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Abstract: Soil quality is declining in many parts of the world, with implications for the productivity, 

resilience and sustainability of agri-food systems. Research suggests multiple causes of soil degrada-

tion with no single solution and a divided stakeholder opinion on how to manage this problem. How-

ever, creating socially acceptable and effective policies to halt soil degradation requires engagement 

with a diverse range of stakeholders who possess different and complementary knowledge, experi-

ences and perspectives. To understand how British and Norwegian agricultural stakeholders per-

ceived the causes of and solutions to soil degradation, we used Q-methodology with 114 respondents, 

including farmers, scientists and agricultural advisers. For the UK, respondents thought the causes 

were due to loss of soil structure, soil erosion, compaction and loss of organic matter; the perceived 

solutions were to develop more collaborative research between researchers and farmers, invest in 

training, improve trust between farmers and regulatory agencies, and reduce soil compaction. In Nor-

way, respondents thought soils were degrading due to soil erosion, monocultures and loss of soil 

structure; they believed the solutions were to reduce compaction, increase rotation and invest in agri-

cultural training. There was an overarching theme related to industrialised agriculture being respon-

sible for declining soil quality in both countries. We highlight potential areas for land use policy de-

velopment in Norway and the UK, including multi-actor approaches that may improve the social ac-

ceptance of these policies. This study also illustrates how Q-methodology may be used to co-produce 

stakeholder-driven policy options to address land degradation. 

Keywords: conservation agriculture; deliberative democracy; q-methodology; regenerative  

agriculture; soil conservation; sustainable land management 

 

1. Introduction 

“Countries can withstand coups d’état, wars and conflict, even leaving the EU, 

but no country can withstand the loss of its soil and fertility.” (Rt Hon Michael 

Gove, former Secretary of State for the Environment, speaking at the British par-

liamentary launch of the ‘Sustainable Soils Alliance’, October 2017). 
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The ground beneath our feet is not only a substrate upon which we traverse this earth 

but is also a vital component of our natural capital. Soils are the foundation of terrestrial 

food production, supporting directly or indirectly 95% of our food production [1]. Along 

with providing a substrate to grow our food, soils also confer other essential ecosystem 

services, such as water storage and filtration, nutrient cycling, biodiversity and carbon 

storage [2]. However, demand for food, increasing human populations and the effects of 

climate change are placing unprecedented pressures on soil. Over the last 70 years, the 

supply of global per capita food calories increased by about one-third, with the use of 

irrigation water roughly doubling and use of inorganic nitrogen fertiliser increasing 

nearly nine-fold [3]. At the same time, climate change has led to faster rates of warming 

on land than the global mean and altered precipitation patterns, which have contributed 

to altered growing seasons and regional crop yield reductions [4]. With rising human pop-

ulations, coupled with increased individual wealth, it is expected that food demand will 

grow by as much as 70% by 2050; an estimated 46% of that demand needs to come from 

increasing food production [5]. This increase in food productivity must be achieved whilst 

significantly reducing greenhouse gas emissions from agriculture, if warming is to be re-

stricted “well below” 2 °C, as proposed in the Paris Agreement [6]. How this is achieved 

without negatively impacting soils any further remains a challenge. 

Soil quality1 in many parts of the world is declining due to a combination of physical, 

chemical and biological degradation coupled with socio-economic drivers, reducing the 

soil’s ability to undertake these important ecosystem functions [7]. Globally, 20–30 giga-

tons of soil are lost each year due to water erosion [7] and climate change is projected to 

increase erosion from water and reduce levels of soil organic carbon, especially in dry-

lands [4]. There is thus an urgent need to develop and encourage widespread adoption of 

effective and profitable sustainable soil management practices [8,9]. This is articulated in 

Sustainable Development Goal 15, which aims to “protect, restore and promote sustaina-

ble use of terrestrial ecosystems, sustainably manage forests, combat desertification, and 

halt and reverse land degradation and halt biodiversity loss” [10], and its Land Degrada-

tion Neutrality target which aims to counterbalance expected losses with measures to 

achieve equivalent gains within the same type of land [11]. 

There are many competing methods to deal with agricultural soil degradation at dif-

ferent governance scales: from multilateral policies such as the United Nations Conven-

tion to Combat Desertification (UNCCD) and the proposed EU Soils Directive, to national 

and sub-national policies and measures designed to incentivise and regulate the manage-

ment of soils. These policies typically seek changes in management at farm and field 

scales, for example through the adoption of soil-improving cropping systems and other 

sustainable land management technologies and approaches (e.g., WOCAT [12]). The lack 

of scalable policy options was cited in the UNCCD’s Global Land Outlook [9] as a key 

barrier to more sustainable land management, but there are no easy solutions given the 

different social, cultural, economic, environmental and technological contexts in which 

policies and practices need to operate [8]. Again, the attractiveness and appropriateness 

of different options for policy and practices differ based on the subjective experience and 

contrasting knowledge and values of the people the policies are meant to serve. 

Policies and practices that can tackle the multiple causes of declining soil quality are 

urgently needed and stakeholder engagement in the policy formulation process is crucial 

for this complex issue, given the subjective and value-laden nature of both the causes of 

and solutions to the challenge. Effectively representing diverse stakeholder perspectives 

in decision-making processes can lead to better informed, more durable, and flexible out-

comes across a wide range of contexts (De Vente et al., 2016). Policies created through 

deliberative democracy can align better with social and cultural norms, resulting in in-

creased trust and ownership of problems and solutions; together, this can lead to decisions 

that are more likely to be accepted and implemented, helping to achieve environmental 

goals more effectively [13,14]. 
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As interest has grown in participatory approaches to policy making and other forms 

of deliberative democracy, methods have been sought to represent and integrate the range 

of perspectives, values and beliefs held by citizens in the policy-making process [15]. The 

application of Q-methodology to the co-production of policy options with stakeholders 

has been used by Rust [16] and Addams and Proops [17] as a form of deliberative democ-

racy. These studies had the normative goal of representing more diverse perspectives in 

the policy-making process. They also had a pragmatic goal of improving the quality of 

decisions or range of policy options based on more comprehensive information inputs 

and/or improving the acceptability of policies based on deeper insights into the way pub-

lics conceptualise environmental issues. 

In this study, we used Q-methodology to understand a wide range of stakeholder 

perspectives that could inform the design of socially acceptable options in agricultural soil 

management policy and practice. To address the lack of scalable policy options noted 

above by the UNCCD, this was done in the UK and Norway which are two countries 

experiencing similar types of soil degradation that are broadly representative of soil qual-

ity issues and climatic variation across northern temperate regions of Europe. The coun-

tries have contrasting agricultural policy environments, with Norway not being a part of 

the EU and the UK in the process of leaving the EU when the research was conducted. 

