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Abstract

:

Agricultural ecosystems provide a range of benefits that are vital to human well-being. These benefits are dependent on several soil functions that are affected in different ways by legislation from the European Union, national, and regional levels. We evaluated current European Union soil-related legislation and examples of regional legislation with regard to direct and indirect impacts on five soil functions: the production of food, fiber, and fuel; water purification and regulation; carbon sequestration and climate regulation; habitat for biodiversity provisioning; and the recycling of nutrients/agro-chemicals. Our results illustrate the diversity of existing policies and the complex interactions present between different spatial and temporal scales. The impact of most policies, positive or negative, on a soil function is usually not established, but depends on how the policy is implemented by local authorities and the farmers. This makes it difficult to estimate the overall state and trends of the different soil functions in agricultural ecosystems. To implement functional management and sustainable use of the different soil functions in agricultural ecosystems, more knowledge is needed on the policy interactions as well as on the impact of management options on the different soil functions.
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1. Introduction


Agricultural ecosystems provide a range of benefits that are vital to human well-being [1]. These benefits encompass provisioning ecosystem services, such as food, wood, fibers, fuel, and drinking water, but also regulating and cultural services such as carbon storage and aesthetics [2,3]. In turn, a range of ecosystem services and functions affect agricultural productivity [4]. This is an important consideration as population growth and changing food consumption patterns mean that agricultural production will need to increase significantly by 2050 compared to 2005 [5,6]. The agricultural community is inclined to focus on the increase of productivity through further intensification. This may, however, lead to trade-offs, such as an overall degradation of soil and their processes and functions within agricultural systems [7], which threaten the long-term provisioning of both agricultural production as well as the delivery of other ecosystem services [8]. Since soil formation and recovery take place over long time periods, the sustainable use of our soils is of high importance.



Ecosystem functioning and the delivery of ecosystem services in agricultural landscapes depend on various soil functions [9]. These soil functions can be defined on a gradient from general to specific capabilities of the soil to support various agricultural, environmental, landscape, and urban applications, such as water regulation, nutrient cycling, soil structure formation, and biological activity [10,11,12].



Soils and their functions depend on complex interactions between soil components, properties, processes, management, and use. A soil component is defined by Dominati et al. [13] as a biogeochemical species (e.g., nitrate NO3−) or an aggregation of biogeochemical species (e.g., clays) that make up soils. Soil properties are considered to be the physical (e.g., porosity, texture), chemical (e.g., pH, readily available phosphate), and biological (e.g., microbial biomass) characteristics of a soil. These components and properties influence and are influenced by different soil processes [12] that reflect both natural (climate, terrain, hydrological, biological) as well as anthropogenic external drivers (soil use and management). Together, these components, properties, and processes shape the soil functions. Soil functions are manifold, may be grouped according to the principal purposes and ecosystem functioning, and are performed on different levels and scales [14]. Intrinsically, different soil functions can be performed by all soils; however, some soils are more effective at some functions than others due to their components, properties, and so on. [15]. Understandably, a soil cannot provide the maximum of its potential for each function at the same time. Anthropogenic drivers such as land use and management are often used to enhance specific functions within one location, very often at the (unintended) expense of the other functions.



Due to natural as well as anthropogenic drivers, soils can degrade over time chemically (e.g., salinization), physically (e.g., erosion), and biologically (e.g., diversity loss), altering soil properties and processes, reducing essential soil functions, and threatening long-term food security [9,16], as well as the provisioning of many other ecosystem services provided by agricultural soils. This degradation can develop over short and longer time periods. Long-term assurance of both productivity enhancement and other soil functions, while reducing environmental impacts and increasing its resilience, should constitute the entry point for all sustainable agricultural development [17].



