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D6.4 FARMERS' ADOPTION OF SUSTAINABLE SOIL
MANAGEMENT PRACTICES

Summary

Change in the current farming practices is crucial for improving soil conditions and the ecosystem
services. Beyond economic and environmental aspects, the adoption of new management practices
by farmers depends on several social and psychological factors at the farm level. The objective of this
deliverable is to obtain a better understanding of decision-making by farmers when it comes to the
adoption of sustainable soil management practices. In this deliverable, we apply the theory of planned
behavior. We present barriers and drivers for different sustainable soil management practices taking
into account the context of the five pedoclimatic regions included in our study. Furthermore, we
present an econometric analysis of farmers compensation requests.

The survey results from the regions showed that the most commonly used indicators to evaluate soil
quality were soil structure, pH levels, and water retention capacity. Generally, 46% of respondents
rated soil quality as rather good, while 38% rated it as neither good nor bad. Popular practices to
improve soil quality included incorporating crop residue and implementing long rotation periods, with
strong interest in less frequent ploughing and reducing tillage depth. Attitudes towards improving soil
quality were positive, and the intention to invest in soil quality was strongly linked to past behavior
and moral obligation.

Varying levels of intention were shown related to regional practices, being highest in Atlantic Spain
(crop diversification) and in Finland (plant cover, shallow tillage). The importance of attitude and past
behavior in explaining intention to apply the practices were consistent across the regions, with the
most positive attitudes in Mediterranean Spain towards biostimulants and biofertilizers, and the most
negative in Germany towards underseeding.
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1 Introduction

In the EU Soil Deal for Europe (EC 2021), healthy soils are acknowledged as the foundation of
our food systems. ‘Soil is the foundation of our food systems. It provides clean water and habitats
for biodiversity while contributing to climate resilience. It supports our cultural heritage and
landscapes and is the basis of our economy and prosperity.’

In Soildiveragro, we specifically focus on soil biodiversity. Soil biodiversity is recognized as
crucial in guaranteeing the functioning of soil and as a provider of several ecosystem services.
Soil biodiversity, together with their abiotic and biotic interactions, determines the multi-
functionality of soils: complex soil food webs recycle nutrients, decompose organic matter,
sequester carbon, regulate and filtrate water, provide habitat support, raw and food materials,
remediate contaminants, and increase the genetic pools (Wagg et al., 2014).

However, according to EU Soil Observatory (EUSO 2025) dashboard, more than 60% of EU
soils are considered unhealthy due to current management practices, pollution, urbanisation
and the effects of climate change. As a direct consequence, soil biodiversity is also threatened
by multiple stresses including intensive agriculture, deforestation, urbanisation, loss of organic
matter, soil compaction and sealing, soil acidification and nutrient imbalances, pollution,
salinisation and sodification, fire, erosion and landslides, climate change and invasive species
(FAO, 2015). Previous studies have claimed that soil biodiversity is under pressure in 56% of
the total European land, with 14% being at high risk (Gardi et al., 2013) and another study found
40% of 14 Member States (MS) (EU + UK) under a moderate-high to high potential risk (Orgiazzi
et al., 2016).

Over the last decades, agriculture in Europe has intensified significantly to meet the demands
of the increasing human population. As a result, a variety of agricultural management processes
have been imposed on the soil ecosystem, including external inputs such as pesticides,
fertilizers, herbicides, and tillage. These practices distort the natural balance of the soil
ecosystem and may compromise the output of other environmental services (Kibblewhite et al.
2008), which, to a large extent, results in the loss of other ecosystem functions and thus renders
the soil unhealthy.

Change in the current farming practices is crucial for improving soil conditions and the
ecosystem services. The main objective of SoildiverAgro is the adoption of new management
practices and cropping systems that enhance soil genetic and functional biodiversity to reduce
the use of external inputs while increasing crop production and quality, delivering ecosystem
services and enhancing EU agricultural stability and resilience. New management practices with
realistic potential for meeting end users’ needs through soil biodiversity enhancement were
tested in the case studies’ on-field experiments within WP5. These innovative agricultural
practices are in generally based on the principles of minimizing soil disturbances, keeping the
soil covered, maximizing plant diversity, and maximizing the period of living root growth,
considering the soil’s natural characteristics such as texture, natural drainage class, and slope
(Woodyard and Kladivko, 2017). Managing soil for improved health demands a long-term
commitment to using combinations of soil-enhancing practices.

However, before large-scale adoption of new management practices and cropping systems that
aim to enhance soil genetic and functional biodiversity, an environmental and socio-economic
analysis is needed to guarantee the real benefits of managing soil organisms for farmers and




society. The main aim of WPé6 is therefore to assess the environmental, economic and social
costs and benefits of proposed management practices and cropping systems that might
positively affect soil biodiversity. However, beyond economic and environmental aspects,
earlier studies have shown that the adoption of new management practices additionally
depends on several social and psychological factors at the farm level.

The objective of this deliverable is to gain more insight into decision-making by farmers when
it comes to the adoption of sustainable soil management practices. This deliverable summarizes
the methodologies and results of activities carried out within task 6.2.3. with the overall
objective of identifing barriers and drivers of a diversity of cropping systems and management
practices in five pedoclimatic regions.

Before we introduce our methodology and results, we start with introducing the theoretical
framework that guides our methodological approach. We will also give a short overview of
earlier studies with respect to the adoption of sustainable soil management by farmers, to
justify some methodological choices. In the following, we will present the methodology. In the
results section, we present barriers and drivers for different sustainable soil management
practices in the context of the 5 pedoclimatic regions included in our study. Finally, we will
conclude with overall recommendations for further promoting the adoption of practices that
enhance soil biodiversity.




2 Theoretical framework and previous literature for
understanding farmers’ adoption of sustainable soil
management practices

2.1 Behavioural approaches and theory of planned
behaviour

Many different models and approaches exist to study behavioural change. Some models focus
on understanding internal antecedents of behaviour such as values, attitudes and intentions.
Others focus more on external factors like incentives, norms and institutional constraints. Some
models focus on assessment of internal aspects of individual decisions but fail to fully address
the importance of contextual or situational variables and vice versa (Jackson et al., 2005).
Making sense of behaviour inevitably requires a multi-dimensional view which incorporates
both internal and external elements. In this respect, we believe that behavioural sciences can
make a relevant contribution to exploring changes in agricultural practices since it approaches
behavioural change from an interdisciplinary perspective. Behavioural science is the branch of
science concerned with the study of human behaviour, encompassing fields such as sociology,
psychology and economics. Applied behavioural science focuses on developing interventions
for behavioural change by understanding how decision-making is affected by various factors,
including internal as external factors.

Several frameworks and models have been developed to contribute to applied behavioural
sciences. In this deliverable, we will use the Theory of Planned behaviour (TPB). The theory was
established in the late 1980s and early 1990s, and has been successfully used in various fields
for examining factors that influence individual behaviour. TPB is recognized as a practical and
empirically supported framework that provides clear guidelines for quantifying social-
psychological variables and developing theoretical models. This framework states that
individual human behaviour depends on an individual's intention to perform the behaviour
(itself influenced by beliefs, habits, etc.) in addition to perceived behavioural control (how
difficult one believes a task to be) and social norms. This framework is used as it acknowledges
the fact that decision-making does not occur in a vacuum but rather in a social, technological,
legal and psychological context.

Evaluating farmers’ behaviour towards sustainable soil management practices through the TPB
lens can uncover the motivating factors and obstacles that affect their decision making. At the
heart of TPB is the idea that a person’s likelihood to engage in a behaviour is linked to their
intention to perform that behaviour (Ajzen and Fishbein, 1980; Ajzen, 1987; Ajzen, 1991). This
intention is shaped by three key influences: their personal attitude toward the behaviour, the
perceived social expectations (or subjective norms) from influential people around them, and
their own belief in their capability to perform the behaviour (known as perceived behavioural
control). Attitude emerges from the farmer’s belief that certain practices lead to specific results.
This belief is influenced by the importance the farmer places on each result. Subjective norm is




shaped by the farmer’s perception of the expectations of others, known as referents, regarding
whether the farmer should engage in the behaviour. It also depends on the farmer’s willingness
to adhere to these perceived expectations. Perceptions of behavioural control are formed by
the farmer’s belief in the presence of factors that either ease or hinder the behaviour. These
factors are considered alongside the anticipated effect they would have if they were to occur.
Together, these underlying subjective beliefs act as cognitive motivators or deterrents,
influencing the farmer’s intention to adopt a practice by either encouraging or dissuading them.

These aspects collectively guide a farmer’s decision-making process regarding whether to
embrace a particular agricultural method, weighing the perceived benefits or drawbacks
(attitude), the perceived encouragement or pressure from their community (subjective norm),
and their confidence in their ability to successfully implement the practice (perceived
behavioural control) (Figure 1).

—»] Behavioral Attitude
beliefs »  toward
behavior
r 9
h
Normative Subjective
beliels > norms »  [ntention » Behavior
r Y g
L Control Perceived e
beliefs » behavioral |..-7"
control

Figure 1. Theory of planned behavior

2.2 Previous studies on the adoption of sustainable
soil management practices

A meta-analysis by Wauters and Matthijs (2014) revealed that most TPB studies on soil
conservation practices originated from the USA, Canada, or Australia. However, also in Europe,
several studies have been done during the last decades to understand the adoption of soil
conservation practices more deeply. We focus on those that have applied the theory of planned
behaviour to gain insight into barriers and drivers for the adoption of sustainable soil
management practices. Several studies showed that farmers’ intentions to adopt sustainable
agricultural practices are influenced both by their positive attitudes towards the environment,
perceived social pressures, and their sense of control over the actions (Adnan et al., 2017;
Arbuckle and Roesch-McNally, 2015; Hijbeek et al., 2018). For example, farmers’ intentions to




use cover crops or to increase soil organic matter are influenced by their environmental
attitudes, social pressures, and perceived control over their actions (Arbuckle and Roesch-
McNally, 2015; Hijbeek et al., 2018). These studies focus on testing the validity of the TPB
framework for the adoption of a particular agricultural practice, meaning that it generates
knowledge on the influence of attitude, subjective norm and perceived behavioural control on
the intention to adopt the measure.

While concluding that attitude, subjective norm, and perceived behavioural control affect
intentions and behaviour is helpful, it is not sufficient for developing effective interventions in
extension, communication, policy, and research, as it does not provide information on how to
change attitude. To address this issue, some studies have focused on eliciting the subjective
beliefs that form the basis of attitudes, norms, and perceived control (Beedell and Rehman,
1999; Fielding et al., 2005; Wauters and Mathijs, 2013; Werner et al., 2017; Bijttebier et al.,
2018). These beliefs are thought to provide the cognitive and affective foundation for attitudes,
norms, and control perceptions. As an example, farmers with positive intentions are more likely
to view favourable outcomes as probable and feel more pressure by their social environment,
including key referents such as agricultural organizations, neighbours, and government (Werner
et al., 2017). Bijttebier et al. (2018) emphasizes the context specificity of these subjective
beliefs. They applied the TPB in four countries to understand adoption of non-inversion tillage.
Context specificity consists of biophysical, economic and social characteristics but also
regulatory and institutional conditions in a region. This is confirmed also by the study of
Schneider et al. (2010), showing differences within a country, by illustrating the importance of
culture in the adoption of conservation tillage in Switzerland. So, it is difficult to draw
generalized conclusions on how to approach and stimulate adoption in different contexts. In
this deliverable, we therefore develop case study specific questionnaires to draw conclusions
on the adoption of specific practices, taking into context specificities.