The countries also have quite different models of social democracy in land governance 

[18], which provides an opportunity to consider how the different land tenure regimes 

influence policy formulation and application. Both countries are interested in the co-de-

velopment of policies to increase food production whilst reducing the environmental im-

pacts of agriculture. By understanding where agricultural stakeholders agreed and disa-

greed over causes and solutions to declining soil quality in each country, we sought to 

highlight potential scalable options for land use policy development. This study also il-

lustrates how Q-methodology may be used to co-produce stakeholder-driven policy op-

tions to address land degradation. 

2. Materials and Methods 

2.1. Study Sites 

2.1.1. UK 

Like much of the rest of Europe, the UK has a long history of unsustainable soil man-

agement practices, leading to a loss of soil structure and fertility. About 25% of the total 

land area of the UK is suitable for arable cropping, with an average farm size of 81 hectares 

[19]. Currently, soil erosion exceeds the rate of soil formation in many areas in the UK, 

with around 17% of arable land showing signs of erosion, although as much as 40% may 

be at risk of further degradation [20]. The cost of soil erosion to the UK has been estimated 

at £45 million a year, including £9 million in lost production [21]. UK soil is being lost at 

a rate ten times that which it is created [2], with dramatic economic implications.  

A comparison of soil nutrient balances from the year 2000 to 2019 shows a 24% de-

crease for nitrogen and a 46% decrease for phosphate (in kg per hectare) [19]. Soil erosion, 

compaction and loss of organic matter are thought to cost arable farmers an average of 

£5584 per year [22] and English water companies spend £21 million a year on addressing 

soil erosion [23]. Improving soil management in the UK is therefore not only an environ-

mental but also an economic imperative. Soil quality decline in the UK is more pro-

nounced in arable regions due to the highly intensive practices used, such as monocrop-

ping, use of heavy machinery, overuse of chemical inputs and a lack of integration of or-

ganic material [21,24].  

2.1.2. Norway 

Only 3.1% of the total land area in Norway is suitable for arable cropping, with an 

average farm size of 23.9 hectares in 2016; cereals can only be grown on one third of this 

area due to limiting natural conditions [25]. Although agricultural policies in Norway 



Land 2022, 11, 131 4 of 22 
 

advocate multifunctional agriculture [26], regional agricultural specialisation, known as 

“kanaliseringspolitikken”, was introduced in the after-war period, which led to increased 

agricultural production by incentivising cereal production in lower-lying areas [27]. In the 

last two decades, the total Norwegian cereal yield has declined due to a reduction in the 

area used for cropping [28]. Despite this decline, the Norwegian government has set a 

target of increasing food production by 20% by 2030 from 2010 levels, to meet projected 

population growth in Norway [29]. Three counties (Akershus, Østfold, and Hedmark) in 

southeastern Norway produce 60% of the country’s cereal; however, soil organic matter 

(SOM) content has declined in the region, with an average loss of 1% of SOM a year from 

1991 to 2001, which is not sustainable [30]. The underpinning governance and institutions 

(both formal and informal) are strongly communal in character [26]. The long history of 

collective land management, the regulation of the Norwegian land market and the self-

imposed limits to farm scale are in contrast to the generally unregulated land market and 

existence of larger-scale farms in the UK. 

2.2. Research Design 

Q-methodology is a mixed-methods approach using interviews to explore partici-

pants' subjective understanding of a topic using Q sorts where respondents rate the extent 

to which they agree with statements, which are then analysed using by-person factor anal-

ysis, correlating people with others who hold similar opinions based on their Q-sorts. Q-

methodology was chosen due to its capacity to shed light on complex, subjective phenom-

ena where individuals hold differing views and values [30]. It allows for exploration of 

tensions in knowledge and perspectives between stakeholders that may affect the effec-

tiveness and acceptability of a land use policy. The results can show areas of statistical 

agreement and disagreement, whilst also revealing distinct narratives emerging from 

groups of respondents [31,32]. When applied to situations with conflicted stakeholder dy-

namics, Q-methodology can be useful in identifying common ground among diverse 

stakeholders in situations where conservation or resource management is contested 

[16,33]. This makes the method particularly useful for this study due to the above benefits. 

2.3. Data Collection 

The research undertaken in the UK took place in late 2018 (when the UK was still 

part of the EU) and in Norway in mid-2019. Q-methodology studies commonly begin by 

using a qualitative approach, where interviews are undertaken with a range of stakehold-

ers on a study’s topic to gather the diversity of opinions on the phenomenon in question. 

This data collection can be enhanced or replaced with a literature review. This qualitative 

step is used to develop the “concourse”, which is the range of views (listed as statements) 

held on a topic, followed by a structured, quantitative interview where participants rank 

the concourse statements, usually based on the extent to which they agree/disagree. Dur-

ing these interviews, qualitative information is gathered from participants on their deci-

sion-making processes and preferences. Because the concourse is designed to cover as 

closely as possible all perspectives on a topic, and participants are chosen to cover the 

range of views, then random sampling from the wider population is not necessary. Be-

cause of non-random sampling and smaller sample sizes, conclusions cannot be general-

ised but the aim is to understand the range rather than the frequency of the views, and to 

find points of convergence or divergence of opinion. 

The concourse for this study was developed by interviewing 18 European agricul-

tural stakeholders on causes of declining soil quality and corresponding solutions. Inter-

viewees were purposefully chosen to represent researchers, land managers and other 

stakeholders from ten European countries participating in the wider project, SoilCare, on 

which this study is based. Ten researchers and eight other stakeholders (representing ag-

ricultural unions, farmers and other landowners) were interviewed. An interview guide 

was used, which was piloted on a subset of the sample population and amended due to 

feedback. Interview themes and prompts are shown in Table 1. Interviews were 
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undertaken by telephone or Skype and lasted an average of an hour. Free, prior informed 

consent was obtained from all interviewees and ethical approval was gained from New-

castle University. Interviews were recorded with permission from the participants and 

later transcribed. Interviews were conducted in English, apart from one which took place 

in Italian, which was later translated to English for analysis.  

Table 1. Interview guide used to develop the concourse. 

Questions Prompts 

What do you see as the main threats to soil quality in Europe?  These may be general or specific to the locality 

What roles do you see to changes in cropping practices to overcome 

these threats or to improve soil quality? 
These may be general or specific to the locality or threat 

How do you know if these approaches are actually improving the soil?  

