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processes is needed to counteract soil threats (STs) and to promote sustainable
soil management. The EJP SOIL programme of the EU provides a framework for
the necessary research. However, different definitions of soil-related terms poten-
tially lead to varied understandings of concepts. Furthermore, there are numer-
ous indicators available to quantify STs or SESs. As unclear communication is a
key barrier that hinders the implementation of research results into practice, this
study aimed to answer the question about whether the terminology of large-scale
initiatives is adequately understood within the soil-science community and non-
research stakeholders. An online questionnaire was used to provide definitions
for 33 soil-related terms in both scientific and plain language, as well as indicators
for seven SESs and 11 STs. Participants were asked to rate their agreement with
the definitions and indicators on a seven-grade Likert scale. The level of agree-
ment was calculated as the percentage of ratings above 4, the neutral position.
The survey was available from June to September 2023 and was distributed by a
snowball approach. More than 260 stakeholders assessed the survey; 70% of
respondents were researchers, and 15% were practitioners. Mean agreement
levels for the definitions and indicators were generally high, at 85% and 78%
respectively. However, it was apparent that the lowest agreement was found for
terms that are relatively new, such as Ecosystem Services and Bundle, or unfamil-
iar for certain subgroups, such as ecological terms for stakeholders working at
the farm scale. Due to their distinct majority, the results of this study primarily
reflect the opinions of scientists. Thus, broad conclusions can only be drawn by
comparing scientists with non-scientists. In this regard, the agreement was sur-
prisingly high across all types of questions. The combined outcomes indicate that
there is still a need to facilitate communication between stakeholders and to
improve knowledge distribution strategies. Nevertheless, this study can support
and be used by future projects and programmes, especially regarding the harmo-
nization of terminology and methods.
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EJP SOIL, soil indicators, soil policy stakeholders, soil science terminology, soil threats, soil-
based ecosystem services, sustainable soil management

To counteract the emerging soil threats and to pro-
mote sustainable soil management, it is necessary to gen-

The increasing pressure on European soils is the result of
unsustainable land management practices, including the
application of high input—high yield agriculture. Accord-
ing to estimations by the European Council (EC), up to
70% of all soils in the European Union (EU) must be con-
sidered as unhealthy (EU, 2023; Veerman et al., 2020). The
soil threats resulting from the current management
include—among others—erosion, loss of soil carbon, soil
compaction, sealing, contamination and a decline of biodi-
versity (Vanino et al., 2023), making it more and more dif-
ficult for soils to maintain the delivery of ecosystem
services (Schwilch et al., 2016).

erate more knowledge on soil functioning at various
scales (Thorsee et al., 2023). Equally important is the dis-
tribution of the knowledge gained and, above all, its
implementation into practice (Carmen et al., 2018; Fossey
et al., 2020; Schwilch et al., 2016). Soil provides and gen-
erates ecosystem services, essential for the achievement
of the sustainable development goals (SDGs) of the
United Nations (UN, 2015). These include healthy food
production, necessary to achieve zero hunger (SDG2/3);
the implementation of techniques for collecting, storing
and distributing irrigation water, as well as the applica-
tion of fertilizers, pesticides, etc. that must guarantee
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water quality (SDG6); the preservation of biodiversity
associated with crop fields (SDG15); or carbon sequestra-
tion in climate change mitigation (SDG13)—all this
requires good soil management practices and the active
participation of the entire food chain, including scientific
research (Bouma et al., 2019; Lal et al., 2021).

In the EU, the transition to sustainable agriculture
shall be achieved through initiatives and several large-
scale projects and programmes such as the European Soil
Strategy for 2030 (EC, 2021), the European Green Deal
(EC, 2019), the Farm to Fork Strategy (EC, 2020a), the
EU Biodiversity Strategy for 2030 (EC, 2020b), the New
Common Agricultural Policy (EC, 2022) and A Soil Deal
for Europe (EC, 2023). Moreover, one important step
towards this goal is the European Joint Programme on
Agricultural Soil Management (EJP SOIL; Cornu
et al., 2023), that aims to establish an integrated, sustain-
able European research system and to develop and
deploy a reference framework on climate-smart, sustain-
able agricultural soil management. A major part of the
activities of EJP SOIL are directly related to the European
Green Deal, additionally emphasizing the role of soil for
a sustainable future (Keesstra et al., 2024).