The studies above show that most studies focus on the adoption of very specific soil
management practices. These studies are motivated by the position that soils across Europe
are unhealthy and on the positive contribution of these practices to soil health and soil quality.
This position is shared by the community of soil scientists and policy makers. However, to what
extent is that position also shared within farmers’ community? To what extent are they
concerned about soil biodiversity and soil quality in general? To what extent are they convinced
and feel the urgency to take action to improve soil quality of agricultural land? Is improving soil
quality compatible with other goals, values and norms that drive farmers’ action and behaviour?
Ingram et al. (2010) have shown that farmers and scientists/advisors use different methods and
language to describe soil properties and attribute different meaning to what they see. They
operate in different contexts, pursuing different goals. Differing perceptions are directed and
shaped by their respective aims, methods and context of work. Farmers and researchers have
different conceptions of soil, they attribute different meaning to the same activities, and use
different words and language to describe the same features. With these insights in mind, it is
interesting to explore how farmers define soil quality, what they consider as good quality, what
kind of indicators they use to assess this, and how convinced they are of their contribution as
individual farmers in addressing soil related challenges.

Therefore, we conclude that besides it is important to know drivers and barriers towards
adoption of specific management practices, it is equally important to understand farmers’
perspectives, attitude, and knowledge regarding soil quality and soil management in a more




general way relative to other environmental issues and other farm related challenges and
aspects.

2.3 Complementing the Theory of planned
behaviour in the soil management context

Although the TPB has been used as theoretical model to predict human behaviour, also in the
context of the adoption of sustainable farming practices, the TPB does not provide a complete
explanation of intention or behavior. In other words, social norm, attitude and perceived
behavioural control do not provide a full explanation of intention or behaviour. Two studies, in
the context of soil conservation practices in Europe, reported a predictive ability of the model
up to 70% (Wauters et al., 2010; Werner et al., 2017). This limited predictive power is probably
one of the most commonly discussed critiques on the model. However, according to Ajzen
(1991), the theory is in principle open to the inclusion of additional explanatory variables, as
long as they can be shown to have a significant and distinct contribution. This has prompted
researchers to add additional constructs and test whether they increase predictive power of
intention and/or behavior. In Botetzagias et al. (2015), a small overview is given. They indicate
that moral norms, situational factors and past behavior are the ones most commonly used and
generally perceived as enhancing the predictive ability of the standard constructs of the TPB.
Other studies also included self-identity, perception of mass media, environmental knowledge
and perceived habit (or lack of it) of sustainable practices.

Some of these constructs were tested in the context of pro environmental behaviour. There
has been increasing evidence on the additional predictive power of moral norms in explaining
the variance in pro-environmental behaviour, which should not surprise as moral and normative
considerations are inherent in any discussion of pro-environmental behaviour (Bamber and
Moser, 2007). Moral norms are ‘personal feelings of moral obligation of responsibility to
perform a certain behavior’.

Also, in the context of perceived behavioural control, several studies support the
dimensionalisation of the construct into two components, internal and external control, to
provide a better understanding of the complex nature of the perceived behavioural control
(PBC) construct (Conner & Armitage, 1998). They distinguish between a behaviour that may be
perceived as being within an individual's control based on factors that are either internally or
externally oriented. A behavior may be internally controllable when an individual perceives that
he or she possesses control over personal resources, such as requisite skills, confidence, and
ability, to perform the behavior (Armitage & Conner 1999). A behavior may also be externally
controllable when it is perceived as easy to perform; that is, when it is relatively free of external
or extrinsic influences that can act as a barrier toward behavioral performance. Jackson et al.
(2005) also criticized the assumption that many behaviours are carried out without any
conscious deliberation at all. As individuals, we often seem to act instinctively, automatically,
out of routine or habit, in spite of our best intentions to act otherwise. They state that habits
and routines play a vital role in the cognitive effort to function effectively. This explains the
efforts of some researchers to also add ‘past behaviour'.

Moral norms, past behaviour, external and internal control are therefore added to the basic
constructs of the TPB and tested in our study as potential predictors of farmers’ intention and
behaviour to invest in soil quality measures.




2.4 Economic approach: Farmers stated
preferences for soil management in economic
terms

Farmers' intention to apply soil friendly practices can also be enhanced with economic support.
Then farmers intention is viewed as a decision-making problem to choose new management
practices with significant positive externalities. As rational economic agents, farmers’ choice of
new practice is a decision made by comparing the costs and benefits of the old and new
management practice to maximize profit (Yu et al., 2017). Traditional farming practices may
result in water body contamination with pharmaceuticals, affecting farmers' profits (Bbxa et al.,
2021). When famers can perceive the harm that traditional farming practices may cause to
harvest quality, they are inclined to adopt soil friendly practices driven by economic rationality
(Chen et al., 2023).

Previous literature exploring farmers' willingness to improve soil quality highlights a
multifaceted interplay of economic, social, and environmental factors. Studies indicate that
farmers' willingness often hinges on their awareness of the long-term benefits of soil health,
such as increased crop vyields, reduced input costs, and enhanced sustainability (Dessart et al.,
2019). Socioeconomic factors, including education levels, farm size, and access to subsidies or
incentives, also significantly influence decisions (D'Souza et al., 1993). Additionally, external
pressures such as regulatory policies and market demands for sustainably produced goods play
critical roles (Schroder et al., 2018). Furthermore, access to extension services and participatory
training has been shown to enhance farmers' willingness by bridging knowledge gaps and
fostering collaborative learning environments (Knowler & Bradshaw, 2007). Empirical studies
highlight that environmental awareness, and the recognition of ecosystem services are strong
motivators for adopting sustainable soil management. For example, farmers who understand
the benefits of improved soil health, such as increased productivity and resilience to climate
change, are more likely to adopt conservation practices (Dessart et al., 2019). In contrast, those
lacking such awareness may remain hesitant, emphasizing the need for targeted outreach and
education efforts. Furthermore, the adoption of soil-friendly practices is often region-specific,
shaped by local environmental challenges, regulatory pressures, and market demands for
sustainably produced goods (Prokopy et al., 2008).

The concept of willingness to accept (WTA) compensation has been applied to measure the
strength of farmers preferences for implementing soil conservation practices. In previous
studies, the factors influencing preferences and WTA compensation for chemical fertilizer
reduction and conservation technologies have generally been categorised into: socio
demographics, farm characteristics, and environmental and political factors (Aihale et al., 2020;
Liu et al., 2023). The financial incentives, such as subsidies or compensation schemes,
significantly enhance farmers' interest in adopting sustainable practices, particularly when the
perceived risks and upfront costs of new technologies are high (Li et al., 2018).




3 Methods and data

3.1 Survey data

This study applied the Theory of Planned Behavior (TPB) to assess farmers' behavioral
intentions, attitudes, subjective norms, and perceived behavioral control concerning soil
management practices across different regions. The survey included both common practices in
all regions as well as region specific management practices. The criteria for selecting region
specific management practices focused on identifying practices that could be clearly described
in a survey and easily understood by respondents. These practices had to be suitable for large-
scale implementation and not too novel, ensuring that they were already familiar to some
adopters. The selected region-specific management practices and their descriptions are in Table
1.

Table 1. Management practices in each region.

Country Management practice Definition

Belgium Non-inversion tillage Non-inversion tillage means not using a plow
to turn the soil for at least a year.

Estonia Direct seeding (no till) A tillage method where land is not plowed,

minimizing soil disturbance. Seeds are sown
directly, which reduces soil erosion and
improves soil quality.

Finland Cultivation with plant | A practice where the soil is lightly tilled in
cover spring (8-10 cm depth) and covered with
plants or plant residues, enhancing soil
protection.
Germany Undersowing Sowing a second crop with or after the main
crop, which improves soil quality.
Spain (Atlantic) Crop diversification Growing different species (e.g., potatoes and

vegetables) either simultaneously or in
rotation, improving soil quality.

Spain Biostimulants/ Use of bio-based products to enhance plant
(Mediterranean) Biofertilizers growth and soil health.

Semi-structured interviews were used to help identify commonly held beliefs, key outcomes,
referents, and control factors for each practice among farmers. Based on these insights, a
survey questionnaire was designed to capture farmers' beliefs on the likelihood of outcome to
take place and the perceived importance of outcomes, the influence of social referents, and
control factors affecting adoption of the management practice.

The survey questionnaire began by collecting background information on the farmer and farm
characteristics. It then moved on to questions related to soil management, including how
farmers assess soil quality on their farms, the indicators they use, and their perceptions and
experiences with different soil management practices. This section also measured the key




components of the TPB, such as intention, attitude, subjective norms, and perceived
behavioural control regarding investments in soil quality overall (Table 2).

The second part of the survey focused on region-specific management practices, asking
whether farmers currently apply these practices and their intentions to adopt them in the
future. For those not interested in adopting a specific practice, additional questions explored
whether they might reconsider if compensation were provided, along with their compensation
requests. In this section, the components of TPB were measured for region specific
management practices. In addition, behavioural, normative and control beliefs as well as their
importance were measured (Table 2).

Table 2. Measures for TPB, a) general intention to invest in soil quality and b) regional measures.

Concept Scale Measure

a) general intention to invest in soil quality

5 very necessary

Intention 1-13 Number of currently used or intended practices from
the list of 13 practices and their perceived impact on
soil quality

Attitude 1 not at all necessary - | Investing in good soil quality on my farm is..

Subjective norm

1 completely disagree -
5 completely agree

People who are important to me in farming issues
think I should invest in having good soil quality on my
farm

People whose opinion | value think | should invest in
having good soil quality

Perceived
behavioral control

1 completely disagree -
5 completely agree

| am confident that | am able to maintain soil in good
quality

| believe | have the ability to improve quality of my
soil

Having soils of good quality on my farm is entirely up
to me

Improving soil quality is beyond my control

Moral obligation

1 completely disagree -
5 completely agree

| feel a strong obligation investing in good soil quality
on my farm

| would feel guilty if | didn't focus on the good to the
quality of the soil on my farm.

Investing in solutions to environmental problems is in
line with my values and beliefs.

b) regional measures, management practice marked as MP

Intention 1no | have the intention to apply MP on at least one
2 maybe parcel next season
3yes
1no It is in my plan for the near future to apply MP on at
2 maybe least one parcel
3yes

Attitude 1 not at all useful - 5 | | think that applying MP on my farm is...
very useful

Subjective norm

1 completely disagree -
5 completely agree

People who are important to me think | should apply
MP

People whose opinion | value think | should apply
MP

Perceived
behavioral control

1 completely disagree -
5 completely agree

To me, MP is very difficult to apply

Whether | apply MP or not is totally up to me.

The decision to apply MP or not is totally under my
own control.




Behavioral beliefs

1 not at all important -
5 extremely important

How important you consider the following topics
(regional)?

1 very unlikely - 5 very
likely

How likely MP would cause following outcomes
(regional) on your farm?

Normative beliefs

1 completely disagree -
5 completely agree

| feel that X (regional) think | should apply MP

1 not at all important -
5 extremely important

How important do you perceive the opinion/advise
of the following persons or institutions (regional)
while deciding about the use of MP?

Control beliefs

1 completely disagree -
5 completely agree

Do you agree or disagree with the following
statements? (regional statement of controlling
aspects)

1 strongly hinders
adaptation - 5 strongly

How do you perceive the following factors in
decision to use MP? (regional)

supports adaptation

The survey was conducted using Webropol online survey platform across the five regions,
targeting a sample size large enough for statistical modelling (N > 300 per region) and focusing
on areas where the selected practices were viable. The survey was translated into the local
language of each target region.

