in reversing the damage that has

specify where cropping is not sustainable in the

accumulated over time.

long term and where alternative land uses need
to be promoted more vigorously.

In summary, there are two reasons for policy
intervention: first, the need to enforce the polluter
pays principle and to preserve soil resources at
their current level of functioning, and second,

5.3 Existing policies for soil
conservation

to overcome market failure as a result of which
public goods and services with respect to soils

5.3.1 Mandatory measures

would not be delivered unless they are properly
rewarded.

Although soil protection is not the specific
objective of any EU legislation currently in
force, it features as a secondary objective in a

5.2 The policy framework

number of measures, the most notable being
the Nitrates Directive (91/676/EEC) and the

Given the need for policy intervention,
a
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mixture

of

policy

measures

Water Framework Directive (2000/60/EC), as

combining

well as the Habitats Directive (92/43/EEC) and

mandatory requirements, incentives, advice and

the Birds Directive (79/409/EEC). Others, such

support is necessary to tackle soil degradation

as the Sewage Sludge Directive (86/278/EEC)

across Europe. This study has shown that, in

and the Plant Protection Products Directive

general, the existing suite of policy measures,

(91/414/EEC), also have beneficial effects but on

including mechanisms for advice and support, is

a more limited scale, because their objectives

adequate to address soil degradation processes

are narrower. In particular, these mandatory

Although there are considerable differences

manure storage and management and levels of

between Member States in the interpretation of

inorganic fertiliser use, and to stimulate various

the standards, and therefore in the obligations

initiatives by Member States to reduce diffuse

introduced, the number of mandatory measures

pollution from agriculture, including soil run-

relating to soils at the national level has increased

off from arable land. They also serve to protect

as a result of the GAEC requirements. The degree

designated sites from agricultural intensification

to which these have been implemented or

or deforestation. Although mandatory measures

adopted at a farm level is less evident, however,

for soil conservation per se do not appear to be

and is understood to vary considerably between

widespread, codes of good practice in relation to

regions. Cross compliance is a relatively new

sustainable soil management are more prevalent.

measure and has not been subject to substantive
formal evaluation at Member State level so far.

However, there is currently no coordinated,

However, partial evidence from the case studies

strategic approach to the protection and

and discussions at the stakeholder workshops

management of agricultural soils across the EU-

indicate that certain standards have had a positive

27, and there appears to be little information on

impact, and certainly appear to have increased

the effectiveness of these mandatory measures for

awareness of soil conservation among a range of

soil conservation. The proposed Soil Framework

governmental institutions as well as farmers and

Directive (COM(2006) 232), currently under

farm unions.

debate within the European institutions, could
provide the starting point for such a strategic

Cross compliance is clearly an important

framework within which a programme of

instrument for establishing a common reference

measures, such as binding legislation, cross

level for the sustainable management of soils

compliance and rural development measures

across the EU and one which needs to be

under the CAP, can be developed across all

underpinned by the adequate provision of advice

Member States.

as delivered through the farm advisory system
(FAS).

5.3.2 Cross compliance
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measures help to shape national legislation on

While the GAEC standards need to be
Many of the mandatory measures referred

precisely defined at the Member State level,

to above have been reinforced through their

there is scope for them to be implemented and

inclusion as statutory management requirements

enforced in a more comprehensive manner

(SMRs) within cross compliance, introduced in

across all Member States. Indeed, in defining

2005 under Council Regulation (EC) 1782/2003.

standards in the future, they could include some

Cross compliance also includes a requirement

indication of what is unacceptable in relation to

for Member States to keep their land in good

soil management, for example, the cultivation of

agricultural

certain crops on certain soil types. More detailed

and

environmental

condition

(GAEC), as well as for the area of permanent

guidance could be developed.

pasture to be maintained at historic levels. The
specific standards relating to soil protection and

The

effectiveness

of

GAEC

standards

management (protection against soil erosion,

established under cross compliance could be

maintenance or improvement of soil organic

improved in the future by ensuring a more

matter, and maintenance of a good soil structure)

targeted implementation by Member States.

are important as they provide, for the first time, a

Once established by the Member States, the

set of minimum standards for soils.

standards need to be properly enforced, and
systems for appropriate monitoring put in place to
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assess their impact and effectiveness in delivering
their objectives.

Despite this, agri-environment measures do
have the potential to address soil conservation
to varying degrees. The case studies found that

5.3.3 Agri-environment measures

agri-environment schemes have been addressing
soil concerns either directly or indirectly in

GAEC standards have served to establish a

every region except Bulgaria, and were widely

general reference level of compulsory minimum

regarded as necessary for increasing the adoption

management

which

and development of certain practices. This in turn

targeted incentives may be appropriate in

should ideally help to bring about a transition to

order to encourage more significant and costly

more sustainable practices, with farmers adapting

changes in management practices on a voluntary

to higher standards and an enhanced level of

basis, accompanied by training and advice to

responsibility for soil quality over time. It was

provide information and to develop expertise

also noted that the presence of trees, hedges and

in soil conservation practices. Given the scale

woodlands can help to protect soils and reduce

of the challenge, a two-pronged approach

soil erosion as the maintenance of a complex root

can be envisaged: on the one hand, incentive

structure can improve the stability of soils. Some

schemes that directly assist farmers, while on

Member States have also used the afforestation

the other hand, support for new mandatory

measures with the specific aim of improving soil

requirements during an adoption phase under

quality and reducing soil erosion.

requirements,

beyond

the ‘meeting standards measure’. The main policy
instruments available for incentivising land

There is a lack within the literature of

management practices in relation to soils are

quantified information on the impact of Axis 2

the agri-environment measures specified under

measures on soil quality, but some evaluations

Axis 2 of the EU rural development legislation

undertaken

(Council Regulation (EC) 1698/2005) and funded

development programming period suggest that

from the European Agricultural Fund for Rural

soil quality has improved and soil erosion has

Development (EAFRD).

been reduced due to the implementation of

during

the

2000-2006

rural

agri-environment measures, although in many
Soil conservation and management have
not been treated as a key objective within agri-

cases information is insufficient to make a full
assessment of this.

environment schemes in most Member States.
In contrast, biodiversity or water pollution,
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One of the benefits of using agri-environment

for example, figure much more prominently

measures

as objectives in agri-environment schemes.

Programme is that schemes can be tailored to

Nevertheless, they have been a core objective

local conditions, which is particularly important

of the agri-environment legislation at EU level

in relation to soil. Improved targeting of agri-

since 1992. Indeed, the rationale for the agri-

environment schemes to specific local priorities,

environment measures (as set out in the preamble

backed up by stronger information and advice,

to Council Regulation (EC) 1698/2005, Recital

would increase the impact of this approach. It

35) is to ‘further encourage farmers and other

would require a greater focus of the appropriate

land managers to serve society as a whole by

agri-environment options on areas with vulnerable

introducing or continuing to apply agricultural

soils or specific soil problems, developing

production

the

measures to address the local concerns, setting

protection and improvement of the environment,

the appropriate level of incentive payments,

methods

compatible

with

the landscape and its features, natural resources,
the soil and genetic diversity’.

within

the

Rural

Development

explicit emphasis on involving farmers in the

effective implementation.

process. Most of the policies affecting soil
conservation at farm level, however, were not

Complementarity between agri-environment

concerned primarily with soil but with water or

measures and the (reference level) requirements

other priorities. This underlines the need to raise

under GAEC is critical to ensure that incentive

awareness regarding soil degradation to enhance

payments are not used to pay for practices that

compliance and uptake of specific measures, and

should be provided as part of basic, compulsory

training and advice are crucial in this respect.

good practice. However, the case studies show
that the dividing line between incentive and

Under Article 13 of Council Regulation

mandatory requirement is not always in the right

1782/2003, Member States must have set up a

place. It may be helpful to consider whether

farm advisory system (FAS) by 2007 for advising

agri-environment measures in relation to soil

farmers on land and farm management, operated

conservation might be applied in combination

by a designated authority or by private bodies.

with mandatory measures to bring management

The advisory system should cover at least the

up to a consistent standard.

