
 

Farmers' consideration of soil ecosystem services in agricultural management 

- a case study from Saxony, Germany  

Abstract 

The ecosystem services (ES) concept has been increasingly considered in science and poli-

cy making. However, its consideration in agricultural management by farmers has not yet 

been fully investigated. This paper presents a theoretical framework based on available liter-

ature on how the concept of ES is likely established in agricultural practices and policies. We 

refine this framework based on a case study from Saxony, Germany. First, semi-qualitative 

interviews with farmers were conducted and a qualitative content analysis with a combination 

of a deductive and inductive category system executed. The results show that knowledge 

about the concept of ES is inherent in agriculture and that farmers implement various ES in 

agricultural management decisions even though their terminology may differ from ES defini-

tions in research. Second, the paper evaluates existing agricultural policy instruments within 

the case study region related to their potential to enhance the provision of ES by asking 

which governance instruments are familiar with and would be accepted by the farmers for 

incorporating ES more prominently as a criterion in their management decisions. The paper 

concludes with an enriched conceptual framework about ES in farmers’ decision making and 

on policy recommendations.   
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1. Introduction  

Soils provide a wide range of ecosystem services (ES) (Adhikari & Hartemink, 2016), which 

are essential to nourish a growing world population and to provide regenerative resources for 

bio-based circular economies. The provision of soil ES depends on complex biological, phys-

ical and chemical soil properties and their interaction with crops and management techniques 

(Helming & Tabeau, 2018; Adhikari & Hartemink, 2016; Cowie et al., 2011). This means, also 

farmers’ actions matter. For example, introduction of management practices, such as green 

manure, crop rotation, no-till or direct seeding, was shown to increase the quality and quanti-

ty of soil organic matter (Barrios, 2007), whereas contrarily agricultural intensification was 

found to be a key driver of soil degradation (Turpin et al., 2017).  

Despite first insights on spatio-temporal trade-offs between ES resulting due to missing 

awareness in ES management (Bennett et al., 2009), we still cannot find an established body 

of literature on how farmers perceive ES and consider them in their land management prac-

tices. So far, only some notable studies – mostly applying empirical methods – were made to 

better understand farmers´ behaviour and decision making. Lamarque et al. (2011), for ex-

ample, analyzed farmers’ perception and values related to ES in the Central French Alps with 

the focus on mountain grasslands management with a quantitative and qualitative survey. 

Lewan & Söderqvist (2002) analyzed how people recognize different ES by conducting quali-

tative and quantitative interviews with farmers, which were located in a river drainage in 

Southern Sweden. Switek & Sawinska (2016), Schulz et al. (2014) and van Herzele et al. 

(2013) conducted a quantitative survey for analyzing farmers’ opinion to greening and how it 

influenced agricultural management practices. Sattler & Nagel (2010) identified factors that 

are influencing farmers’ acceptance of conservation measures. Bartkowski & Bartke (2018) 

provide a review of empirical studies investigating determinants of farmer´s decision making 

in the European context. 

Our research interest is to better understand how farmers consider ES in their soil manage-

ment. We extend a literature based conceptual framework by investigating the farmers’ 

sources of knowledge about ES and the influence of existing policy instruments on farmers’ 

decisions to implement soil conservation measures and the assessment of these policy in-

struments. The results shall enrich our conceptual framework and help to conclude on policy 

and research recommendations. 

These questions could be addressed in a general theoretical or in a more contextualized 

approach. We take the latter approach and focus our investigation on the situation in Saxony, 

Eastern Germany. This case study offers an illustrative object of analysis. Saxony is known 

for critical impacts of industrial, intensive agriculture on societally required ES, such as flood 

protection and drinking water provision, but also for innovative ecological farming concepts. 
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Hence, here we find in a nutshell conflicts – as they are also prevailing in other parts of the 

world – regarding interests in sustainable soil management and requirements to utilize high-

est and best use potentials of land that form threats to soil functionality, e.g. through industri-

al agriculture pushed by a fundamental shift from fossil- to bio-based resources, which re-

quires an intensification of agricultural production. This is unsustainable if the capacities of 

soils to provide a sustainable provision of all ES are not understood and considered thor-

oughly (BMBF, 2014). Although it has been increasingly recognized at the political level that 

sustainable conservation of soils requires greater attention in agricultural management 

(BMEL, 2015a), only few agricultural policy instruments support the protection of soil ES and 

the coherence between different land regulating policies in Europe and Germany is still 

vague (Schleyer et al., 2015; Glaesner et al., 2014) – with Saxony being no exemption. 

Starting from a theoretical framework of how farmers consider ES, the paper studies farmers’ 

knowledge and experience in actually considering soil ES in their daily work. Semi-structured 

in-depth qualitative interviews were conducted to learn in particular about: Which ES are im-

portant from the farmers’ perspective? What is their source of knowledge about the concept 

of ES? And: Which governance instruments are accepted or seen as effective for considering 

soil ES in management decisions? 

Our analysis shows 1) that ES are inherently known and applied by farmers, but their rele-

vance to the implementation through adapted management is judged differently compared to 

societal goals. 2) that there is a need to balance funding for nature conservation with funding 

for other ES to prevent farmers from losing their role as key providers of food and fodder. 

Farmers require clear standards for which indicators and monitoring schemes are imple-

mented so that farmers have an explicit understanding of criteria they are assessed by. 3) 

that sharing of experience and exchange of knowledge among farmers should clearly be 

more readily supported by funding sources, as well as governmental and non-governmental 

institutions in order to better connect management practices with their impact on specific 

ecosystem services.  

The following of this paper is structured as follows: Section 2 introduces the theoretical 

framework for our analysis based on a literature review. The case study and interview meth-

odology applied for the analysis are presented in Section 3, followed by presentation of the 

results in Section 4. Section 5 discusses the findings of the analysis towards a refined and 

enriched conceptual framework. Section 6 concludes on key lessons learned, provides policy 

recommendations and outline future research areas. 
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2. Theoretical Framework, assumptions and conceptual framework 

Selection of soil ecosystem services  

There is a large literature on soil ES that introduce in various existing concept of ecosystem 

services (Dominati, 2013; Potschin & Haines-Young, 2011, Adhikari & Hartemink; 2016; 

Breure et al., 2012; Haines-Young & Potschin, 2013; Calzolari et al., 2016; Fischer & East-

wood, 2016). The major concepts of ecosystem services in the literature are the Millennium 

Ecosystem Assessment (MEA) (2005), the Common International Classification of Ecosys-

tem Services (CICES) (2016) and the study Economics of Ecosystems and Biodiversity 

(TEEB) (2010). We used this literature and focused on the concept MEA and CICES, be-

cause they are general known and the actual concept of ecosystem services, and classified 

soil ES into Provisioning ES, Regulating ES and Cultural ES (see figure in Annex A). The 

focus is on key ES in agricultural farming systems supported or endangered through soil 

functionality: food, biomass as renewable energy, buffering and mediation of nutrient release, 

water purification, water regulation, erosion control and climate regulation. We choose these 

ES because they are the most relevant for agriculture in the case study region to maintain 

soil functions and ensure food production. Cultural ES were not considered, because they 

are less related to the functioning of soils. In the literature, it is often argued that the concept 

of ES is well known by scientists but not by practitioners (Koschke et al., 2014), such as 

farmers (Dominati et al., 2010). 