Who should have primary responsibility for improving soils in your 

country or across the EU? 
Individual versus collective; Private versus public, etc. 

In your experience, why do people promote or adopt soil-improving 

cropping systems? 
Why should people promote or adopt these? 

What factors incentivize or prevent soil improvement from farm to 

landscape scales? 
 

Name as many reasons as you can why farmers may choose to adopt 

soil-improving cropping systems or not 
 

A narrative review was undertaken, based on a broad-based search for relevant ma-

terial, to provide further evidence to supplement the interviews and further expand the 

concourse. This review was to ensure that the topic was sufficiently covered by the state-

ments developed from the interview data. Data were then analysed using a thematic anal-

ysis focusing on reasons for soil quality decline and solutions for how to fix this. A total 

of 142 statements was obtained from across all interviews and the literature review, which 

included statements both for the problem Q-set and the solution Q-set. 

Similar statements for each set were merged, whilst trying to retain as far as possible 

the original wording of the interviews to capture the intent of the source. For both studies, 

some statements arising from the literature were amended subtly to match the country’s 

context, e.g., changing the statement “EU agricultural policy” to “Norwegian agricultural 

policy”, and adding local problems such as drainage. For the UK study, this resulted in 41 

statements for the “problems” Q-set and 34 statements for the “solutions” Q-set, and in 

Norway, this resulted in 42 problem statements and 36 solution statements (see Tables 

A1–A4, Appendix A).  

A “Q-sort” is the ranking of the Q-set by participants. Data collection for the Q-sort 

was undertaken via an online survey using Google Forms. The Q-sort survey was first 

piloted on a subset of the target population and subsequently adapted following feedback 

to improve question clarity and to include additional statements that were not captured 

via the interviews or literature review. Participations then ranked the statements on a scale 

of −2 (strongly disagree) to +2 (strongly agree). The UK survey was distributed via soil-

specific newsgroups, British agricultural union members and by sharing on agricultural 

social media channels. A total of 61 UK respondents undertook the survey: 19 scientists, 

19 farmers, 16 agricultural advisers, three water company employees who work in agri-

culture, two nature conservationists, one agricultural union representative and one civil 

servant. For the Norwegian study, a link to the survey was distributed in “Plantenytt”, a 

newsletter from the government extension service Norsk Landbruksrådgivning Øst and 

to a local “soil education group”. Forty-two Norwegian farmers took part in the survey, 

as well as six agricultural advisers and five scientists, totaling 53 respondents. The sub-

stantial weighting towards farmers in the Norwegian study was deemed acceptable due 

to the smaller average farm size in Norway and the historical legacy of communal land 

management which is embedded in national agricultural institutions [26]. However, the 
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findings of our analysis may need to be interpreted in light of the greater diversity of 

stakeholders in the UK study. 

At the end of the survey, participants were asked what they thought was the leading 

cause of declining soil quality and the most important solution to solve this problem. Par-

ticipants could choose a statement from the Q-sort or add a new statement. These open-

ended questions were used to find out what, subjectively, respondents thought were the 

most important drivers for causing declining soil quality and how to fix these. Data from 

these open-ended questions were analysed via thematic analysis. Quotes in the results 

section are used to highlight common sentiments as well as responses that stood apart 

from the rest. Quotes from the Norwegian study were translated into English. 

2.4. Analysis 

Data from the Q-sorts were analysed using KenQ (https://shawnbana-

sick.github.io/ken-q-analysis). First, a principal component analysis (PCA) was used to 

identify the groups of participants who ranked their Q-sorts similarly, also known as a 

“loaded factor”. Flags were automatically added to respondents that significantly loaded 

onto these factors at p < 0.05.  

For the UK study, the PCA for the problem Q-sort revealed eight factors with Eigen-

values >1 (which together explained 67% of the variance) but most loaded onto factors 1–

4 (which together explained 53% of the variance). Large datasets, such as in this study, 

run the risk of inflating the Eigenvalues [34]. Because of this, we focused on the first four 

factors for the problem set as this explained over half the variance. A Varimax rotation 

was then applied to the four factors, which calculated the highest variability between fac-

tors. A z-score was calculated based on the average ranking participants gave to the state-

ment within each factor group. Respondents that significantly loaded onto more than one 

factor were excluded from subsequent analysis because their inclusion gives little infor-

mation about the clustering of opinions. Statistical disagreement (and agreement) be-

tween participants was set where p > 0.01, which meant that the groups of participants 

did (not) rank the statements differently at the 99% confidence level. The PCA for the 

solutions Q-sort revealed eight factors with Eigenvalues >1 (which together explained 79% 

of the variance) but most loaded onto factors 1–3 (which together explained 65% of the 

variance). The rest of the solutions analysis followed the same process as with the problem 

Q-sort. 

For the Norwegian study, the analysis followed the same procedure as the UK study. 

For the problem sort, eight principal components with Eigenvalue above 1 were extracted 

through the PCA, which explained 69% of the variance. Most of the participants loaded 

onto the first three problem factors, which together explained 51% of the variation, and 

these three factors were carried forward for further analysis. For the solution sort, eight 

factors with Eigenvalues above 1 were extracted, explaining 78% of the variance, though 

as respondents loaded onto factors 1–3, explaining 63% of the variance, these three factors 

were used in further analysis. 

3. Results 

This section describes results from the problems Q-sorts (Table A1, Appendix A: UK; 

Table A2, Appendix A: Norway) and solutions Q-sorts (Table A3, Appendix A: UK; Table 

A4, Appendix A: Norway). The number of respondents loading onto each factor (i.e., who 

ranked statements similarly) is shown in Figure 1 (UK problem Q-sort), Figure 2 (Norway 

problem Q-sort), Figure 3 (UK solution Q-sort) and Figure 4 (Norway solution Q-sort). 

Results are grouped under the key defining factors that emerged from each Q-sort, which 

are summarised in short, narrative phrases based on the main defining traits of each fac-

tor. Key areas of consensus and disagreement that emerged across these different group-

ings are then highlighted. 
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Figure 1. Professions of UK respondents loading onto the four problem factor groups. 

 

Figure 2. Professions of Norwegian respondents loading onto the three problem factor groups. 
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Figure 3. Professions of UK respondents loading onto the three solution factor groups. 

 

Figure 4. Professions of Norwegian respondents loading onto the three solution factor groups. 