SMRs and the GAEC standards, but there is scope
for extending the system to include advice on a

5.3.4 Importance of advice

broader range of issues. The potential here could
be exploited by developing strands in the advisory

Information and advice are essential to

system dedicated to soil management, including

support changes in farming practices, and are

the appropriate use of conservation agriculture, for

provided to some extent by various means in

example. In addition to this advice system, there

all Member States. That said, the lack of routine

are a number of advisory and training measures

advice and encouragement for farmers to practise

under Axis 1 of the EAFRD that could be used for

soil conservation was referred to in nearly all case

training on soil management practices in a way

study regions and at the stakeholder workshops.

that supports other measures systematically.

On the one hand, this indicated the apparently
limited effort devoted to soil conservation by
the formal farm advisory and extension services.
On the other, it pointed to the low profile of soil
issues in the public debate and in organisations
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and engaging proactively with farmers to ensure

5.4 Effectiveness and efficiency of
farming practices and policy
measures

engaging with farmers like input suppliers, or food
processors and retailers. The latter is in contrast

5.4.1 Effectiveness of farming practices

with the higher public profile given to water and
biodiversity concerns in recent years.

There is a wide range of farming practices
potentially available to farmers in the EU for

The tailoring of solutions to diverse farm

mitigating

or

remediating

soil

degradation

conditions requires a depth of support and advice

processes. This project has prepared a detailed

that, although evident in some case studies, is

synthesis setting out and analysing the main

not generally available. The coupling of advice,

interrelationships between farming practices and

mandatory measures and incentives with the

soil quality in the context of the current policy

explicit requirement to produce a soil management

setting, using information from the EU-wide

plan was illustrated by the Catchment Sensitive

stock-taking and the case studies.

Farming approach in southwest England. Other
integrated approaches of this kind offer a useful

Table 5.1 presents a summary of the results

way forward, especially where they have an

in the form of a classification of farming practices,
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Table 5.1: Classification of farming practices
End-of-pipeline
practices

Process control
practices

Farming systems
aiming at soil
protection
Farming practices
integrated into a farm
production philosophy
and organisation

Exclusion from
intensive production

Character

Farming practices
that address only
the impact of soil
degradation

Farming practices
addressing the cause
of soil degradation
processes

Examples

Buffer strips, silt traps,
application of organic
matter

No-tillage, reduced
Conservation
tillage, contour farming, agriculture, organic
cover crops, intercrops, farming
crop rotation, terraces

Afforestation,
conversion of arable
land to grassland

Effectiveness

For protecting other
resources (water)
or external property
(private, public)

For addressing a range
of environmental
issues; long-term
effect

For addressing a range
of environmental
issues; long-term
effect

As remedy for severe
soil degradation

Adoption and
efficiency

Low motivation
because:
• production,costs
increase
• benefits often occur
elsewhere

Disincentives are:
• costs incurred by
changing production
technology and
integrating new
knowledge
• long-run economic
viability only after
transition
• some technological
limits

Alternative production
system:
• in the short term
similar as process
control practices
• in the long term likely
to be economically
viable

Disincentives are:
• conversion costs
• income forgone in
medium to long term

Appropriate policy
action

Compensation for
extra costs incurred;
coordination between
land owners

Support for conversion
(knowledge transfer,
training, investment
grants, compensation for other
transformation costs)

Support for conversion
(information and
training provision,
investment grants,
compensation for other
transformation costs)

Support for conversion
(investment grants);
in particular cases,
mandatory imposition
by regulation

Current EU policy
measures

Some practices
required in GAEC
or by the Nitrates
Directive, some
supported through
Rural Development
Programmes on a
5-year contract basis

Some practices
required in GAEC
or by the Nitrates
Directive, some
supported through
Rural Development
Programmes on a
5-year contract basis

Organic farming
covered in most
Rural Development
Programmes;
conservation
agriculture only in
a few regions (e.g.
Andalusia)

Rural Development
Programmes
(afforestation),
agri-environment
measures (conversion
to grasslands); GAEC
(re-establishment of
grasslands)

Land use change

relating them to dimensions of policy action in

soil degradation experienced either by farming

a simplified matrix. It should be borne in mind

itself, by other environmental resources (e.g.

that the differentiation implied by the matrix does

water), or by external property (e.g. roads),

not always exist in practice and certain farming

rather than seeking to tackle the causes of the

practices might belong to more than one class. The

degradation. These practices are introduced

classification is introduced to help understanding

primarily to mitigate particular negative impacts

what different farming practices can deliver in

of soil degradation and should be effective if well

relation to policy goals and performance.

designed and maintained. If farming practices in
this category involve additional costs, there is

The ‘end-of-pipeline’ category comprises

limited motivation for farmers to introduce them,

farming practices that address consequences of

unless the consequences impact on the farm’s own

machinery). The long-run economic viability

by policy payments. Motivation for small farms

of organic farming rests on price premiums for

could be particularly weak. The policy approach

marketed organic products, since permanent

through voluntary incentive-based measures is a

policy support cannot be assumed. The viability

possible way of overcoming this problem.

of conservation agriculture depends mainly on
cost savings, especially labour time and fuel.

The ‘process control practices’ seek to address

Policy needs to encourage the conversion of

the causes of soil degradation processes during

farming to these systems, particularly helping

the agricultural production cycle. They will vary

with transition costs. Currently, considerable

in their effectiveness as they aim to remedy soil

attention is paid to organic farming and Rural

degradation processes at source, where success is

Development Programmes in most Member

not guaranteed and the observable effects might

States

involve a time lag. They involve mainly alternative

conservation agriculture as a farming system

production practices that are adapted to the local

is included in very few Rural Development

environmental and production conditions of a

Programmes (e.g. in Andalusia).

support

organic

conversion,

while

farm. The main costs are related to the switch
of production technologies (e.g. investment and

The category ‘exclusion from intensive

learning costs). In the short term, these practices

production’ means a change of land use.

might result in lower productivity but they are

This change is usually effective in remedying

usually economically viable in the longer term.

soil degradation processes but is associated

Policies to improve uptake should facilitate

with

changes needed to the production cycle and the

usually to permanent grassland or forest, with

costs involved (information and training needs,

substantial economic consequences. For the

investment and other transitional costs).

most part, mandatory measures are considered

fundamental

alterations

in

farming,

appropriate only in more extreme conditions.
The category of ‘farming systems aiming

Voluntary

incentive-based

measures

can

at soil protection’ includes those farming

promote land use change via compensation for

systems where soil protection objectives are

conversion costs and may also require longer-

fully integrated into the production philosophy

term commitments to compensate for long-term

and the farm plan. Such farming systems tend

income reductions.
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assets or the farmers’ additional costs are covered

to take a holistic approach to environmental
protection. Conservation agriculture and organic

All these measures have a role but need to

farming fall into this category. In line with the

be used selectively to meet the circumstances.

holistic approach, farms are expected to adopt

Generally,

and integrate process control practices. The

process itself rather than mitigating off-site

full integration of these practices into the farm

consequences, is regarded as more effective.

philosophy should increase their soil management

Risk factors for degradation have been identified

performance in the long run compared to when

by this study. However, the actual status of soil

farms adopt only selected practices. However,

degradation within the EU is unknown except

transition to the new approach might be costly

for some localised on-site measurements. No

in terms of acquiring experience and new

systematic approach to measuring the actual

skills, and of disrupting the production system

extent of soil degradation is available, and policies

(e.g. recovery of natural soil fertility, adaption

seeking to address soil degradation should be

of weed and plant disease control methods

preceded and accompanied by appropriate soil

over time, replacement or modification of

monitoring mechanisms.

remedying

the

soil

degradation
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5.4.2 Effectiveness of policy measures

5.4.3 Efficiency

of

measures

addressing

remediation of soil degradation processes
A large number of policy measures were

in the EU

analysed by this project during the stock-taking
and case study work.