This requires a joint effort and coordination of scien-
tists across various fields. However, owing to the broad
range of the topic, different application scales and the
involvement of many individual member states and
regions, there is a large variability of methodologies for
assessing soil threats and indicators that are used to infer
information about soil quality (Biinemann et al., 2018;
van Beek et al., 2010; Vanino et al., 2023). One level
higher, there are also different definitions and, conse-
quently, different understandings of framework concepts
such as Soil Quality, Soil Health, (Soil) Ecosystem Ser-
vices or Soil Functions (Bonfante et al., 2020; Schwilch
et al., 2016). Without a shared understanding of relevant
concepts and terms, misunderstandings between different
stakeholders and wrong interpretation of data are inevita-
ble, eventually leading to a lower programme success and
impact.

Ineffective or unclear communication is also one of
the key barriers that hinder the implementation
of research results into practice (Carmen et al., 2018;
Vanino et al., 2023). An effective conversion of scientific
knowledge into practical application requires co-
operation and co-learning processes with all relevant
stakeholders (Bouma, 2014). However, policy-near
research often uses a certain type of language which is
not necessarily intuitive and understandable for a broad
audience (e.g. Jax et al., 2018; Keeney, 1989; Paul
et al., 2021). Furthermore, different groups of stake-
holders may have different perspectives on soil-related
terms and parameters, which are expressed in different
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Highlights

« High overall agreement with presented defini-
tions and indicators was shown with few
exceptions.

« Good overall agreement with proposed indica-
tors; scores can be used for indicator selection
in future studies.

« About 70% of the participants were scientists
from across the European Union, thus the pre-
dominantly positive results reflect a scientific
rather than a societal consensus.

« Newer terms were less understood, especially
by non-scientists.

« Low differences among stakeholder subgroups,
with some notable exceptions.

perceptions and definitions (Hoffman et al., 2014; Wade
et al., 2021). To reach the aims of programmes such as
the EJP SOIL, it is nevertheless fundamental to ensure
that all involved stakeholders—from researchers to end-
users, practitioners and decision makers—understand
the terminology used and can sufficiently disentangle a
common meaning based upon the source of the termi-
nology. Consequently, there is a need for a more effec-
tive communication, requiring a harmonization of
different approaches, a common language with clear
definitions (Carmen et al., 2018) and a better under-
standing of knowledge gaps in sustainable soil manage-
ment (Thorsee et al., 2023).

Within EJP SOIL, the project SERENA aimed to
assess, analyse and map soil ecosystem services bundles
across European agricultural landscapes, highlighting
how soil threats affect the supply of services through
adoption of a set of site-specific reference thresholds.
Among its many activities, one is dedicated to build up
the pathways towards more effective communication by
developing a harmonized body of knowledge about cur-
rent states, conceptual differences and challenges or
opportunities in soil research. This study was developed
within the SERENA project, using a comprehensive sur-
vey, conducted within the soil-science community of
Europe and other important soil-related stakeholders. It
is based on a large body of science-derived definitions of
terminology related to soil functions, soil ecosystem ser-
vices (SESs) and soil threats (STs). Survey participants
rated their agreement with each definition and the suit-
ability of proposed indicators for SESs and STs. The
study's purpose was to answer the pressing question
about whether the language of large-scale science- or pol-
icy-driven initiatives is adequately understood within the
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interested community and effective enough to justify the
amounts of money invested.

2 | METHODS

2.1 | Survey design

The questionnaire consisted of two parts; the first part
asked for basic information about the field of activity and
knowledge of the participants, and the second part aimed
to assess the agreement with soil management terminol-
ogy. This terminology and the definitions included in the
survey were elaborated within a multinational project
team of scientists from 16 countries in the EU. As a foun-
dation, 15 terms were selected which build the key
framework terms in the field of sustainable soil manage-
ment (Table 1). The corresponding definitions were
developed based on literature surveys and as a result of
intensive internal discussions. Eleven STs and seven SESs
were included in the framework. For the selected STs
and SESs, a plain language definition was formulated by
the project team alongside the scientific definition to
minimize potential linguistic barriers to their under-
standing and to look for differences in the agreement

TABLE 1
included in the survey.