The aim was to have enough data for statistical modelling from each of the six regions. The
approaches were different because the opportunities to reach the farmers varied between
regions. E-mail invitations were preferred for inviting farmers to respond to the survey, but also
other methods for contacting respondents had to be used in some of the regions as contact
information for farmers was not available. In these cases, survey links were distributed through
farmers’ organizations, newsletters and agricultural press.

Belgium: The Agency for Agriculture and Fisheries, part of the Government of Flanders
has extensive identification data on all Flemish farmers. Contact details were requested
from the Agency for Agriculture and Fisheries in Flanders, in accordance with the
protocol for providing personal data to ILVO by the agency. The selected contact details
were passed on to the data manager of the social sciences unit at ILVO, who sent the
survey to 243 organic farms and 1694 non-organic farms. The link to the survey was
additionally published in several newsletters and agricultural press.

The sample for the Estonian survey was formed on the basis of the list of agricultural
producers, who applied for CAP single area payment in 2022. EMU applied for the
access to the contact details through the Agricultural Registers and Information Board
(ARIB) that is the agency for agricultural supports in Estonia. After the removal of
duplicates, the list contained 6433 unique contacts to whom the email invitation was
sent. All contacted farmers were sent one email reminder one week after initial
invitation. 286 producers answered the questionnaire; but after the removal of
responses that did not tick the consent form, 273 responses remained in the analysis.
In Finland e-mail addresses were drawn from the register of the Finnish Food Authority.
In 2021, the primary farmers of spring cereals in Finland were categorized based on
their farming methods and the status of their organic certification. There were a total
of 2,000 email addresses collected, divided as follows: Conventional farming: 1,500
email addresses and Organic farming: 500 email addresses. E-mail invitations and
reminders were sent to sampled farmers.

In Germany, panel data company Product + Markt was used for data collection.




e In Atlantic Spain, due to confidentiality concerns arising from national data protection
law, there was no direct access to most farmers' emails. As a result, the Atlantic Spain
survey relied on the collaboration of entities such as research centers, farmers'
associations, and local development groups to distribute the survey among their
contacts. In addition, several agricultural newspapers and the social media accounts of
some of the participating organizations published the link to the survey.

e In Mediterranean Spain, the link with the survey questionnaire was sent by e-mail
and/or WhatsApp to about 500 potential respondents through both farmers’ unions
collaborating in SoildiverAgro and several agricultural technical advisory enterprises
that collaborate with UPCT. Consequently, UPCT did not have direct access to farmers'
contact details. A reminder message was sent to initially contacted farmers several
weeks after the first message.

The survey questionnaire was pilot tested with a small group of farmers from Belgium, Estonia,
Finland, and Spain (Atlantic and Mediterranean South regions). Based on the feedback received
during this testing phase, minor adjustments were made to the questionnaire, resulting in a
slight reduction in the length of the survey. Final data was collected from March to October
2023. Participants in different phases of data collection for each region are presented in Table
3. The timing of data collection varied by region to avoid the busiest farming seasons, aiming
for minimal disruption to the farmers' schedules. The descriptive statistics of final farmer data
in each region are shown in Table 4.

Table 3. Participants in different phases of data collection.

Belgium Estonia Finland Germany Spain Spain
(Atlantic) (Mediterranean)

Farmers interviewed in | 11 7 7 7 7 7
focus groups
Farmers participated in | 2 7 7 - 8 3
pilot
Sampled farmers for the | 1937 6433 1926 ~500
survey
Started answering 229 480 517 189 305
Dropouts 92 195 124 122 81
Response rate 6.7% 423% | 18.5% 21%* 44%
Completed the survey | 137 285 393 200 67 224
guestionnaire
Final number of | 131 273 357 200 62* 218
observations from those
gave consent

*Total number of Galician potato farmers with crop area more than 1 hais 315. Response rate calculated
from this total population.




Table 4. Summary statistics of respondents’ characteristics.

Variables Categories | Finland Estonia Belgium Germany | Atlantic Mediterranean
Spain Spain
Gender “1” - male 90% 82% 91% 92% 73% 79%
“0” - other 10% 18% 9% 8% 27% 21%
Age continuous 55.3 52.77 52.72 48.94 42.94 45.88
mean
Education “1" high 35% 48% 47% 51% 48% 17%
education
“0” other 65% 52% 53% 49% 52% 83%
Organic farms 1-yes 29% 37% 28% 9% 21% 21%
0-other
Land Continuous | 77.67 | 351.13 | 45.36 290.13 29.58 31.60
(ha)
mean
Farmer “1” full time | 75% 61% 73% 91% 58% 54%
ownership farmer
“0” other 25% 39% 27% 9% 62% 46%
N 357 273 131 200 62 218

3.2 Statistical methods

In this deliverable, we mainly use descriptive analysis to report the survey results. To gain a
deeper understanding of the factors influencing landowners' intentions to 1) apply soil
management practices in general and 2) the region-specific practices, we build structural
equation models (SEM) based on TPB. The aim was to understand how different components of
TPB affect the intention. This was chosen as the best method for analyzing the relationships
between the variables, since it allows the entire model to be evaluated while accounting for
both direct and indirect effects.

As background information for modelling, the correlation matrix between the measured
variables used in SEM was calculated by using Pearson’s correlation coefficients. The full
information maximum likelihood (FIML) estimation method was used in the analysis to account
for the respondents who had a few missing answers. Modification indices, such as Lagrange’s
multiplier test, were used to improve the model.

The model's goodness-of-fit was evaluated using the root mean square error of approximation
(RMSEA) and the standardized root mean square residual (SRMR), where values below 0.08
were interpreted as acceptable. Furthermore, values over 0.90 for the comparative fit index
(CFl) indicated a reasonable fit and values greater than 0.95 indicated a good fit (Hu and Bentler,
1999). We conducted the statistical analyses using SAS Enterprise Guide 7.15 (SAS Institute,
Inc., Cary, NC, United States).

To analyze farmers’ decision making from economic point of view the hurdle models were used.
The most common is the double hurdle model as proposed by Cragg (1971) and Heckman
(1979). The triple hurdle model expands on the double hurdle model by including a third
decision-making stage (Familusi et al., 2023).




Starting with all sample observation, the first stage uses an ordered logistic regression to
determine whether an individual is interested in applying soil-friendly practices. In the second
stage, the model evaluates the decision to apply these practices specifically if compensation is
offered. The second stage uses a probit model to analyze this adoption decision. The third stage
involves the regression model to obtain farmers WTA and its determinants. The dependent
variable for WTA compensation model is the compensation amount that farmers would accept
if compensated. In the survey, the compensation options ranged from minimum of 40
€/ha/year to maximum of more than 800 €/ha/year. .

The decisions made at each stage may be conditional on the outcomes of the previous stage,
and there is a risk that unobserved factors affecting one stage could bias estimated in the next
stage. We used the standard method to correct for selection bias by calculating and including
the Inverse Mills Ratio (IMR). This accounts for the correlation between the errors in the
selection process and those in the outcome equation. (Ma et al., 2012). To address the issue of
missing values in our sample for WTA compensation (in the context of dependent variable for
the third hurdle estimation), we follow approach by Zhong et al. (2018) and replace missing
values with the observed mean of corresponding subsample.




4 Results

4.1 Farmers assessment of soil quality in
general and interest to improve it

The survey assessed the indicators utilized by farmers to evaluate the soil quality (Figure 2).
Among all the indicators, the most selected across the entire sample included soil structure, pH
levels, and water retention capacity. In Belgium, the primary indicator was the quantity of
organic matter, although pH and soil structure were also highly used. In Estonia, crop yield
stood out as a key indicator, alongside soil structure and pH monitoring. In Finland and
Germany, the indicators mirrored the typical distribution observed across all countries
emphasizing soil structure, pH levels, and water retention capacity. In Finland, also water
absorption into the ground emerged as a crucial indicator. In Mediterranean Spain, a diverse
array of indicators was highly utilized, with particular emphasis on soil structure, water
retention capacity, and nitrogen content. In Atlantic Spain, pH level was prominent indicator,
alongside crop vyield.

Farmers were asked about how they perceived the current average soil quality on their farms
using the indicators they employed for evaluation (Figure 3). Across all the regions, soil quality
was generally regarded as rather good, with 46% of respondents selecting this option, while
38% evaluated it as neither good nor bad. In Belgium, over half of the respondents viewed the
soil quality on their farms as rather good. Conversely, in Estonia, the predominant category
chosen was neither good nor bad. In Finland, the most frequently selected category was rather
good, similar to Germany. In Mediterranean Spain, farmers often selected very good or rather
good, whereas in Atlantic Spain, rather good and neither good nor bad were the most commonly
chosen categories.

The difference in perceived quality between organic and conventional farmers was tested. In
most regions, no statistically significant difference was found (Table 5). However, in Belgium,
organic farmers perceived the quality to be better than non-organic farmers. Among organic
farmers, 22% considered the quality to be very good. In Mediterranean Spain, the perceptions
were strongly in the opposite direction, with over half of the conventional farmers perceiving
the quality as very good, while none of the organic farmers did.
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Figure 2. Use of indicators to evaluate soil quality, share of appliers in %. Survey question: What
indicators do you use to evaluate soil quality on your farm?
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Figure 3. Farmers’ evaluation of the average soil quality on their farm.

Table 5. Farmers’ evaluation of the avarage soil quality on organic and non-organic farms.

Very Rather Neither good Rather Very  Chi-square

good good nor bad bad bad | p-value

Belgium organic 21.6% 51.4% 243 % 2.7 % 0.0% 0.013
non-organic 43 % 56.4% 383% 1.1% 0.0%

Estonia organic 1.0% 26.0 % 61.0% 12.0% 0.0% 0.153
non-organic 1.7 % 39.9% 49.1 % 8.7% 0.6%

Finland organic 49% 44.7 % 48.5 % 19%| 0.0% 0.535
non-organic 2.8% 50.8 % 42.5% 35% 04%

Germany organic 59% 52.9% 353 % 59% 0.0% 0.993
non-organic 49% 49.2 % 399% 55% 05%

Spain Med. |organic 0.0% 86.7 % 11.1% 0.0% 2.2 % <0.001
non-organic 53.8% 38.7% 5.8% 1.7 % 0.0%

Spain Atl. organic 0.0% 385% 61.5% 0.0% 0.0% 0.387
non-organic 6.1% 51.0% 42.9% 0.0% 0.0%
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To assess farmers' current and potential adoption of soil management practices, 13 practices
were presented in the survey. Farmers were asked to indicate whether they currently use each
practice or intend to use it in the future (Figure 4). Among the 13 practices assessed, the most
popular were incorporating crop residue (79%) and implementing long rotation periods in
cultivation (74%). Additionally, over 70% of farmers expressed interest in less frequent
ploughing and reducing tillage depth. Agroforestry was the least favoured practice. Typically,
40% to 70% of farmers were currently applying the practice, while fewer than 10% of farmers
were not currently applying it but intended to do so in the future.