In order to monitor the change in economic
output, a number of observable indicators are

Overall, the literature reviewed and a policy

available; however, certain aspects, particularly

implementation survey in the EU-27 showed

differences

between

short-

and

long-term

that there is a large array of policy measures

considerations, need further investigation. For

supporting soil protection. These measures are

example, conversion to more complex and holistic

implemented at both national and regional

systems like organic farming or conservation

levels, and take account of local conditions using

agriculture require, due to their complexity, a

the flexibility provided by EU legislation. The

transition period during which a certain risk of

linkages between the policy measures and soil

economic output stagnation or even loss has to be

degradation processes can be either two-stage

expected. Whether the trade-off between short-

(where policy supports or requires a specific

term losses and longer-term gains is acceptable

farming practice that in turn positively affects soil

to the farmer depends on his discount rate, as

quality), or one-stage (where there is a direct link

well as on more practical considerations like

between the policy measure and soil quality).

cash-flow constraints. A calculation of averages
across areas (e.g. buffer strips, crop rotation)

As noted above, a mix of policy measures,

and across time (e.g. crop rotation, cover crops)

combining voluntary incentive-based measures,

is necessary to incorporate the different effects

mandatory measures, advice and support, was seen

of change in the farming practice. In addition,

as the way forward by stakeholders. Increasing

all economic values are strongly influenced by

awareness and advice have an important role

a wide range of additional factors, including

to play in the compliance with and the uptake

natural conditions, farm management, and market

of measures. More coordination, targeting and

price developments, all of which render current

technical support were considered priorities, with

average calculations indicative only.

relatively fewer calls for new measures apart from
enhanced monitoring. A more strategic framework

Consequently, a range of actual and possible

that would permit combinations of instruments

economic costs have to be evaluated by farmers

to be used in the most appropriate way to meet

when adopting new farming practices and by

priorities could increase the overall efficiency of

policy makers when designing targeted policy

policy interventions.

measures. These costs can be divided into two
major groups: conversion costs and maintenance
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A stronger commitment to monitoring

costs. Conversion costs are transitory and arise

would strengthen the knowledge base required

during the conversion to a new farming practice

for policy making and help to establish the right

or farming system; they typically include the cost

balance between the different policy measures

of investing in new machinery and acquiring

in an integrated approach. Especially with regard

knowledge. Maintenance costs are associated

to voluntary incentive-based measures, it is

with the continuation of a specific farming

important to monitor uptake, as this shows how

practice or farming system; they might include

well the measures suit the social, economic and

the cost of seeds for cover crops, maintenance

natural environment of farms.

costs for terraces and buffer strips, higher energy,

including

agri-environment

measures

and

the Uckermark (DE) illustrates the influence of

measures facilitating the provision of advice and

the above factors, showing that the prospect of

training to farmers. Given the appropriateness of

reduced input costs through cover cropping, as

these existing instruments, and the clear case for

prices for artificial soil additives (an alternative)

promoting certain beneficial farming practices,

increase, provides an incentive for increase

the existing role for rural development policy to

uptake. Conversely, an increase in labour time

address some of these soil conservation needs

(for seedbed preparation) or additional costs

and challenges should at least be continued into

of purchasing seeds, discourage farmers if an

the future.

additional market return cannot be earned by the
cover crop.

If the conservation of agricultural soils is
to become a rural development priority, it is

Conversion costs are often an initial burden

recommended that a number of preparatory

hampering the introduction of new farming

steps be taken. More work is needed to improve

practices or farming systems. It follows that the

policy makers’ and stakeholders’ understanding

appropriate level of policy payments remains

of the appropriate reference levels that determine

an important factor across all case study areas.

which agricultural practices farmers should adopt

In certain areas, payment levels appear to be

and are responsible for in line with the polluter

reasonably high and thus attractive to farmers

pays principle, and those that produce public

as indicated by high levels of participation. Low

benefits beyond mandatory requirements and

payment levels on the other hand, were perceived

for which farmers should be remunerated. While

as discouraging. However, it is the improved

some basic requirements might conceivably be

focus and active promotion of agri-environment

similar throughout Europe, there is a need for

measures, rather than just their payment levels,

more clarity on how minimum standards are

that have emerged from the case studies as crucial

interpreted to ensure their compatibility with a

for their uptake and long-term success. Targeting

commonly established reference level. Given the

of policy measures in the case studies was often

scale of the challenge and the fact that a degraded

reported as inadequate but remains essential.

soil resource will seriously constrain the capacity
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fertiliser or pesticide costs. The case study in

to achieve other environmental objectives, the
General conclusions, beyond the reasoning

Soil Framework Directive should be adopted to

set out above, about the efficiency of different

provide the essential targeted policy framework

measures for addressing soil degradation cannot

while leaving enough flexibility to allow for

be drawn due to lack of detailed information on

regional

the cost of different interventions.

objectives should also be included more explicitly

implementation.

Soil

conservation

in the Rural Development Strategic Guidelines
and the intervention logic of appropriate rural

5.5 Recommendations

development measures.

The EU-wide stock-taking exercise and

The implementation of Pillar 2 measures is

the case study analysis have shown that there

subject to structured monitoring and evaluation

is a range of measures within the current rural

requirements. This is supported by a Common

development policy (EAFRD) that are appropriate

Monitoring and Evaluation Framework, a suite of

for supporting sustainable soil management,

indicators designed to help assess the effectiveness

over and above the mandatory reference level,

of rural development interventions and the
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impacts of the programmes relative to a baseline.

over the next few years, it should be possible to

It would be helpful to invest in the development

produce a more accurate baseline estimate of the

of reliable, comprehensive and operational

condition of European soils at the start of the next

indicators on (i) the state of soils (soil degradation),

rural development programme. This would allow

(ii) the social impact (cost) of soil degradation, and

better future evaluation of the impact of any soil

(iii) the impacts of soil protection, conservation

conservation measures adopted, which is essential

and improvement practices, as encouraged in the

if the effectiveness of policy interventions is to be

proposed Soil Framework Directive. With proper

properly assessed over the longer term.

investment in indicators, data and monitoring
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• E – long-term
•
•
•
•

• E – long-term
• T – farming system
• T – farming system
• T – perceived environment limitations

Weed control (BE, UK, CZ, DE)
More pesticides needed (UK, DE)
Higher evaporation (increased salinisation) (BG)
Perceived needs of the crop, i.e. crops requiring a heavily prepared seed bed (DE)
Loss of yield, linked to seed bed preparations (DE)

•
•
•
•
•

• Safety issues (if slopes are too steep, machinery can tip) (UK, BE)
• Less practical if field shape would make more turns necessary (time loss) (BE)

• Economic losses if profitable crops are given up (UK)

•
•
•
•

• Economic losses if livestock has to be reduced/adjusted to farm size (BG)

• Farm capacity to store manure for longer periods (investments) (BG)
• Sufficient capacity to spread manure in appropriate time periods (BG)
• Restriction in timing can lead to farmers being forced to work the land at times that may be inappropriate (UK)

• Yield reduction if restriction is strict (BE, BG)

• Yield reduction (BE, BG)

No-tillage/direct drilling

Reduced tillage

Contour tillage

Restriction of row crops on steep
slopes

Wheel sizes and pressure/restricting
excessive heavy machinery use

Restrictions on the max. amount of
(liquid) manure application

Restrictions of manure application to
a certain time period

Restrictions on the max. amount of N
fertilisation

Restrictions on the max. amount of P
fertilisation

Investment costs in special tyres or pressure equipment (UK, DE)
Too difficult (UK)
Time restrictions for changing pressure or mounting different tires (UK)
Lacking experience (DE)

•
•
•
•
•

Machinery investment costs (DE, FR, IT)
Lack of experience and perceived support (BE)
Social pressure, that it is perceived that it is necessary to have clean fields (DE)
Difficult to control weeds and other pests, e.g. fungal infestations (CZ, DE, FR)
Increase in the use of pesticides and herbicides (DE, FR)

•
•
•
•
•

T – farming system
T – perceived environment limitations
T – perceived environment limitations
T – farming system
E – long-term

• E – long-term

• E – long-term

E – short-term
T – information available
E – long-term
T – information available

• T – farming system
• T – farming system

•
•
•
•
•

• T – farming system
• E – short-term
• E – long-term

• Field units become smaller, less efficient working (BE)
• Seed costs (BE, UK, CZ)
• Loss of profitable land (BE) and potential profit foregone (UK)

Grass strips

E – short-term
T – information available
T – social norms
T – farming system
T – perceived environment limitations

• E – short-term
• E – long-term

• Seed costs (UK, DE)
• Perceived yield reduction (UK)