Overview of soil management terminology as

Key framework Soil ecosystem
terms Soil threats services
Soil quality Soil erosion Biomass/
Primary production
Soil health Soil organic Habitat for
carbon loss biodiversity
Soil fertility Nutrient imbalance Soil erosion control

Ecosystem services Soil acidification Hydrological control

Soil contamination Environmental
pollution control

Soil conditions

Soil function Waterlogging Climate regulation

Pest and disease
control

Soil ecosystem
services

Soil compaction

Soil threat Soil sealing

Soil degradation Soil salinization

Bundle Loss of diversity

Service providing  Soil drought
area

Indicator

Threshold

Reference value

Target value

between scientific and plain language. Furthermore, up
to eight indicators were chosen based on a synthesis of
the most relevant related documents (EEA, 2022; Faber
et al., 2022; Huber et al., 2008), and an internal survey
collecting information about actual implementation pro-
gress in the home states of the multinational project
team. This selection was aimed at defining the most
appropriate indicators for implementation in sustainable
soil policy. The full texts of all definitions are included in
Supplementary material A, the process of selecting termi-
nology, definitions and indicators is presented in detail in
van den Elsen et al. (2022), Michel et al. (2023), Foldal
and Oorts (2023) and Montagne et al. (2023).

In the survey, the level of agreement with definitions
and indicators was requested by way of Likert-scale ques-
tions which asked for a rating in seven classes (Joshi
et al., 2015). The basic question for all definitions was:
‘How strongly do you agree with the following definition
for TERM?’, while for indicator selection it was as fol-
lows: ‘The following indicators were chosen to be the
most appropriate ones to characterize the soil threat/soil
ecosystem service TERM. How far do you agree with the
selection?’. The aim of the survey was to assess how well
the terminology is understood, which may also be
described as revealing the degree of consensus. A high
degree of consensus or agreement was reached when the
majority of answers were positive, namely above a rating
of four (cf. Diamond et al., 2014). The type of visualiza-
tion was chosen to facilitate this assessment by a stacked
barplot centred at the neutral score of four.

The survey was implemented in an online-tool for sci-
entific surveys (www.soscisurvey.de; Leiner, 2019) which
offers high functionality and usability for administrators
and participants. It was possible to answer the question-
naire in 11 languages: Czech, Dutch, English, Estonian,
French, German, Italian, Lithuanian, Polish, Portuguese
and Spanish. To minimize stakeholder fatigue, a randomi-
zation module was implemented which selected five terms
to be rated for STs and SESs, respectively (Table 1). For
the framework definitions, the terms ‘soil quality’, ‘soil
health’ and ‘indicator’ were included in every participa-
tion due to universal relevance with two further terms
from the remaining list added randomly. The whole ques-
tionnaire in English language is attached in Supplemen-
tary material B.

The survey was online from June 13th to September
15th 2023 and was accessible via a link sent to all poten-
tial applicants who could fill in the questionnaire freely
without having to register or provide personal informa-
tion. As a distribution strategy, the snowball principle
was chosen (Goodman, 1961). To optimize the distribu-
tion of the survey, a stakeholder database was addressed
in a first phase. It consisted of approximately
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160 individuals, evenly distributed among the following
groups: farmers, national policy, European policy, scien-
tists and a diverse group of ‘others’. Three weeks after
the start of the survey, the project team initiated a second
phase by sending motivating invitation mails to various
mailing lists. The messages contained the survey link and
an encouragement to share the link with any potentially
interested person. This snowball method was intended to
organically expand the database and capture a diverse
array of experts.