Sources of knowledge of farmers 

The identification of knowledge sources of farmers is a key point in understanding why farm-

ers choose a given management practice. This could be helpful for amending existing and for 

the implementation of new policy instruments, which might support alternative agricultural 

management practices. Some authors argue that the concept of ES is not perceived by prac-

titioners such as farmers (Dominati et al., 2010; Koschke et al., 2014). Literature on sources 

of knowledge of farmers is scarce, but, for instance, Schüler (2016) found that farmers heard 

about the concept of ES in exchanges with extension officers and other specialists. Some 

studies show that farmers consider the input of nutrients in groundwater through the use of 

fertilizer (Tilman et al., 2002). The choice of tillage methods and suitable crops is often based 

on grey literature such as farmer’s journals or practical training through sectorial research 

institutions (Ritter et al., 2017).   



 

Relevance and consideration of soil ecosystem services in the farming system 

Schüler (2016) states that provisioning ES are seen as the most important ES for farmers 

because they secure income. The selection of ES in his study was based on a few explora-

tive talks with farmer associations and supported our assumption that the farmers to be inter-

viewed would likely have no specific preferences to address further ES in their management. 

We intended to consider the various agricultural management practices that influence soil 

functions and ES. Soil tillage practices such as ploughing can disturb the functions of soil 

fauna and have negative impacts on the provision of ES (Zhang et al., 2007). Minimal tillage 

so-called mulching, no-till seeding and direct seeding alleviate soil erosion and thus can in-

crease crop yields (Bennett et al., 2009). Farmers mostly use minimal tillage (Tscharntke et 

al., 2005). 

For a sustainable agricultural system, it is important to maintain an overall nutrient balance. 

Nitrogen is an important enhancement here for agricultural productivity and plays an essen-

tial role in plant growth (Barrios, 2007). Fertilizers are used to balance the nutrient content in 

soil. They maximize crop yields, but they may also have negative impacts on water and pro-

voke losses in biodiversity and particularly in water quality (Bennett et al., 2009). Organic 

fertilizers increase the content of carbon in soil, which promotes the creation and conserva-

tion of soil organic matter (Tilman et al., 2002). Farmers utilize mostly mineral fertilizers 

(Tscharntke et al., 2005). For effective plant production, the choice of crops should be 

adopted to the local ecological conditions. This includes climate, soil properties and terrain, 

expectations in the productivity, trade-offs on soil functionality and biodiversity and other pa-

rameters (Cowie et al., 2011; Delzeit et al., 2016; Halbrendt et al., 2014; Wezel et al., 2013). 

The choice of crops depends on the crop yield (Halbrendt et al., 2014). 

Sustainable land management is essential to address land degradation processes and to 

maintain soil (Cowie et al., 2011). In Saxony, farmers are mostly affected by water erosion 

(Schmidt, 2010). To protect soils against soil erosion, farmers often use intercropping (Wezel 

et al., 2013). But also cover crops and deeply-rooted crops protect against soil erosion and 

simultaneously improve crop yield (Bennett et al., 2009). 

Influence of policy instruments on famers’ agricultural management 

Agricultural governance instruments such as cross-compliance standards and funding in the 

Common Agricultural Policy, market, brand and trade regulations at the EU and international 

level have the largest influence on the implementation of soil conservation measures (Ngu-

yen-the et al., 2016). So far however, there is no common soil protection legislation in Eu-

rope (Glaesner et al., 2014), although soil as a topic is integrated into other sectorial policies 

such as the protection of water, air and biodiversity (Turpin et al., 2017). A summary of the 

most important soil-related and agricultural policy instruments at the European, national 
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(Germany) and regional (Saxony) level is provided in Annex C. To improve existing policies 

and to implement new policy instruments, it is important to know how farmers evaluate exist-

ing policy instruments. Also, they have to be integrated into policy decisions (Baur et al., 

2015). Farmers mostly consider subsidies as a reasonable policy measure (Engel et al., 

2008). Payments for the adoption of soil conservation measures could increase the willing-

ness for the implementation of such measures (Tilman et al., 2002). 

As starting point for the investigation with farmers, a conceptual framework was created that 

is based on the body of literature review. The flowchart in Figure 1 introduces this conceptual 

framework that integrates the key research components Concept of ES, Sources of 

knowledge, Cultivation practices and Policy measures. It includes the various ES and soil 

conservation measures, which were presented to farmers as closed questions in the inter-

view.  

Place Figure 1 here 

3. Methods 

Case study area  

Saxony is representative of highly intensive industrial agriculture as implemented mostly in 

the eastern parts of Germany and Europe. This dominance of industrial agriculture is a con-

sequence of the former agricultural production cooperatives in the socialist planned economy 

(Beleites, 2012). After the reunification of Germany in 1990, industrial agriculture continued 

and is now sustained through new collaborations with management entities ranging from 

several hundred up to more than 10,000 ha with high impacts on biodiversity (Schulze, 2013). 

In total, 6,200 farms cultivate an area of approximately 715,200 ha arable land and 183,700 

ha of permanent grassland (van der Ploeg et al., 2015; StLa Sachsen, 2015. Farms with an 

area of more than 500 hectares cultivate 64.6% of arable land in Saxony (Beleites, 2012). 

The gross value added (GVA) of agriculture, forestry and fishery amounts to about 0.6% (as 

of 2015) (SMUL, 2016a).  The growing cultivation of bioenergy crops leads to further biodi-

versity losses and particularly high problems due to water erosion as a result of more and 

more shortened crop rotations. For instance, maize for bio energy represents about 21% of 

the overall maize production in Saxony (LfULG, 2015) and 66 % of Saxony’s arable land is 

currently endangered by a high to very high threat of erosion with annually 2.5 million tons of 

soil losses. Consequently, since 2016 strip and direct seeding are funded to protect soil 

against erosion. Around 24 percent of Saxony’s water bodies are in bad condition due to the 

high content of nitrate. Two- thirds of species and habitats are in insufficient or bad condition. 

However, there is a slowly growing trend towards intercropping and organic farming as well 

as more biodiversity conservation as a result of recent agricultural funding changes (SMUL, 

2016b).     



 

7 
 

Data collection and analysis   

For this study, semi-structured expert interviews (Bortz &; Döring, 2015; Gläser & Laudel, 

2008) were conducted with farmers in the German Federal State of Saxony. Aim of the inter-

views was identification of the farmers’ perceptions and soil management practices. Ten in-

depth interviews were conducted with farmers who were located in different parts of Saxony 

and who represent industrial farming, organic farming, small (family) farming and large-scale 

agricultural companies. The average time of the interviews was about 45 minutes. The short-

est interview took about 25 minutes, the longest about 2 hours, including a tour over the farm. 

Our selected farmers were identified by the Farmer’s Association of Saxony, the Ministry of 

Environment and Agriculture of Saxony and a local Union of Organic Farming (GÄA). On 

their websites, farms are listed with phone numbers and addresses. In total 16 farmers were 

contacted by email to inform them that they will be called by phone to be asked if they were 

willing to participate in an interview. From the contacted farmers, ten of them agreed to be 

interviewed. The interviewed farmers were selected in a random selection process. No fur-

ther interview participants were selected after theoretical saturation was reached, meaning 

that the last interview participants did not add any new information, which has not been men-

tioned by other interview participants in previous interviews. Two of the interviewees were 

family farmers practicing organic farming. The other interview participants were leaders of 

large industrial farms practicing conventional management, which were founded as coopera-

tives (“Genossenschaften”) between 1990 and 1992 as follow-ups to industrial farm com-

plexes in the former GDR. Eight of ten farms were mixed farms conducting arable and live-

stock farming. One farm permuted only arable farming and another farm conducted livestock 

farming. Table 1 provides an overview on the production areas of the interviewed farms. 