Analysing each region separately revealed distinct preferences. In Belgium, cover crops (that
are mandatory) and incorporating crop residue were particularly applied by farmers. Belgian
farmers also showed high interest in catch crops and long rotation periods. Estonian farmers
prioritized the incorporation of crop residue, with additional interest in longer rotation periods.
In Finland, reduced tillage depth and less frequent ploughing were the top choices, alongside
an interest in long rotation periods. German farmers showed significant interest in incorporating
crop residue, with nearly all farmers either already applying or intending to adopt this practice.
Additionally, they expressed interest in intercropping, catch crops, and several other practices,
with over 50% of farmers indicating their intent to adopt nine practices in total. Mediterranean
farmers from Spain exhibited even greater interest in a wide variety of soil management
practices, with nearly all proposed practices being selected by 90% of farmers. In the Atlantic
Spain region, more than half of the responding farmers expressed interest in nine practices,
with less frequent ploughing being the most popular among the listed practices.
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Figure 4. Share of farmers intending to use different management practices (present appliers and future
intenders).
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Figure 5. Comparison of organic and non-organic farmers with respect to the number of practices
intended to be used.

We analysed the difference between non-organic and organic farmers in the intention to use
several management practices in the near future. In Belgium, Finland and Atlantic Spain the
average number of practices was significantly higher in organic production than in non-organic
(Figure 5). Individual practices that were significantly more commonly used by organic farming
(p < 0.01) include direct seeding, precision fertilization, longer rotation periods, the use of cover
crops, and agroforestry.

We also measured farmers perceptions of the possible impacts of different practices (Figure 6).
Especially covering field with organic matter, intercropping and cover crops were seen as
practices that contribute to good soil quality. In Belgium, also long rotation periods in cultivation
incorporation of crop residue in soil were seen useful. In Estonia farmers had very positive
perceptions of cover and catch crops and precision fertilization. Finland's evaluations were in
line with the average of all countries but were somewhat less optimistic, similar to Germany. In
Germany, the highest evaluation was given to long rotation periods, as was also the case in
Atlantic Spain. In Mediterranean Spain, farmers' perceptions were very positive towards all the
practices.
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Figure 6. Farmers' beliefs regarding how management practices contribute to improving or
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positive contribution, ).
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According to TPB, attitudes and social norms as well as perceived behavioural controls impact on
the intention to commit a behaviour. In our data, attitudes towards improving soil quality were
very positive on a scale from one to five, the mean being 4.4 (Figure 7). Attitudes were most
positive in Mediterranean Spain followed by Belgium and Atlantic Spain. The attitude scores
were lowest in Finland, but still rather positive as the mean was over the value of four. Social
normes, i.e. people's perception that people important for them would like them to invest in soil
quality, were somewhat lower than the value of attitudes, as the mean over all regions was 3.8.
Social norms were highest in Atlantic Spain and Mediterranean Spain. Perceived behavioural
control, i.e. the perception that it is easy for farmers to impact on the soil quality, was rated
approximately at 4. It was highest in Belgium with average of 4.2. As an extension to TPB, we
also analysed the impact of moral obligation for soil quality improvements. The moral obligation
was also perceived on high level, around 4, being highest in Mediterranean and Atlantic Spain
as well as Belgium.

While comparing organic farmers and non-organic farmers, we found that all attitudes, social
norms, perceived behavioural controls and moral obligations were higher among organic
farmers compared to non-organic farmers (Figure 8). This implies that organic farmers perceive
more encouraging factors towards using management practices that would improve soil quality.

Attitudes and perceptions of improving soil quality
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Figure 7. Factors affecting intention based on extended TPB.
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Figure 8. Comparison of attitudes between organic and non-organic farmers (all regions).

We estimated structural equation models (SEMs) based on TPB to predict farmers' intentions to
invest in soil quality. In alignment with the TPB framework, the analysis examined how farmers'
attitudes (F_ATT), subjective norms (F_SN), perceived behavioural control (F_PBC), and moral
obligation (F_MORAL) influence their intentions regarding soil management. Specifically,
attitudes reflect farmers' evaluations of these practices, subjective norms capture the perceived
social pressure to adopt them, perceived behavioural control represents the perceived ease or
difficulty of implementing them, and moral obligation reflects the perceived moral responsibility
to engage in sustainable soil management practices.

The models were estimated for all regions collectively and for each region separately (Table 6).
Notably, Mediterranean Spain differed from other regions, with exceptionally low variation in
the key variables. In Atlantic Spain, the model fit was not acceptable due to low number of
observations. Consequently, we also estimated a model excluding the two Spanish regions
(Figure 9).

The results indicate that moral obligation significantly influenced attitudes, subjective norms,
and perceived behavioural control, as well as the intention to invest in soil quality in the overall
model. This association of moral obligation with other variables was not observed in the models
for individual regions, likely due to the smaller sample sizes.

The intention to invest in soil quality was strongly associated with past behaviour in all regions.
The influence of TPB components on intention varied by region. In Belgium and Germany, none
of the components significantly predicted intention. In Estonia, behavioural control was a
significant predictor of intention (p<0.1). In Finland, both behavioural control and attitude
significantly predicted intention. In Mediterranean Spain, subjective norms significantly
predicted intention, while in Atlantic Spain, none of the typical TPB predictors were significant.

In the combined model for four regions (Belgium, Estonia, Finland and Germany) (Figure 9), the
past behaviour, attitude, moral obligation and perceived behavioural control associated




significantly and almost equally strongly with the intention. Beyond the direct impact, moral
obligation had significant impact also via ATT, SN and PCB.

The model fit indices, including the Comparative Fit Index (CFl), Root Mean Square Error of
Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR), suggest that
the models adequately explain the observed data patterns for Finland, Germany, and Estonia,
as well as for the combined model and the model excluding the Spanish regions.
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Figure 9. Structural equation model for intention to invest in soil quality for four regions (Belgium,
Estonia, Finland and Germany).




Table 6. Estimated SEM models for general intention to invest in soil quality.

All but SPAIN, SPAIN,
ALL SPAIN BEL EST FIN GER Med. Atl.

Measurer Factor Coef. Coef. Coef. Coef. Coef. Coef. Coef. Coef.
ATT_ml F_ATT 0.763*** 0.786*** | 0.698*** | 0.848*** 0.744*** | 0.697*** | 0.417*** | 0 gE5***
ATT_m2 F_ATT 0.859*** 0.883*** | 0.825*** | 0.923*** 0.915*** | 0.792*** | 0.683*** | 0 5g3***
SN_m1 F_SN 0.823*** | 0.822%** | 0.737*** | 0.844%*** 0.800*** | 0.753*** | 0.876*** | g g75***
SN_m2 F_SN 0.880*** | 0.863*** | (0.983*** | (0.865*** 0.893*** | 0.834*** | 0.982*** | g gyg***
PBC_m1 F_PBC 0.725*%** | 0.672*** | 0.678*** | 0.675%** 0.623*** | 0.737*** | 0.987*** | 0 g32***
PBC_m2 F_PBC 0.814*** 0.797*** | 0.601*** | 0.918*** 0.749*** | 0.917*** | 0.944*** | 0 g79***
PBC_m3 F_PBC 0.602*** 0.582*** | 0.604*** | 0.581*** 0.614*** | 0.496*** | 0.838*** | 2g3*

MORAL_m1 | F_MORAL 0.847*** | 0.845*** | 0.767*** | 0.893*** 0.816*** | 0.839*** | 0.945*** | o 7pg***

MORAL_m2 | F_MORAL  [0.757*** | 0.713*** | 0.578%** | 0.795%** | 0.706*** | 0.525*** | 0.942*** | g g50#+*

MORAL_m3 | F_MORAL 0.653*** | 0.584*** | 0.615%** | 0.572*** 0.603*** | 0.509*** | 0.937*** | g 250***

Outcome Predictor

F_ATT F_MORAL 0.758%** | 0.776%** | 0.781*** | 0.785%** | 0.713%** | 0.869%** | 0.493*** | ( g5q***
F_SN F_MORAL 0.586*** | 0.595%** | 0,546%** | 0.688*** | 0.557*** |(0.498%** | 0.236*** | 0.649***
F_PBC F_MORAL 0.561%** | 0.638%** |(0.463*** | 0.644%** | 0.637*** |0.717*** | 0.166** | 0.908***
INT_sum | F_ATT 0.041 0.099* |0.144 0.014 0.133* | 0.197 0.047

INT_sum | F_SN 0.050* -0.012  |0.129 -0.010%** |-0.002 |-0.122 |0.326 0.143
INT_sum | F_PBC 0.010 0.107** |0.072 0.146* 0.122* |-0.004 |-0.266%* | 0071
INT_sum | F_MORAL 0.144*** | 0.110* |0.088 0.159 0.028 0.204 -0.015  |-0.003
INT_sum | PB_sum 0.715%%% | 0.567*** | 0.521%** | 0.517*** | 0.614%** |0.294*** | 0.841%** | j gyp***
N 1151 922 130 257 340 195 172 57
CFl 0.972 0.971 0.918 0.953 0.966 0.968 0.911 0.925
RMSEA 0.057 0.061 0.082 0.075 0.056 0.050 0.152 0.656
SRMR 0.033 0.035 0.067 0.048 0.045 0.048 0.070 0.078

*** p<0.01, ** 0.01< p <0.05, * 0.05<p>0.1

4.2 Regional measures

In the survey, we asked about farmers’ intentions to implement a certain soil conservation
measure in each region. Figure 10 displays the survey results regarding these region-specific
soil management practices across different regions showing the percentage of respondents
who answered "No," "Maybe," or "Yes" for their intention to implement the practice. The
regions with the highest interest in applying the given agricultural practices were Atlantic Spain
and Finland, indicating a strong inclination towards crop diversification and combined plant
cover with shallow tillage respectively. Belgium had a nearly equal distribution among
respondents with almost half showing definite interest in non-inversion tillage. Estonia and
Germany had similar distributions indicating the lowest levels of interest, with a significant
majority either not interested or uncertain about adopting no-till and underseeding practices.
Mediterranean Spain showed a mixed response, with a slight lean towards interest in




biostimulants, as nearly half the respondents were uncertain, while a significant portion

expressed interest.
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Figure 10. Farmer's intention to apply the farming practice next season in at least one field (%).

In Belgium, Germany and Mediterranean Spain, the intention to use the regional management
practice was significantly (p<0.01) higher in organic farming than in conventional farming
(Figure 11). In Finland and Estonia, the difference was not significant, while in Atlantic Spain it

was significant at the 0.1 level.
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Figure 11. Intention to implement regional practice in organic and non-organic farms, share of “Yes”
responses with region colours.

The general attitude towards regional practices was quite neutral in all the regions (Figure 12).
On a scale from one (very negative) to five (very positive), the attitudes were most positive in
Mediterranean Spain towards biostimulants and biofertilizers and most negative in Germany
towards underseeding. Spanish farmers especially perceived pressure from reference groups
they consider important to them in farming issues. Other regions were rather neutral in their
perceived subjective norms. Additionally, opinions towards control factors were generally
neutral, implying that applying the regional practice was not seen as easy or difficult.

According to TPB, behind attitude, subjective norm, and PBC, there are beliefs that are salient
for the farmer in forming the intention to use a management practice. Figure 13 reports the
behavioural beliefs in each region by combining the importance of each outcome and the
likelihood of the outcomes into their product (importance x likelihood). In Belgium, the
behavioural beliefs show that farmers evaluated most highly the impact of non-inversion tillage
on the moisture conditions of soil, but also held beliefs concerning weed pressure and soil life.
In Estonia, the key beliefs about direct seeding were associated with the need for machinery
and weed problems. In Finland, soil moisture and structure were emphasized in the evaluation
of impacts of plant cover and shallow tillage. In Germany, when evaluating the impacts of under
seeding, farmers emphasized the need for plant protection and the impacts on the costs of
agriculture. In Mediterranean Spain, all impacts were considered equally important and equally
likely, but in Atlantic Spain, impacts on soil moisture and structure were emphasized. The beliefs
mentioned here were highly evaluated but not necessarily have an impact on the attitude
towards the management practice. Those beliefs having impact in SEM-model are marked with
*in Figure 13.
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Figure 12. Attitudes, subjective norms and perceived behavioral controls towards the regional
practices (1 weak ...5 strong positive ATT, / strong SN / strong PBC).