2.2 | Analyses

Not every participant completed the questionnaire.
Only participants who completed at least one
section were included in the analysis (i.e. framework
definitions, SESs, STs). For the assessment of the level
of agreement with definitions and indicators, we dis-
played the data as stacked bar charts, following Heiber-
ger and Robbins (2014). Participants specified their
agreement with the provided definitions by selecting a
score from 1 (strongly disagree) to 7 (strongly agree),
with 4 as a neutral position. The level of agreement was
primarily quantified as the percentage of participants
who chose a score higher than 4 (and vice versa the
level of disagreement as the percentage of scores lower
than 4). Furthermore, we calculated standard descrip-
tive statistics (mean, standard deviation, range).
Although the arithmetic mean can be problematic
when applied to Likert scale-like data (Sullivan &
Artino, 2013), a visual inspection of the data confirmed
a sufficiently symmetrically distribution with no evi-
dence of bimodality. Consequently, the mean was con-
sidered as an additional proxy for the level of
agreement. The subgroup differences were determined
by the difference between the mean score of each sub-
group for a definition and the overall mean score calcu-
lated using all data (global mean score for a definition).
Subgroups were analysed in more detail using the scale
of main interest and expertise (Scale), environmental
region of main activity and expertise (Region) and
stakeholder identity (Stakeholder). In the analysis, only
those subgroups that had a sufficiently large sampling
size were included. Sample sizes were, however, still
low for some stakeholder subgroups and terms. Thus,
for the display of results and discussion, cases with a
sample size of less than five were excluded. Further-
more, we grouped all science-related stakeholders
(termed ‘Scientists’; stakeholder subgroups ‘Research’,
‘Academic’ and ‘Student’) and compared them with
the remaining other stakeholder subgroups (‘Non-
Scientists’).

Python 3.9.12 embedded in the Spyder 5.2.2 environ-
ment was used for figure generation (matplotlib), statis-
tics and data handling (pandas, numpy).

3 | RESULTS

3.1 | Composition and characterization
of participants

A total of 398 participants started the questionnaire, of
which 184 (46.2%) fully completed the task. We consid-
ered 264 (66.3%) participants with valid contributions
(i.e. having finished at least one section). Due to the dif-
ferent amount of questions per section, the random allo-
cation procedure and partially unanswered questions, the
available sample sizes for the definitions range from
63 t0 263.

The vast majority of participants had an academic
background; more than 97% had at least a Bachelor's
degree, 59.5% had a doctorate. This was mirrored by the
stakeholder identity, with 69.6% academics or researchers.
Farmers and advisors comprised 5.3% and 9.5%, respec-
tively, policy makers and representatives from the industry
contributed under 3% each (Figure 1). The main interest
or expertise of the participants was more evenly distrib-
uted among the European, National and Regional scales,
with 22.5%, 33.2% and 26.0%, respectively, and the Farm
scale with 10.7%. The questionnaire was sent out to
27 EU countries. We received responses from 19 coun-
tries, however, almost two thirds of all answers came
from four countries, namely France (23.6%), Spain
(15.2%), Austria (14.8%) and Germany (12.2%). This is
was also reflected in the predominant environmental
region of activity, where almost 90% of all participants
indicated their main activity and experience to be
within the Continental (36.6%), Mediterranean
(23.7%), Atlantic (22.1%) or Alpine (6.9%) region. The
gender distribution was 54.0% males and 41.4%
females; the rest did not respond to that question.
Around 70% of all participants were between 36 and
65 years old, and 41.1% had already participated in
other EJP-Soil activities. The conviction that it is
important to have formal definitions in soil manage-
ment was high with a mean score of 6.5; two thirds of
all participants selected the highest rating (7).

3.2 | Framework definitions, soil
ecosystem services and soil threats

The overall agreement with the provided definitions
was high (Figures 2-4). Only two definitions had an
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FIGURE 2
definitions. Dark red—strongly disagree (1), grey—neutral (4),

Percentual agreement with the framework

dark blue—strongly agree (7). Numbers in italics on the left
indicate sample size (i.e. number of valid responses for the
respective definition); numbers in bold right of the bars indicate
the mean score.

agreement under 70%, namely Ecosystem Services
(65.7%) and Bundle (61.9%), which were also the
only definitions with a mean score below 5. Scientific
definitions were commonly better rated than those in
plain language. Among the 18 definitions in SES and
ST, the scientific definition had higher agreements and

Soil Ecosystem Services

Primary production { 147 - | =5_57'9
Habitat for Biodiversity { 150 |l | = 65..01
Erosion Control { 146 .. | =5'55-.,9
Hydrological Control { 154 .l| =5f,2
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FIGURE 3 Percentual agreement with the definitions for soil
ecosystem services. Dark red—strongly disagree (1), grey—neutral
(4), dark blue—strongly agree (7). Numbers in italics on the left
indicate sample size (i.e. number of valid responses for the
respective definition); numbers in bold right of the bars indicate the
mean score. The upper bars at each term refer to the scientific
definition, the lower bars to the definition in plain language.

mean scores in 14 cases (Figures 3 and 4). The agree-
ment with the scientific definitions for STs was
especially high, eight out of 11 definitions had an
agreement over 90%, and nine a mean score above
6 (Figure 4).