Farmer number 3 has no portion of grassland due to collaboration with his neighbor, who 

focused on livestock agriculture. 

 

 

 

  

Table 1: Extent of area of interviewed farms (in bold organic farmers) (Source: Ten farmers’ interview). 

 Number 
Extent of 
area (ha) 

Portion of arable 
land (ha) 

Portion of grassland 
(ha) 

1 2400 2260 180 

2 2700 2150 550 

3 1400 1400 - 

4 2300 2150 150  

5 920 870 50 

6 296  220 60 

7 1364  1157  207 

8 5149 4476 673 

9 80 60 20 

10 1000 976,5 23,5 
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Interview guide, analysis and coding 

The interview guide was based on a combination of open-ended and closed questions (see 

questionnaire in Annex d) and included questions that revealed preferences in ranking of 

selected soil ES. Based on our literature review we developed research questions and for-

mulated different assumptions for each research questions. Adapted from the assumptions 

we expressed interview questions. In Table 2 is an overview with the research questions, the 

constructed assumptions and for this purpose developed interview questions. A selection of 

central questions in the interview is presented in Annex e. The same researcher conducted 

all interviews personally. The contacted farmers received an interview invitation explaining 

detailed the goals of the study and the import interrelation of farming and soil ecosystem ser-

vices. The interviews began with a short description explaining the goals and background of 

the study. Interviews were recorded and later manually transcribed verbatim. The interviews 

were analyzed anonymously applying qualitative content analysis (Gläser & Laudel, 2008). A 

combination of a deductive and inductive category system was applied. Most of the codes 

were deductively derived based on the literature review, while some additional codes were 

added based on insights while conducting and coding the interviews (Bortz & Döring, 2015). 

Analysis of the closed questions was evaluated via descriptive statistics and an overview 

table. This was conducted by averaging calculations and frequency. 

  



 

Table 2: Research questions, assumptions and interview questions (Source: Own compilation).  

Research questions Assumptions Interview questions 

1. Which ES are im-
portant from the 
farmers’ perspec-
tive? 

 

H0: Farmers did not hear anything about the concept of ES (Koschke 
et al., 2014). 
 
H1: Farmers hear anything about the concept of ES.  

To what extent have you heard anything 
about the concept of ES?   
 

H0: Farmers do not know all ES that are provided by soils (Dominati 
et al., 2010).  
 
H1: Farmers know all ES that are provided by soils. 

Which ES related to soil are known to you? 

H0: Farmers do not know more ES than the considered one.  
 
H1: Farmers do know more ES than the considered one.  

Are there further ES that are known to you? 
 

H0: Farmers regard provisioning ES “Food” and “Biomass as renew-
able resource” as very important (Schröter-Schlaack et al., 2016). 
 
H1: Farmers do not regard provisioning ES “Food” and “Biomass as 
renewable resource” as very important. 

Please order the ES according to their signifi-
cance to you? 

H0: Provisioning ES are important for farmers, because they increase 
farmers’ income (Schröter-Schlaack et al., 2016). 
 
H1: Provisioning ES are not important for farmers, because they in-
crease farmers’ income (Schröter-Schlaack et al., 2016). 

Why are these ES highly relevant to you? 

H0: Farmers consider the input of nutrients into groundwater through 
an appropriate fertilization (Tilman et al., 2002) 
 
H1: Farmers do not consider the input of nutrients into groundwater 
through an appropriate fertilization. 

How do you take these ES into consideration 
for your farm management? 

H0: Farmers mostly implement intercropping for protecting against 
soil erosion (Wezel et al., 2013) 
 
H1: Farmers do not mostly implement intercropping for protecting 
against soil erosion. 

Which conservation measures are you im-
plementing to protect against soil erosion? 
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2. What is their 
source of 
knowledge about 
the concept of ES, 
and also about till-
age techniques 
and choice of 
crops? 

 

H0: Farmers did hear about the concept of ES through professional 
exchange (Schüler, 2016).  
 
H1: Farmers did not hear about the concept of ES through profes-
sional exchange. 

Where did you hear about this concept? 
 

H0: Farmers inform themselves about method of tillage via journals.  
 
H1: Farmers do not inform themselves about method of tillage via 
journals. 

What are your sources of knowledge, for de-
ciding, which method of tillage is the best for 
you? 
 

H0: Farmers use expert conference to decide which crops they 
should choose.  
 
H1: Farmers do not use expert conference to decide which crops 
they should choose. 

What are the sources of knowledge for decid-
ing which crop you should choose? 
 

3. Which governance 
instruments are ac-
cepted or seen as 
effective for con-
sidering soil ES in 
management deci-
sions? 
 

H0: Agricultural policy instruments at EU level have the biggest influ-
ence on the implementation of soil conservation measures to protect 
against soil erosion. 
 
H1: Agricultural policy instruments at EU level do not have the big-
gest influence on the implementation of soil conservation measures 
to protect against soil erosion. 

What kind of political instruments have an 
influence on your decision to apply technical 
measures for soil conservation? 

 H0: Subsidies are seen as sensible (Engel et al., 2008). 
 
H1: Subsidies are not seen as sensible. 

Which policy instruments that are responsible 
for the implementation of soil conservation 
measures do you seen as sensible? 

 H0: Payments increase the willingness to adopt sustainable agricul-
tural management practices (Tilman et al., 2002) 
 
H1: Payments do not increase the willingness to adopt sustainable 
agricultural management practices. 

In your opinion, which incentives would have 
to be introduced for you to more readily take 
the ES into consideration for your farming 
practices? 
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4. Results 

Where do farmers know about soil ES?  

The two interviewed organic farmers were familiar with the concept of ES, because they 

were both formerly involved in a research project about ES. Five conventional farmers were 

knowledgeable about ES, without calling them “Ecosystem Services” but could guess what 

the concepts means by deriving it from the term “ecosystem”. One farmer defined ES as 

what agriculture is about in managing an ecosystem, and that using resources should be 

linked to protecting nature. Thus the productive capacity of ecosystems can be maintained. 

Two conventional farmers had not heard anything about the concept of ES before. The an-

swers showed that the concept itself is not so well known by farmers but they are aware of 

the services nature provides. They were also familiar with the mentioned soil ES. 

Farmers gather knowledge on ES from information about EU funding programs, for example 

Greening that requires crop rotation and intercropping, to scientific information about re-

search projects, workshops and meetings. Other farmers mentioned their education and 

training, for example at the university or through extension services. None of the farmers 

received information about the concept by having exchanges with specialists (see Figure 2). 

Place Figure 2 here 

The most important source of knowledge about tillage methods is long-term experience. 

Thereby information is meant that is passed on from generation to generation and experi-

ences that are made over the years. Other important sources of knowledge are education/ 

university and the exchanges with colleagues, neighbors and producers of agricultural ma-

chinery. Journals were not mentioned as a knowledge source. Sources of knowledge about 

tillage were cited 15 times, which suggests that farmers spend more energy on gathering this 

type of information than for ES.  