Our dependence on soils and their functions for the provisioning of natural resources has long been overlooked by society [8]. Only over the past decades has environmental awareness increased and topics such as soil conservation have become a part of the policy agenda. Through the International Year of Soils initiative in 2015, the United Nations (UN) General Assembly recognized the importance of soils as the foundation for agricultural development, essential ecosystem functions, and food [18]. In parallel, soils play a role in nine out of 17 UN Sustainable Development Goals [19]. The FAO member countries unanimously endorsed a new World Soil Charter during the 39th FAO Conference and the International Technical Panel on Soil produced the first report on the Status of the World Soil Resources [20]. Nevertheless, soil in environmental policies and management systems is often not explicitly included.



This perception of a lower relevance of soil functions and degradation also continues in existing legislation and regulation. For example, in 2002 the European Commission presented an approach to soil protection in a Communication titled “Towards a Thematic Strategy on Soil Protection” [21,22]. This resulted in 2006 in the release of a strategy that included a legislative proposal known as the Soil Framework Directive [23], acknowledging soil as a non-renewable resource in its own right. Despite the European Union (EU) Parliament, most EU Member States, and the scientific community acknowledging the need for such a directive [23,24], the proposal was never adopted due to a blocking minority of member states and it was officially withdrawn in 2014 [24,25,26]. As a result, there is currently no legislation at the EU level that focuses exclusively on soil. However, several other European Regulations and Directives do impact important soil functions in agricultural ecosystems [24]. Member states are responsible for the implementation of EU legislation in their own legislative frameworks. During this implementation, due to the principle of subsidiarity, member states generally have a certain flexibility to adapt the legislation to the national, regional and/or local situations. Therefore, national implementation of EU legislative work can differ widely. For example, the application of the European Rural Development Regulation Framework in The Netherlands and France resulted in two systems; one directed towards nature conservation and one towards a predominantly farmer-orientated implementation, respectively [27]. As a result, uniform European legislation, such Regulations and Directives, can impact soil functions in the member states quite differently. Despite the integration of soils in some European legislation [24], the main absence of suitable legislation results in a continuous degradation of many soils within Europe [28,29].



At the same time, national and regional regulatory frameworks can affect soil functions at a lower level within agro-ecosystems. Some European countries do have in place specific soil legislation that protects soils from one or more pressures [30]. Moreover, while some countries have an overarching primary legislation in place for soil protection such as the Italian [31] and German Federal Soil act [32], others have legislation focused on specific threats [33]. Although most of these laws focus, in the first instance, on different soil degradation processes and related drivers, usually considered as threats to soil processes, they conceivably affect different soil functions to various extents. Finally, many countries do not have any specific strategy that is focused on soil or soil threats, but do have policies that indirectly affect soils and their functions.



In the absence of an overarching directive on soil protection, the aim of this review was to evaluate current soil-related legislation in the EU and member states with regard to direct and indirect impacts on soil functions. The objectives were to (1) compare different examples of national and regional legislation across Europe; (2) develop a policy-related narrative on the (un)intended impact of European legislation, including the importance of the interaction between the EU and lower policy levels, on the different soil functions.




2. Materials and Methods


2.1. Soil Functions


Different EU, national, and regional legislations from across Europe were analyzed for its impacts on five different soil functions within agricultural land. These functions were derived from the soil-based ecosystems services summarized by Haygarth and Ritz [34] and rearranged to agricultural land use by Schulte et al. [35] and Bouma et al. [36]. The same functions are also used within the “functional land management” framework developed by Schulte et al. [37] and Coyle et al. [38]. These are:

	(1)

	
Production of food, fiber and (bio)fuel: traditionally the soil function that provides a livelihood to farmers and associated sectors in the rural environment;




	(2)

	
Water purification and regulation: the ability of soils to purify and regulate water for human consumption and maintenance of ecosystem integrity;




	(3)

	
Carbon sequestration and climate regulation: the ability of soils to store organic carbon for (a) partial offsetting of GHG emissions and (b) regulation of biological and physical soil processes;




	(4)

	
Habitat for biodiversity: both belowground and aboveground diversity;




	(5)

	
Recycling of (external) nutrients/agro-chemicals; specifically, the ability of soils to provide a sustainable receptor for external nutrients such as those derived from landless farming systems (e.g., pig and poultry farms), as well as sewage sludge and other organic waste products [15].