3.1. Perceived Problems Causing Declining Soil Quality 

3.1.1. UK Study 

Factor 1: “Intensive Agriculture to Blame” 

This factor was defined by respondents who were significantly more likely to think 

the problems causing declining soil quality were due to “intensive use of soil without time 

to recover” and “overuse of inputs”, more strongly agreeing with these statements than 

other factors. In contrast, they strongly disagreed that the problem was caused by the fact 

that “soil has become too saline”, ranking this statement more negatively than other fac-

tors. 
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Factor 2: “Farmers Need to Change” 

This factor was defined by respondents more strongly agreeing than other factors 

that “lack of knowledge of soils amongst farmers” and “some traditions of farmers are 

damaging” were causing problems in soil quality. Conversely, they more strongly disa-

greed with statements regarding “declining level of nutrient status”, “loss of number of 

wild species” and “I do not believe there is a problem with soil quality” than other re-

spondents. 

Factor 3: “It’s the EU, Not Farmers That Are to Blame” 

Respondents here were defined by more strongly agreeing than other factors with 

the idea that “EU agricultural policy” was the cause of declining soil quality, along with 

“lack of knowledge of soils amongst farmers” and “natural local climate constraints”. 

Conversely, they strongly disagreed that the problems were “use of contractors” and “loss 

of numbers of wild species” compared with other respondents. 

Factor 4: “Weather and Farm Management to Blame” 

Respondents here more strongly agreed than other factors that “pressure on farmers 

to produce at a low cost”, “choice of cropping system” and “flooding or drought” were 

causing problems with soil. Conversely, they more strongly disagreed with statements 

regarding “lack of knowledge of soils amongst farmers”, “overuse of inputs” and “dis-

trust of scientists by farmers” were causing problems, when compared with other re-

spondents. 

Areas of Agreement and Disagreement 

Respondents in all factors strongly agreed that soil quality was declining due to loss 

of soil structure, and agreed/strongly agreed that compaction, soil erosion, loss of organic 

matter and insufficient knowledge exchange were other causes (Table 1). In contrast, they 

did not think that the causes were due to farmers having little control over their land or 

due to a distrust of scientists by farmers. Conversely, the only area of statistical dissensus 

between each factor was “lack of knowledge of soils amongst farmers” (Table 1). 

Leading Causes of Declining Soil Quality  

There were two themes that were frequently mentioned by UK respondents as the 

leading causes of declining soil quality when answering this open-ended question. The 

first group blamed market pressures for pushing farmers into intensifying farming, with 

a sentiment that an ever-increasing drive to produce more food at cheaper costs was a 

fundamental driver of unsustainable land management, including soil quality decline. 

This could relate to the Q-set statement 21, “pressure on farmers to produce at low cost”, 

which respondents in Factors 1, 3 and 4 strongly agreed was a cause for declining soil 

quality. This sentiment is captured by an agricultural adviser (UK2) who said: 

“There is an increasing demand to produce cheaper food for a larger population 

using the same/declining land area. Pressure is put on producers by supermar-

kets and the general public to provide food to contracts, often unknowingly, 

which results in poor management choices.” 

Conversely, the second group blamed farmers and thought that intensive agricul-

tural practices, such as ploughing and insufficient crop rotation, were the leading causes 

of soil quality decline. Many respondents felt this was due to a lack of understanding by 

the farmer of better soil management practices. One nature conservationist (UK4) sum-

marised this theme by saying the problems causing declining soil quality were due to: 

“Traditional' farming practices and cropping, which means too many farmers 

not being innovative/open to new methods. Time to start re-thinking about how 

we measure what makes a successful farm - it's not all about productivity.” 
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This sentiment was not reflected in the answers to the problem Q-sort. One of the 

reasons for this could be that it encapsulates many of the problem statements related to 

farm management, as it is a multi-faceted and complex problem. 

3.1.2. Norway Study 

Factor 5: “Disconnection between Farmer and Soil” 

Respondents in this factor were more likely to rank “poor management of the soil” 

as one of the main reasons for the decline in soil quality. This group disagreed more 

strongly with the statement “I do not think there is a problem with soil quality”. Instead, 

they ranked statements on agricultural practices and farmers’ knowledge as leading 

causes for declining soil quality, such as “farmer has lost the finer touch with his land”, 

“overuse of input like fertiliser and chemicals”, and “lack of knowledge of soil amongst 

farmers”.  

Factor 6: “There Is no Problem with the Soil Quality” 

Respondents in this factor disagreed that agricultural practices are reasons leading 

to a decline in soil quality such as “intensive agriculture to blame” and “overuse of input 

like fertilisers and chemicals”. They also strongly disagreed with the statements “use of 

contractors”, “too much leased land” or “farmers have lost the finer touch with their 

land”. They agreed more strongly than others with the statements “too little advice on 

soil-improving practices” and “lack of knowledge-sharing between scientists, advisors, 

and farmers” as problems for soil quality.  

Factor 7: “Industrialised/Intensive Agriculture to Blame”  

Respondents in this factor thought the problems were often outside of the farmer’s 

actions and responsibility compared to factor 5, being significantly more likely to agree 

on “pressure on the farmer to produce at low cost”, and “intensive agriculture” than the 

other factors. This group also more strongly agreed about structural characteristics like 

“too large farms” and “high share of leased land” as problems of declining soil quality 

compared with other factor groups. 

Areas of Agreement and Disagreement 

Respondents in the three factors agreed/strongly agreed that soil quality was declin-

ing because of “soil erosion”, “repetition of the same crop, year after year”, and “loss of 

soil structure”. There were also numerous areas of statistical disagreement between the 

factor groups (Table A2, Appendix A), such as knowledge/education, environmental con-

ditions and management of the farm. 

Leading Causes of Declining Soil Quality 

There were two common perceived causes of declining soil quality. The first was an 

increase in use of large machinery causing soil compaction, captured by the statement 

(N5): 

“Larger farms stimulate heavier machinery leading to more compaction” and 

“…modern machinery can drive in unfavourable conditions”.  

The second aspect was lack of crop rotation, which respondents felt contributed to 

declining levels of SOM, while some connected monocultures to the regional specialisa-

tion policy. 
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3.2. Perceived Solutions to Address Declining Soil Quality 

3.2.1. UK Study 

Factor A: “Anti-Innovation” 

This factor was defined by respondents more strongly agreeing that there is not much 

we can do to improve soil quality and that the problems were due to natural climatic 

constraints. They also disagreed with innovations and increasing early adoption of new 

techniques to solve the issue, ranking these statements more negatively than other factors. 

Factor B: “Yes to Financial Incentives but no to Regulation” 

Respondents here more strongly agreed that financial incentives could be a solution 

but more strongly disagreed that restrictive policies, such as more regulation (including 

for fertilisers and to reduce water usage) and creating a Soil Directive, would improve soil 

quality. 