Long-term experience is also the most important source of knowledge for the choice of 

crops. The Saxon State Agency of Environment, Agriculture and Geology conducts seed 

experiments and provides extension services and training for farmers. Seed retailers are an 

additional knowledge source as well as again education/ university. The internal balancing of 

accounts supports farmers in identifying the most suitable crop for maximizing the yield. The 

exchange with neighbours and colleagues is also an important knowledge source, for exam-

ple they advise each other on crop rotation. Advisers support farmers in making choices be-

tween crops. Two farmers mentioned journals as another source of knowledge. Meetings 

with experts are not the most important knowledge source. These sources of knowledge 

were cited 27 times. Advertising on soil ES should be more efficient if spread along with crop 

choice.  
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Relevance of soil ecosystem services for farmers  

Eight farmers consider “Food” as income source as the most important ES that depends on 

the choice of crops. One farmer saw this ES as important and one farmer as unimportant 

(Figure 3). “Buffering and Mediation of Nutrient Release” is also seen as the second very 

important ES for farmers through the input of fertilizers by conventional farmers. One organic 

farmer mentioned that the input of nutrients in conventional farming is still too high. Reasons 

for the importance of this service were grounded in the costs for compensating nutrient 

leaching through fertilization and soil structure losses through water erosion. Consequently, 

“Erosion Control” is very important (six farmers had this opinion) for preventing and main-

taining soil as a basis for food production. That is the reason why farmers implement soil 

conservation measures and conservation tillage to hinder erosion control. Five farmers iden-

tified “Water Regulation” as very important. They pointed out that plants require water for 

growth. Four farmers mentioned “Water Purification” as very important because it ensures 

the maintenance of clean drinking water. For that the interviewed conventional farmers are 

using fertilizers in an appropriate amount. In contrast to the ES “Food”, only four farmers saw 

“Biomass as Renewable Energy” as a very important ES, notwithstanding that this ES also 

leads to an increase in income. Three farmers regarded this ES as important and three of 

them see it as unimportant. In this context one farmer mentioned that land should be used for 

the cultivation of food and not for biomass production. One farmer pointed out that biomass 

as renewable energy does not play an important role yet. Another farmer mentioned that it 

could be interesting for eco-farming. Only two farmers mentioned “Climate Regulation” as 

very important ES. One farmer mentioned that “Climate Regulation” is the basis for crop cul-

tivation and growing. But most of the interviewed farmers considered this ES as unimportant. 

They pointed out that “Climate Regulation” is not unimportant but does not play a big role in 

their agricultural farming practices. Five farmers said that climate is not relevant for their ag-

ricultural farming practices and agricultural production cannot influence climate. One conven-

tional farmer highlighted that he is interested in crops that lead to maximum yield and are not 

the best for climate. 

Place Figure 3 here 

The results show that farmers do not fully agree on the importance of highly important ser-

vices, which leads to differentiated considerations in their management decisions. 

Farmers were asked if they noticed any ES missing in the list (Figure 1) provided to them. 

Five farmers (two of them organic farmers) would add biodiversity (3 farmers), soil fertility (2), 

recreation (2), aesthetic (2), nature protection (1), agriculture as workplace (1) and landscape 

conservation (1). The result shows that farmers are not familiar with specific services and 

mentioned, for example biodiversity and soil fertility as ES, although these are ecosystem 
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functions. On the other hand their responses proved a deep awareness of contributions that 

nature provides to people and their responsibility to care for them. 

Consideration of ecosystem services in agricultural management practices 

The interviewed farmers are using diverse agricultural management practices that refer to 

adaption of pedoclimate properties, type of crops, tillage, fertilization and soil conservation 

measures (Figure 4). The arrows from the various ES to the agricultural management prac-

tices refer to how farmers consider ES by their agricultural management practices.  

Place Figure 4 here 

“Food” provision is mainly driven by crop choice and crop rotation. Crop rotation supports to 

keep soils healthy and eutrophic and thus prevents against pests and weeds. The choice of a 

specific field crop depends mainly on its fit into a crop rotation sequence. Other determinants 

for the choice of crops are field crop yields and the pedoclimate properties.  

The ES “Buffering and Mediation of Nutrient Release” is mainly addressed through fertili-

zation. Three farmers pointed out that they aim to limit apply fertilizer and not to apply more 

than necessary. 8 of 10 farmers cultivate arable land and livestock, thus they apply primarily 

organic fertilizer and additionally mineral fertilizer. The type of crops, tillage, fertilization and 

soil conservation measures are further practices applied to buffer and mediate nutrient re-

lease. With buffer stripes along water bodies, farmers aim to prevent nutrient leaching into 

surface water and groundwater. The integration of legumes into crop rotation or mixed crop-

ping was considered to be essential to reduce the use of fertilizer because of their nitrate 

binding capacities. Nine farmers use mulching, continuing a measure from the former funding 

period for Agri-Environmental Measures (AEM)(SMUL, 2016b). Mulching also has a high 

acceptance by farmers because it reduces costs and time and it is of high environmental 

efficiency (Sattler & Nagel, 2010). Five farmers still plough because of environmental re-

strictions. None of the interviewed farmers applies direct seeding because of the increasing 

emergence of slugs and mice and the unavailability of technical equipment in Germany for 

drilling larger fields. One farmer mentioned that the machines for direct seeding have a width 

of only 5 meters maximum and thus are not applicable on larger management units. Also 

farmers pointed out  that experiments with direct seeding at national and regional level came 

to the results that the yield is lower than with other tillage methods. Farmers consider “Water 

Regulation” with the type of crops and crop rotation.   

“Water Purification” is linked to adequate fertilization. The results show that farmers are 

aware of the risks of higher costs and decreasing water quality. Also, they are using soil con-

servation measures such as crop rotation and intercropping to address this ES. “Biomass as 

Renewable Energy” is considered through the type of crops.  
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Two farmers know a lot about agricultural farming practices that influence “Climate regula-

tion”. It includes. for example, the integration of legumes in crop rotation, cultivation of 

hedges and keeping fewer cows. Two other farmers mention a few agricultural measures, 

whereas the rest did not know how they could influence the provision of ES with agricultural 

practices.  

Erosion is a problem in Saxony. The interviewed farmers were mainly affected by water ero-

sion. Only one farmer is affected directly by wind erosion. Other farmers said that wind ero-

sion is of minor importance. One organic farmer stated that organic farms have fewer prob-

lems with soil erosion than conventional farms because of higher organic content in soils. 

“Erosion control” is a problem in Saxony. The interviewed farmers were mainly considered 

by soil conservation measures and tillage (Figure 4). The most implemented soil conserva-

tion measure is crop rotation (Figure 5). Further measures are “mulching”, “intercropping” 

and “avoiding soil compaction”. Two farmers mentioned that they also count buffer strips 

among “Erosion protection strips”. ‘Transversal Management’ is not a suitable option every-

where. Its use depends on the geological structure. And if a farm do not have any hill, it is not 

necessary to use transversal management. Five farmers are using “undersowing” but this 

measure provides ground for weeds and they have to apply glyphosate. It is remarkable that 

the interviewed organic farmers do not use methods for avoiding soil compaction. Other soil 

conservation measures are narrow-row spacing, and strip seeding.  

Place Figure 5 here 

Influence of policy instruments on farmers’ agricultural management   

The Common Agricultural Policy (CAP) and especially Greening (5) influence mostly famers’ 

decision making regarding which measures and agricultural farming practices they apply to 

soil conservation. Greening prescribes particularly crop rotation, intercropping and cultivation 

of legumes. Through the erosion control regulation of Cross Compliance (CC) (4) farmers are 

committed to apply certain measures for example prescription of ploughing on certain areas 

of farmland in determined periods. Farmers perceive that Greening and CC influence the 

way they conserve soils, because one farmer stated that through Greening they are admon-

ished to integrate a few more crops in crop rotation and another farmer pointed out that 

Greening also loosen up crop rotation through the integration of legumes. The Nitrates 

Framework Directive has also an influence on farmers’ agricultural farming practices be-

cause the Directive restricts the application of organic fertilizer as well as the periods for ap-

plication. Farmers also mentioned the incentive-based Agri-environmental and Climate 

Measures (AECM) (2). AECM fund farmers to implement nature conservation measures such 

as flower strips. Related to AECM one farmer mentioned the former program of Agri-

Environmental Measures (AEM). This funded mulching but the measure was discontinued. 
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The organic farmers are funded separately by the “Joint Task for the Improvement of Agricul-

tural Structure and Coastal Protection” (GAK).  