These integrated functions represent all the soil functions in the proposal of the Soil Framework Directive based on their relevance to agricultural ecosystems. The five functions were specifically fashioned and expressed to facilitate the transfer of complex soil quality information to stakeholders involved in agricultural managed soils.




2.2. Selection of European Policies


In recent years, several overviews have been published on EU policy and their effects on different soil threats and functions (e.g., [24,25]). The lists of legal acts presented in these articles were taken as a starting point for the current analysis. The combined list was updated and expanded with other relevant literature such as non-binding communications and European Commission programs by consulting the repository of the European commission (http://eur-lex.europa.eu). For the different policy domains (agriculture, industry, urbanization, climate change, and nature conservation) recent directives and regulations, communications and decisions were added to the existing list. To make sure no documents were missed documents were searched from 2010 onwards.



Depending on the type of legal act, their impact on lower level legislation can differ strongly. For example, some are binding, others are not; some apply to all EU countries, others to just a few. Definitions are summarized as follows:

	
Regulations: a binding legislative act. It must be applied in its entirety across the EU.



	
Directives: a legislative act that sets out a goal that all EU countries must achieve. However, it is up to the individual member states to devise their own laws on how to reach these goals.



	
Decisions: binding on those to whom it is addressed (e.g., an EU country or an individual company) and is directly applicable.



	
Recommendations: not binding.



	
Communication: a policy document with no mandatory authority.



	
Opinions: an instrument that allows the institutions to make a statement in a non-binding fashion, in other words without imposing any legal obligation on those to whom it is addressed.








Although some types are non-binding towards MS, they do have an impact on how legislation across the EU is developed. Therefore, in this review, recent legislative documents were integrated within the analysis and this expanded the list compared to previous reviews. Documents were evaluated covering different policy domains (such as agriculture, industry, and environment).




2.3. Selection of National and Regional Policy


At the EU scale, there is a seemingly indeterminate range of different national and regional policy documents, management schemes, projects, and programs that impact soil functions in agro-ecosystems and forestry, directly and indirectly. For example, Kutter et al. [39] identified 410 different measures related to soil conservation within the EU. Therefore, a selection of countries and regions was made, based on expert knowledge with the different authors, as case study examples. The following countries and regions were considered (Belgium—Flanders, The Netherlands, Italy—Emilia-Romagna, and Austria—Upper Austria). Each co-author or group of co-authors selected one or several examples based on their knowledge of available, relevant soil policies within their region. The range of documents was analyzed for their relationship towards EU legislation and their impact on soil properties and functions. Based on this analysis a further selection was made to create the narrative that illustrates the effects that different regional legislations can have on the five soil functions and how they can interact with different EU policies.




2.4. Document Analysis


For each of the legal documents selected for the analysis, the original published text was assessed regarding its impact on the selected soil functions. When available, official guiding documents from the European Commission or regional governments were used as further clarification of the legal texts. The documents were analyzed through interpretation of the different texts. No analysis software programs were used for the documents.



To make the different impact pathways of legislation on soil functions visible, a differentiation was made in the analysis of the legal acts between direct and indirect effects. Many of the legal acts address soil management and soil properties that, in some way, impact different soil functions. Although the integration of soil functions as a concept in legislation is relatively new, different legal acts do already address some functions directly. The word “function” itself is hardly ever used within the documents; however, often the legal texts do target the different functions, as given in Section 2.1, and describe them as a policy goal within the text. In these cases a direct impact on the soil function was considered.



However, most of the functions are impacted indirectly, sometimes intentionally, but often also unintentionally. Indirect effects are anticipated when the texts do effect a function, part of the function or related processes, but the document does not give the function as a specific target or goal of the text. All soil functions are closely related to each other as they generally depend on partly shared soil properties. Therefore, only the most significant indirect effects of the policy were considered. Effects were only considered within agro-ecosystems and forestry and only then in the top- and subsoil. For example, the effect on deeper geological layers, such as the effect of CO2 storage in deep geological layers [40] to mitigate climate change, was disregarded.