3.3 | Appropriateness of the selected
indicators

Generally, the indicators provided for SESs were consid-
ered less appropriate than those for STs (Figure 5). This
was characterized by a lower level of agreement and
lower mean score. Among the SES indicators, the lowest
levels of agreement were found for ‘yields’ (Primary
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FIGURE 4 Percentual agreement with the definitions for soil
threats. Dark red—strongly disagree (1), grey—neutral (4), dark
blue—strongly agree (7). Numbers in italics on the left indicate
sample size (i.e. number of valid responses for the respective
definition); numbers in bold right of the bars indicate the mean
score. The upper bars at each term refer to the scientific definition,
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Production), ‘net water supply’ (Hydrological Control),
‘organic carbon stock in plants’ (Climate Regulation), as
well as for ‘ratio of fungi/bacteria’ and ‘mortality’ (Pest
Control), with less than 60%; the indicators ‘yields’, ‘net
water supply’ and ‘organic carbon stock in plants’ also
had disagreement levels above 30%. Among the ST indi-
cators, ‘risk of soil organic carbon deficiency’ (Carbon
Loss) had an agreement level of 47.7%. This was the only
ST indicator with an agreement lower than 60%. Further-
more, ‘risk of soil organic carbon deficiency’ had the low-
est agreement among all indicators and, together with
‘net water supply’, had also the lowest mean scores
(both <4.5).

3.4 | Group differences

Subgroup differences were commonly low, with an aver-
age deviation from the global mean score of <0.3. There
were, however, some notable exceptions (Figure 6).
Among the ‘Scale’ subgroups, the mean scores for Service
Providing Area at the European (6.1) and Regional scale
(6.1) differed more than 1 point from the National (4.8)
and 1.7 points from the Farm scale (4.3). Among the
‘Region’ subgroups, high intra-group differences were
found for the definitions of Soil Fertility, Soil Conditions
and Bundle (>1.5 points), as well as for the SES Erosion
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Control (>2 points). Generally, the Atlantic region sub-
group had lower mean scores for all but two definitions
(Threshold and Primary Production); 10 of them being
more than 0.5 points below the global mean. The lowest
mean score of all subgroups was found for the definition
of Bundle at the Alpine region with 3.4, which is a devia-
tion of 1.4 points below the global mean. Among the
‘Stakeholder’ subgroups, the Advisory subgroup had 1.5
and 1.4 points higher mean scores than the Academic
subgroup for the framework definition of Ecosystem Ser-
vices and the ST Soil Acidification respectively. The
Farmer subgroup had lower mean scores than all other
groups for Pollution Control (>0.9 points). Generally, the
Advisory subgroup had higher mean scores for all but
four definitions; nine of them being more than 0.5 points
above the global mean.

The scientific definitions commonly received higher
mean scores than the plain language definitions, for
example, 78% across all stakeholder subgroups. The high-
est differences in mean scores between non-scientists and
scientists were found for the scientific definitions of the
SES Primary Production (0.5 higher for non-scientists)
and the ST Soil Acidification (0.7) respectively; and for
the plain language definitions of the SES Climate Regula-
tion (—0.5) and the ST Salinization (0.5).

4 | DISCUSSION

41 | Reflections on methodology and
interpretations

The structure of the participants, and in particular, their
professional background, showed a strong majority of sci-
entists. This needs to be considered in interpreting the
results, which, consequently, primarily reflect the opin-
ions of the (soil) research community. Furthermore, sam-
ple sizes are too small for most subgroups to draw
reliable conclusions; nevertheless, more general state-
ments can be made by grouping all other stakeholders
(‘non-scientists’) and the comparison with scientists. This
limits our ability to answer our research question of
whether there is a common understanding and agree-
ment on the proposed definitions and indicators which
includes a diverse range of stakeholders. Nevertheless,
the insights gained from the responses of an international
population of researchers are valuable and important, as
they can be used for a much-needed harmonization of
the terminology and methods used in future studies and
national and international projects and programmes.