Considering policy instruments, farmers criticized that the existing instruments are not 

adapted to regional contexts and specific farm conditions. They also criticized that their deci-

sion-making arena regarding where to apply what kind of tillage technique is now largely re-

stricted. Farmers also mentioned the high administration efforts related to existing funding 

schemes. For instance, Greening is considered to have a great influence on farmers’ agricul-

tural practices, but only two farmers consider it to be a contribution towards higher biodiversi-

ty or improved provision of soil ES, although the request to implement more diverse crop 

rotations contributes to a higher degree of crop diversity on the farmland. 

The uptake of incentive-based measures of AECM by Greening was mostly considered to be 

negative due to less financial investment in the farms. Only one organic farmer noted that the 

Federal Soil Protection Ordinance has to be extended with a sanctioning catalogue, while 

another one mentioned the retention period for organic fertilizer as positive aspects of the 

Nitrates Framework Directive. Beside this positive impact of the Nitrates Framework Directive 

farmers also criticized this Directive. Especially the restriction of application periods of ferti-

lizers was criticized by one farmer. He noted that instead of restriction farmers could be en-

couraged to cultivate more intercropping. Another farmer mentioned that the Directive also 

reduce the application of synthetic fertilizers, but these are in his opinion valuable nutrients. 

According to another farmer the storage of organic fertilizers shall be further promoted. A 

primary target of the Nitrates Framework Directive is to maintain and increase water quality. 

This has also positive effects on local and diffuse soil contamination. For example, the appli-

cation of fertilizer during winter is prohibited. Consequently, soil compaction and water ero-

sivity are positively affected. Moreover, the limited application of nitrogen fertilizer has also 

positive effects on soil organic matter (Louwagie et al., 2011). A critical point was also that, 

as a fundamental responsibility for agriculture, investment into nature conservation as op-

posed to production of food and fodder is no longer well-balanced, although all farmers ad-

mitted that payments for biodiversity and ecosystem services as additional income are rele-

vant to them. 

It attracts attention that five farmers use general terms such as “policy” and “policy 

measures”, when they were asked which policy instruments they see as sensible. Also 3 

farmers named measures in context of the evaluation of policy instruments. For example, 

they regard intercropping or legumes sensible as policy instruments. Another farmer men-

tioned that he considers measures for protecting against erosion and crop rotation as rea-

sonable.  
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5. Discussion  

Discussion about the conceptual framework 

The rather simple conceptual framework (Figure 1) that we used at the beginning of the sur-

vey can now be enriched by a more complex picture of the perceived relationship between 

management and soil ES (Figure 6). Answers or additional information of farmers were add-

ed in the framework in orange. “Food” and “Buffering and Mediation of Nutrient Release” are 

highlighted with a bold frame, because these two are the most important ES for farmers. We 

added the named cultural ES of farmers as well as other perceived services of farmers. The 

knowledge sources of farmers related to concept of ES, tillage and crops of choice were 

added and “long-term experience” is highlighted as the most important knowledge source for 

farmers. The conceptual framework in figure 6 shows the forms of soil erosion the inter-

viewed farmers are affected by. Soil conservation measures were extended with the colour 

orange that shall symbolize that farmers implement the given soil conservation measures. 

Crop rotation is highlighted with a bold outline as the most implemented soil conservation 

measures. Also, the policy measures were extended with the aforementioned in the interview 

of farmers, which have the biggest influence on their agricultural management practices.  

Discussion of theoretical framework  

Establishing the concept of ES in practice  

Like the results of the studies from Lamarque et al. (2011); Lamarque et al. (2014) and 

Koschke et al. (2014) farmers were knowledgeable about all ES without calling them “Eco-

system Services”. The results of this study show that they use at least a very similar under-

standing of socio-ecological benchmarking in their management decisions. However, farmers 

frequently associate other ecosystem functions such as soil fertility with ES rather than “real” 

services as defined, for example in the context of CICES. A reason might be that there is still 

no standard definition for the term ES (Abson et al., 2014) and that more recent discussions 

are starting to use alternative terms again such as “nature’s benefit to people” or “nature’s 

contribution to people” (Pascual et al., 2017). The concept is still rather theoretical, and more 

comprehensive terms would contribute much to enable the implementation in practice. 

Place Figure 6 here 

Sources of knowledge of farmers  

Education/ university, funding programs, workshops, meetings and research projects were 

mentioned as the most important sources of knowledge for farmers regarding the concept of 

ES.-In contrast, Schüler (2016) identified in his study that farmers get their information mainly 

from journals, exchanges with specialists, political strategy documents, scientific publications, 

media, their own projects and political regulation. The reason for this difference is that
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Schüler (2016) used a closed questionnaire in which experts could choice their responses. In 

this study, open questions were asked to allow farmers to articulate their individual prefer-

ences. Due to the fact that education/ university is the most important knowledge source for 

farmers about the concept of ES, it should be integrated more into agricultural science cur-

ricula. 

Farmers’ knowledge sources about agricultural management practices vary between their 

preferences. Possible knowledge sources are colleagues, feed representatives, product 

salespeople, contractors, researchers, family, friends or neighbors (Ritter et al., 2017). Long-

term experience was mentioned by the interviewed farmers as the most important knowledge 

source for selecting the tillage methods and the choice of field crops. This confirms the litera-

ture review of Ritter et al. (2017). She found out that farmers perceive often their knowledge 

from their experience of their farming work and less from educational training. But these ex-

periences could be exchanges and discuss between farmers. Therefor conferences or work-

shops would be very attractive for farmers. On these events farmers could interact with each 

other and exchange their knowledge. But costs, time and location may hinder farmers to par-

ticipate on such events (Ritter et al., 2017). So it is important to organize such events very 

attractive for farmers on local and regional level by the Farmers Associations or governmen-

tal institutions such as the State Federal Office for Agriculture, Environment and Geology, for 

example. Also workshops, field days or farm tours are a further possibility to share 

knowledge with each other. Discussions between farmers are a good way to explore different 

issues with the aim to create an ownership and to fill the gap between scientific information 

and farming practices (Ritter et al., 2017).  

Farmers mentioned also seed retailers as knowledge source for the choice of crops. Here 

might be a conflict of interests between seed retailers and farmers, because seed retailers 

have the aim to sell seeds and they will not provide farmers with unbiased information. How-

ever, they are knowledgeable about the best crop choice and can support farmers in adapt-

ing to climate change.  

Funding programs were also identified as a source of knowledge. To improve farmers’ 

knowledge about the ecological functions of various measures and consideration of different 

ES such as “Climate Regulation” in agricultural farming practices, a combination of informal 

governance instruments such as non-governmental incentives through adapted certification 

standards or eco-labelling and more flexible funding schemes including mandatory training 

and education could be promising (Fürst et al., 2017). Mandatory training would obligate 

farmers to permanently attend further education or engage consultants who survey the im-

plementation of respective management standards at the farm level. Additional public infor-

mation through governmental and non-governmental organizations could also benefit farm-
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ers in making the general public aware of the positive impact of agriculture on the availability 

of key ES. On such mandatory trainings farmers learn about the scientific state of the art and 

receive the current best management recommendations. This may be increase the aware-

ness about new agricultural practices by farmers (Ritter et al., 2017).   