Results for the EC documents were aggregated in one table presenting the different direct and indirect influences. For each of the regional examples a cascade scheme was created illustrating the processes that take place from the policy document to the impact on soil functions.





3. Results


3.1. European Legislation


Based on an extensive review of EU policy documents, a selection was made of all relevant legislation and policies in the target MS. In total, 35 different documents were considered important for their potential impact on soil functions in agricultural areas: 22 Directives, eight Regulations, four Communications and a single Decision. The direct and indirect impact of these documents on the five different soil functions was then evaluated according to the methodology described in Section 2.4. An overview of the results of the different documents and their impacts is presented in Table 1.



Most policy documents have a direct impact on at least one soil function, but hardly ever a direct impact on all functions. Only the “LIFE Environment subprogram” and the “Resource efficiency roadmap” have a direct impact on all functions. However, generally there is no clear relationship between a specific policy domain and the functions directly affected. For example, agricultural policies do not only address primary production directly, but also the other four functions.



Documents from different policy domains can cover different soil functions and one function can be impacted by documents from different policy domains. Of the different functions, the function “production of food, fiber, and (bio)fuel” is mostly directly affected by the different policies. All the other functions are directly affected by at least some of the policies; however, they are also indirectly impacted by several other documents covering the different policy fields.




3.2. National and Regional Legislation


The impact of different national and regional legislations was evaluated towards the different soil functions. Four examples from four different countries that impact soil functions in different ways are presented as case studies.



3.2.1. Rural Development Plan of the Emilia-Romagna Region (Italy)


The Rural Development Plan (RDP) of the Emilia-Romagna (ER) region is one of the 118 plans foreseen within the 28 EU Member States and one of the 22 RDPs (one national and 21 regional) in Italy [41]. The RDP’s are part of the European Agricultural Fund for Rural Development (EAFRD) (EU 1305/2013) which defines how farmers can obtain additional subsidies by subscribing to different measures related to economic, environmental and social priorities. However, member states have the flexibility to decide how to use the EAFRD subsidies by setting specific objectives within their RDPs. Depending on the priorities of the country or region RDPs can differ strongly. In Emilia-Romagna the program outlines the priorities for using the nearly €1.19 billion of public money that is available for the seven-year period 2014–2020 (about €513 million from the EU budget and €676 million of national co-funding).



Emilia Romagna's RDP will fund actions under all six Rural Development priorities (“P”) defined by the European Commission [42]. The measures are grouped into macro-areas, with the following budget allocation: (a) competitiveness (P2 and P3, 43% of the budget); (b) climate and environment (P4 and P5, 43%); (c) development of rural areas (P6, 12%) and (d) technical assistance (2%); (e) fostering knowledge transfer and innovation in agriculture, forestry and rural areas (P1), is distributed among the three macro-areas.



Compared to the overall European expenditure, the distribution of the money between priorities differs. For example, the budget for ecosystem restoration is lower than the European mean (44% in Europe) and higher for resource efficiency and climate (8% in Europe). Of the “ecosystem restoration” (P4) budget, nearly 41% of the agricultural land will be under management contracts supporting biodiversity, 53% for water management, and 4% for soil management. Within the priority “Resource efficiency and climate” (P5) more than 50% of the budget will be allocated for carbon storage and reduction of GHG emission, and the remaining for increasing water use efficiency and for promoting the use of renewable energy. Both “restoring, preserving and enhancing ecosystems” (P4) as well as “resource efficiency and climate” (P5) can have important direct effects on different soil functions (Scheme 1). The effects of these priorities can be evaluated by the direct impacts of specific measures on land use and land management.



The most relevant measures in relation to soil functions are aimed to: (1) increase in soil organic matter; (2) promotion of conservation agriculture; (3) promotion of organic agriculture; (4) ecosystem restoration; (5) biodiversity conservation; (6) sustainable management of extensive grasslands; (7) afforestation of agricultural lands; (8) sustainable management of animal manure. Each of these measures directly impacts one or more of the five soil functions in question. However, several other measures within the regional development plan would have relevant indirect effects on soil functions (Scheme 1).




