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Abstract

Sustainable soil management is essential to prevent agricultural soil degrada-
tion and maintain food production and core soil-based ecosystem services.
Regenerative agriculture, one approach to sustainable soil management, is rap-
idly gaining traction in UK farming and policy. However, it is unclear what farm-
ers themselves consider to be sustainable soil management practices, and how
these relate to the principles of regenerative agriculture. Further, there is little in-
sight into how sustainable soil management is currently promoted in agricultural
knowledge and innovation services (AKIS). To address these knowledge gaps, we
undertook the first national-scale survey of sustainable soil management prac-
tices in the United Kingdom and complemented it with targeted interviews. We
found high levels of awareness (>60%) and uptake (>30%) of most sustainable
soil management practices among mixed and arable farmers. Importantly, 92%
of respondents considered themselves to be practising sustainable soil manage-
ment. However, our analysis shows that farmers combine practices in different
ways. Not all these combinations correspond to the full set of regenerative agri-
culture principles of reduced soil disturbance, soil cover and crop diversity. To
better understand the relationship between existing sustainable soil management
practices in the United Kingdom and regenerative agriculture principles, we de-
rive a “regenerative agriculture score” by allocating individual practices among
the principles of regenerative agriculture. Farmers who self-report that they are
managing soil sustainably tend to score more highly across all five principles. We
further find that sustainable soil management messaging is fragmented and that
few AKIS networks have sustainable soil management as their primary concern.
Overall, our study finds that there are multiple understandings of sustainable
soil management among UK farmers and land managers and that they do not
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1 | INTRODUCTION

The global soil degradation crisis in agriculture is threat-
ening to undermine food and environmental security
(Borrelli et al., 2017; Evans et al., 2020) and has been es-
timated to cost the global economy $10 trillion, which is
more than the global expenditure on either healthcare
or education (ELD, 2015). Sustainably managing soils is
fundamental for the delivery of many of the Sustainable
Development Goals, to which 193 countries have commit-
ted (Keesstra et al., 2016), and is recognized as a critical
global issue. The urgency of this challenge is highlighted
by a recent study by Evans et al. (2020), which found that a
third of conventionally managed arable topsoils (in a sam-
ple of 255 international sites) had an estimated lifespan of
less than 200years.

Soil degradation comprises two components: loss of
soil quantity and loss of soil quality. Sustainable soil man-
agement refers to land management practices that not
only help to prevent soil erosion but also help to enhance
the multi-functionality of the soil, which is often con-
ceptualized as “soil health” (Ingram, 2008; Kibblewhite
et al., 2008). No single definition of sustainable soil man-
agement exists, as different practices are required in differ-
ent soil and agro-ecological contexts (Miner et al., 2020).
However, there is increasing recognition that sustainable
soil management needs to encompass practices that can
simultaneously improve soil biology, soil structure and
nutrient status (Berdeni et al., 2021; Guest et al., 2022)
and reduce reliance on expensive chemical inputs (Austen
et al., 2022; LaCanne & Lundgren, 2018). Widely used soil
conservation measures including contour cultivation, ter-
racing, cover cropping, conservation tillage (minimum
disturbance tillage) and no-tillage (zero tillage or direct
drilling) can extend soil lifespans, increasing these to over
10,000years in 39% of soils (Evans et al., 2020). At the
same time, many of these practices improve soil biology
and health (Austen et al., 2022).

One model of sustainable soil management that has
rapidly gained prominence in the last 5Syears (Giller
et al.,, 2021; Newton et al., 2020) is regenerative agri-
culture, which is a farmer-led approach to land man-
agement innovation aimed at restoring soil health
(LaCanne & Lundgren, 2018; Sherwood & Uphoff, 2000;

correspond to regenerative agriculture principles in a straightforward way. This
diversity and variety in sustainable soil management needs to be taken into ac-

count in future policy and research.

conservation agriculture, regenerative agriculture, soil degradation, soil health, sustainable

Tittonell et al., 2022). Regenerative agriculture is increas-
ingly recognized as a movement or paradigm shift in mod-
ern agricultural practices (O'Donoghue et al., 2022). The
movement has lacked consistent definitions and does not
specify a particular set of practices. This is notably because
its core value is the adaptation to local context (soil, farm-
ing system and climate) in order to regenerate agricultural
resources with a special focus on soil, water and biota, to
achieve positive environmental and soil health outcomes
(O'Donoghue et al., 2022). The relatively loose definitions
of regenerative agriculture have resulted in criticism of
the concept and its potential to cause confusion, as it com-
bines practices that have been understood to be associated
with contrasted farming approaches such as agroecology
and sustainable intensification (Giller et al., 2021; Newton
et al., 2020). Despite this increased interest in soil health,
the extent to which UK farmers are already using sustain-
able soil management practices, and the extent to which
these practices correspond to the principles of regenera-
tive agriculture, remains poorly understood.