E – short-term
T – perceived environment limitations
T – perceived environment limitations
E – long-term

Undersown crops

•
•
•
•

Barrier type

Intercrops

Seed costs (BE, UK, CZ, DE, FR)
Concerns regarding availability of water for the main crop (DE, FR)
Concerns about increased pesticide use to kill intercrops (UK, FR)
Perceived yield reduction (UK, CZ, FR)

Entry barriers

Annex

•
•
•
•

Cropping/tillage measures

Measure
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• E – short-term
• E – long-term

• Additional effort and costs (UK)
• Less stocking numbers (UK)

Livestock management

• E – long-term
• T – information available
• E – short-term

• T – perceived environment limitations
• E – short-term
• E – short-term
• T – information available
• T – farming system
• E – short-term
• T – Infrastructure and support
• E – short-term
• E – long-term
• T – Infrastructure and support
• E – short-term
• E – long-term
• T – Infrastructure and support
• E – short-term
• E – long-term
• E – short-term

• Additional effort (time, management, pest control) (UK)

• Legal regulations concerning heavy metal contents or sanitary concerns cause resistance of farmers against
such material (BE)

• Costs only pay off in longer-term

• Organisational efforts (GR, BG)
• Costs (GR, BG)

• Water sampling costs (GR, BG)
• Lack of choice (GR, BG)

• Faster leaching of nutrients through drainage system (UK)
• Investment costs (UK, BG)

• Investment costs (DE)
• Lack of experience (DE)

• Additional work steps (UK)
• Less efficient use of machinery (UK)

• Organisational issues (UK)
• Building costs (UK)
• Maintenance costs (UK)

• Organisational issues (UK)
• Building costs (UK)
• Maintenance costs (UK)

• Organisational issues (ES)
• Building costs (ES)
• Maintenance costs (ES)

• Investment in machinery (UK)

• Profitability of farm (UK)

• Profitability of farm (UK)

Strip cropping

Use of organic soil improvers/
exogenous organic matter

Liming

Irrigation management to mitigate
salinisation

Control of irrigation water/use of
appropriate water quality

Drainage management to mitigate
salinisation and/or compaction

Controlled-traffic tramlines

Change of field patterns and sizes

Retention ponds

Subsoiling

Adjusting stocking rates

Adjusting duration and season of
grazing animals

Note: E: economic, T: technical

Bench terraces

Hillside ditches
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• E – long-term

• E – long-term

• E – long-term
• T – Infrastructure and support

• T – Infrastructure and support
• E – long-term

• E – long-term
• E – long-term
• E – long-term

Change of crop rotation

• Economic losses if profitable crops are banned (GR)
• Yield reduction (BG)
• Existing crop rotations are already a compromise between economic and agronomic requirements (UK)

Long-term measures

• E – short-term

• Additional effort (BE)

Barriers between potato ridges

Barrier type

Entry barriers

Measure
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Annex 3.2: Template fiche for the assessment of relevant policies in the case studies
Part A – Summary of measure
Formal title of measure and date of
implementation
Short description of the measure
Type of policy measure

Objective of policy measure and relevance

How relevant are the objectives of the measure to the soil degradation processes in
your region?









Not very 				



Very

Indirect effects
Linkages to other policy measures
Funding
Summary of assessment and conclusions
Recommendation

Part B – Detail on the measures design, implementation, enforcement and impacts
Policy design
Policy implement-tation I: implementation
at administrative level
Policy implemen-tation II: method of
delivery to farmers

To what extent does the implementing body have flexibility in the targeting of the
policy measure so that it is adapted to local conditions?

Targeting













Low 				
What drives uptake?



Obligation
		



Financial
incentive

Information Exhortation
& support

Technical measures
Enforcement and control
Monitoring and evaluation
Outcomes of policy measure
Analysis of drivers of policy measures’
outcomes

Part C – Evaluation of the policy measure

152

Effectiveness of policy measure (in relation
to the extent to which objectives are
achieved, and cost-effectiveness)
Constraints to achieving full potential of the
policy measure
Reasons for the success of the policy
measure (where appropriate)



High



Other

Case study

Organisations and individuals providing advice

Models pursued

WestVlaanderen (BE)

• REO auction (agricultural auction market for Roeselare and the surrounding area, a cooperative fruit and
vegetable auction where over 3 000 producers work
together) or the POVLT are usual sources of general
advice to farmers on farming decisions.
• POVLT (Provincial research and information institute
for agriculture and horticulture) is an organisation that
undertakes research to advise farmers.
• Flemish Land Agency - Manure Bank provides
farmers with fertilisation advice. Vegetable growers
are receptive to advice but report that it is not available. According to them, the Manure Bank works too
theoretically and lacks the technical knowledge.
• Farm planners provide advice on agri-environment
schemes of the Flemish Land Agency. They actively
visit farmers to persuade them to participate and
advise them on suitable measures and locations for
implementation.
• Other sources include farm extension workers,
suppliers of animal feed or fertiliser, agricultural fairs,
and demonstration projects of research institutes. The
local administration organises information sessions.

• For the adoption of the policy, it is seen as an
advantage that farm planners are in close contact
with the farmers and thus increase participation.
This personal contact enhances trust and willingness. Also in the design process, it is useful to
test directly the feasibility and acceptability of the
policy measures with the farmers.
• The idea of the farm planner was initiated by
Regional Landscapes (a cooperative non-profit
organisation managing regional parks). Nowadays,
the farm planners have their office at the Regional
Landscapes but are paid by the Flemish Land
Agency. The big advantage for the farm planners is
the individual approach: farmers are more willing
to undertake agri-environment measures.

DK

• Farm advisors
• Danish Agricultural Advisory Service

The agricultural advisory sector is organised mainly
by the agricultural organisations, with some financial
support from government. A decentralised model wherein the Advisory Service has been organised by
farmers themselves - with some financial support
from government, ensures professional, expert
advice on a voluntary basis.

Axe and Parrett
catchments
(UK)

• Farm advisors - Farming and Wildlife Advisory Group
(FWAG) or Catchment Sensitive Farming (CSF) officers
from Environment Agency (EA) & Natural England (NE)
- are funded by Defra (ministery) under the England
Catchment Sensitive Farming initiative and Environmental Stewardship (ES).
• Farmers use the following sources for advice: agronomists, Defra (ministry), the National Farmers’ Union
(NFU) and various NGO websites, farming press and
discussions with other farmers.
• Independent farm advisors and technical specialists offer support on a voluntary or paid basis.

Defra is responsible for the objective of increasing
education and awareness of soil protection
and conservation issues through workshops,
newsletters, articles, and by a strong emphasis on
stakeholder consultation in soil policy design. While
different organisations offer on-site support and
advice to farmers, they are often funded by Defra
under initiatives such as CSF and ES, creating a
decentralised approach under centralised funding.
Soil and policy experts provide technical and
economic advice (in the form of targeted scheme
option recommendations); however, the training of
these advisors has been criticised as inadequate
to ensure uniform standards. Funding can also be
short-term and precarious.
The NGOs and advisors also provide feedback from
the ground level to the governmental organisations,
through channels such as the Soil Action Plan
Advisory Forum, providing the opportunity for a
cyclical model of improvement in the advisory
services.
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Case study

Organisations and individuals providing advice

Models pursued

Rodópi
(GR)

• The Union of Cooperatives (uniting all cooperatives
and representative groups) is the major source of
information and advice to farmers.
• The Farm Advisory Service (FAS), established in
2006 but operating since 2008, provides certified
advisors.
• In theory only, the prefectural authorities of the
Ministry are responsible for disseminating information
related to the operation of agricultural programmes,
as well as for demonstrating agricultural practices.
This is considered unsatisfactory in terms of quantity
and quality of advice.

The FAS has a hierarchical structure; at the top is the
Directorate General of Extension and Research of the
Ministry of Agriculture. This supervises AGROCERT,
the intermediate organisation responsible for training,
certifying and administering farm advisors. The
farm advisors, at the bottom of the pyramid, may be
individuals, farmers’ cooperatives, or companies.