3.2.2. Erosion Control in Flanders (Belgium)


In 2009 the Flemish Government initiated a regulation (B.S. 2014-02-07/28) to reduce erosion in erosion prone areas and to minimize the downstream effects of these agricultural areas. The regulation is directed towards both issues: to develop erosion prevention plans as well as stimulate local farmers to implement different types of erosion prevention measures. It integrates regional specific rules as well as EU policies directly related to the Common Agricultural Policy (CAP). Subsidies are provided to compensate farmers for their efforts toward erosion reduction. Most of the regulation activities are on a voluntary participation of both municipality and farmers, although in some cases the measures can be enforced.



The regulation in itself does not represent an implementation of EU legislation. However, part of it makes use of the cross-compliance within the direct payments regulation (EU 1307/2013) and the EAFRD (EU 1305/2013).



For farmers receiving directive payments out of the CAP, the EU imposes that they maintain a set of standards on Good Agricultural and Environmental Conditions (GAEC) of the soil. If standards are not reached or maintained, direct payments to the farmers can be reduced. Some of these conditions are related to a specific set of practices that also encompasses some erosion related practices such as:

	
Soil erosion prevention: provide minimum soil cover (GAEC 4).



	
Maintain of soil organic matter and soil structure (GAEC 6).



	
Retention of landscape features including ban on cutting hedges and trees during the bird breeding and rearing season (GAEC 7).








Cross-compliance is only implemented in some areas and only for a limited period of time. It is used to force farmers in the most erosion vulnerable areas to take action and implement the required management practices. These practices are mandatory for these farmers and no compensations are provided in these cases. Instead, reductions in direct payments can be used as fines. In the other areas that are less erosion vulnerable, only voluntary participation of the farmers is encouraged through subsidies. Funds for these subsidies come from the EAFRD through the Flemish RDP.



The policy addresses primary productivity as a function directly (Scheme 2). The goal is to keep fertile soil in the fields and maintain soil fertility over a long period of time to ensure high primary productivity in the future. However, the other functions, particularly carbon storage, are all indirectly impacted through this policy. Although carbon sequestration is not the final goal of the regulation, it is an important factor that is taken into account when evaluating the implementation of cross-compliance. When the organic carbon content reaches specific levels, agricultural land can be reevaluated to less erosion prone areas and fields can change from mandatory management to voluntary management. This allows the farmer to apply for subsidies for additional erosion control measures.



The other functions considered are also affected to some degree by the erosion measures. For example the provision of functional and intrinsic biodiversity is positively affected through measures such as grass buffers and small landscape elements in and around the fields as they can significantly increase soil biodiversity [43]. The provision and cycling of nutrients are affected through measures such as non-tillage that can improve the nutrient provisioning and cycling within the field [44], while water purification and regulation are improved through the reduction in erosion [45]. Several of the measures are developed to reduce and slow down surface runoff and to increase infiltration.