While regenerative agriculture lacks a consistent
definition, it is nonetheless being recognized as a po-
tentially important pathway to greater sustainability of
agri-food systems. This is shown by the peer-reviewed
awards to major UK Research and Innovation-funded
projects in the United Kingdom which explicitly explore
regenerative agriculture (Doherty et al., 2022; Jackson
et al., 2021), and by the mentioning of regenerative prac-
tices as an element of the forthcoming UK Environment
Land Management scheme for England (Defra, 2020). The
Scottish Government goes further, with an explicit focus
on regenerative agriculture in its current vision for agri-
cultural development (Scottish Government, 2022).

Many practitioners and advocates for regenera-
tive agriculture now promote five commonly agreed
principles for land management practice (Farm of the
Future, 2022; Ritz, 2021). These are (i) minimize soil
disturbance, (ii) maximize crop diversity, (iii) keep the
soil covered all year round, (iv) maintain living roots all
year round and (v) integrate livestock (this is primar-
ily aimed at increasing soil organic matter through the
use of grazing and manures, and fertility building with
less chemical fertilizer). In accordance with regenera-
tive agriculture, achieving sustainable soil management
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requires changes in practices in both conventional and
organic farming systems to simultaneously address
these five principles.

Rapid adoption of many sustainable soil management
practices, including no-tillage, is taking place; how-
ever, Europe is lagging behind America and Australia
(Kassam et al., 2019). No-tillage is now used widely in
South America (>60% of cropped area), Australia and
New Zealand (45% of cropped area) and North America
(28% of cropped area). In Canada, more than 55% of
cropped area since 2011 has been under no-tillage man-
agement, and with other soil conversion methods, this
has substantially reduced soil erosion, as has the in-
creased implementation of soil conservation measures
in US agriculture (Baumhardt et al., 2015). While no-
tillage cropping is among the most effective ways to re-
duce wind and water erosion of soil (Evans et al., 2020),
in the European Community it accounted for only 5%
of cropped area in 2015-2016, the United Kingdom hav-
ing about 7.6% of its 4.7 million ha of cropland under
this kind of management (Kassam et al., 2019). A review
of tillage practices from 249 arable and mixed English
farms indicated that in 2010, 60% of cropping area was
plough-based, 32% used reduced intensity tillage and
8% used no-tillage (Townsend et al., 2016). Two more
recent questionnaire surveys suggest a greater change
away from ploughing. Dicks et al. (2018) found that 81%
of 95 UK arable and mixed farmers interviewed in 2015
said that they already practised minimum- or no-tillage,
while Alskaf et al. (2020) estimated from 371 English
farms that in 2016, nearly 48% of arable land by area
was cultivated using reduced tillage, but the adoption of
no-tillage remained very low at 7% (Alskaf et al., 2020).

Low rates of adoption of soil conservation measures
are of concern as the annual costs to the UK economy
of soil degradation in England and Wales have been es-
timated to be £1.2 bn (Graves et al., 2015), which was
more than 25% of total UK farm gate-income in 2015
(Defra, 2016). Most of this economic loss was not due
to soil erosion but to loss of soil quality and functions,
especially due to depletion of organic matter. Increasing
awareness of the economic impacts of soil degradation
(Graves et al., 2015) and intensified economic pressures
on farmers arising from input costs and yield plateaus
(which are likely due to soil constraints) provide impe-
tus for change. Farmers using conventional intensive
cropping in short rotations have been facing increas-
ingly intractable weeds, pests and diseases (Austen
et al., 2022), compounded by extreme weather events
that have led, somewhat belatedly, to both UK farmers
and policymakers to recognize the need for a wider up-
take of sustainable soil management. This is reflected in
the 25Year Environment Plan, which sets an objective

and Management

for all soils in England to be managed sustainably by
2030 (Defra, 2018). The development and introduction
of the new Environmental Land Management scheme
replacing the EU Common Agricultural Policy follow-
ing the departure from the EU, along with the Net Zero
and climate change adaptation targets, aims to deliver
sustainable soil management founded on the princi-
ple of “public money for public goods” (Bateman &
Balmford, 2018; Defra, 2021).