A major target in the design of the survey was to
motivate a high number of participants by ensuring a
convenient, motivating participation experience and the
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potential for preferably rapid completion. Due to a vast
frequency of surveys and demands for stakeholder
involvement in the European soil policy activities, such

preconditions may be seen as crucial for ensuring ade-
quate participation. However, despite our efforts to make
the questionnaire easily understandable and workable,
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the topic probably remained abstract. Thinking about
16 definitions may be perceived as exhausting, which is
also reflected in the overall low completion rate below
50%. This applies especially to non-scientists which are
less used to the underlying practice of abstract and con-
ceptual thinking (Wade et al., 2021). Farmers had the
lowest completion rate of all stakeholders, which high-
lights that this group is probably the hardest to reach and
least familiar or comfortable with scientific questioning.
Similar surveys with more practical questions
achieved higher participation rates of farmers (Mason
et al., 2023).

The distribution strategy, the snowball principle,
was intended to reach a broad range of stakeholders
(Goodman, 1961). However, even though the scientists
of the project team, who were the initiators of the
spread, tried to balance the groups of stakeholders
addressed, their mails seemed to achieve higher priority

among science colleagues on their mailing lists. A rea-
son for the poor response rate from non-scientists, espe-
cially farmers, could also be that they do not expect their
contribution to lead to concrete changes, either because
they believe that decisions will be made elsewhere or
because of the expectation (or experience) that their voice
will not be heard anyway (Dernat et al., 2022; Fielke
et al., 2018; Schulp et al., 2022). Schulp et al. (2022) stated
that the intrinsic motivation of farmers is crucial for their
engagement, which might lack in conceptual discussions
about terminology. In this regard, it might be worth while
to consider that numerous studies deal with the communi-
cation of policy and science concepts in order to influence
farmer decisions (e.g. Creissen & Lamichhane, 2024;
Dessart et al., 2019; Prost et al., 2023), whereas research
about how to engage practitioners in policy development
is underrepresented (Bouma, 2022; Busse et al., 2023;
Hohler et al., 2024; Zindler et al., 2023).
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Based on these insights, we may put forward
recommendations for future studies. Advancing the dis-
semination strategy, for example, by including low-
barrier channels like social media, might be a promising
option for future surveys involving non-scientist soil
experts (Leighton et al., 2021). Organizations or institu-
tions such as regional agricultural authorities as cooper-
ation partners could act as multiplicators. A highly
promising approach, however, is the direct involvement
of stakeholder groups in the projects or practical cooper-
ation at an early stage and continuous interaction
(Adamsone-Fiskovica & Grivins, 2022; Bouma, 2019;
Mason et al., 2023; Salvia et al., 2018). Agricultural prac-
titioners might also play a major role in research project
teams, as is intended in the EU Mission ‘A Soil Deal for
Europe’ with its approaches of lighthouse farms and liv-
ing labs (Bouma & Veerman, 2022; Lobmann
et al., 2022; Veerman et al., 2020).

According to Carmen et al. (2018), a common lan-
guage with clear definitions is necessary to put abstract
concepts such as Ecosystem Services into practice. How-
ever, they also acknowledge that some stakeholders iden-
tified the usefulness of some ambiguity in terminology to
facilitate a dialogue and the development of a common
understanding between different stakeholders in a spe-
cific situation. This raises the question of how far the
concept-based language of soil policy, and in particular,
the definitions, needs to be adapted to suit each stake-
holder group.

4.2 | Framework definitions, soil
ecosystem services and soil threats

Overall, there is a surprisingly good consensus regarding
the definitions proposed for the framework of sustainable
soil management. Only two out of 51 definitions received
agreement levels below 70% or mean scores below five on
the seven-grade Likert scale. As this study was, to the
knowledge of the authors, the first one asking for feedback
on science-based soil terminology definitions, a comparison
to other studies is not possible. Nevertheless, it may be
assumed that the broad approach, including a large number
of soil experts for the derivation of the presented definitions
and indicator allocation, led to strongly accepted results, at
least within the scientific community. Furthermore, it was
rather surprising that there was only a low number of dis-
tinct differences between scientists and non-scientists, but
also between scientific and plain language definitions.
Although there was a strong overall agreement with
the definitions, some showed distinctively lower than aver-
age results. While long-established terms like Soil Fertility,
Indicator, Soil Threat, or similar terms received strong