Guadalentín
basin (ES)

• Local agricultural offices (OCA)
• Agricultural cooperatives – many small- to mediumsized farms belong to cooperatives in Murcia represented by two large organisations (FECOAM and
FECAMUR)
• Advice from input suppliers
• A fair proportion of interviewed farmers read technical
agricultural books and magazines.

A range of organisations provide advice to farmers,
without an apparent centralised structure. This
may lead to varying levels of technical provision,
particularly in the case of input suppliers, who
may be biased towards the adoption of particular
techniques and applications.
Main sources of advice are the technical advisors
in the agricultural cooperatives. 80 % of farmers in
the area use the advisory services of agricultural
cooperatives, while 30 % use the local extension
services, 15 % get advice from agricultural input
suppliers and 8 % from other farmers (Calatrava and
Gonzalez, 2008).
Cooperatives also reportedly have more influence on
regional policy than unions.
The high level of technical research from local
institutions supports the perception from farmers that
technical information is readily available, although
advice on the practical, social and economic impacts
of policies could be improved.
A crucial drawback to the cooperative’s advice
provision is that it is in response to questions from
farmers, rather than presenting its own approach,
which means that important issues may not be
raised and addressed.

Midi-Pyrénées
(FR)

• Farm Advisory Service (FAS), since January 2008
• Comprising at regional level public (technical
institutes) and semi-public bodies and associations
(Chambers of Agriculture co-financed by dedicated tax
paid by farmers)

The Chambers of Agriculture organise agronomic
training and local development groups, mainly for
conventional farmers, similar to private associations
and initiatives.
All these organisations may get support from
the Mission Développement Agricole et Rural du
Ministère de l’Agriculture et de la Pêche. Soil fertility
was listed among the priorities for the 2007 call for
tender.
In the Midi-Pyrénées, a project on simplified
cultivation techniques is due for approval in 2009.
The current priority areas are reduced pesticide
use, water quality and energy independence of
agricultural holdings.
The only explicit measure regarding soil protection
addressed in the FAS is the requirement to set a
minimum area of environmental cover, primarily
along rivers, which can prevent erosion and minimise
the impact on water quality. The FAS has to inform on
practical arrangements and to provide an opinion on
the location of the site.
The first report on the effectiveness of the FAS is
foreseen for 2009.

Organisations and individuals providing advice

Models pursued

Marche
(IT)

• Agency for food and agriculture of the Marche
region (ASSAM) (with different services such as soil
and agro-meteorology)
• Farmers’ associations
• Local Action Group (LAG)
• Product associations

The ASSAM provides some services to farmers, e.g.
the agro-meteorological bulletin, in order to help
them with use of pesticides, fertilisers, seeding,
etc.
The farmers’ associations provide information to
their associates through seminars, newsletters,
etc. The information often refers to changing policies, regulations, etc.
The LAG and product associations provide advice
and information about different methods and thus
also technical information to farmers.

Belozem (BG)

• Regional agricultural advisory services
• Consultants
• Local office of the Ministry of Agriculture

The regional agricultural advisory services’ specialists are supposed to provide consultancy services
free of charge to all registered agricultural producers,
a potentially excellent, centralised model. However,
their resources are considered insufficient to provide
enough agricultural advisory services and information at local level, both in quantity and quality.

Svratka river
basin
(CZ)

• Farm advisors
• Morava River Water Authority
• Institute for agricultural economy and information
research (UZEI), responsible for information transfer in
agriculture and the supervision of the farm advisory
service (i.e. providing certification and training)
• Agricultural Chamber (in some regions only)
• The Hunting Association (marginally)

The Ministry of Agriculture (MoA) is de facto
responsible for providing farm advisory services.
Regional officers of MoA attend seminars on agrienvironment schemes and are trained to provide
seminars to farmers. This is a potentially cohesive
central model. However, it is considered that the
advisory services do not fulfil their role sufficiently.
In the case of the agri-environment scheme, the
Law on Soil Conservation, GAEC and soil protection in general, no cohesive extension service is
available.
Available advisors do not cover environmental
and soil conservation issues specifically. Limited
numbers of farmers have access to advisors.
Implementation of the Nitrates Directive includes
a massive information campaign targeted at
farmers, using regional seminars, leaflets, website
exchanges and other methods.
UZEI developed and manages a sophisticated internet-based advisory tool available to all farmers.

The Water Authority took over the role of the previously
missing extension service for the agri-environment
measure ‘conversion of arable land to grassland’,
in the upper part of the catchment. At present
there are no advisory services available for the two
agri-environment measures directly relevant to soil
conservation.

Uckermark
(DE)

• Various locally active advisory bodies such as the
Manure Association
• Local agriculture authority and upper state authorities. For example the Agricultural Agency offers
training seminars for private advisors (consultants).
• Farmers’ union and breeders’ associations
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Case study

In Brandenburg farm extension is privately organised.
There are no state advisory services. However, local
district authorities and upper state authorities provide
information to farmers and private advisors.
Agricultural training and extension services do not
sufficiently communicate technical measures to
protect soils.
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Annex 3.4: Soil degradation processes, policy measures and farming practices covered
by the measures
Case study
with main soil
degra-dation
process

Selected
policies

West-Vlaanderen Manure Decree
(BE):
(Nitrates Directive)
diffuse
contamination,
soil erosion,
decline in organic
matter

Farming practices covered

Main objectives: reducing the
nitrate load in water bodies
and mitigating the phosphate
saturation problem by targeting
nutrients on the farm and
decrease stock numbers and
thus amount of manure applied
to fields. Ultimate objective:
achieve a load below 50 mg
NO3/l. Has existed for 17 years
and has been adapted several
times in order to establish the
best possible measures.

Prescribes a nitrogen amount lower
than 90 kg N/ha between 1 October
and 15 November over a depth of
0-90 cm
Prescribes max. amounts of mineral
fertiliser or manure that a farmer
may apply, as well as application
time, place and manner (methods);
adequate manure storage capacity
depending on amount of animals
and farming type; rules stipulating
the processing of manure
Trading of nutrient emission rights
allowed

Diffuse pollution

Agri-environment
scheme (AES)
(under the PDPO
or Flemish Rural
Development Plan)

Voluntary agri-environment
• AES-Water: manure standards
Soil erosion,
schemes with a broad spectrum
are more restrictive than in
diffuse pollution,
of objectives:
Manure Decree (zero or reduced
compaction
AES-Water, AES-Erosion (since
manuring).
2004) and AES-Soil cover (only • AES-Erosion: non-inversion tillage,
in PDPO I)
zero-tillage OR grass buffer strips,
grass corridors, talus or erosion
pools
• AES-Soil cover: cover crop during
winter months

Erosion Decision/
Decree

This Decision provides local
authorities with the opportunity
to draw up an erosion plan and
undertake targeted action.

Buffer strips, grass corridors, erosion Soil erosion
ponds, embedded straw bales,
embedded faggots, elevation of
country tracks, collector for sludge
and sand

Interreg Project
(MESAM)

Research project including
surveys, inventory on erosion
and soil conservation in
project regions, set-up of
demonstration and trial fields,
awareness-raising measures
and socio-economical analyses
of erosion-control measures at
farm and basin level

Demonstration and trial fields (tillage Soil erosion
alternatives, grass buffer strips,
cover crops, undersowing of crops
and others)

Bjerringbro and
Agri-environment
Hvorslev (DK):
scheme
soil compaction,
decline in organic
matter, soil
erosion

Mandatory national
regulations
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Short description

Soil
degradation
process
targeted

• Conversion to organic
farming
• Extensive production on
agricultural land
• Establishment and
management of set-aside
border strips
• Shelter belts
• Maintaining green cover over
winter
• Restrictions on use of
fertiliser and pesticides (no
manure during autumn)
• Catch crops
• Maximum stocking densities

It is generally
agreed among
governmental
organisations
that protecting
soil from
pollution is a
major objective.