The fact that farmers use different knowledge sources for ES than for farming practices 

means that agricultural advisory services need be aware of the concept and transfer it to 

farmers. This is necessary because ES provision by agriculture is a key contribution to socie-

ty. At the same time the universities and professional training institutions need to take up the 

concept and raise awareness. This will also increase acceptance of famers and their cultiva-

tion practices. 

Relevance and consideration of soil ES in agricultural farming practices 

“Food” was seen as the most important ES for farmers, because it is the basis of farmers’ 

income. This is supported by the study of Lamarque et al. (2014). They conclude that farm-

ers ranked provisioning ES such as forage quality and quantity as very high, while regulating 

ES were valued lower. The reason of the very high ranking of forage quality and quantity is 

connected with the economic value. While “Buffering and Mediation of Nutrient Release” 

were ranked as the second most important ES in our study, it received lower values in the 

study of Lamarque et al. (2014), because farmers did not regarded it as a negative impact on 

nutrient leaching nor as a negative influence on water quality. Farmers considered “biomass 

as renewable energy” as a critical ES, being in competition with the provision of food and 

fodder. Also, other studies highlight this increasing competition and the self-understanding of 

farmers as relevant providers of existential resources (Baur et al., 2015). The interviewed 

farmers were mainly affected by water erosion. Farmers are aware of the risk of losing soil, 

but they do not see erosion as a threat to lose the production capacity of their soils. An ex-

planation for this could be that farmers already know soil conservation measures and are 

already partially implementing them (Prager et al., 2011). Our results show that all inter-

viewed farmers implement soil conservation measures. Sattler & Nagel, 2010 came to the 

same result. To protect their soils against erosion, farmers mostly implemented crop rotation 

as a soil conservation measure, which is also proposed by Greening. Farmers are called on 

to cultivate three different field crops in order to receive direct payments (Tangermann, 2014). 

Only two farmers mentioned “climate regulation” as very important. In the study of Lamarque 

et al. (2011) no farmer in three case study areas regarded this ES as very important. Our 

results show that farmers had only a limited understanding of how they could consider “cli-

mate regulation” in their agricultural practices. This result confirms the result of the study of 

Lamarque et al. (2014). He found out that farmers are knowledgeable about some ES but 

they have a lack of knowledge how they can consider them in their agricultural practices. 
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However, climate regulation and agricultural production are highly interlinked: The FAO esti-

mates that about 10.6 giga tonnes (GT) of Greenhouse gas (GHG) emissions originate from 

agriculture and related land uses. The majority of these emissions come from deforestation, 

application of chemical fertilizer, and application of manure (FAO, 2016). The total emissions 

of agriculture in Germany amount to 64.2 million tons (6.7%) of GHG emissions composed of 

carbon dioxide (4.1%), methane (50.1%) and nitrous oxide (45.8%) (BMEL, 2015a). The in-

terviewed farmers consider “climate regulation” through the integration of lucerne (Medicago 

sativa) in crop rotation and decreased livestock farming. Other practices such as intercrop-

ping (Steenwerth & Belina, 2008), extensification, mulching (Kantelhardt et al., 2015) or the 

direct injection of liquid manure (Neumann, 2017) are less practiced. Farmers in the study of 

Lamarque et al. (2014) recognized various factors that have an influence on ES. They rec-

ognized not only how ES are influencing each other, but also how one ES can have an influ-

ence on other services. But for some ES farmers don´t know how they can influence on them 

with agricultural practices. This is consistent with our results.     

Assessment and suggestion for improvement of the existing policy instruments 

The analysis revealed that the Common Agricultural Policy (CAP) and especially Greening 

exert the most influence on farmers’ decision to implement soil conservation measures. The 

CAP is a prominent agricultural policy and a cornerstone of EU policies. It accounts for about 

40% of the total budget between 2014-20 (Henke et al., 2018). CC has also a recognizable 

impact on farmers’ agricultural management practices. The aim of CC is to protect, to con-

serve and to improve soils in order to promote more sustainable agriculture (Louwagie et al., 

2011). Farmers are committed to implement a minimum standard of nature protection 

measures on their arable lands (Oppermann et al., 2013). A violation of Greening and CC 

means a reduction in, or even loss of, direct payments (Prager et al., 2011). But these regu-

lations have come under criticism.  

Further criticism was that the existing policy instruments are not very flexible and not adapted 

to regional conditions. For instance, there is no spatial prioritization where specific funding 

schemes are available, so that farmers are not forced to adapt their management in the best 

spatial context in order to improve ES provision or contribute to biodiversity (Baur et al., 2015, 

Fürst et al., 2017). This inflexibility makes it difficult to encompass (Garmestani et al., 2013) 

or cope with environmental problems (Baur et al., 2015). Further criticism were the inflexibil-

ity concerning the periods of cultivation, the short funding period of five years for such 

measures, which inhibits a longer phase of restructuring for whole farming systems, and the 

huge administrative and reporting effort require to get the funding which is particularly not 

feasible for small scale family farms (Joormann & Schmidt, 2017; Oppermann et al., 2013). 
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AECM are in contrast very popular for farmers because they are firstly on a voluntary basis 

and offer additional financial incentives (Lastra-Bravo et al., 2015) and they are secondly 

funding measures of farmers that are already implemented in their farming systems. AECM 

(previous AEM) were introduced to fund specific agricultural practices in order to promote the 

rural environment (van Herzele et al., 2013). They address individual needs of farms better 

and enable a site-specific implementation of nature protection measures (Zinngrebe et al., 

2017), because there are developed at regional level. In the period between 2007-2013 

around three millions farms were supported by payments of AEM. This accounts about 22% 

of the total agricultural area in EU Member States (van Herzele et al., 2013). 

Incentive-based conservation policies thus can be considered to be appropriate for maintain-

ing ecosystem services and slowing down the loss of biodiversity if they directly remunerate 

farmers for their provision of ES (Dörschner & Musshoff, 2015) and ensure their financial 

security (Karelakis & Tsantopoulos, 2017). For example the financial incentives for the 

measures of Pillar II of the CAP can reduce negative impacts on employments while receive 

less direct payments under Pilar I (Helming & Tabeau, 2018). Technical requirements and 

administrative obstacles need to be reduced (Zinngrebe et al., 2017). Also result-oriented 

remuneration (ROR) could be offered if, for instance, monitoring systems for the provision of 

ES were installed in the context of the European Biodiversity Strategy. Advantages of ROR 

would be that farmers are completely flexible regarding how they achieve these ecological 

objectives, and they are motivated to achieve these objectives (Dörschner & Musshoff, 2015). 

Incentives for implementing sustainable agricultural practices 

Farmers mentioned that financial incentives would be a good initiative for implementing sus-

tainable agricultural practices for considering more ES in their farming management. In the 

literature various recommendation are mentioned to enhance farmers’ willingness to imple-

ment sustainable farming practices. In the process financial measures play an important role 

to encourage farmers to implement sustainable agricultural practices (Ritter et al., 2017; We-

ber & Lam, 2012). But it is also important that farmers need to believe that their current agri-

cultural management cause problems or increase risk of future problems in their farm man-

agement. They need also to believe that they are responsible for implementing such sustain-

able agricultural practices (Ritter et al., 2017). To reach a higher participation on this imple-

mentation, it could be helpful to share experiences with a successful change of agricultural 

practices (Ivemeyer et al., 2015; Roche et al., 2015) and to recommend measures, which are 

feasible for their farm management (Roche et al., 2015; Toma et al., 2015).  
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6. Conclusion 

The paper examined the role and consideration of ES in agricultural systems by farmers in 

Saxony. The focus was on farmers’ sources of knowledge and the influence of existing policy 

instruments on farmers’ decisions to implement soil conservation measures and the assess-

ment of these policy instruments. The study also investigated, which incentives support 

farmers to implement more sustainable agricultural farming practices. 