In spite of this increased attention among different
stakeholder groups, the questions of what constitutes sus-
tainable soil management, how this term is understood
by farmers, how widely sustainable soil management
techniques are used and what the barriers and enablers
are to adoption remain important knowledge gaps. From
a policy perspective, it is important to know how the
increasingly influential principles of regenerative agri-
culture correspond with existing sustainable soil manage-
ment approaches. Moreover, it is widely recognized that
all forms of sustainable soil management are knowledge
intensive and that knowledge networks are needed to en-
sure farmer adoption and adaptation of relevant practices
(Ingram, 2008; Kibblewhite et al., 2008). Sustainable soil
management-oriented farmer networks have emerged
in the United Kingdom to encourage the uptake of soil-
health-oriented farming and support farmers in adopt-
ing and adapting sustainable soil management practices
through peer-to-peer learning (Krzywoszynska, 2019).
However, to date, no evidence has been collected on the
spread and influence of UK's soil-health-oriented farm-
ing and land management networks and the impact of
network participation on sustainable soil management
adoption.

This study addresses these important knowledge
gaps through the first ever survey of sustainable soil
management practices in UK farming and a series of
interviews with sustainable soil management stake-
holders. While the use of reduced tillage is increasing
(Dicks et al., 2018; Townsend et al., 2016), in this paper
we go beyond a focus on tillage. Achieving sustainable
soil management depends on the adaptation and adop-
tion of a set of combined practices by land managers. In
regenerative agriculture, as well as conservation agricul-
ture, combining minimal soil disturbance, crop diversi-
fication and maintenance of living and/or non-living
soil cover are promoted as they increase the likelihood
of achieving soil health improvements (Lal et al., 2007;
Virto et al., 2015). Therefore, in order to shed light on
the state of sustainable soil management in the United
Kingdom at a time when regenerative agriculture is ris-
ing in prominence, we investigate here not only what
practices are being used but also whether and how they
are being combined.
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2 | METHODS

We used a mixed method (quantitative and qualitative)
approach. The study consisted of two phases: first, an on-
line survey of UK farmers and land managers; and second,
semi-structured interviews with 25 sustainable soil man-
agement stakeholders and industry experts, including
farmers, advisers and organization representatives. This
research study addressed the following questions:

1. To what extent is the general farming and land man-
aging population in the United Kingdom aware of,
and engaged with, sustainable soil management?

2. How do farmers combine sustainable soil management
practices (if at all), and how does this relate to the five
principles of regenerative agriculture?

3. Through what channels is sustainable soil manage-
ment promoted in the United Kingdom?

4. What support is needed to enable wider adoption of
sustainable soil management practices in the United
Kingdom?

2.1 | Research phase 1: online survey

The online survey of farmers and land managers across
the United Kingdom was designed to address research
questions 1, 2 and 4. The survey was made up of 42 ques-
tions, provided in Data S1. These were largely closed
response questions, with a smaller number of open ques-
tions. The survey responses were collected in February
and March 2020. The survey was advertised in national
farming media and on social media and promoted with
the incentive of a single winner cash prize draw (£500).

The objective of the online survey was to understand
what practices comprise “sustainable soil management”
for UK farmers. The survey deliberately avoided explicit
use of the concept “regenerative agriculture,” in order to
(i) engage with as wide a range of farmers and land man-
agers as possible (not just those recognizing themselves as
doing regenerative agriculture); and (ii) to gain insight into
what practices are already widely used under the umbrella
of “sustainable soil management.” In order to understand
the extent of the overlap between UK farmers’ sustainable
soil management practices and the increasingly popular
regenerative agriculture concept, regenerative agriculture
principles were subsequently used as organizing concepts
in the analysis.