3.2.3. Soil Quality and Contaminated Site Management in The Netherlands


While soil contamination is one of the eight threats highlighted in the EU Thematic Soil Strategy, management of soil contamination currently takes place on a national or regional level. The policy framework of contaminated site management in The Netherlands, established in 1986, was initially designed to remove the risks of all contaminated sites present in the country [46]. Article 1 states that “soils need protection because of the functional role of soil for humans, plants and animals”. Furthermore, “soil is the upper layer of earth’s crust with liquid, gaseous and solid components including organisms”. Until 1998, seriously contaminated sites had to be remediated to the multifunctional state, that is, clean enough to allow all possible land uses with no risks for any endpoint. After 1998, the ‘multifunctional’ approach was withdrawn, and a fit-for-use approach was adopted allowing remediation objectives that took account of the eventual land use. For example, nature areas have stricter remediation objectives (maximal values) than industrial areas. In summary, the soil contamination policy evaluates potentially contaminated sites based on Background (low), Maximal (medium: value is set per land use category), and Intervention (high) values [46]. When concentrations of contaminants are between the Background and Maximal value, certain use limitations are set (urban use, industry, etc.). When values are above the Intervention value a risk assessment has to be performed (Circular on soil remediation) and specific mitigating actions have to be taken. The risk assessment system makes use of a stepwise approach: each step adds site-specific information to the evaluation. In Step 2 of the ecological risk assessment, the functioning of the ecosystem is evaluated through application of Species Sensitivity Distributions [47]. In the third step of the risk assessment a Soil Quality Triad is used, taking ecological, soil chemical and eco-toxicological data from the site into account (Scheme 3). In this way, the functioning of the soil ecosystem is evaluated by focusing on the species and processes at the site, following the principle that all species are different, but equally important for the functioning of the ecosystem [47].



In 2003, the Dutch government announced a change of the soil policy in many aspects. Firstly, not only was contamination considered a threat to the functioning of the soils, but also other types of pressures, such as erosion, sealing and biodiversity decrease. In addition, for the first time the use approach was declared to be a step forward following acceptance and adoption of the concept of ecosystem services and natural capital [48,49]. Soil could, and should, be managed (modified) to deliver requested ecosystem services; however, rules for sustainable management still need to be adopted (Scheme 4). This approach created further innovations in soil policy and management, providing an alternative from strict protection of soils to a land use and management approach, with an optimization of a bundle of ecosystem services through stakeholder participation. The use approach is elaborated in the second soil covenant (agreement between parties about remediation and sustainable soil management (Covenant soil and subsoil, 17 March 2015, The Hague, The Netherlands) and will be further elaborated in the new overarching Environment Act after 2019.




3.2.4. Upper-Austrian Regional Spatial Development Program (Austria)


Soil protection in Austria is integrated in the constitution; however, the federal states have delegated responsibilities. As a result, policies can differ significantly between regions and only some regions have implemented significant soil-related policies and evaluation systems. The regional government authority of Upper Austria uses a model that tries to achieve comparability of different public interests on a regional scale by integrating different landscape related issues such as “spatial resistance of water” and “settlement and transport development” in one Regional Spatial Development Concept [50]. The regional government only recently integrated soil resistance in this overarching evaluation system. According to the regional soil conservation act, soil functions are evaluated according to six units: “habitat for soil organisms”, “potential as a habitat for natural plant communities”, “natural soil fertility”, “infiltration and drainage regulation”, “filter and buffer for pollutants” and “archive of natural and cultural history”. The evaluation system assesses each soil type available within the region on its functional performance for each function and its spatial resistance. Spatial resistance is designated as the conflict potential with building development and related purposes. By combining these different elements into one value the “total spatial resistance of soil” is calculated.



By combining the spatial resistance of the soil with other elements, such as “spatial resistance of water”, a spatial vision of the landscape can be developed and integrated in the Regional Spatial Development Concept. By making the results of this evaluation publicly available, Upper-Austrian municipalities are gradually incorporating this into their communal spatial programs. As a result, Upper-Austria should ensure the long-term delivery of the different soil functions and minimize the impact of further spatial developments in the future (Scheme 4).






4. Discussion


This paper has clearly shown that some EU policies influence all five soil functions both directly and indirectly. When evaluating the Directives and Regulations individually, the general impact on a function can usually be determined. Since most Directives and many Regulations are legislative documents that need to be applicable throughout the wide range of climates, soils, ecosystems and agricultural practices in the EU, most policy documents remain open and many of the policies that have an effect on soil functions are only further specified on a national or regional scale. As a result, the direction (positive or negative effect) and magnitude of effect on a specific function can differ between regions and locations and cannot be assessed through an evaluation of the EU policy documents alone.