Axe and Parrett
catchments (UK):
soil compaction,
diffuse
contamination,
erosion

Rodópi (GR):
soil erosion,
decline in
organic matter,
compaction

Selected
policies

Soil
degradation
process
targeted

Short description

Farming practices covered

Cross compliance
GAEC standards

Standards to address soil
erosion, soil structure, soil
organic matter, in context of
the Single Payment Scheme,
applying to the agricultural land
or the whole holding

• Yearly Soil Protection Review
• One of five measures for postharvest management (e.g. retain
stubble; temporary cover crop)
• No operations on water-logged soil
• Crop residue burning restrictions
• Two indirect measures

Soil compaction,
soil erosion, loss
of soil organic
matter

Agri-environment
scheme (England)

Environmental Stewardship
Scheme comprising:
a) Entry Level Stewardship
(ELS)
b) Organic Entry Level
Stewardship (OELS)
c) Higher Level Stewardship
(HLS).
Payments for management
that goes beyond mandatory
standards

a) ELS: choice of any of the
following:
• management of high erosion risk
cultivated land
• management of maize crops
• buffer strips, field margins
•beetle banks across contours
c) HLS: choice of:
• converting arable to grassland
• in-field grass areas
• seasonal livestock removal
• no use of fertiliser on grassland

Soil in general
as a natural
resource, soil
erosion, risk
of run-off,
protecting
watercourses
from diffuse
pollution

Catchment
Sensitive Farming
programme
(England)

Measure applying to England
only, encouraging voluntary
action by farmers supported by
capital grants. Main emphasis
on information, advice,
improved awareness.

Soil management measures to
control diffuse water pollution (in
order of importance):
• fertiliser management
• soil management methods
• manure management
• farm infrastructure
• livestock management
• pesticide management
• land use

Water pollution
and thereby
diffuse soil
contamination,
soil structure
(soil compaction),
soil erosion by
water

GAEC-Soil erosion

GAEC requirements on soil
erosion developed from the
Codes of Good Farming to
address soil erosion in areas
with slopes higher 10 %.

• Green cover during rain period
• Ploughing along contour or
diagonal lines or establish
containment zones
• Terrace maintenance

Soil erosion

GAEC-Soil organic
matter

GAEC requirements on soil
erosion developed from the
Codes of Good Farming to
address the loss of soil organic
matter

• Cultivate grain legumes and incorporate these into the soil
• Crop residue management (incorporation into the soil, grazing
or mulching)

Decline of soil
organic matter,
soil erosion

Agri-environment
scheme-Natura
2000 (RDP)

Protect and improve natural
areas within the boundaries of
Natura 2000 sites

• Harvesting from the centre of the
field
• Uncultivated islands in the parcel
• Limitations on grazing
• Protecting water collection
elements
• Particular rules for each site

Indirect effects
on soil erosion
and soil
compaction

Agri-environment
schemeOrganic agriculture
(RDP)

Income support for organic
farmers to avoid use of
chemical fertilisers or
pesticides

Particular requirements for organic
agriculture

Indirect effects
on soil erosion,
decline in soil
organic matter,
compaction
and soil
contamination
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Case study
with main soil
degra-dation
process

Selected
policies

Short description

Farming practices covered

Supporting farm investments
to increase their productivity
and income (subsidies for drip
irrigation)

Control of irrigation water

Indirect effect
on water
salinisation;
negative impact
on compaction
possible

Obligation for farmers receiving
direct payments to observe
standards relating to soil
erosion, soil organic matter, soil
structure, and minimum level of
maintenance.
Provides authorities with
powers to establish specific
restrictions established in areas
with erosion risk

• Measures to reduce erosion such
as early planting, tilling along
contour lines, tillage restrictions in
perennial cultivations (vineyards,
olive groves, nut plantations)
• Rules for maintaining soil cover,
rules for minimum level of
maintenance (e.g. maintain
terraces, banks, ridges) must be
kept in good condition
• Prohibition on stubble burning
unless officially authorised
• Farmers in areas with overexploited aquifers must prove
their right to irrigate their
farmlands with an adequate
document; every owner of
privately used water must
maintain discharge measurement
systems.

Soil erosion
and loss of soil
organic matter;
indirect effect on
salinisation

Agricultural soil
conservation/Soil
erosion control
agri-environment
scheme (AES)

AES targeted at soil
conservation and the control of
water erosion

• Maintain and build new
infrastructure such as ponds,
ditches, trenches, stone terraces
• No-tillage following contour lines
• Establish permanent vegetation
strips on erosion-prone land
with min. 25 % planted with
revegetation species and max.
75 % cereals and protein crops
• Parcels crossed by water flows
maintain a 3-5 m wide strip that
is vegetated and not cultivated
• Mulching with remains of pruning

Soil erosion by
water

Organic agriculture
agri-environment
scheme

Income support for organic
farmers to avoid chemical
residues in crops and chemical
pollution from agricultural
sources

• Comply with production rules of
EU Organic Farming Regulation
and Confederation of Agricultural
Producers of Spain
• Hydroponic systems prohibited

Decline of soil
organic matter;
compaction
and pollution as
indirect effects

Integrated
production agrienvironment
scheme

Income support for farmers
to reduce use of chemicals
and chemical pollution from
agricultural sources

• Reduction of chemical plant
treatments for pest control
• Comply with technical rules
for integrated production by
RPOPIRM1
• Hydroponic systems prohibited

Decline of soil
organic matter;
indirect effects
on compaction
and pollution

Farm
Modernisation
Scheme (RDP)

Guadalentín
Single Payment
basin (ES):
Scheme
soil erosion,
salinisation,
decline in organic
matter
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Soil
degradation
process
targeted

Selected
policies

Soil
degradation
process
targeted

Short description

Farming practices covered

Midi-Pyrenées
Cross compliance
(FR):
GAEC standards
soil erosion,
decline in organic
matter

Farmers need to comply with a
set of EU Directives in order to
be eligible for direct payments.

Maintenance of grassland and/or
permanent pastures, preservation or
implementation of buffer elements;
crop rotations; incentives for
simplified tillage practices, nonburning of crop residues.

Soil conservation
as a side-effect;
impacts on soil
erosion and soil
organic matter
(and protection
of soil structure)

Marche (IT):
soil erosion,
decline in
soil organic
matter and soil
compaction

Cross compliance
GAEC standards

Farmers need to comply with a
set of EU directives in order to
be eligible for direct payments.

• Surface water management on
sloping land
• Management of stubble and crop
residues
• Maintained efficiency of the
drainage network for surface
water run-off
• Protection of permanent pasture;
maintenance of characteristic
landscape features

Soil conservation

Belozem (BG):
salinisation,
decline in organic
matter, soil
compaction

Direct payments
(cross compliance)
and agrienvironment
scheme (RDP)

The programme has three main None
elements:
(1) per hectare payment to all
farmers,
(2) per hectare payments
to farmers in areas with
handicaps,
(3) environmental per hectare
payments. To receive these
payments farmers must be
registered and submit an
application specifying the
area and crops they cultivate.

None (income
support and
compensation for
state-imposed
restrictions on
private land)

Modernisation
of agricultural
enterprises

Financial support for projects
aiming at the improvement of
farm’s overall performance:
• introduction of new products,
processes and technologies,
and improvement of existing
assets
• development of cooperation
between agricultural
producers and food
processors
• preservation of the
environment

None

None (increasing
farms’ capacity
to perform
activities
relevant to the
conservation of
agricultural land)

Water Users
Association

Voluntary organisations
of agricultural producers
that organise the irrigation
and drainage activities on
their territory. The state
provides financial support
to associations, initially
transferring use rights and
later ownership rights of the
infrastructure.

Maintenance and management of
Salinisation
drainage and irrigation infrastructure
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Case study
with main soil
degra-dation
process

Selected
policies
Soil and water
monitoring

Svratka river
Law on Soil
basin (CZ):
Conservation
soil erosion,
compaction,
decline in organic
matter

Short description

Farming practices covered

National Environment
Monitoring System established
under the Law for Environment
Protection. Taking soil and
water samples. Complying
with EU standards; providing
information to authorities and
the public.