Key lessons learnt are: 

 ES are inherently known and applied by farmers, but their relevance to the implemen-

tation through adapted management is judged differently compared to societal goals. 

For instance, climate regulation, which is directly related to farming practices, was not 

considered to be important for farmers so information about this ES are needed. 

Therefore, funding or regulatory instruments should clearly enhance this service in 

agricultural practices.  

 There is a need to balance funding for nature conservation with funding for other ES 

to prevent farmers from losing their role as key providers of food and fodder. It should 

become clear that clean, sustainable and results-oriented environmental manage-

ment is honored. This, however, also requires clear standards for which indicators 

and monitoring schemes are implemented so that farmers have an explicit under-

standing of criteria they are assessed by.  

 Sharing of experience and exchange of knowledge among farmers should clearly be 

more readily supported by funding sources, as well as governmental and non-

governmental institutions in order to better connect management practices with their 

impact on specific ecosystem services.  

Policy recommendations  

Along with Ring & Schröter-Schlaack (2013) and Trommler et al. (2013) our results show that 

for a successful implementation of new policy instruments or the amendment of existing poli-

cies a mix of mandatory, incentive-based and informational instruments is recommended, 

because mandatory instruments could regulate a level in using soil and its provision of ES. 

This need for a policy mix to improve environmental friendly agriculture is also represented in 

the current reform process of the CAP where standards for direct payments are still a promi-

nent cornerstone that is supplemented by AECM.  

Especially incentive-based instruments give additional incentives to implement sustainable 

agricultural practices on a voluntary basis (Trommler et al., 2013). A further important ele-

ment of a policy mix is informational instruments, because they inform stakeholders about 

new regulation related to mandatory instruments or incentive-based measures. They can 

also help to increase the awareness and acceptance about environmental-friendly instru-
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ments as well as the participation on voluntary-based environmental-friendly measures (Ring 

& Schröter-Schlaack, 2013).  

AECM as a funding instrument is viewed by farmers as a very sensible policy instrument. But 

at the same time, they pointed out that funding was not always appropriate for the specific 

situation of the farms. Innovative funding schemes in the context of the CAP revision and the 

AECM funding opportunities should be co-developed with the farmers instead of being de-

cided from above. In the current proposals for the CAP after 2020 a focus lies on allowing 

member states to better link measures to local conditions, being implemented effectively it 

can contribute to protecting agricultural soils.  

Further education, consultation and training should be made mandatory in order to get ac-

cess to investments. Implementation of ES in agricultural science curricula and permanently 

available scientific information that is easily accessible and transparently processed are key 

factors for promoting the concept of ES in practice. Part of the agricultural funding should 

therefore be invested to ensure the availability of up-dated information from actors who are 

easy to contact such as extension service personnel, rural development coordinators or other 

consulting services. Based on the criticisms and recommendations received from the inter-

views, the paper proposes the following policy recommendations, which are summarized in 

Box 1. 

 

Box 1: Policy Recommendations 

General recommendations: 

 Development of new policy instruments has to be based on previous existing policy 
instruments.  

 Adaption and implementation of policy instruments need to be more flexible to con-
tribute efficiently to soil ES provision. More possibilities need to be in place for farm-
ers to exit a program or change the measures.  

 There should be more intensification of extension services regarding consultancy on 
policy instruments. 

 There should be less administrative time and effort required for farmers.  

 Standards for ES-oriented best practice management in certification systems and 
ecolabeling should be introduced.  

Recommendations for mandatory policy instruments: 

 There should be an improvement in CAP especially Greening and cross compliance 
with measures, which are more oriented towards results/ benchmarks in providing 
ES rather than purely “area-related”.  

 Extension Federal Soil Protect Act should include a sanctioning catalogue.  

 There should be more stringent regulation regarding the application of fertilizer.  

 Further education, training or use of consultation should be obligatory. 

Recommendations for incentive-based policy instruments: 

 Voluntary measures such as AECM should be extended, because they are very flex-
ible and adapted on regional conditions. 
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Further research 

This paper considered only the agricultural farming practices tillage, crop rotation and fertili-

zation, because of the limited scope of the study and the fact that some practices, such as 

irrigation, do not yet play a role in Saxony. There are still more agricultural practices such as 

application of pesticides or irrigation that could be recognized in another study. Moreover, the 

paper did not consider cultural ES, which are of high importance for agricultural landscape 

but difficult to assess.  
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Figure 1: Conceptual Framework (Source: Own compilation based on literature review). 

Figure 2: Sources of knowledge of farmers (Numbers are the quantity of naming) (red refers to ‘Concept of eco-
system services’; orange refers to ‘method of tillage’; green refers to ‘Choice of crops’) (Source: Ten farmers’ 
interviews). 
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Figure 3: Relevance of soil ecosystem services for farmers (Source: Ten farmers’ interviews). 
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Figure 4: Consideration of soil ecosystem services in agricultural management practices (Source: Ten farmers’ 
interviews). 
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Figure 5:  Practiced soil conservation measures by farmers (Source: Ten farmers’ interviews). 



 

33 
 Figure 6: Modified conceptual framework (Source: Our own compilation).  
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Annex a: Classification of the soil ES in this work (Source: Our own compilation based on Haines-Young & Potschin, 2013; MEA, 2005). 
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Annex b: Classification of policy instruments 

Most of the soil-related and agricultural policy instruments are “Mandatory Instruments” 

(Table A). They define norms and acceptable behavior or limit activities in society (Lemaire, 

2003). Mandatory instruments can be classified into legal binding and legal non-binding in-

struments (Vedung, 2003). Legal binding rules such as laws and regulations have the aim of 

restricting behavior that has a negative impact on the environment (Albert et al., 2014). The 

actors are threatened with sanctions if the laws have been broken (Kutter et al., 2011). The 

criticisms of these instruments are that they are inflexible and they do not take regional con-

ditions into consideration (Henke, 2007). The CAP, Nitrates Framework Directive and Water 

Framework Directive (WFD) are the most important instruments for protecting soil and ES at 

the EU-level (Turpin et al., 2017). In Germany the “[…] Federal Soil Protection Act is the only 

policy measure that directly targets soil conservation” (Prager et al., 2011: 217).  

Incentive-based Instruments are voluntary based instruments that offer financial incentives 

for the implementation of environmental protection measures (Trommler et al., 2013). Direct 

payments (Prager et al., 2011), payments for compensation, subsidies or environment taxes 

are examples of financial incentives (Möckel et al., 2014). Direct Payments are the most im-

portant funding program in Germany (BMEL, 2015b). Each state in Germany implements a 

Rural Development Program (RDP) based on EU-Regulation. Each RDP varies in its specific 

design. It contains general objectives and measures to maintain soil quality. Together with 

AECM they are part of the second pillar of the CAP. These instruments are very popular 

amongst farmers (Prager et al., 2011) because they are particularly efficient and cost-

effective (Trommler et al., 2013). But AECM underlies the criticism that they are lacking in 

the provision of additional ES because of their design and implementation at the local level 

(Meyer et al., 2016).  

The aim of informational Instruments is to provide stakeholders with information about the 

consequences of their actions (Henke, 2007) and to counsel them about the adaption of soil 

conservation measures. Awareness and understanding of stakeholders should be increased 

thereby (Prager et al., 2011). Informational instruments are necessary for the successful im-

plementation of mandatory and incentive-based instruments because they distribute infor-

mation between local stakeholders (Prager et al., 2011).  