In normative beliefs (Figure 14), farmers from Belgium, Estonia, Germany, and Mediterranean
Spain emphasized expert opinions, such as practice centres and researchers, as key normative
groups. In Finland, environmentally oriented peer farmers opinions were emphasized. In
Atlantic Spain, the opinions of agricultural machinery suppliers were highlighted.

In control beliefs (Figure 15), there were few shared beliefs between the regions and
management practices. The costs related to implementation were emphasized in Finland,
Germany, and Mediterranean Spain. To cover the costs, farmers also shared the beliefs in the
need for related policies and subsidies in Finland and Germany. Additionally, information and
knowledge related beliefs were shared between regions. In Estonia, farmers stressed the
importance of availability of knowledge. In Mediterranean Spain, ease of use as well as advising
were emphasized. In Belgium, information was stressed in the form of examples. Some
constraints, such as climate conditions in Estonia or difficulties in accessing the plot in Atlantic
Spain, were not issues that could easily be removed with policy or advising services.
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Figure 13. Behavioural beliefs about outcome and their importance (b x e), scale 1-25 (* belief was

significant in SEM model).
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Figure 14. Normative beliefs (perceived expectations x importance of the group), scale 1-25 (* belief
was significant in SEM model).
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Figure 15. Control beliefs (likelihood * importance), scale 1-25 (* belief was significant in SEM model).
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We estimated a SEM based on the TPB to predict farmers' intentions to adopt the regional
practices. In alignment with the TPB framework, the analysis examines how farmers' attitudes
(F_ATT), subjective norms (F_SN), perceived behavioural control (F_PBC), and their
corresponding beliefs influence their intentions to use the regional practice. The models were
estimated for each region separately as the management practices of interest differed
essentially between regions. The model for Atlantic Spain was not adequate due to low number
of observations and was left out from the results.

The models are summarized in Table 7. The results show that among attitudes, subjective
norms, and perceived behavioural control, especially attitudes were important for the intention
to use the practice. This can be seen from the significant coefficient with relatively high values
from almost all regions, Mediterranean Spain being an exception. Additionally, PBC was
significant in most regions, implying that the perceived ease or difficulty of implementing the
practices was significantly associated with the intention to use them. The subjective norm was
significant (p<0.1) only in Estonia, but with low coefficient. Furthermore, past behaviour was
associated strongly and significantly with the intention to apply the practice. Indicating that
farmers familiar with the methods from their prior experiences maintained their interest in
appling the methods. The various beliefs participated significantly in the formation of attitudes,
SN and PBC. The significant beliefs are marked with * in Figures 13-15.

Figure 16 illustrates one regional model, the model for Estonia. It shows that the intention to
use direct seeding was associated most strongly with attitude and past behaviour. Attitude was
strongly related to behavioural beliefs. The significant beliefs considered impacts for soil quality
and the environment, but also the use of time and demand of skills. Several normative groups,
such as other producers, seed producers, scientists, and social media, were significant
components of normative beliefs. Among the control beliefs, only input prices and climatic
conditions were significant.

The model fit indices, including the Comparative Fit Index (CFl), Root Mean Square Error of
Approximation (RMSEA), and Standardized Root Mean Square Residual (SRMR) (Table 6),
suggest that the models adequately explain the observed data patterns for the implementation
of regional practices in the four regions.

Table 7. Summary of the model results, key variables only. (p<0.01***, 0.01< p <0.05**, 0.05<p>0.1%)

FIN GER SPAIN, MED.
Outcome | Predictor Coefficients and significances
F_ATT F_BBI 0.959*** 0.754*** 0.774*** 0.950*** 0.350***
F_SN F_NBI 0.462*** 0.863*** 0.769*** 0.850*** 0.821***
F_PBC F_CBI 0.869*** 0.587*** 0.046 -0.103 0.828***
F_INT F_ATT 0.357*** 0.489*** 0.351*** 0.758*** 0.081
F_INT F_SN -0.078 0.098* 0.030 -0.045 -0.029
F_INT F_PBC 0.244** 0.190*** 0.125*** 0.018 -0.166**
F_INT ﬁiztot}eyh:;’r';r 0.416™* |0.282*** |0.567*** |0.218** |0.327***
CFI 0.9 0.9 0.91 0.91 0.87
RMSEA 0.1 0.08 0.08 0.08 0.14
SRMR 0.11 0.09 0.14 0.07
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Figure 16. Example of SEM for intention to apply the regional practice, Estonia.

Compensation requests to apply the regional practices

Beyond the SEM models, the intentions to apply the regional practices were modelled with an
econometric approach using a triple hurdle model to focus on the intention to apply regional
the practices and the compensation demands of farmers. The results of farmers decisions (Table
8): 1) whether the farmers intend to apply soil friendly practices, 2) whether they intend to
apply soil friendly practices if compensation is provided, and 3) farmers compensation demands
to implement the practices (WTA), are reported in Tables 10-13.




Table 8. Summary statistics of dependent variables in econometric model for intention to apply the
regional practices.

Dependen Observations ‘ Mean/frequency
t variable
Finland Estonia Belgium ‘ Germany Finland Estonia Belgium Germany
Intention | 1-no 49 180 39 117 0.14 0.67 0.30 0.59
to apply
2- 88 54 28 54 0.25 0.20 0.21 0.27
mayb
e
3-yes 220 39 64 29 0.62 0.14 0.49 0.15
Intention | 0-no 17 76 17 104 0.46 0.62 0.52 0.52
to apply if
compensa 1-yes 20 46 16 96 0.54 0.38 0.48 0.48
ted
Compensa | Euro 273 290 173 159
tion
amount

Note: Atlantic and Mediterranean Spain were excluded from WTA analysis due to lack of data

As explanatory variables, we used three types of variables: first, the socio demographics
characteristics (Table 4), second, farm characteristics (Table 4) and third, variables related to
attitudes and beliefs.. The attitudinal and belief-related variables captured farmers’ perceptions
of the benefits of practices for them and their farms. These variables were measured on a 5-
point Likert scale (1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly
agree). The variables were:

e Perceived soil quality (perception of the average soil quality of farm, q16)

e The perceived benefit that adoption of soil practice improves soil structure (How likely
is regional practice helps to achieve the following results on your farm? Improve soil
structure, q. 31)

e The community influence (Do you feel that the following people or entities expect you
to use regional soil friendly practice? People whose opinions | value think | should use
regional soil friendly practice, q. 32_row4)

e Government subsidization policy (How do the following factors affect your decision to
use regional soil friendly practice? Dependence on politics and subsidies q. 35);

e Knowledge (How would the following factors affect your decision to use regional soil
friendly practice? Need for knowledge g. 35).

Table 9 presents the measures of beliefs and their explanation for each region.




Table 9. Measures of beliefs for each region

Variable Unit Question in survey Country Explanation
Perceived 1-5 Do you think the Finland The people whose opinions |
community following people Estonia value think that | should use
influence or institutions MP
expect you to use | Germany
MP? Belgium
Perceived 1-5 How likely is MP Finland Improves soil structure
benefits from to achieve the Estonia Would improve soil quality
implementation following results and conditions
MP on your farm? Germany Improve soil quality
Belgium A fertile top layer of the soil
Government 1-5 How do the Finland Dependence on politics and
policy and following factors subsidies
subsidies influence your Estonia Current policies and
decision to use subsidies
MP? - —
Germany Policy and subsidies
Farmer's 1-5 How do the Finland Need for knowledge
knowledge following factors . S—
influence your Estonia Ava|Iab_|I|ty of Ifnowledge
decision to use tested in practice
MP?
Germany Need for know-how

Note: MP means regional management practice; for Belgium, data for the last two questions are
unavailable because they were part of a previous survey. The earlier survey results indicated that
these questions were unnecessary for further analysis in this country.

Table 10 presents the ordinal regression model results (first hurdle) for the intention to apply
the practices. Education positively influences the outcome in Finland, Estonia, and Belgium but
not in Germany. The coefficient for “community influence” was positive and statistically
significant for Estonia (p<0.05) This means that community influence, like people whose opinion
is important for respondents, increases the likelihood of adopting friendly practices.
Specifically, for each unit increase in “community influence”, the log odds of moving to a higher
category ("Yes" or "Maybe") increases for Finland, Estonia, Belgium and Germany by 0.04, 0.27,
0.06 and 0.02 respectively.

The “perceived benefits from the implementation of soil practice” was positive for all countries
and statistically significantly associated with positive responses in Finland (0.30), Estonia (0.23)
and Belgium (0.50). A negative and statistically non-significant coefficient for “government
policies and subsidies” indicates that subsidy policy decreased the probability of responding
"Yes" or "Maybe" to applying of the management practice in all countries analyzed. Knowledge
about combined plant cover in Finland and under seeding in Germany increased the probability
of saying "Yes" or "Maybe" to applying these farming practices. Threshold effects (1|2 and 2|3)
are positive and indicate that as the predictor variable increases, the likelihood of being in a
higher category (e.g., 2 (saying “Maybe”) or 3 (saying “Yes”)) increases.




Table 10. Ordered logistic regression analysis results for the intention to apply the management practices (Yes,

Maybe, No).
Explanatory variables Finland Estonia Belgium Germany
Male 0.26 0.16 0.01 -0.57
(-0.46,0.99) (-0.52,0.84) (-1.19,1.21) (-1.62,0.47)
Age -0.01 -0.01 -0.003 0.003
(-0.03, 0.01) (-0.03, 0.01) (-0.04, 0.03) (-0.03, 0.03)
Education 0.52** 0.06 0.74* -0.18
(0.04, 1.00) (-0.45, 0.58) (-0.002, 1.48) (-0.78, 0.43)
Land 0.003 0.0002 0.003 -0.000
(-0.001, 0.01) | (-0.0003, 0.001) (-0.01, 0.01) (-0.001, 0.001)
Fulltime farmer -0.07 0.21 0.40 0.76
(-0.60, 0.45) (-0.38, 0.80) (-0.42,1.21) (-0.31, 1.83)
Perceived soil quality 0.18 0.08 0.43 -0.03
(-0.16,0.52) (-0.30, 0.47) (-0.13,0.99) (-0.43,0.37)
Perceived benefits from 0.30** 0.23* 0.50** 0.19
implementation of MP (0.03, 0.56) (-0.02, 0.47) (0.11,0.88) (-0.33,0.70)
Community influence 0.04 0.27* 0.06 0.02
(-0.18, 0.26) (-0.01, 0.55) (-0.26,0.37) (-0.31,0.35)
Government policies -0.13 -0.18 -0.05
and subsidies (-0.32,0.05) (-0.49,0.12) (-0.30, 0.20)
Farmers' knowledge 0.38** 0.08 0.33*
(0.05, 0.72) (-0.17,0.33) (-0.02, 0.68)
1)2 0.636 2.177** 3.350* 1.874
2|3 2.060* 3.364*** 4.374** 3.350*
Akaike Inf. Crit. 657.77 483.81 273.05 394.40

Note: p<0.01***, 0.01< p <0.05**; 95% confidence intervals are reported in parentheses; for Belgium,
data for the last two questions are unavailable because they were part of a previous survey. The
earlier survey results indicated that these questions were unnecessary for further analysis in this
country.