agreement, relatively newer terms like Ecosystem Services
and Bundle were less highly rated. This correlates to for-
mer informal perceptions within the author team that it is
harder to communicate new concepts or terminology to
different groups of stakeholders than established terminol-
ogies. Therefore, the formulation of definitions for new
terms needs to be carried out with more care and anticipa-
tion than for established ones, where it may be assumed
that even a tolerance for ambiguity has developed in long
years of practice. Besides the novelty of a term, also the
familiarity with concepts from other disciplines may play
a role. For instance, the ‘Scale’ subgroup Farm, which
comprises not only actual farmers but also researchers and
other stakeholders that primarily work with and at the
scale of individual farms, agreed less with definitions such
as Soil Ecosystem Services, Service Providing Area, or Habi-
tat for Biodiversity (Figure 6). Although these terms are
common in ecology—from where they also originate—
their usage and relevance in fields related to agriculture is
a more recent development, which could contribute to the
lower agreement levels (Blinemann et al, 2018;
Power, 2010). These findings are further corroborated by
the general trend found that well established terms or long
known concepts (e.g. Primary Production, Soil Acidifica-
tion, Erosion, Salinization) constantly received higher
mean scores from non-scientists (both for scientific and
plain language definitions), while newer terms, or SESs
and STs that gained importance more recently (e.g. Pest
Control, Climate Regulation, Soil Drought, Waterlogging),
received lower scores.

We also provided the survey participants with the
opportunity to make comments after each definition, in
case they had something to add, criticize or suggest. On a
general level, the plain language definitions were often
criticized as being more complicated than the scientific
ones. This might indicate the difficulty for scientists to for-
mulate understandable language. As the majority of partic-
ipants had a scientific background, this could also be
influenced by a higher familiarity with scientific language.
Another issue frequently put into question throughout
multiple definitions was the limitation to agricultural soils
at the expense of forest soils, wetlands or urban soils. This
restriction was, however, predetermined by the EJP SOIL
framework targets. The framework definitions for Ecosys-
tem Service and Bundle received the lowest values of agree-
ment of all terms. For Ecosystem Service, of 21 given
comments, 14 criticized the anthropocentric nature of the
definition or suggested at least to replace ‘well-being’ as a
target by something like ‘benefits for society’. Out of the
19 comments for Bundle, 13 criticized the term as unneces-
sary, vague or non-understandable. Within the SES defini-
tions, Erosion Control and Climate Regulation had the
lowest agreements. Often cited drawbacks were conceptual
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issues, especially because of different understandings
including the emphasis on vegetation cover instead of
directly soil related processes and also indicators for Ero-
sion Control, the lack of a bigger picture beyond the scope
of soil science, as well as over complicated definitions for
Climate Regulation. Within the ST definitions, Waterlog-
ging received the lowest rating. The main criticism was
again on the anthropocentric view, especially that water-
logging is only a threat from a productivity point of view.
Moreover, the definition was said to need more clarifica-
tion, especially in the integration of different processes or
causes for waterlogging. The full list of comments is
attached in Supplementary material C.

4.3 | Appropriateness of the selected
indicators

The agreement with the SES and ST indicators was gen-
erally high, most had levels of agreement >70% and
mean scores above five. Nevertheless, there were also cer-
tain indicators with relatively high disagreement rates,
for instance, ‘risk of soil organic carbon deficiency’ for
the ST Carbon Loss, or ‘net water supply’ for the SES
Hydrological Control. Quite generally, the agreement with
the indicators was markedly lower compared to the defi-
nitions with a higher range of agreement levels and
scores. The different indicators were, however, selected
to support very different representations of the consid-
ered threats and services. In the case of climate regula-
tion indicators, for example, some consider only the soil
system, the plant system or the ecosystem as a whole;
some assess capacities, current stocks or fluxes; and some
are directly linked with the removal of CO,, while others
are not. As is well known for capacity, flow and demand
(Bard et al., 2016), there is no doubt that assessing the
same service with these highly different indicators will
produce very different service levels and patterns.