None

Indirect effect on
soil salinisation

Defines rules for:
None
a) withdrawal of agricultural
land from production and
approving applications for
development projects involveing
new uses of agricultural land
(e.g. for construction), used in
daily decision making at local/
regional level
b) protection from soil
degradation, allowing for
penalisation of soil damage

Indirect
prevention of
soil degradation,
e.g. soil sealing
(permanent loss
of agricultural
land)

Land consolidation

Project-based planning
instrument mainly targeting
consolidation of fragmented
land ownership, however
including provisions for design
of landscape structures that
support soil conservation

Reorganisation of fields and their
Indirect impact
shape (allowing adoption of farming on soil erosion
practices such as contour ploughing)
followed by specific permanent
measures such as field banks,
adjusted to specific local needs

Agri-environment
scheme (RDP)

Compensation payments to
farmers for:
a) conversion of arable land to
grassland
b) growing cover crops

Conversion of arable land to
grassland; growing cover crops

a) Soil erosion
b) Soil erosion
and preventing
loss of nitrogen

National
implementation of
the Nitrates
Directive

Basis for preparing Action Plans
for Nitrate Vulnerable Zones
requiring farmers to prevent
water pollution

None

Indirect
effects on soil
contamination
and soil erosion

The law focuses mainly on
non-agricultural soils, but
it has agriculture included
in §17, where the Code of
Good Agricultural Practice
is defined. It mainly targets
soil degradation and polluted
areas. The law contains only
basic issues. Brandenburg’s
implementation is still
outstanding.

No specific technical measures
included; only general objectives
such as site-specific soil cultivation

None; soil
protection in
general

Uckermark
Federal Soil
(DE):
Protection Act
erosion,
compaction
decline in organic
matter
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Soil
degradation
process
targeted
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Selected
policies

Soil
degradation
process
targeted

Short description

Farming practices covered

Fertilisation
Ordinance (Nitrates
Directive)

Targets the nutrient ba-lance
of agricultural soils. It is one of
the important parts of the Direct
Payment Obligations Act. The
regulation has been amended in
2007 upon comments from the
European Commission that the
German implementation of the
regulation did not fully comply
with the EU Nitrates Directive.

Technical measures are:
• a 170 kg N/ha limit on organic
fertiliser;
• obligation for the incubation of
organic fertiliser within a certain
time frame;
• soil analysis every six years;
• restrictions on the application of
certain fertiliser;
• ban on the application of fertiliser
with considerable nitrogen
content between 1 November and
31 January;
• nutrient analysis for nitrogen and
phosphorus every year;
• documentation of various data
concerning nutrient application.

Reduction of
water pollution;
soil conservation
as by-product

Direct Payment
Obligations Act:
cross compliance

Farmers need to comply with a
set of EU directives in order to
be eligible for direct payments.

• Maintenance of grassland
• Preservation of landscape
elements
• Crop rotation (three crops)
• Restrictions on ploughing

Soil conservation
as by-product;
impacts on soil
erosion and soil
organic matter
(and protection
of soil structure)

Agri-environment
scheme (RDP)

Agri-environment schemes that
offer payments to farmers who
go beyond the Code of Good
Agricultural Practice. Individual
prescriptions are:
a) environment-friendly
cultivation and grassland
maintenance,
b) environment- and animalfriendly agriculture and
horticulture, and genetic
diversity, and
c) organic farming.

a) Grassland extensification:
• prohibition on application of
manure and fertiliser
• restrictions on periods of
grassland use
b) Greenbelt-setting for fruit and
vegetable production
c) Organic farming:
• restriction on use of fertiliser
• soil-conserving farming practices
like ban on grassland conversion
Schemes for intercrops,
undersown crops and reduced
tillage have been closed.

Impact on soils
as by-product;
indirect effects
on soil erosion,
compaction and
diffuse pollution

Final report on the project ‘Sustainable Agriculture and Soil Conservation (SoCo)’

Case study
with main soil
degra-dation
process

RPOPIRM: Registro de Productores y Operadores de Producción Integrada de la Región de Murcia (Register of producers and
operators of integrated production of the Murcia region)
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Annex 4.1: EPIC model
EPIC (Erosion-Productivity Impact Calculator) (Williams, 1995) is a field-scale continuous simulation
model, originally developed to simulate the long-term effects of soil erosion on soil productivity. Nutrient
cycling and pesticide fate routines were added later on. The various developments of EPIC are described
in Gassman et al. (2004).
The major components in EPIC are weather simulation, hydrology, erosion-sedimentation, nutrient
cycling, pesticide fate, plant growth, soil temperature, tillage, economics, and plant environment control.
EPIC runs on a farm/field basis and includes most of the aspects linked to farming practices and
operations. It allows the simulation of the fate of nitrogen, phosphorus, and pesticides as affected by
farming activities such as timing of agrochemicals application, tillage, crop rotation, etc., while providing
at the same time a basic farm economic account. EPIC can be used to determine the effect of management
strategies on agricultural production and soil, and on water resources. The drainage area considered by
EPIC is generally a field-sized area, up to 100 ha (weather, soils, and management systems are assumed to
be homogeneous). In addition, EPIC has been thoroughly evaluated and applied from local to continental
scale (Gassman et al., 2004). Most of the input data required to run EPIC are readily available across the
EU at a much more disaggregated scale22 (Mulligan et al., 2006).
Model Structure and data requirement
EPIC (ver.3050) is written in FORTRAN and processes the input files as ASCII text files. The model
relies on several input files, some of which are proposed as default and can be modified or amended, and
others that are site- (or location-specific), which have to be developed by the user. A scheme of the major
input and output files used in the present study are illustrated in Figure 1. EPIC requires a description
of the soil properties, land use and land management, and climate (daily data and monthly statistical
information). The soil properties required include textural information and geochemical composition. Land
use data include the crop (crop rotation) used on a specific field and all associated operations including
planting, harvesting, nutrient application, irrigation, and soil operations. Then, daily meteorological data
are needed in order to run the model. If data are lacking, then EPIC uses monthly statistical data to generate
daily climate time series.
The model is currently being ‘tuned’ on the yields of different crops (soft wheat, durum wheat,
barley, rye, rapeseed, rice, maize) at the NUTS 2 level, obtained from Eurostat for the period 1990-2003.
Consistently modelled yields will be necessary to have reliable estimates of water and nutrient uses, which
will subsequently influence the evaluation of soil conservation strategies.
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Geographical bidimensional units supporting EPIC runs should be based on a 10 km grid covering the European territory. Soil
and land use data are available at a 1 km resolution, but are aggregated to the required 10 km resolution. Meteorological data
are available at a 50 km resolution and are spatially linked to the mentioned grid.

Source: Bouraoui and Aloe (2007)

Hydrological cycle
The hydrological model within EPIC is based on the water balance equation in the soil profile where
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Figure: Flowchart of the structure of the EPIC model

the processes simulated include surface run-off and infiltration (SCS curve number), evapotranspiration,
lateral flow, and percolation. Surface run-off, Q (cm), is related to daily precipitation, P (cm), based on the
SCS curve number (USDA, 1972) as follows:

[CN (aP + 2) − 200] 2
Q=
.
CN [CN (aP − 8) + 800]

(1)

CN is the curve number, and a is a unit conversion factor equal to 0.3937. The curve number for a
watershed depends on the antecedent soil moisture content, land use and treatment practices, the hydrologic
surface conditions and the hydrologic soil group. The EPIC model uses a daily curve number based on a soil
moisture accounting procedure developed by Williams and Laseur (1976) and goes from a minimum value,
when the soil is at wilting point, to a maximum value when the soil is saturated. Potential evapotranspiration
can be computed, based on data availability, using one of the following methods: Penman (1948), PenmanMonteith (Allen et al., 1989), Priestley Taylor (Priestley and Taylor, 1972), or Hargreaves (Hargreaves and
Samani, 1985). Evapotranspiration is determined using Ritchie’s approach (Ritchie, 1972). Potential soil
evaporation and plant transpiration are partitioned based on the leaf area index (LAI) and the above-ground
biomass (CV, kg/ha). Potential soil evaporation, ES (cm), is determined as:
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E S = E 0 e ( −5.10

−5

CV )

,

(2)

E 0 is the potential evapotranspiration (cm). The potential plant transpiration, E P 0 (cm), is
determined as a function of E 0 and LAI (Ritchie, 1972):
where

EP0 =

E 0 LAI
3

for

0 ≤ LAI ≤ 3 .