The results from the binomial probit models (Table 11) for Finland, Estonia, Belgium, and
Germany examine the factors influencing decision of whether a respondent is willing to accept
(WTA) compensation or not (yes/no) for implementing MP. Positive coefficients indicate a
higher likelihood of agreeing to WTA for MP implementation, while negative coefficients
suggest a lower likelihood.

Table 11. Binomial probit model results: Determinants of respondents’ WTA.

Finland \ Estonia Belgium Germany
Male -0.41 -0.23 -0.67 0.28
(-1.84, 1.02) (-0.86, 0.40) (-2.82,1.48) (-0.78,1.33)
Age 0.03 0.004 0.01 0.01
g (-0.03, 0.09) (-0.02,0.02) (-0.04, 0.05) (-0.02, 0.04)
Education 0.33 0.02 -0.40 0.40
(-0.69, 1.34) (-0.47,0.52) (-1.64,0.84) (-0.20, 1.01)
Land -0.002 -0.0004 0.01 -0.0001
(-0.01, 0.01) (-0.001, 0.0002) (-0.02, 0.04) (-0.001, 0.001)
Eulltime farmer -0.04 0.63** -0.59 -0.73
(-1.19,1.11) (0.08, 1.18) (-1.96,0.77) (-1.81,0.35)
Perceived soil qualit :0.3¢ 0.01 “0.65 0:26
quality (-1.09, 0.41) (-0.34, 0.36) (-1.49,0.19) (-0.14, 0.66)




Finland \ Estonia Belgium Germany
ziﬁeilrﬁe?e?neg:::t?on of -0.16 0.04 e - oy
MP P (-0.88, 0.56) (-0.20, 0.28) (-0.68,0.37) (-0.82,0.27)
Community influence 0.25 0.06 0.14 e

Y (-0.27,0.76) (-0.20, 0.32) (-0.38, 0.67) (-0.29, 0.39)
Government policies 0.21 -0.27* 0.10
and subsidies (-0.27,0.70) (-0.57,0.03) (-0.17,0.38)
Farmers' knowledge 0.06 0.15 0.7%

& (-1.00, 1.12) (-0.11,0.41) (-0.22, 0.54)
IMR ns ns ns ns
Constant -0.98 -0.75 2.90 -0.05
(-6.99, 5.04) (-2.69,1.19) (-3.62,9.42) (-3.50, 3.41)
Observations 37 180 33 117
Log Likelihood -22.64 -75.12 -20.16 -51.75
Akaike Inf. Crit. 67.29 172.24 58.32 125.50

Note: ns means non - significant; p<0.01***, 0.01< p <0.05**; 95% confidence intervals are reported in

parentheses; for Belgium, data for the last two questions are unavailable because they were part
of a previous survey. The earlier survey results indicated that these questions were unnecessary

for further analysis in this country.

Table 12 presents the factors influencing the decision of farmers to obtain compensation for

the implementation of regional soil friendly practices (third hurdle). The columns show the

coefficient estimates for predicting the WTA value conditional on applying soil-friendly

practices.

Table 12. Truncated Poisson model results: Determinants of respondents’ WTA.

Finland Estonia Belgium Germany

GenderMale 2.39*** 0.086*** 2.552%** 0.166**

(1.84, 2.95) (0.040,0.131) (1.980, 3.123) (0.063, 0.269)
Age -0.19*** 0.001 -0.003 -0.006***

(-0.23, -0.15) (-0.001, 0.002) (-0.012, 0.005) (-0.009, -0.004)
Education -1.76*** -0.541*** 0.689*** -0.063

(-2.18,-1.34) (-0.582, -0.500) (0.519, 0.859) (-0.158, 0.032)
Land 0.021*** 0.001*** 0.000

(0.02,0.03) (0.000, 0.001) (0.000, 0.000)
Fulltime farmer -0.04 -0.327*** 0.359*** 0.309***

(-0.16, 0.07) (-0.370, -0.284) (0.231, 0.486) (0.158,0.461)
Perceived soil 2.56*** -0.437*** 0.935*** 0.045
quality (2.10, 3.02) (-0.467, -0.407 (0.644, 1.225) (-0.018,0.108)
Perceived benefits 0.43*** 0.252*** 0.284*** 0.064*
from (0.22, 0.64) (0.233,0.272) (0.175, 0.393) (-0.007, 0.134)
implementation of
MP
Community -2.158*** 0.072*** -0.212*** 0.087***
influence (-2.49,-1.82) (0.052,0.092) (-0.279, -0.144) (0.064, 0.109)
Government -1.60*** 0.081*** -0.043**
policies and (-1.87,-1.33) (0.059,0.102) (-0.069, -0.017)
subsidies
Farmers' -0.795*** -0.005 0.003
knowledge (-0.93, 0.66) (-0.028, 0.018) (-0.037,0.043)




Finland Estonia Belgium Germany

IMR -13.42*** ns -2.027*** -0.823**
(-15.73,-11.12) (-2.733, -1.321) (-1.440, -0.206)

Constant 25.13*** 6.802*** 0.266 4.724***
(22.16, 28.11) (6.599, 7.005) (-0.741, 1.273) (4.251, 5.197)

Observations 20 46 16 96

Log Likelihood -367.79 -3657.56 -588.98 -1505.46

Note: ns means non - significant; p<0.01***, 0.01< p <0.05**; 95% confidence intervals are reported in
parentheses; for Belgium, data for the last two questions are unavailable because they were part
of a previous survey. The earlier survey results indicated that these questions were unnecessary
for further analysis in this country. We removed variable “land” from our analysis for Belgium due
to multicollinearity issues.

Being male was linked to a higher average compensation expectation in all countries analyzed.
Older age increased expected compensation in Estonia but slightly lowered it in Finland,
Belgium and Germany, where younger farmers expected more. Higher education raised average
compensation expectations in Belgium, but in Germany, Finland, and Estonia, it led to lower
expectations. More arable land slightly increased expected compensation in Finland and
Estonia. In Finland and Estonia, identifying as a "full-time farmer" lowered compensation
expectations, whereas in Belgium and Germany, it raised them.

Those who perceived soil quality as high on their farms tended to demand higher compensation
in Finland and Belgium, whereas in Estonia, those with a high perception of soil quality were
willing to accept less compensation. Farmers motivated by direct soil practice benefits tended
to expect higher compensation in all countries analyzed.

Farmers influenced by others' opinions expected more compensation in Estonia and Germany
but less in Finland and Belgium. In Finland and Germany, reliance on subsidies was associated
with lower expected compensation, while in Estonia, it led to a slightly higher expectation.
Finally, in Finland and Estonia, farmers who needed more knowledge on regional practices
expected lower compensation, whereas in Germany, this need slightly increased expectations.

Calculated expected WTA (€/per ha/year) are shown in Table 13. Respondents were willing to
adopt the management practice if compensated with 312 € in Finland; 228 € in Estonia; 195 €
in Belgium, and 136 € in Germany for the implementation of regional soil friendly practices.
These values are realistic and not too different from the mean compensation amount in the raw
data (Table 8). The difference between mean values of compensation amount in the raw data
and calculated expected values was 39 € higher for Finland, 62 € lower for Estonia, 22 € higher
for Belgium, and 23 € lower for Germany. This difference is due to the fact that not everyone
who starts the survey finishes all the steps. In our analysis, the number of observations in the
first stage was 357, 273, 131, and 200 for Finland, Estonia, Belgium, and Germany, respectively.
However, by the third-stage regression, only 20, 46, 16, and 96 observations remained. At first,
many farmers answered whether they would consider adopting the soil management practice.
But only a small number actually reached the final stage, where they stated how much money
they would be willing to accept for implementation. This is called sample selection bias, meaning
the final results might not fully represent all farmers—only those who stayed in the survey until




the end. In our analysis, the sample selection bias indicator (IMR) was insignificant for all
countries in the second stage but significant in the third stage for all countries except Estonia.

Table 13. The expected values of WTA for adopt of regional soil practice in the next season.

Country Estonia Belgium Germany

WTA in euros 312 228 195 136

The expected value of WTA has been calculated by the formula E(WTA) = exp (8, + X2, 5;X,) Where S, is constant, §; are
parameters estimated from third hurdle model (Table 12) and X; are mean values of variables included.

5 Summary, discussion and policy implications

5.1 Summary of the results across the regions

The most commonly used indicators to evaluate the soil health across the entire sample were
soil structure, pH levels, and water retention capacity. Generally, soil quality was regarded as
fairly good by 46% of respondents, while 38% rated it as neither good nor bad. Among the 13
practices to improve soil quality, the most popular were incorporating crop residue and
implementing long rotation periods in cultivation. Additionally, farmers expressed strong
interest in less frequent ploughing and reducing tillage depth.

From the variables related to TPB, attitudes towards improving soil quality were especially
positive. The intention to invest in soil quality was strongly associated with past behaviour in
all the regions. The results indicate that moral obligation was significantly associated with
attitudes, subjective norms, and perceived behavioural control. Additionally, in the TPB based
model explaining the intention to improve soil quality, moral obligation was also significant and
had a relatively high association with the intention. This association of moral obligation with
other variables was not observed in the models for individual regions, likely due to the smaller
sample sizes.

Regarding the tested regional practices and intention to apply those, it is not that obvious to
draw conclusions shared between regions. However, concerning the regional practices the
importance of attitude and past behaviour was emphasized. The general attitude toward
regional practices was quite neutral in all the regions. On one (very negative) to five (very
positive) scale the attitudes were most positive in Mediterranean Spain towards biostimulants
and biofertilizers and most negative in Germany towards underseeding. Several background
variables were associated with intention and the compensation request for those not otherwise
interested in implementing the practices.

5.2 National summaries

In this chapter we summarize the survey results for each region.




In Belgium, the response rate was rather low (6.7%), resulting in 131 completed
questionnaires that could be used for analysis. Out of these 131, 37 of the farmers were
organic farmers. All the indicators to evaluate soil quality that were proposed in the
survey, were used by at least 17% of the farmers (varying from 17% for soil crust to
organic matter content 81%). The primary indicator for soil quality was the quantity of
organic matter, followed by pH and soil structure. Based on these indicators, over half
of the respondents viewed the soil quality on their farms as rather good. In the survey,
out of 13 soil management practices, farmers on average implemented or intended to
implement on average 6 of them. In Belgium, the average number of practices was
significantly higher in organic production than in non-organic. Cover crops and
incorporating crop residue were particularly appealing to farmers, but they also showed
high interest in catch crops and long rotation periods. The lowest interest was (at 15%)
in no-till and agroforestry. However, farmers in general believed that all of these
practices contribute to maintaining or improving soil quality.

According to TPB, attitudes, social norms and perceived behavioural control have an
impact on the intention to commit a behaviour. The attitude towards improving soil
quality was on average 4.5 in Belgium. Also average in social norms, perceived
behavioural control and moral obligation was higher than 4. The structural equation
model predicting farmers intention to invest in soil quality showed that none of the
components significantly predicted intention, although the intention to invest in soil
quality was strongly associated with past behaviour, suggesting that farmers with prior
experience in soil-friendly practices are more likely to continue them. Besides intention
to improve soil quality in general, we also asked farmers in Flanders for their intention
to implement non-inversion tillage, which means not using a plow to turn the sol at least
ones a year. Among the farmers, 48.9% indicated having a positive intention to adopt
the practice, whereas the other half answered maybe (21.4%) or no (29.8%). The
intention was significantly higher in organic farming (73% versus 39%). The average
attitude (3.13), subjective norm (3.09) and perceived behavioural control (3.03) were
rather positive. Based on the estimated SEM, the following beliefs predicted farmers’
intention to adopt non-inversion tillage: the increased fertility of the top layer of the
soil, decreased soil erosion, and minor disruption of soil life. Government, research,
practice centres, and professional literature were important norm groups. The
availability of machinery and the lack of successful examples in the area constrained the
adoption.