Factor C: “Early Adoption of New Techniques” 

This factor was defined by respondents more significantly agreeing to increasing 

early adoption of new techniques as a solution to declining soil quality. They also more 

strongly disagreed that solutions were maintaining small farms, giving more freedom for 

farmers to manage their land as they would like, and that farmers have already tried lots 

of things. 

Areas of Agreement and Disagreement: 

Respondents loading onto the three factors strongly agreed that more research 

should be done in collaboration with farmers, and all agreed in investing in education and 

training (Table A3, Appendix A). They also agreed that we should work towards improv-

ing trust between farmers and regulatory agencies and initiatives to reduce compaction. 

Respondents did not think changing the timing of tillage would improve soil quality. 

There was disagreement on numerous solutions, particularly around maintaining small 

farms, increasing the early adoption of new techniques and giving more freedom to farm-

ers to manage their land. 

The Most Important Perceived Solutions to Addressing Soil Quality Decline 

There were two main themes that emerged in the responses to the open-ended ques-

tion, with the first (and most common) requesting improved knowledge exchange be-

tween agricultural stakeholders. This links to the Q-set statements on “more research 

should be done in collaboration with farmers” and “investing in education and training”, 

to which all factors agreed. This theme can be best encapsulated by a quote from a re-

searcher (UK5) who said the solution lay with: 

“Two-way communication between farmers, researchers and policy makers. 

Even the best solutions will not work if they can't be shown as favourable or 

acceptable to the farmer.” 

The second theme was around suggestions of using soil-improving cropping sys-

tems, or derivatives thereof, such as diverse crop rotations, direct drilling and reduced 

tillage. This related to many of the solution Q-set statements, such as on cover crops, ro-

tation and less use of heavy machinery.  
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3.2.2. Norway Study 

Factor D: “Farmer-Led Demonstration and Innovation” 

Respondents in this factor were more likely to rank “setting examples to follow; if 

one farmer succeeds others will follow”, “more innovation” and “more targeted mapping 

of soil threats” as solutions to declining soil quality than others. This group disagreed 

more strongly than others on “more small farms” and “reduction of leased land” as solu-

tions to increase soil quality and was the only group that was neutral on the statement 

“reduce use of heavy machinery”. 

Factor E: “No More Regulation or Financial Incentives”  

Respondents in this group agreed more strongly on “farmers have already tried 

many measures to improve soil quality” compared with other factors. They disagreed on 

“more use of cover crops”, “financial incentives”, “creation of a soil directive”, “more reg-

ulation of fertiliser use”, and “more regulation” as solutions. 

Factor F: “Society Needs to Change”  

The respondents in this factor distinguished themselves from the others by strongly 

agreeing on “society needs to change focus on what farmers produce”. This group also 

agreed that the solutions could be to “reduce use of heavy machinery” and “more use of 

cover crops”, though not at the p < 0.01 level.  

Areas of Agreement and Disagreement 

Respondents agreed on “less soil compaction” and “more variation in crop rotation” 

as ways to improve soil quality (Table A4, Appendix A), as well as on statements related 

to education, such as “investment in education and training” and “more farmer demon-

stration days”. Respondents did not think “there is not much we can do with the cropping 

system to improve soil quality” or that the “problems are due to natural, climatic varia-

tions”. Further, respondents were strongly against “more use of financial penalties” and 

were neutral or disagreed with “financial incentives” as a solution. 

The Most Important Perceived Solution to Declining Soil Quality 

More than half of the respondents mentioned “soil organic matter”, “cover crops” or 

“crop rotation” in the open-ended section as solutions to improve soil quality. In addition, 

more drainage was mentioned by eight respondents as the most critical measure to in-

crease soil quality in the open-answer section, a factor not discussed at all in the UK sur-

vey. 

4. Discussion 

Understanding the range of stakeholder perceptions of the causes of, and solutions 

to, declining soil quality is useful as it can highlight potential tensions and agreement that 

might affect the acceptability of land management policies and measures. In our work in 

the UK and Norway, whilst there were disagreements between respondents on the per-

ceived causes of soil degradation, there was consensus on numerous soil-specific factors, 

e.g., compaction, soil erosion and loss of organic matter. Both groups agreed that the un-

derlying drivers of declining soil quality were related to wider issues around industrial-

ised agriculture and demand for cheap food, which many farmers felt were out of their 

control. When it came to solutions, some stakeholders felt that society needs to change in 

order to address these underlying drivers. Knowledge exchange between agricultural 

stakeholders was also seen as key. However, many respondents were against further reg-

ulation or financial mechanisms including both incentives and penalties. 

When focusing on the causes of declining soil quality, studies show that UK soils are 

threatened by soil erosion, compaction and organic matter decline [21], which reflected 
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the main problems that UK respondents believed were causing declining soil quality. Re-

spondents in Norway also thought soil degradation was due to soil erosion and loss of 

soil structure, reflecting findings in southeast Norway, where erosion and loss of soil 

structure have been linked to increased soil compaction [35]. However, Norwegian re-

spondents considered lack of crop rotation as a problem causing soil decline, which was 

not noted in the UK study, perhaps reflecting the fact that crop rotations were at the time 

incentivised in the UK via the EU Common Agricultural Policy’s three crop rule [36]. 

Reducing compaction was agreed to be key to improving soil quality for UK and 

Norwegian respondents. There has been significant interest in the effects of compaction 

over the last few years in both Norway and the UK, with numerous research projects, 

training events, innovations and industry-led technology to help address this problem 

(e.g., [35,37,38]). This suggests compaction is a salient issue for respondents. However, 

some of the ways for dealing with compaction, such as reducing usage of heavy machin-

ery, were not highly rated by respondents in this survey. More research would be needed 

to understand why this is. 

Industrialisation of the agri-food sector was thought to be a driver of soil degrada-

tion. This perception reflects the significant structural changes in southeastern Norway, 

described by Bjørlo and Rognstad [39] in their report “Barely recognisable” (translated 

from Norwegian). When analysing the answers to the open-ended question about the 

main problem causing declining soil quality, both British and Norwegian respondents of-

ten highlighted the complex nature of soil degradation, related to external pressures along 

the food supply chain such as consumers demanding cheap food and agricultural policy 

and supermarkets dictating farm management. One UK farmer summarised this senti-

ment succinctly by stating: “give a farmer the right tools and he can put things right but 

remember he is only a puppet in a political system”. Competing demands were thought 

to be placed on farmers, pulling them in different directions and this was thought to have 

a negative effect on the soil. To illustrate this tension, one UK adviser stated that “the 

machinery industry wants to sell big heavy machinery and the agronomy industry wants 

to sell more chemistry and soil health is the loser”. The pressure for farmers to produce 

more food as cheaply as possible appeared to be part of the symptom of industrialised 

agriculture where farmers felt trapped and unable to improve their soil quality due to 

these powerful external market forces. 