The drafting of a specific EU policy is hardly ever the endpoint of the political process. How EU policy documents are implemented and integrated within national and regional legislation has a distinct impact on the eventual outcome. Even for Regulations, which are more specific than Directives, such as the CAP, individual countries and regions still have much flexibility how to implement them. Especially through the EAFRD, regions have a wide range of management options to choose from that can have an effect on soil functions. As a result, it can be expected that RDPs have significant effects on soil functions, depending on the interests of the region in question. How much of the EAFRD is spent on the designated priorities that are related to soil functions and which measures exactly are funded is decided by the national and/or regional authorities. The example for Emilia-Romagna illustrates how regional RDPs can differ from the European averages. Whether or not, and how and where, management actions are taken are decisions largely defined by regions and farmers. As a result, understanding the overall impact of a specific policy on the different soil functions on a local scale remains a challenge.



The withdrawal of the proposal for a Soil Framework Directive demonstrates that, for a variety of reasons, some member states are reluctant to push for a broad EU policy approach to management of soil threats. In the meantime, soil is being offered some degree of protection through indirect consequences of other EU legislation (e.g., industrial emissions, water framework, GAEC measures in the CAP). However, many of these do not specify soil-based targets or thresholds. Some countries, such as Germany and Austria, already have extended soil protection laws and have the concept of soil functions already integrated in their legislation. However, this is not the case for many other countries where legislation that affects soil functions is fragmented between different policies or sometimes even disregarded. Because of the interactions that can occur between levels of legislation, legislative domains, and soil properties, processes, and functions it is difficult to investigate in which areas the functions are well protected, managed, or even promoted. In many policy fields, all legislative power still resides with the regional and national government. Examples such as contaminated site management illustrate how local policy levels can impact soils and even integrate soil functions in their policies. However, this fragmentation makes it difficult to understand at which policy level the most important driving policies are implemented. The interactions between the different policy levels should be investigated firstly in order to understand how soil functions are impacted.



Soil biodiversity, which is imperative for the performance of the other functions, is known to recover slowly from disturbance [51]. Short-term measures that can be moved each year throughout the agricultural landscape such as fallow land and buffer strips mostly have only limited or temporary effects on the soil functions considered. New disturbances after the short-term measures can deteriorate biodiversity again. When there is a requirement to move to a more sustainable management of soils, potential measures and policies should be evaluated on their long-term, lasting effects and be implemented at the relevant scale. Nature conservation policies are generally more stable since the areas to which they apply are designated over longer or even indefinite periods. NATURA 2000 legislation, for example, has no end date, while the CAP is revised every six years. However, nature conservation policies only apply to specific areas within the European territory. For example, the Birds Directive (2009/147/EC) has only an impact within areas that are designated as Special Protection Areas and are part of the Natura 2000 network. Therefore, all management actions taken on agricultural parcels within Natura 2000 sites (through cross-compliance), although they will provide long-term stability, will only affect a limited part of the total agricultural areas. Besides these stable interventions, regulations and communications that are applicable for only limited periods, such as the CAP and the Climate Framework, can also be adapted more easily to recent scientific knowledge and trends. Finding a balance between the long-term maintenance and development of the different soil functions and providing options for adaptation to changes in farming and the environment will be a challenge for the upcoming years.



EU policies can be considered as a baseline for the impact on soil functions. Often member states decide to use specific EU policies as a stepping stone to more extended laws. In the case study of Flanders, parts of the CAP were integrated in an overall policy for erosion prevention. Therefore, EU policies often have an indirect impact by initiating more extended regional and national laws, thus increasing its relevance and importance.



Of all the policy documents reviewed, none of them directly deals with the maintenance of the bundle of all soil functions. In most cases, only a few functions are affected directly or indirectly within specific designated areas. Soils have specific properties which make one type better in providing a soil function compared to another [52]. Current policy and management actions are put in place to reach other objectives that are not related to soil functions and they do not access soils in their capacity to provide soil functions. At the same time resilience of soil functions on the long-term is not addressed either.