 



 

Annex c: Soil-related and agricultural policy instruments at the European, national (Germany) and regional (Saxony) level (Our own 
compilation based on Frelih-Larsen et al., 2016; Prager et al., 2011; Möckel, 2015; Glaesner et al., 2014; Oppermann et al., 2013; Schrö-
ter-Schlaack & Blumentrath, 2011; Pfaff, 2010; Henke, 2007; Turpin et al., 2017). 

level 

Policy Instruments 

Mandatory Instruments Incentive-based Instru-
ments 

Informational Instruments 

Legal binding Legal non-binding 

EU-level  Nitrates Framework Directive 

 Placing of Plant Protection Prod-
ucts on the EU Market 

 Framework for Community Action 
to Achieve the Sustainable Use of 
Pesticides  

 European Eco-Regulation  

 GMO Directive 

 Pesticide Framework Directive  

 Common Agriculture Policy  
 European Agricultural Fund for 

Rural Development  
 European Financing, Manage-

ment and Monitoring of the 
Common Agriculture Policy  

 Common Rules for Direct Sup-
port Schemes  

 European Common Organization 
of the Markets in Agricultural 
Products 

 Environmental Impact Assess-
ment Directive  

 Habitat Directive  

 National Emission Ceilings for 
Certain Pollutants 

 Environmental Liability Directive  

 Air Quality Framework Directive  

 Conservation of Wild Birds Di-
rective  

 Sewage Sludge Directive  

 Water Framework Directive  

 EU-Thematic Strategy for 
Soil Protection  

 Biodiversity Strategy 2020 

 Environmental Action Pro-
gram 

 EU Strategy on Adaptation 
to Climate Change 

 

 Greening Direct Pay-
ments  

 Natura-2000 Payment for 
Compensation 

 Cohesion Fund  

 European Regional De-
velopment Fund 

 European Social Fund 

 Horizon 2020  

 LIFE Program 

 Certification systems 
 

 Eco Labels  

 Environmental Report 

 IPBES reports 

 Soil Atlas of Europe  
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 Groundwater Directive  

 Surface Water Directive  

 Floods Directive  

 Water Quality Standards Directive 

 European Renewable Energy Di-
rective  

 Carbon Storage Directive  

National level - 
Germany 

 Federal Soil Protection Act 

 Federal Soil Protection Ordinance 

 Groundwater Ordinance 

 Surface Water Ordinance  

 Federal Water Act 

 Regional Planning Act 

 Town and Country Planning Code 

 Federal Nature Conservation Act  

 Federal Emission Control Act 

 Federal Emission Control Ordi-
nance   

 Farmland Consolidation Act  

 Federal Nitrates Law 

 Plant Protection Law 

 Direct Payment Implementation 
Law 

 National Sustainable Strat-
egy 2020 

 National Strategy for Biolog-
ical Diversity  

 National Action Program for 
Plant Protection  

 National Action Program for 
Biomass 

 Energy Strategy 
 

 Direct Payments 

 Joint Task for the Im-
provement of Agricultural 
Structures and Coastal 
Protection 

 Environmental taxes  

 Payments for Compen-
sation  
 

 Eco Labels  

 Environment Report  

 Information about Envi-
ronmental Law 

Regional level - 
Saxony 

 Saxon Water Resource Law 

 Saxon Nature Conservation Act 

 Federal level spatial plan  

 Land use plan 

  LEADER 

 ILE  

 Development program 
for rural areas 

 Extension services 

 Field trials and infor-
mation by State Federal 
Office for Agriculture, 
Environment and Geolo-
gy 

 Information about Envi-
ronmental Law 



 

 Annex d: Questionnaire1  

1. Since when does this farm exist? 

2. What is the total area of this farm?  

a. How high is the share of arable land?  

b. How high is the share of grassland?  

3. What kind of farm is it?  

o1 family farms o2 cooperatives o3 others____________ 

4. What are you practicing on the farm? 

o1 pure agriculture o2 livestock and  o3 others____________ 

    arable farming 

5. What kind of cultivation is it? 

o1 conventional o2 organic  o3 others____________ 

6. To what extent have you heard anything about the concept of Ecosystem Services? 

7. Where did you hear about this concept? 

If they do not hear anything about the concept of Ecosystem Services, I will give a short explana-

tion and ask them again, if they hear in this context anything about the concept of Ecosystem Ser-

vices.  

8. Which Ecosystem Services related to soil are known to you?  

o1 Food 

o2 Biomass as Renewable Energy  

o3 Climate Regulation  

o4 Water Regulation 

o5 Water Purification 

o6 Erosion Control 

o7 Buffering and Mediation of Nutrient Release 

9. Are there further Ecosystem Services that are known to you? 

10. Please order the Ecosystem Services according to their significance to you?  

      very important             important          unimportant 

Food            o1      o2        o3 

Biomass as Renewable Energy      o1      o2        o3 

Climate Regulation       o1      o2        o3 

Water Regulation       o1      o2        o3 

Water Purification       o1      o2        o3 

Erosion Control       o1      o2        o3 

Buffering and Mediation         o1      o2        o3 

                                                        
1
 A shortened version of the questionnaire. Only the questions that were analyzed in this paper, were 

listed. 
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of Nutrient Release 

11. Why are these Ecosystem Services highly relevant to you? 

12. How do you take these Ecosystem Services into consideration for your farm man-

agement? 

13. What are the sources of knowledge regarding which method of tillage is the best for 

you? 

14. What kind of fertilizer do you use? 

o1 mineral fertilizer  o2 organic fertilizer  o3 others_____________ 

15. Do you have problems with erosion on your land?  

o1 Water erosion   o2 Wind erosion   

o3 no problems with erosion   o4 others____________ 

16. Which conservation measures are you implementing to protect against soil erosion? 

o1 Mulch     o2 Crop rotation 

o3 Intercropping    o4 Undersowing  

o5 Transversal Management   o6 Avoiding of soil compaction   

o7 Erosion protection strips   o8 others__________________ 

17. What kind of political instruments have an influence on your decision to apply tech-

nical measures for soil conservation? 

18. Which policy instruments that are responsible for the implementation of soil conserva-

tion measures do you seen as sensible? 

19. In your opinion, which incentives would have to be introduced for you to more readily 

take the Ecosystem Services into consideration for your farming practices?  

  



 

Annex e: Selected central questions of the interview. 

 

 

 

 

Topic Central questions 

Concept of ecosystem services  To what extent have you heard anything about 

the concept of Ecosystem Services? 

 Which Ecosystem Services related to soil are 

known to you?  

 Are there further Ecosystem Services that are 

known to you? 

Sources of knowledge  Where did you hear about this concept? 

 What are the sources of knowledge for deciding 

which crop you should choose? 

 What are your sources of knowledge, for decid-

ing, which method of tillage is the best for you? 

Relevance and consideration of 

ecosystem services 

 Please order the Ecosystem Services according 

to their significance to you?  

 Why are these Ecosystem Services highly rele-

vant to you? 

 How do you take these Ecosystem Services into 

consideration for your farm management? 

 Which conservation measures are you imple-

menting to protect against soil erosion? 

Policy measures  What kind of political instruments have an influ-

ence on your decision to apply technical 

measures for soil conservation? 

 Which policy instruments that are responsible for 

the implementation of soil conservation 

measures do you seen as sensible? 

 In your opinion, which incentives would have to 

be introduced for you to more readily take the 

Ecosystem Services into consideration for your 

farming practices? 