Whilst respondents in the UK study felt there had been a decline in soil quality, many 

respondents in factor 6 of the Norwegian study (“I do not think there is a problem with 

soil quality”) did not agree. There can be several reasons to why this may be, such as 

respondents in factor 6 conceptualising "soil quality” in a different way to others, thereby 

not considering there to be a decline. For instance, a crop consultant wrote, “I do not think 

that soil quality has gone down, farmers are harvesting higher and higher yields”. This 

might reflect a more historic definition of the term “soil quality” that focused on produc-

tivity rather than wider ecosystem services [40], where continued application of fertiliser 

and pesticides can mask underlying soil quality issues [41]. In addition, the larger propor-

tion of non-farmers in the UK study group may have resulted in a greater emphasis on 

declining soil quality, with the scientists in the UK group most commonly identifying in-

dustrial agriculture as a causal factor in declining soil quality. 

When it came to improving soil quality, many respondents in both studies were neu-

tral towards or disagreed with financial measures, including penalties and incentives. 

This is a finding also established in other studies [16,42] whereby farmers felt financial 

incentives in particular were bribes to coerce farmers into doing what others wanted them 

to do. Whilst there may be some reluctance to agree to using financial incentives to change 

farmer behaviour, when implemented effectively they can change farmer practices and 

produce environmental benefits [43,44]. Leaving the EU presents the UK with an oppor-

tunity to revolutionise its agricultural policy and there is increasing interest in paying 

farmers for providing essential ecosystem services, such as soil conservation [45]. How-

ever, given that numerous respondents in this study did not think financial incentives 
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could reduce soil degradation, it remains to be seen whether this approach will result in 

widespread uptake or improved soil quality, especially if fundamental drivers of soil deg-

radation are not also addressed. For instance, if supermarkets and consumers continue to 

demand and purchase high quantities of cheap food, it is possible that market forces may 

undermine Government incentive schemes if the profits that farmers make from selling 

cheap, industrially produced food is more than what the Government can offer. Equally, 

supermarkets often tie farmers into contracts, with strict requirements on yield and qual-

ity of food but limited attention towards how the food is produced. To transform the agri-

food system, supermarkets should also start requiring food to be produced in more sus-

tainable ways [46]. 

Many UK and Norwegian farmers in this study did not believe EU or national inter-

vention could improve soils, such as by creating a Soils Directive, and were also more 

negative with regards to any form of regulation. In the UK, this may partly be as a result 

of longstanding political opposition on the issue; in 2012, UK Ministers, together with 

Germany, France, The Netherlands and Austria, played a key role in blocking an EU Soils 

Directive [47]. This finding may also reflect the fact that the survey ran during the EU 

”Brexit” negotiations, where trust in the EU by many UK citizens was at a low point, sug-

gesting a lack of faith in the UK’s national application of the Common Agricultural Policy. 

It remains to be seen whether trust can be rebuilt between British farmers and policymak-

ers as the UK leaves the EU and devises its own agricultural policies. 

Investing in education and training were additional solutions that respondents 

agreed upon. Research has shown that education and training can be effective at spread-

ing awareness and encouraging uptake of more sustainable agricultural practices [48,49]. 

This may work best with farmers who are more open to learning about new topics and 

trying novel approaches. However, conservative farmers that are more risk-averse and 

less willing to change might be less likely to attend training events or try new practices 

[50] and it could be these farmers that are undertaking the most soil-damaging practices. 

Targeting these hard-to-reach farmers has continued to prove challenging though one 

way of addressing this could be to frame knowledge exchange events in ways that attract 

these farmers by focusing on aspects they are passionate about, and where the event is 

run by someone whom they respect and relate to. In particular, local peer-to-peer 

knowledge exchange events have been identified as offering scope for strengthening land 

manager networks and facilitating behavioural change through exchange of information 

and experience [51,52]. Opportunities also exist to use online information and integration 

to influence farmers to change their practice, although more understanding of the effec-

tiveness of this type of approach is needed [53]. Another solution agreed upon by many 

respondents was to undertake more research in collaboration with farmers. The EU Hori-

zon 2020 funding stream promotes a “multi-actor approach” for agricultural research pro-

jects, encouraging a diverse group of stakeholders to work together rather than research 

solely (or primarily) being conducted by researchers [54]. This approach has many poten-

tial benefits as it can help promote greater understanding of different perspectives, build-

ing empathy, making research more robust, allowing quicker uptake of results, and 

grounding research in non-academic stakeholder experiences and knowledge, as well as 

others [55]. This collaborative approach may help stakeholders understand their episte-

mological differences and build trust to work together more effectively and respect each 

other’s perspectives. Given that one of the suggested solutions was to build trust between 

regulators and farmers, future work should encourage participation of regulators in 

multi-actor projects. In the Norwegian study, “farmer demonstration days” were consid-

ered as an agreed solution to improve soil quality, where researchers, extension services 

and farmers meet to discuss both theoretical and practical aspects of agriculture. These 

demonstration days could provide a valuable opportunity for knowledge exchange be-

tween researchers, farmers and other stakeholders. Similar events are held in the UK and 

have been met with great success from the farmers attending. 
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5. Conclusions 

To be well-informed, equitable and transparent, public decision-making needs to 

take account of the views of the diversity of stakeholders they may affect. Taking these 

perspectives into account in the policy-making process has the potential to deliver more 

robust decisions that are more beneficial for the environment and more likely to be imple-

mented. Participatory processes can elicit a more inclusive range of perspectives than con-

ventional consultative processes, revealing areas of consensus and disagreement that can 

inform policy development. They are also able to capture the likely social impacts of pro-

posed policies, which are often neglected in favour of more straightforward environmen-

tal and economic appraisals [16,56]. Using Q-methodology to analyse the diversity of 

stakeholder perspectives, this research has shown that there is a diversity of perspectives 

on the problems of and solutions to declining soil quality across different professions 

within the agricultural sector in Norway and the UK.  