To investigate the awareness, nature and uptake of sus-
tainable soil management in the present study, we estab-
lished a list of the 14 most recognized and implemented
practices. This was based on a review of current sustain-
able soil management policies and advice (Defra, Soil

Association, NIAB) and validated by consulting a panel of
soil scientists (including co-authors of the study). The 14
practices were no-tillage, minimum-tillage, cover crops,
growing legumes as cash or cover crops, mob/holistic
grazing, overwinter stubble, leys (including herbal), diver-
sified rotation (four or more crops within a 6-year period,
excluding cover crops), using compost, using slurry, using
digestate, using manure, returning all crop residue to the
field and adapting ploughing to topography (e.g. contour
ploughing).

In order to shed light on the way in which farmers may
be combining sustainable soil management practices, and
especially the extent to which combinations correspond
to regenerative agriculture, we classified the 14 practices
in relation to the 5 regenerative agriculture principles dis-
cussed above (Ritz, 2021):

(i) Minimize soil disturbance: no-tillage, minimum-
tillage and leys

(ii) Maximize crop diversity: diversified rotation, leys,
growing legumes and cover crops

(iii)Keep the soil covered all year round: cover crops, leys,
overwinter stubble and returning crop residue to the
field

(iv) Maintain living roots all year round: leys and cover
crops

(v) Increase soil organic matter through the use of non-
chemical fertilizers: using compost, slurry, digestate or
manure, returning crop residue to the field, leys and
mob/holistic grazing

Note that (v), in a pure regenerative system would be
“integrate livestock.” However, for the purposes of the sur-
vey, we chose to investigate a range of organic matter addi-
tions, including manure, under the grouping (v) “increase
soil organic matter.” This is because the sustainable soil
management practices most recognized and implemented
in the United Kingdom currently do not explicitly include
the integration of livestock in farming systems, and in-
deed many arable farmers lack the facilities, expertise or
time investment required to maintain their own livestock
(Cooledge et al., 2022). In the remainder of the text, these
five analytical categories will be referred to as “the five re-
generative agriculture principles.”

In the survey, we first collected background data on
respondent’s demographic profiles, soil type, farming sys-
tem, and professional training and knowledge networks
(accreditations and agri-environmental schemes, mem-
berships to farming networks and use of advisers). We
then investigated the respondents’ concerns about and
awareness of sustainable soil management through a se-
ries of questions about their perceived role as a farmer,
their concern around and perception of soil degradation,
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soil issues in their farm, their use of soil analysis tests and
the importance given to sustainable soil management.
We further investigated respondents’ awareness and use
of the 14 sustainable soil management practices (possible
responses were aware of, currently or regularly imple-
menting, currently experimenting or stopped using). We
also asked if overall the respondents felt they were practis-
ing sustainable soil management. Finally, we asked open
questions about their perceptions of the barriers to and
enablers of the adoption of sustainable soil management
practices.

2.2 | Qualitative interviewing

The second phase of the research focused on addressing re-
search questions 3 and 4. This phase used semi-structured
telephone interviews and desk-based research in order to:
(i) map organizations and networks promoting sustain-
able soil management practices in the United Kingdom
and generate an understanding of the level of connectivity
between them and (ii) explore what support farmers and
land managers feel is needed to enable wider adoption of
combined sustainable soil management practices in the
United Kingdom. The sample for this phase focused on
two types of sustainable soil management stakeholders:
(A) farmer-led organizations explicitly set up to promote
and support the uptake of sustainable soil management
practices and (B) sustainable soil management network
experts, such as advisers providing soil-health-oriented
advice. Networks and experts were identified through
desk-based research and through snowballing." The inter-
views were approximately 45min in duration, conducted
via telephone and followed a semi-structured format. A
total of 24 interviews were completed with stakeholders
with the field of sustainable soil management, including
experts and advisers from key institutions (9), leaders
of farming groups (9) and independent advisers and ex-
perts (6). Where permitted, these interviews were audio-
recorded or (in one case) notes were taken. The interviews
were transcribed, coded in relation to research questions
and analysed thematically (Cope, 2009).

2.3 | Data analysis

A quantitative approach was used to identify the extent to
which the general farming and land managing population
in the United Kingdom are aware of, and engaged with,
sustainable soil management and to explore the uptake of
combined sustainable soil management practices in the
United Kingdom, using the online survey data. Analyses
involving the 14 sustainable soil management practices

and Management

used data from respondents in arable and mixed-farming
systems only, since many of these practices are mostly not
applicable to livestock-only systems.