The Soil Thematic Strategy was intensively discussed after the abandoning of the directive, as other upcoming legislation could have important impacts on soil functions. In particular, the Regulations that implement the Climate and Energy Framework 2030 into EU legislation can have an impact on several soil functions beyond carbon sequestration. Under the proposal, greenhouse gas emissions from land use, land use change and forestry (LULUCF) will become part of the non-ETS (Emissions Trading System) impacting land management on a broad scale (COM/2016/0479). As a result, countries will have to report on their greenhouse gas emissions that are caused by changes in land cover, land use, and forestry in a systematic manner and, in time, total emissions will have to be reduced to zero. In the end, governments will have to assess carbon storage management in the soils, providing opportunities to improve the soil function “Carbon sequestration” and others.



In order to come to a cohesive integration of soil functions in EU, national and regional policies harmonized targets and monitoring and evaluation methods should be developed that are applicable across the EU Member States. The measurement and assessment of soil functions is accompanied by uncertainties. Therefore robust and reliable proxies have to be developed that are able to detect changes in the availability of these functions under different conditions (e.g., different land use categories, climate zones, etc.). As a result, the actual implementation of soil functions in policy and management faces not only political but also practical challenges that need to be resolved.




5. Conclusions


In the EU, soil functions are impacted by different policy domains and levels of legislation. As a result, there is a large spatial difference in the impacts on the different soil functions. Some functions are directly addressed by a policy, whereas others may be indirectly addressed, depending on the policy and on the location or region where it applies. Since the functional management of soils remains an issue within the EU, new approaches for an integrated assessment of soil functions offer opportunities to support environmental policy in agricultural landscapes much more efficiently. However, more research is needed on the combined effect of European and regional policies on soil functions in agricultural ecosystems to understand their full combined effects.
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Scheme 1. Overview of the policy cascade for the Regional Rural Development Plan in Emilia-Romagna. Depending on farmer preferences, a range of management options are available that can impact the different soil functions positively and/or negatively. Dashed lines to the soil functions signify an indirect impact of the policy, while a full line signifies a direct impact. While +, −, or +/− indicates an impact that is expected to be positive (+), negative (−), or either (+/−), depending on the location. The colors of the soil function comply with the scheme of Schulte et al. [15]. 
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Scheme 2. Overview of the policy cascade for the erosion control regulation in Flanders. An interaction between direct payments and the Flemish rural development program encourage farmers to increase their organic carbon content in the soil. Dashed lines to the soil functions signify an indirect impact of the policy, while a full line signifies a direct impact. While +, −, or +/− indicates an impact that is expected to be positive (+), negative (−), or either (+/−), depending on the location. The colors of the soil function comply with the scheme of Schulte et al. [15]. 
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Scheme 3. Overview of the policy cascade for the soil protection law in The Netherlands. An evaluation system allows for targeted management schemes, ensuring soil health and effecting the different soil functions as much as possible in a positive way. Dashed lines to the soil functions signify an indirect impact of the policy, while a full line signifies a direct impact. While +, −, or +/− indicates an impact that is expected to be positive (+), negative (−), or either (+/−), depending on the location. The colors of the soil function comply with the scheme of Schulte et al. [15]. 
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Scheme 4. Overview of the policy cascade for the Regional Spatial Development Program in Upper Austria. A spatial evaluation system allows for the development of regional and local spatial development concepts. These concepts should guide spatial development in the region ensuring the sustainable delivery of the different soil functions. Dashed lines to the soil functions signify an indirect impact of the policy, while a full line signifies a direct impact. While +, −, or +/− indicates an impact that is expected to be positive (+), negative (−), or either (+/−), depending on the location. The colors of the soil function comply with the scheme of Schulte et al. [15]. 
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Table 1. Overview of 35 policy documents, which were analyzed for effects on soil functions. For each of the documents the general title, document type, and official number are given. For each document their impact, direct (dark gray) or indirect (light gray), on each of the five soil functions is given. If a direct impact is considered relevant, then the article numbers are given. In some cases almost the entire document has an impact on a function. In that case not all the article numbers are given, but a reference “Directive” or “Strategy” is given in the table.
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