Respondents in both countries found it easy to agree on the physical processes caus-

ing declining soil quality (in both countries, respondents pointed to a loss of soil structure 

and soil erosion). It was harder to find agreement on social and political drivers from the 

Q-sorts, other than a lack of knowledge exchange in the UK. However, analysis of quali-

tative data suggested that respondents primarily blamed industrial agricultural methods, 

which in turn, they blamed on market drivers, pushing down farm-gate prices (in the UK) 

and regional specialisation policies (in Norway). Although these drivers of declining soil 

quality are difficult to address in the short term, and market drivers are outside the control 

of policymakers, the proposed solutions were pragmatic, focusing primarily on capacity 

building measures. Respondents in both countries agreed that more investment was 

needed in training for farmers to use soil-improving cropping systems as an important 

way of improving soil quality. Respondents in Norway were strongly against the use of 

financial penalties to encourage the use of these cropping systems, and UK respondents 

believed that trust needed to be built between farmers and regulators, and that more re-

search needed to be done in collaboration with farmers. It may be possible to engage farm-

ers in action research, including the development of evidence-based training tailored to 

their needs, drawing on both existing evidence and findings from new collaborative re-

search.  

Linked to this, future research might integrate Q methodology with Delphi or other 

structured elicitation techniques to further triangulate and increase the robustness of find-

ings. Notwithstanding the sample sizes in this research, it is important to note that Q 

methodology alone should not be used to generalise findings to wider populations, and 

so these findings should be seen as indicative of the views of some stakeholders in each 

country, rather than as an authoritative representation of the perspectives of these groups 

in general.  

Although the limited sample makes generalisations inadvisable at national scales, 

areas of consensus are important for policy makers to understand, as they could indicate 

areas where policy changes might be more acceptable to a range of stakeholders, address-

ing the challenge of creating scalable policy options noted by the UNCCD. It is also useful 

to highlight areas of disagreement among stakeholders, so that further consultation can 

be carried out to understand the basis of dissensus and its likely impact on policy imple-

mentation. For example, in this study we highlighted the diverging view of perspectives 

on the underlying causes of declining soil quality, which variously blamed farmers (who 

“have lost touch with their land and are afraid of doing something new”), policy-makers 

(“it’s EU policy, not farmers that are to blame”), the industrial system (“intensive agricul-

ture to blame”) and external forces from society (“pressure to produce at low cost”).  

As policymakers in the UK, Norway and other countries grapple with the challenge 

of feeding growing populations whilst mitigating climate change, there is a greater need 

than ever before to develop policies that are acceptable, implementable and sustainable. 

In this context, policies are needed that address the widest possible range of real and per-

ceived causes of declining soil quality, harnessing the adaptability and ingenuity of 
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farmers and other stakeholders as part of wider attempts to address systemic market and 

policy failures across the agri-food system. Dealing with soil degradation requires tack-

ling underlying drivers and this study has highlighted numerous solutions for addressing 

this challenge that are acceptable to a range of agricultural stakeholders. 
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Appendix A 

Table A1. Average Q-sort scores for each of the four factors identified as causing problems by UK 

respondents. Bold text indicates distinguishing statement at p < 0.01, underlined text indicates con-

sensus statements; scale from -2 (strongly disagree) to 2 (strongly agree). 

                                                                                               Factors* 

Problem Statements 
1 2 3 4 

1. Intensive use of soil without time to recover 2 1 0 0 

2. Farmers have lost touch with the finer understandings of their land −2 1 0 −1 

3. Land is being used for other purposes (e.g., grazing, housing, industry) 0 −1 −1 0 

4. Farming has become too quantified, where everything is measured −2 −1 −1 0 

5. Some traditions of farmers are damaging 0 2 0 1 

6. Loss of organic matter 2 2 2 1 

7. Loss of numbers of wild species 1 −2 −2 −1 

8. Compaction 1 2 1 2 

9. Soil has become too saline −2 −2 −2 −2 

10. Declining level of nutrient status 0 −2 1 1 

11. Overuse of inputs like fertilisers and pesticides 2 0 −1 −2 

12. Repetition of the same crops, year after year 1 0 1 −1 
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13. No crop cover over winter 1 1 0 −1 

14. Loss of soil structure 2 2 2 2 

15. Choice of cropping system 0 0 1 2 

16. Soil tillage practices 0 2 2 2 

17. Use of contractors 0 1 −2 0 

18. Poor management 1 1 1 −1 

19. Farms have become too big 0 −1 −2 0 

20. Soil erosion 2 1 2 1 

21. Pressure on farmers to produce at low cost 2 0 2 2 

22. Product demand from national/international markets 1 0 0 0 

23. Help towards improvements are not given fairly −1 0 0 1 

24. Too many regulations −2 −2 0 −1 

25. Too much environmental regulation −2 −2 0 −1 

26. EU agriculture policy −2 −1 2 −1 

27. Farmers have little control over their own land −1 −2 −1 −2 

28. Climate change 1 −1 −1 1 

29. Natural local climate constraints −1 −1 1 0 

30. Topography of the land −1 −1 1 1 

31. Flooding or drought 0 −1 0 2 

32. Disconnection between nature-based land use and modern agriculture 1 0 −1 0 

33. I do not believe that there is a problem with soil quality −2 −2 −2 0 

34. Distrust of new technology and innovations by farmers −1 0 −2 −2 

35. Fear of doing something new 0 1 0 −1 

36. Distrust of scientists by farmers −1 −1 −1 −2 

37. Not enough knowledge being shared 1 1 1 1 

38. Distrust between farmers and advisory agencies −1 0 −1 −2 

39. Peer pressure by others −1 0 −2 0 

40. Lack of knowledge of soils amongst farmers −1 2 1 −2 

41. Modern machinery is too large 0 1 −1 1 

* Factor 1—Intensive use of agriculture to blame; Factor 2—Farmers need to change; Factor 3—It’s 

the EU, not farmers that are to blame; Factor 4—Weather and farm management are to blame. 
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Table A2. Average Q-sort scores for each of the four factors identified as causing problems by Nor-

wegian respondents. Bold text indicates distinguishing statement at p < 0.01, underlined text indi-

cates consensus statements; scale from −2 (strongly disagree) to 2 (strongly agree). 