In Estonia, 273 farmers provided survey answers. Of these 63% were conventional
farmers and 37% organic. For the perceived soil quality, the predominant evaluation
chosen was neither good nor bad. The survey conducted in Estonia highlighted that the
most prevalent indicators used by farmers were crop yield which stood out as a key
indicator, along with soil structure and pH monitoring. Estonian farmers prioritized the
incorporation of crop residue, with additional interest in longer rotation periods.
Practices such as cover and catch crops and precision fertilization were recognized for
their contribution to soil quality. In Estonia the survey measured farmers interest to
apply no-till. Among respondents, 14.3% were interested to apply it in the future with
certainty. 19.8% were hesitant and 65.9% were negative. However, 66% of them were
interested in applying this practice next year if the expenses were compensated. The
average expected compensation amount for the implementation of no-till was 228 € in




Estonia. The opinions of environmentally conscious peers, as well as policy instruments,
particularly subsidy opportunities, were seen as influential factors in the adoption of no-
till. Intentions to use the practice were largely shaped by past experiences and attitudes
towards it.

The survey conducted in Finland highlighted that the most prevalent indicators used by
farmers were soil structure and pH levels, both by 76% of respondents, followed by
water retention capacity at 61%. Additionally, 59% of farmers considered groundwater
absorption a key indicator. Soil quality on farms was deemed fairly good, with 49% of
respondents indicating this. Among the 13 evaluated practices, reduced plowing
frequency and shallower tillage depth were favoured. Moreover, extended crop rotation
periods were of interest. Practices such as applying organic matter to fields,
intercropping, and using cover crops were recognized for their contribution to soil
quality. While the overall attitude towards enhancing soil quality was positive, it was
lower compared to other countries in the study. The survey also measured farmers’
willingness to adopt combined plant cover and minimal tillage, with 61% expressing
definite interest in future application. Soil moisture, structure, and weed control were
key factors in assessing this practice. The opinions of environmentally conscious peers
were encouraging, yet they did not significantly influence practice adoption. Policy
instruments, particularly subsidy opportunities, were seen as influential factors.
Intentions to use the practice were largely shaped by past experiences and attitudes
towards it. The belief that the practice could mitigate runoff also positively impacted
farmers’ interest in its adoption.

The farmers data from Germany highlighted that the most prevalent indicators used by
farmers were soil structure and pH levels, which 81% and 69% of farmers used
respectively. They were crop yield (62%) and water holding capacity (61%). Soil quality
on farms was deemed rather good by 50% of respondents. Of farmers, 40% considered
the quality as neither good or bad. Among the 13 evaluated soil management practices,
incorporation of crop residue, intercropping and catch crops were favoured. Moreover,
less frequent plowing and reduced tillage depth were of interest. Practices such as
applying intercropping, incorporating crop residue and using catch crops were
recognized for their contribution to soil quality. The overall attitude towards enhancing
soil quality was very positive but farmers also perceived various restrictions to
improving soil quality. The survey also gauged farmers’ willingness to adopt
underseeding, with 15% expressing definite interest in applying it in the future. Of
farmers, 27% were positive but hesitant. Reduction of erosion and controlling plant
growth were key factors in assessing this practice. The opinions of consulting services
were encouraging, and did significantly influenced practice adoption. High costs were
perceived to reduce the opportunities to use this practice. Intentions to use the practice
were largely shaped by past experiences and attitudes towards it.

The survey conducted in the Mediterranean Spain study area benefited from a relatively
high response rate. Responses show that farmers use a wide range of indicators to
evaluate soil quality, including soil structure, water retention capacity, soil sealing and
nutrient content, which are consistent with the semi-arid nature of the study area,
where water is a priority in soil management. More than 90% of farmers indicated that




soil quality in their farms is good or very good. When asked about thirteen farming
practices with potential benefits for soil quality, at least 90% of responding farmers
indicated that they were either implementing or intending to implement these in the
near future, without differences between organic and non-organic farmers. The highest
rates of response correspond to those practices that involve reducing tillage intensity
or incorporating organic matter to the soil. Additionally, all surveyed practices are
perceived as strongly contributing to maintaining or improving soil quality. Looking at
attitudes and perceptions that affect farmers’ intention to adopt farming practices that
enhance soil quality, both attitudes towards the improvement of soil quality and the
moral obligation to improve it were more relevant than social norms (perception that
they are expected to invest in soil quality). On the other hand, perceived behavioural
control, i.e. the perception that it is easy for farmers to impact on the soil quality, is
relatively lower. The survey also gauged farmers’ willingness to use
biostimulants/biofertilizers to enhance plant growth and soil health, with 35% of
respondents indicating a clear interest in their future adoption and only 17% indicating
no intention for their future use. The intention to adopt is significantly higher among
organic farmers (51%). The opinions of reference groups, such as technical experts and
researchers were an important factor in the intention to use biostimulants. The cost of
biostimulants decreased the intentions to use the practice, while their ease of use and
the increasing restrictions on the use of mineral fertilizers increased them. Intentions to
use the practice were largely shaped by past experiences and, to a lesser extent, by
perceived behavioural control (ease of use). Policy instruments, particularly regulations
on fertilization, were seen as influential factors.

The sample from Atlantic Spain highlighted that the most prevalent indicators used by
farmers were pH levels (63% of farmers used), crop yield (60%) and organic matter
content (53%) Additionally, 52% of farmers considered soil structure as a key indicator.
Soil quality on farms was deemed rather good by 48% of respondents but neither good
or bad by 47% of farmers. Among the 13 evaluated practices, reduced plowing
frequency and incorporation of crop residue were favoured. Moreover, catch crops and
intercropping were of interest. Practices such as covering fields with organic matter,
long rotation periods and precision fertilization were recognized for their contribution
to soil quality. The overall attitude towards enhancing soil quality was positive, even
higher than in other regions of the study. The survey also measured farmers’ willingness
to adopt crop diversification in potato farming, with 66% expressing definite interest in
future application. The intention to apply this practice was especially high in organic
farming, with 92% intended to apply it. Positive impacts on soil quality and harvest were
key factors in assessing this practice. The opinions of agricultural machinery suppliers
were perceived as encouraging, yet they did not significantly influence practice
adoption. Difficult access to plots decreased the intentions to use the practice. Policy
instruments, particularly subsidy opportunities, were seen as influential factors.




5.3 Discussion about data and methods, critical
points

In some regions, like in Spain (Atlantic) there were difficulties in obtaining farmers' contact
details due to national confidentiality legislation. To reach more farmers, it was necessary to
work with various organizations - such as agricultural research centres, farmers' associations
and local development groups - to distribute the survey to their contacts. Still, the sample sizes
were rather small and the final number of observations was low. In some regions, the number
of farmers potentially adopting the regional practice was low. For example, this was mainly due
to the limited number of commercial potato growers identified in Galicia limiting the pool of
potential survey respondents. However, when the response rate could be calculated (in Finland
and Galicia), it was around 20%, which is rather good for farmer surveys. In Belgium, a
considerably lower response rate was obtained.

The responses seemed to be reliable and valid from most of the regions. The models revealed
significant associations between the variables following the theory-based structures. In some
regions however the variation in measures was rather low. For example, in Mediterranean Spain
many measures showed surprisingly low heterogeneity among respondents. This most probably
relates to specific characteristics of the sample, such as high representation of industrial
farmers. This is an important observation for designing future studies, the family farms and
commercial big farming enterprises may not be surveyed with the same survey questionnaires.

TPB led to a long survey that was demanding for the respondents. It was also demanding for
survey planning to implement the theory-based measures that targeted different management
practices in different regions. Still, we could build theory-based models for two behavioral
intentions in all regions and also econometric models for compensation claims.

5.4 Policy implications

Farmers perceived the soil quality typically as rather good or neither good nor bad. The
intention to invest in soil quality in general was very strongly associated with previous soil
management actions. Therefore, it is hard to created change in farmers behaviour. The key
question in building policy for extension services is how to break the habits, if they do not
support the soil conditions.

Some promising signs were however observed. The general intention to improve soil quality
can be influenced by arguments targeting farmers’ attitudes and perceived moral
obligations. Additionally, perceptions of controlling factors might be addressed through
policy measures. However, the strong impact of past behaviour is not easily mitigated
through advice alone.

Regarding the policies supporting regionally tested management practices farmers’ beliefs can
provide ideas for policy design. The findings indicate that a limited selection of behavioural
beliefs regarding the impact of soil management practices significantly predicted attitudes
towards these practices. The most influential beliefs were related to environmental and soil
quality factors. Key beliefs impacting attitudes included soil moisture, soil structure, and
reduced erosion and runoff, which had consistently impact across all regions.




Social norm was associated with the opinions of diverse groups of important others, including
environmentally conscious peers, consulting services, scientists, and media sources. However,
the subjective norm derived from these beliefs did not significantly influence practice adoption
in three out of the four regions. This highlights the difficulty of influencing behaviour through
advisory services and peer networks.

Control beliefs that were significant in the model for intention to adopt the regional practices
emphasized the importance of production costs, dependence on weather conditions, and the
need for know-how and examples in the area. The significance of policies supporting the
management practice and subsidies was notable only in one of the four regions. As policy-
related control beliefs were not significant in the model, we cannot expect policy changes to
have a strong impact on intention.

The significant beliefs in the models underscore the challenges in changing the intention to
apply soil management practices. Furthermore, intentions to use the regional practice were
largely shaped by past experiences. The most promising route to behavioural change appears
to be through attitudes, by including information on soil characteristics and environmental
impacts in the content of advisory material for farmers.

The analysis of farmers compensation needs revealed the heterogeneity in compensation
expectations. Farmers’ compensation demands varied not only between countries and
management practices but also within them, influenced by factors such as gender, age,
education, and farm size. Firstly, these findings underscore the need for regionally tailored
compensation schemes rather than one-size-fits-all approaches. Secondly, gender differences
in compensation expectations suggest varying priorities, with men and women valuing soil-
friendly practices differently depending on the country. Similarly, younger farmers in Finland,
Belgium and Germany were more willing to adopt practices for lower compensation, whereas
in Estonia, older farmers had higher compensation expectations, suggesting generational
differences in risk perception and valuation. Thirdly, the higher education levels in Belgium
generally increased WTA, highlighting the importance of aligning educational outreach with
economic incentives. However, in Finland, Estonia, and Germany, higher education levels were
associated with lower compensation demands. Fourthly, government trust and subsidy reliance
influenced compensation expectations differently across countries. In Estonia, greater trust in
government subsidies increased WTA, while in Finland and Germany, existing government
support lowered compensation expectations. This emphasizes the critical role of stable and
reliable policy frameworks.




References

Adnan, N., Nordin, S. M. & Abu Bakar, Z. B. 2017. Understanding and facilitating sustainable
agricultural practice: A comprehensive analysis of adoption behaviour among
Malaysian paddy farmers. Land Use Policy 68: 372-382.

Ajzen, |. 1987. Attitudes, traits and actions: Dispositional prediction of behaviour in social
psychology. Advances in Experimental Psychology 20 (1), 1-63.