All statistical analyses were performed using R version
4.2.1. (R Core Team, 2022). To identify commonly used
practices and combinations of practices, that is groups
of farmers combining sustainable soil management
practices in a similar way, we performed a hierarchical
analysis clustering farmers based on the combination
of practices currently or regularly used, applying the R
function “hclust” (library stats; R Core Team, 2022) to a
Euclidean-distance matrix and using Ward's minimum
agglomeration method. We tested the significance of the
clustering with the function “sigclust” (1000 simulations,
covariance estimation based on original background noise
threshold; R library “sigclust”; Huang et al., 2022). A heat-
map was created using the emerged clustering of farm-
ers and practices and the function “Heatmap” (library
ComplexHeatmap; Gu, 2022).

We were also interested in comparing how the com-
binations of practices used followed the five regenerative
agriculture principles. To do this, we calculated the pro-
portion of practices associated with a given principle each
respondent was using (see section 2.1). We used these
proportions to derive a “regenerative agriculture” score.
The score indicates the extent to which a given farmers’
set of sustainable soil management practices corresponds
with the regenerative agriculture principles. For instance,
if a farmer was using minimum-tillage and no-tillage but
not leys, their score for the first regenerative agriculture
principle “minimize soil disturbance” was 2/3. The total
farmer regenerative agriculture score was calculated as
the sum of their five scores for each principle and ranges
between 0 (no practices used) and 5 (all sustainable soil
management practices used). Finally, the open responses
were incorporated under the same coding framework as
used for stakeholder interviews and analysed to identify
the barriers to and enablers of adoption of sustainable soil
management practices in the United Kingdom.

To explore respondents’ understanding of the need
for sustainable soil management (an aspect of Question
1), we statistically tested how perception of soil degrada-
tion varied across spatial scale categories (“the land you
farm,” “in the United Kingdom,” “globally”) among all
respondents. To understand what sustainable soil man-
agement means for UK stakeholders (Question 1), and
how this relates to the five regenerative agriculture prin-
ciples (Question 2), we tested the relationship between
respondents’ self-assessment of whether they practised
sustainable soil management (“yes” or “no”) and their
total regenerative agriculture score, for respondents in
arable and mixed-farming systems only. The total re-
generative agriculture score was treated as a continuous
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variable. To assess whether the farming system affected
the total regenerative agriculture score, we tested the
relationship between farmers’ total regenerative agri-
culture score and the farming system (mixed vs. arable).
To understand how soil characteristics and farmers’
relations to soil are related to their engagement in sus-
tainable soil management, we tested independently the
relationships between the total regenerative agriculture
score and their level of concern about soil degradation
in relation to farming, soil characteristics (implemented
separately as factors - dominant soil type: clay, clay
loam, sandy loam or silty loam; altitude: below or above
50ma.s.l.; topography: flat, gently sloping, undulating, or
steeply sloping; perceived specific topography impacting
land management), perceived soil issues (implemented
separately as factors: insufficient organic matter, erosion,
compaction, poor infiltration, low or unavailable nutri-
ents, drainage, low pH, high pH, slaking, capping, high
load of soil-borne diseases or pathogens, and insufficient
earthworms) and the number of soil tests conducted. We
also looked at whether soil type influenced the use of any
specific practice, which could indicate whether underly-
ing soil type limits a given farmer's ability to score highly
across all five principles.

Since there is evidence that networking is key to
the adoption of sustainable soil management practices
(Krzywoszynska, 2019), we tested the relationships be-
tween the total regenerative score and the self-assessed
level of connectedness to farming networks (continuous,
0-100) and between the total regenerative score and how
far they estimated their agricultural adviser has assisted
in the adoption of sustainable soil management prac-
tices (continuous, 0-100; Question 4). To assess whether
the feeling of high connectedness to farming networks
matched the declared connections to formal and infor-
mal networks, we tested the relationships between the
self-assessed level of connectedness, engaging in a for-
mal network (“yes” vs. “no”) and engaging in an infor-
mal network (“yes” vs. “no”). Finally, to identify how
potential barriers may impact the suite of sustainable
soil management practices used, we tested whether the
frequency of barriers reported by respondents differed
among the five farmer groups identified by clustering re-
ported practices.