                                                                                                      Factors* 
Problem Statements 

5 6 7 

1. Compaction  2 2 2 

2. Soil tillage practices  1 0 1 

3. Lack of use of new technology and innovation  −2 0 −1 

4. Use of entrepreneurs/external labor  1 −1 1 

5. Intensive agriculture  0 −1 1 

6. Not enough knowledge being shared between scientists, advisors and farmers  0 1 −1 

7. Loss of organic matter  2 2 2 

8. Soil erosion  2 2 2 

9. Fear of new practices and methods  0 1 −1 

10. Local weather and climate  −1 1 1 

11. Lack of knowledge on soil amongst farmers  2 1 0 

12. Distrust of scientists among farmers  −1 0 −2 

13. Soil being used to other types of agriculture (grazing/other plant production)  −2 −1 −2 

14. Flooding or drought  −2 0 1 

15. Pressure on farmer to produce at a low cost  0 1 2 

16. Soil has become too saline  −1 −1 −2 

17. Too little advise on soil-improving practices  1 2 −1 

18. Peer-pressure  −1 −1 −2 

19. Choice of crops (cropping system)  1 1 1 

20. Too much environmental regulation  −2 0 −1 

21. Too large farms  −1 −2 1 

22. Topography of the land  −2 0 0 

23. Loss of number of wild species  0 −2 −2 

24. Farmer has lost touch with the finer understandings of his land  1 −2 −1 

25. Climate change  −2 0 1 

26. Farmer has little control over his own land  −1 −2 −1 

27. Loss of soil structure  2 1 2 

28. Declining level of nutrient status  0 1 0 

29. Distrust between farmers and advisory agencies  −1 −1 −2 

30. Poor management of the soil/poor soil management  2 1 0 

31. Too many regulations  −2 0 −1 

32. Overuse of input like fertilizers and pesticides  1 −2 −1 

33. I do not believe that there is a problem with soil quality  −2 2 −2 

34. No cover crop over winter  1 2 1 

35. Disconnection between nature-based agriculture and the modern agriculture  1 −1 0 

36. Product demand from the market  0 −2 0 

37. Repetition of same crop year after year; monoculture  2 1 2 

38. Norwegian agriculture policy  1 −1 0 

39. Agriculture has become too quantified, everything is to be measured  −1 −1 0 

40. High share of leased land  0 −2 1 

41. Too little drained land 0 2 2 

* Factor 5—Disconnection between farmer and soil; Factor 6—There is no problem with the soil 

quality; Factor 7—Industrialised agriculture to blame. 
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Table A3. Average Q-sort scores for each of the four factors identified as solutions to improve soil 

by UK respondents. Bold text indicates distinguishing statement at p < 0.01, underlined text indi-

cates consensus statements; scale from −2 (strongly disagree) to 2 (strongly agree). 

                                                                                                       Factors * 

Solution Statements 
A B C 

1. Keep updated with new information 0 0 1 

2. Farmers have already tried lots of things to improve soil quality −2 −1 −2 

3. More technical advice 0 1 0 

4. Setting examples for others to follow 1 0 2 

5. More innovations −1 1 1 

6. Maintain small farms 0 −1 −2 

7. More resting/recuperating of the soil 1 −1 0 

8. More organic fertilizer 0 0 0 

9. More cover crops 2 0 −1 

10. More diverse crop rotations 2 0 1 

11. Less use of heavy machinery 0 0 0 

12. Change the timing of tillage −1 −1 −1 

13. Reduce compaction 1 2 2 

14. More targeted mapping of soil threats 0 0 0 

15. More financial incentives 0 1 0 

16. More financial penalties −2 −2 0 

17. More freedom for the farmers to manage their land as they would like −1 0 −2 

18. More regulation −2 −2 −1 

19. More regulations for water usage −1 −1 −1 

20. More regulations for fertilisers −1 −2 −1 

21. We cannot do much as the problems are down to natural climatic constraints −2 −1 −2 

22. Creation of a 'Soil Directive' 0 −2 0 

23. More research done in collaboration with farmers 2 2 2 

24. More traditional farming practices −1 −1 −1 

25. Improve trust between farmers and regulatory agencies 1 1 1 

26. Society needs to change focus on what we want to produce 0 0 −1 

27. Increase early adoption of new techniques −1 0 1 

28. More farmer demonstration days 0 1 1 

29. More communication and sharing of knowledge between farmers locally 0 2 1 
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30. More local knowledge and experience 1 0 0 

31. More education on environmental impacts 2 1 0 

32. Increase knowledge of difference in soil types 1 2 0 

33. Invest in education and training 1 1 2 

34. There is not much new we can do in terms of soil management −2 −2 −1 

*Factor A—Anti-innovation; Factor B—Yes to financial incentives but no to regulation; Factor C—

Early adoption of new techniques. 

Table A4. Underlined text indicates consensus statements; scale from −2 (strongly disagree) to 2 

(strongly agree). 

                                                                                                       Factor*
Solution Statements 

D E F 

1. Regulation of water usage  −2 −1 −1 

2. More communication and sharing of knowledge between farmers on a local level  0 1 1 

3. Investment in education and training  1 1 2 

4. More use of local knowledge and experience  0 2  1 

5. More regulations for fertilizers  −1 −2 0 

6. Less use of heavy machinery  0 1 2 

7. More farmer demonstration days  1 1 1 

8. Change the timing of tillage  0 0 −1 

9. More research done in collaboration with farmers  1 0 1 

10. More small farms  −2 0 0 

11. Improve trust between farmers and institutions  −1 0 0 

12. More resting soil  −1 −2 −2 

13. More innovations  1 −1 −1 

14. There is not much we can do with the cropping system to improve soil quality  −2 −2 −2 

15. Financial incentives (e.g., subsidies)  0 −1 0 

16. Setting examples to follow; if a farmer succeed others will follow  2      1 0 

17. Creation of a “Soil Directive”  −1 −2 −1 

18. There is not much we can do; problems are due to natural, climatic variations. −2 −1 −2 

19. Less soil compaction  2 2 2 

20. More diverse crop rotation  2 2 2 

21. More education on environmental impacts  1 0 1 

22. More use of organic fertilizer  1 1 0 

23. Society needs to change focus on what farmers produce  0 0 2 

24. More advise on use of technology  0 0 −1 

25. More targeted mapping of soil threats 1 0 0  

26. More cover crops  2 −1 2 

27. More traditional agricultural practices  −1 −1 −1 

28. Farmers have already tried many measures to improve soil quality −1 1 −1 

29. More regulation  −1 −2 −2 

30. Increase adoption of new techniques  0 −1 −1 

31. More financial penalties  −2 −2 −2 

32. Increase knowledge of soil types  2 2 1 

33. Reduce share of leased land  −2 1 0 

34. More drainage of agricultural land 2 2 1 

*Factor D-Farmer-led demonstration and innovation; Factor E—No more regulation or financial in-

centives; Factor F—Society needs to change. 

Note 
1. Definitions of “soil quality” vary and have progressed from focusing solely on agricultural production to a broader focus on 

the complex and diverse functions that soil confers to humans and our environment [7]. Here, we define soil quality as “the 
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capacity of a specific kind of soil to function, within natural or managed ecosystem boundaries, to sustain plant and animal 

productivity, maintain or enhance water and air quality, and support human health and habitation. In short, the capacity of the 

soil to function” [57]. 
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