(3)

If LAI is larger than 3, potential plant transpiration is taken as the potential evapotranspiration. For any
given day, the sum of plant transpiration and soil evaporation cannot exceed E 0. The potential transpiration
rate is then distributed in the soil profile based on root distribution.
Nutrient cycle
EPIC divides the nitrogen into active organic, stable organic, fresh organic, nitrate and ammonium
pools. The model simulates mineralisation (transformation from organic to ammonia) from the fresh
organic pool associated with crop residue and microbial biomass, and from the active organic pool. The
contribution of the fresh organic N pool to mineralisation is estimated as:

RMN = 0.05CNP

SW
TF × FON ,
FC

(4)

where RMN is the mineralisation rate (kg/ha/d), FON is the fresh organic N present in the soil (kg/ha),
CNP represents the impact of the carbon to nitrogen and carbon to phosphorus ratio on the decomposition
rate, SW is the soil water factor, TF is the temperature factor, and FC is the field capacity (mm/mm). The
organic N associated with humus is divided into active and stable pools which are in dynamic equilibrium.
The mineralisation from the active pool is calculated as:

HMN = CMN × ON ( SWF

2
 BD 

0.5 
× TF )  BDP ,

(5)

where HMN is the mineralisation rate (kg/ha/d), CMN is the humus degradation rate (/d), BD and BDP
are the settled and current bulk density as affected by drainage (t/m3). The second stage of mineralisation is
based on a first order kinetics and is a function of soil moisture, soil temperature and soil pH. Volatilisation
of applied ammonia at the soil surface is determined simultaneously with the nitrification and is a function
of air temperature and wind speed. Volatilisation of ammonia in lower soil layers is function of soil
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temperature and cation exchange capacity. Denitrification is considered to be a first order process, and is
based on the amount of soil organic carbon content and is function of soil temperature and soil moisture.
The cycling of organic P is similar to that described for nitrogen with mineralisation occurring from the
fresh organic P and organic P associated with humus. Mineral P is divided into a labile P pool, an active

rapidly to the active mineral pool. The active and stable inorganic P pools are dynamic, and at equilibrium,
the stable mineral P pool is assumed to be four times larger than the active mineral P pool (Sharpley and
Williams, 1990).
Crop growth
EPIC uses a daily time step to calculate crop potential growth and crop growth limitation stress factors,
which include the following constraints: water stress, temperature stress, and nutrient stress. Maximum
crop yield is based on the radiation use efficiency. The daily potential biomass increase is calculated as:

∆B P = 0.001( BE × PAR ) ,

where

(6)

B P is the potential biomass production (t/ha), BE is energy to biomass conversion parameter

(kg/ha/MJ/m2) (function of atmospheric CO2 level), and PAR is the intercepted photosynthetic active
radiation (MJ/m2) estimated based on Beer’s law as:

PAR = 0.5 RA((1 − exp( −0.65 LAI ) ) ,

(7)

where RA is the solar radiation (MJ/m2), and LAI is the leaf area index. LAI is calculated daily based on
heat units. The daily change in LAI is calculated as follows:

∆LAI = LAI max ∆HUF (1 − exp(5[ LAI i −1 − LAI max ]) )× REG ,

(8)
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mineral pool, and an inactive mineral pool. Fertiliser P is labile at application and then is transferred

where LAI max is the maximum leaf area index, HUF is if the heat unit factor, and REG is the minimum
of the water, nutrient, temperature, aeration and radiation stress factors. Heat units (HU) on a particular
day are calculated during the phenological development of the crop as the average daily temperature in
excess of the crop base temperature, and the heat unit index (HUI) as the ratio of the cumulative heat unit
divided by the potential heat units:
i

HU i = max(0, Tav − Tb ) ; HUI i =

where

∑ HU i

k =1

PHU j

,

(9)

Tav is the average daily temperature (degrees C), Tb is the base crop growth temperature

(degrees C), i is the day, and PHU is the potential heat unit for crop j (obtained as the sum of heat units from

normal planting to maturity). The yield is calculated as the product of the harvest index and above-ground
biomass. The harvest index can, however, be reduced by water stress or a shortened growing season, and
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it is thus adjusted accordingly. Perennial crops maintain their root system through cold-induced dormancy,
and growth restarts when average air temperature exceeds the base temperature for the crop.
Growth constraints
EPIC adjusts the daily potential growth by constraints that capture the influence of the following
limiting factors: nutrients, water, temperature, aeration and radiation. This stress can impact not only
biomass production, but also on root development and yield. A stress is estimated for each of the limiting
factors, and the actual stress is taken to be equal to the minimum stress calculated for each of the
constraints. Water stress (WS) is evaluated as follows:

WS =

WU
,
EP0

(10)

where WU is the water use. The temperature stress (TS) is estimated as:

 π  T − Tb 
 ,
TS = sin   s
 2  To − Tb 

where

(11)

To is the optimal growth temperature (degrees C), and Ts is the average, surface soil

temperature (degrees C). The nutrient stress (NS) is based on the ratio between the actual and the optimum
N and P plant content. The stress factor varies non-linearly between 1 (actual N and P content at optimum
level) to zero when N and P contents are at half the optimum level. The nutrient stress factor (NS) is
calculated as:

SN s
and SN s = 200
NS =
SN s + exp(3.52 − 0.026 SN s )

where

 i

 UN k
 k =1

 C × Bi


∑




− 0.5 ,



(12)

SN s represents a scaling factor, UN i is the cumulated nutrient uptake for day i (kg/ha), Bi

is the accumulated biomass (kg/ha), and C is the nutrient (N or P) optimal concentration of the crop.

Aeration stress is estimated from the top metre of the soil and is a function of the soil moisture content
and porosity. It varies between zero and one, and takes the value one when the total soil porosity is filled
with water. EPIC also considers pests as a constraint to crop growth. The pest factor is used to adjust the
crop yield at harvest. The pest factor is a function of temperature, soil moisture and ground cover. The pest
index increases rapidly during warm moist with ground cover and is reduced during cold months. EPIC
keeps track of all stress factors and computes a daily sum for each of the factor allowing monitoring the
number of stress days (sum for all previous days of the stress factor).
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The major function of tillage is to mix nutrients and crop residues to the ploughing depth. The impact
of tillage on soil bulk density is also taken into account by considering, between tillage operations, the
settling effect of rainfall events. Bulk density settling is also a function of the sand content of the soil.
Tillage operations will also affect the ridge heights and also will convert standing residues to flat residues,
both processes impacting surface run-off and erosion. EPIC allows irrigation to occur as sprinkler or furrow
irrigation. Application timing and rate may be calculated automatically based on the plant requirement
and pre-specified application and timing criteria (such as the minimum numbers of days between two
irrigation applications, minimum rate to be applied), or can be specified as an exact amount and exact
dates of application. Fertilisation management is similar to irrigation and can be fixed for each crop or
can be calculated automatically (timing and quantity) based on pre-specified criteria. Other operations
incorporated in the EPIC model include liming to raise the pH to optimum levels.
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Abstract
Agriculture occupies a substantial proportion of the European land, and consequently plays an important
role in maintaining natural resources and cultural landscapes, a precondition for other human activities in
rural areas. Unsustainable farming practices and land use, including mismanaged intensification as well
as land abandonment, have an adverse impact on natural resources. Having recognised the environmental
challenges of agricultural land use, the European Parliament requested the European Commission in
2007 to carry out a pilot project on ’Sustainable Agriculture and Soil Conservation through simplified
cultivation techniques‘ (SoCo). The project originated from a close cooperation between the DirectorateGeneral for Agriculture and Rural Development (DG AGRI) and the Joint Research Centre (JRC). It was
implemented by the Institute for Prospective Technological Studies (IPTS) and the Institute for Environment
and Sustainability (IES).
This report synthesises the findings of the SoCo project and translates them into conclusions and
recommendations. It reviews soil degradation processes, soil conservation practices and policy measures
at European level. The analysis is taken to the local scale by means of ten case studies distributed over
three macro-regions. Aggregated environmental benefits of adopting particular soil conservation practices
are explored with model calculations. Finally, the report discusses the effectiveness and efficiency of
instruments for soil protection, maintenance and improvement in Europe, exploring opportunities and
critical issues linked to the adoption of conservation practices. The report closes with policy-relevant
conclusions as a basis for policy recommendations.
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