Ajzen, |. 1991. The Theory of Planned Behaviour. Organizational Behaviour and Human
Decision Processes, 50: 179-211.

Ajzen, I. & Fishbein, M. 1980. Understanding attitudes and predicting social behaviour.
Prentice-Hall: Englewood Cliffs, NJ.

Arbuckle, J.G. & Roesch-McNally, G. 2015. Cover crop adoption in lowa: The role of perceived
practice characteristics. Journal of Soil and Water Conservation, 70 (6): 418-429.

Armitage, C. J., & Conner, M. 1999. The theory of planned behaviour: Assessment of predictive
validity and 'perceived control'. British Journal of Social Psychology, 38(1), 35-54.
https://doi.org/10.1348/014466699164022

Bamberg, S. & Moser, G. 2007. Twenty years after Hines, Hungerford, and Tomera: A new
meta-analysis of psycho-social determinants of pro-environmental behaviour. Journal
of Environmental Psychology, 27(1). https://doi.org/10.1016/j.jenvp.2006.12.002

Bbxa, B., Eds, C. & Qtkn, A. 2021. Stakeholder perceptions towards sustainable shrimp
aquaculture in Vietnam - science direct. J. Environ. Manag. 290:112585. doi:
10.1016/j.jenvman.2021.112585

Beedell, J. & Rehman, T. 1999. Explaining farmers’ conservation behaviour: Why do farmers
behave the way they do? Journal of Environmental Management 57(3):165-176.

Bijttebier, J., Ruysschaert G., Hijbeek R., Werner M., Pronk A.A., Zavattaro L., Bechini L.,
Grignani H., ten Berge H., Marchand F. & Wauters E. 2018. Adoption of non-inversion
tillage across Europe: Use of a behavioural approach in understanding decision making
of farmers. Land Use Policy 78: 460-471.

Botetzagias, I., Dima, A-F. & Malesios, C. 2015. Extending the Theory of Planned Behavior in
the context of recycling: the role of moral norms and of demographic predictors.
Resources, Conservation and Recycling 95: 58-67.

Chen, Q., Xu, Q. & Yu, X. 2023. Triple-hurdle model analysis of aquaculture farmers’ multistage
willingness to participate in green and healthy aquaculture actions in China: based on
ecological cognition and environmental regulation perspectives. Front. Sustain. Food
Syst. 7:1211392. doi: 10.3389/fsufs.2023.1211392.

Conner, M. and Armitage, C.J. 1998. Extending the theory of planned behavior: A review and
avenues for further research. Journal of Applied Social Psychology 28(15):1429-
1464.CrossRefGoogle ScholarOpenURL queryOpenURL query



https://psycnet.apa.org/doi/10.1348/014466699164022
https://doi.org/10.1016/j.jenvp.2006.12.002

Cragg J. 1971. Some statistical models for limited dependent variables with application to the
demand for durable goods. Econometrica 39:829-844.

Dessart, F, J., Barreiro-Hurlé, J. & van Bavel, R. 2019. Behavioural factors affecting the adoption
of sustainable farming practices: a policy-oriented review. European Review of

D’souza G, Cyphers D. & Phipps T. 1993. Factors Affecting the Adoption of Sustainable
Agricultural Practices. Agricultural and Resource Economics Review 22(2): 159-165.
doi:10.1017/51068280500004743

EC 2021. European Missions. A Soil Deal for Europe. https://research-and-
innovation.ec.europa.eu/system/files/2021-
09/so0il_mission_implementation plan final for publication.pdf

EUSO 2025. https://esdac.jrc.ec.europa.eu/esdacviewer/euso-dashboard/

Familusi L.C., Edriss A., Phiri M.A.R., Kazembe J. & Onoja A.O. 2023. A triple hurdle model of
organic vegetable awareness, adoption, and production among smallholder farmers in
Ekiti and Oyo states of Nigeria. Organic Agriculture 13(3): 351 - 366

FAO & ITPS 2015. Status of the World's Soil Resources (SWSR) -Main Report. Food and
Agriculture Organization of the United Nations and Intergovernmental Technical Panel
on Soils, Rome, Italy (2015), p. 650.

Fielding, K.S., Terry, D.J., Masser, B.M,, Bordia, P. & Hogg, M.A. 2005. Explaining landholders’
decisions about riparian zone management: the role of behavioral, normative, and
control beliefs. Journal of Environmental Management 77: 12-21.

Gardi, C,, Jeffery, S. & Saltelli, A. 2013. An estimate of potential threats levels to soil biodiversity
in EU. Glob Change Biol, 19: 1538-1548. https://doi.org/10.1111/gcb.12159

Heckman J. 1979. Sample selection bias as a specification error. Econometrica 47:153-161.

Hijbeek, R., Pronk, A. A,, van Ittersum, M.K,, ten Berge H. F.M,, Bijttebier, J. & Verhagen, A.
2018. What drives farmers to increase soil organic matter? Insights from the
Netherlands. Soil Use and Management 34 (1): 85-100.

Ingram, J., Fry, P., & Mathieu, A. 2010. Revealing different understandings of soil held by
scientists and farmers in the context of soil protection and management. Land Use
Policy, 27(1). https://doi.org/10.1016/j.landusepol.2008.07.005

Jackson, T. (2005). Motivating Sustainable Consumption: A Review of Evidence on Consumer
Behaviour and Behavioural Change. Sustainable Development Research Network. 15.

Kibblewhite M.G., Ritz K., Swift M.J. 2008. Soil health in agricultural systems. Philos Trans R
Soc Lond B Biol Sci. 27;363(1492): 685-701. doi: 10.1098/rstb.2007.2178. PMID:
17785275; PMCID: PMC2610104.

Knowler, D. & Bradshaw, B. 2007. Farmers’ adoption of conservation agriculture: A review and
synthesis of recent research, Food Policy: 32: 25-48,

Li, H. Yang, X., Zhang, X., Liu, Y. & Zhang, K. 2018. Estimation of Rural Households’ Willingness
to Accept Two PES Programs and Their Service Valuation in the Miyun Reservoir
Catchment, China. Sustainability 10, 170. https://doi.org/10.3390/su10010170

Liu, T, Li, Q. & Wang, H. 2023. Study on Farmers’ Willingness to Accept for Chemical Fertilizer
Reduction Based on the Choice Experiment Method: A Case Study of Communities



https://research-and-innovation.ec.europa.eu/system/files/2021-09/soil_mission_implementation_plan_final_for_publication.pdf
https://research-and-innovation.ec.europa.eu/system/files/2021-09/soil_mission_implementation_plan_final_for_publication.pdf
https://research-and-innovation.ec.europa.eu/system/files/2021-09/soil_mission_implementation_plan_final_for_publication.pdf
https://doi.org/10.1111/gcb.12159
https://doi.org/10.1016/j.landusepol.2008.07.005

Surrounding Poyang Lake, China. Water 15 (21): 3863.
https://doi.org/10.3390/w15213863.

Ma Sh., Swinton S. M,, Lupi F. & Jolejole-Foreman Ch. 2012. Farmers’ Willingness to Participate
in  Payment-for-Environmental-Services Programmes. Journal of Agricultural
Economics, Vol. 63, No. 3, 2012, 604-626 doi: 10.1111/j.1477-9552.2012.00358.x.

Orgiazzi A., Panagos, P., Yigini, Y., Dunbar, M.B., Gardi, C., Luca Montanarella, L., & Ballabio C.
2016.A knowledge-based approach to estimating the magnitude and spatial patterns
of potential threats to soil biodiversity. Science of the Total Environment, 545-546,
11-20. https://doi.org/10.1016/j.scitotenv.2015.12.092.

Prokopy, L.S., Floress, K., Klotthor-Weinkauf, D., & Baumgart-Getz, A. (2008) Determinants of
agricultural best management practice adoption: evidence from the literature. J Soil
Water Conserv 63(5):300-311

Schneider, F., Steiger, D., Ledermann, T., Fry, P. & Rist, S. 2012. No-Tillage Farming: Co-
Creation of Innovation through Network Building. Land Degradation & Development.
23.242 - 255.10.1002/1dr.1073.

Schroder, P., Beckers, B., Daniels, S., Gnadinger, F., Maestri, E., Marmiroli, N., Mench, M., Millan
R., Obermeier, M.M., Oustriere, N., Persson, T., Poschenrieder, C., Rineau, F.
Rutkowska, B., Schmid, T., Szulc ,W., Witters, N., Seebg, A. 2018. Intensify production,
transform biomass to energy and novel goods and protect soils in Europe—A vision
how to mobilize marginal lands, Science of The Total Environment, 616-617: 1101-
1123. https://doi.org/10.1016/j.scitotenv.2017.10.209.

Wagg, C., Bender, S.F., Widmer, F. & van der Heijden, M.G.A., 2014. Soil biodiversity and soil
community composition determine ecosystem multifunctionality, Proc. Natl. Acad. Sci.
U.S.A.111 (14) 5266-5270, https://doi.org/10.1073/pnas.1320054111

Wauters, E., Bielders, C., Poesen, J., Govers, G. & Matthijs, E. 2010. Adoption of soil
conservation practices in Belgium. An application of the theory of planned behavior in
the agri-environmental domain. Land Use Policy 271 : 86-94.

Wauters, E. & Matthijs, E. 2013. An investigation into the socio-psychological determinants of
farmers’ conservation decisions: method and implications for policy, extension and
research. Journal of Agricultural Education and Extension 19: 53-72.

Wauters, E. & Matthijs, E. 2014. The adoption of farm level soil conservation practices in
developed countries: a meta-analytic review. International Journal of Agricultural
Resources, Governance and Ecology 10: 78-102.

Werner, M., Wauters, E, Bijttebier, J, Steinmann, H.H., Ruysschaert, G., & Knierim A. 2017. Farm
level implementation of soil conservation measures: farmers’ beliefs and intentions.
Renewable Agriculture and Food Systems 32(6): 524-537.

Woodyard, J. & Kladivko, E. 2017. Four Strategies to Improve Your Field’s Soil Health. Purdue
Extension, Pur due University, Indiana, USA.
https://www.extension.purdue.edu/extmedia/AY/AY-363-W.pdfYu, W. Z., Luo, X. F.,
and Li, R. R. 2017. The paradox between farmer willingness and their adoption of green
technology from the perspective of green cognition. Resour. Sci. 39, 1573-1583.
doi: 10.18402/resci.2017.08.13

Zhong, H., Hu, W. & Penn, J.M. 2018. Application of multiple imputation in dealing with missing
data in agricultural surveys: the case of BMP adoption. J. Agric. Resour. Econ. 43, 78-
102. D0i:10.22004/ag.econ.267611.



https://doi.org/10.1016/j.scitotenv.2017.10.209




ANNEXES

Belgian survey

Estonian survey

Finnish survey

German survey

Survey for Mediterranean Spain

Survey for Atlantic Spain




	1 Introduction
	2 Theoretical framework and previous literature for understanding farmers’ adoption of sustainable soil management practices
	2.1 Behavioural approaches and theory of planned behaviour
	2.2 Previous studies on the adoption of sustainable soil management practices
	2.3  Complementing the Theory of planned behaviour in the soil management context
	2.4 Economic approach: Farmers stated preferences for soil management in economic terms
	3 Methods and data
	3.1  Survey data
	3.2  Statistical methods
	4 Results
	4.1 Farmers assessment of soil quality in general and interest to improve it
	4.2  Regional measures
	5 Summary, discussion and policy implications
	5.1  Summary of the results across the regions
	5.2  National summaries
	5.3  Discussion about data and methods, critical points
	5.4  Policy implications