The need to assess soil threats and services appears
now to be widely shared across Europe and largely
favoured in technical considerations concerning the choice
of an appropriate indicator, which is a necessary but insuf-
ficient step (Czdcz et al., 2020; Heink et al., 2016). The
indicators were selected based on a thorough literature
review and expert discussions (Montagne et al., 2023) and
were then rated by the soil-science community and partici-
pants from related fields. Consequently, the indicator
assessment is of high relevance and may be directly used
to select appropriate indicators by future studies.
Whether the underlying reasons for low agreement scores
of some indicators are based on scientific (e.g. indicator is
considered not appropriate), practical (e.g. indicator is
hard to measure or cost-intensive) or other aspects
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(e.g. unfamiliarity with indicator), are, however, not
known and beyond the scope of this paper. Nevertheless,
the differences between scientists and non-scientists
regarding the mean scores of the indicators were generally
low; they were less than 0.5 for more than 80% of all indi-
cators and less than 0.3 on average. Interestingly, for the
vast majority of indicators with large differences
(e.g. > 0.5), scientists gave higher scores than non-
scientists. Among those indicators were, for instance, ‘sur-
face water supply index’, ‘net soil greenhouse gas fluxes’,
‘invasive species’ or ‘rainfall anomaly index’, that is, indi-
ces that are probably not well known outside of science. It
appears, that familiarity plays a major role regarding the
agreement with an indicator.

4.4 | Group differences

Interestingly, some subgroups showed almost consis-
tently higher or lower mean scores compared to the other
groups and the global mean. The Atlantic region had on
average a 0.4 points lower score across all definitions
(Figure 6). The majority of responses from this region
came from France (52%) and the Netherlands (19%), the
latter with notably lower scores than the former. The rea-
son behind this remains unclear. Because of the clear pat-
tern, it seems, however, to be a systematic issue, possibly
affected by a different survey participant composition,
which may have been further influenced by cultural dif-
ferences. For instance, France had a higher proportion of
older people that participated in the survey. Low sample
sizes impede a more detailed breakdown for stakeholder
groups. Some broad generalizations can, however, be
made when stakeholders are grouped into non-scientists
and scientists, for instance, that familiarity with a term
seems to play a role. This would imply that concepts that
are new, or not well known outside of academia, need to
be emphasized and better communicated to other stake-
holders, especially if they are of high importance
(e.g. related to climate change). How this is best achieved
needs to be discussed, as does whether science itself or
other institutions with stronger ties to agriculture
(or other stakeholders) should be primarily responsible
(Ingram, 2014; Osmond et al., 2010).

5 | CONCLUSION

Overall, there is a high level of agreement on the terminol-
ogy related to sustainable soil management, at least within
the European scientific community. This solid and harmo-
nized understanding of the concepts involved is not obvi-
ous, but forms the basis for progress in formulating

85U80| 7 SuoWIWOD aAIEs.D) 3|qeol|dde ay) Aq peusenob are ssone YO 8sn Jo Sajn. Joj Arig1T 8UllUO /8|1 UO (SUORIPUOD-pUR-SWBIAWOD A3 | 1M AReIq 1 BU1|UO//SANY) SUONIPUCD pUe Swie | 8u1 89S *[20Z/90/0T] U0 Akiqiauljuo A|im * Jend wniuezsbunyosiosepung - oLreynd BIAIAS Aq 9/1€T'SSB/TTTT 0T/I0p/w0d A3 | 1M Akelquljuo's feuinokssqy/:sdny wiouy pepeojumod ‘Z ‘20z ‘6862S9ET



12 of 15 EﬁropeanJournaLoj 3
WILEY Soil Science

WENINGER ET AL.

efficient strategies for implementation into agricultural
practice. However, inclusion of different stakeholders in
discussions on sustainable soil management remains chal-
lenging, as shown by the low response rates from non-
scientist subgroups. The combination of ratings and text
comments, including suggestions for improvement, pro-
vides valuable insights into the lively discussions and per-
ceptions across a wide range of EU member states. The
results can significantly support future work to harmonize
terminology and, in particular, the methodologies subse-
quently used in national or EU-wide soil mapping tasks or
soil health state assessments. For instance, this study could
support the discussion and, eventually, the implementa-
tion of a proposed directive on soil monitoring and resil-
ience, taking into account the current debate on the
definition of ecosystem services, the ‘critical’ or
‘unhealthy loss’ of services, and their notable relevance
for the instruments of compensation and territorial
governance.
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