To test associations between two categorical vari-
ables, we used y’-tests (function “chisq.test”; library
stats; R Core Team, 2022). To test regressions between
a continuous and a categorical variable, we used linear
models (function “lm,” library stats; R Core Team, 2022),
followed by an ANOVA and a Fisher (vs. Xz-test) test. The
normality of residuals was tested in the best model using
the “simulateResiduals” function (library DHARMa;
Hartig, 2022). When significant associations were found

between multi-level categorical variables, mean com-
parisons were performed using independent y’-tests
between each pair and correcting p-values for multiple
testing using the “p.adjust” function (library stats; R
Core Team) with the Benjamini and Hochberg (1995)
method. When significant relationships were found
between a continuous and a categorical variable, mean
comparisons between groups were performed using the
“emmeans” function (library emmeans; Lenth, 2022). A
p-value correction for multiple testing was also applied
to suites of tests on the same data: relationships between
farmer group structure and farmers’ five regenerative
agriculture scores and total regenerative agriculture
score, relationships between total regenerative agricul-
ture score and soil characteristics and relationships be-
tween total regenerative agriculture score and perceived
soil problems. Finally, to test if the dominant soil type
(only considering soil types with enough respondents:
clay [N=44], clay loam [N=65], sandy loam [N=63],
silty loam [N=16]) influenced the use of a specific prac-
tice, we performed an ANOVA test on a constrained ca-
nonical analysis (function “cca,” library vegan; Oksanen
et al., 2022) on the use of the 14 practices (0 not used, 1
used) using the soil type as factor.

3 | RESULTS

3.1 | Description of the respondents’
population

The quantitative survey generated 473 responses, of
which 297 were viable after removal of incomplete, non-
farmer/land manager respondents and non-UK respond-
ents (Figure 1). The final sample was predominately male,
landowner-managers, aged 35-64 (Table 1) and working
across different sectors of the agricultural industry (38%
mixed farming, 31% livestock only and 31% arable includ-
ing general cropping).

3.2 | Question 1: What is the
awareness and engagement with
sustainable soil management?

We first asked farmers about their role as farmers and
their perception of soil degradation. In indicating the mo-
tivations for farming, respondents ranked equally high the
roles of maximizing profit (mean 7.2 on a scale of 1: un-
important to 10: very important) and producing food and
other goods (mean 7.5), but ranked looking after the en-
vironment significantly higher (mean 8.5, df=2, y*=8.94,
p=.011). In relation to motivations for sustainable soil
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FIGURE 1 Geographical spread of
respondents to the online quantitative
survey (N=297).
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management, on a scale of 1 (not important) to 5 (ex-
tremely important), food security (mean 4.6), improving
farming productivity (mean 4.6), enhancing biodiversity
(mean 4.5), ensuring clean drinking water (mean 4.4),
mitigating climate change (mean 4.3), preventing flood-
ing (mean 4.1) and ensuring clean air (mean 4.0) were all
seen as equally and highly important reasons to manage
soils sustainably.

With regard to respondents’ perceptions of land deg-
radation, there was a significant variation across scales
(F,g83=282, p<.001; Figure 2). Typically respondents
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perceived their land as only lightly degraded on a scale of
1-5 (mean score 2.08, 95 CI [1.99, 2.17]). Land on the na-
tional scale was perceived as significantly more degraded
than respondents’ own land (degraded; mean score 3.10,
95 CI [3.01, 3.19]). On a global scale, land was judged to
be even more degraded and significantly more degraded
than UK soils (heavily degraded; mean score 3.63, 95 CI
[3.53, 3.72]). The majority of farmers who participated in
the survey were strongly concerned about soil degradation
within agriculture: almost half of them gave a score of 5
of 5 (most concerned) and another third gave a score of 4.
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Our results indicate a broad awareness of the 14 sus-
tainable soil management practices among mixed and ar-
able farmers. Over 60% of these respondents were aware
of no-tillage and minimum-tillage practices, as well as the
use of herbal leys, cover crops, growing legumes, overwin-
ter stubble, returning all crop residue to the field and using
manure and mob/holistic grazing (Figure 3). Adapting
ploughing to topography had the lowest awareness of 46%.
Furthermore, terms associated with a systemic sustainable
soil management approach (soil degradation, soil health,
soil quality and soil organic matter) were largely known
by over 92% of the respondents. The term “soil biota or
soil biology or soil microbiome” was recognized by only
76% of participants. Only one of the 297 respondents was
unaware of these five terms.

TABLE 1 Sample characteristics.

Number of Sample
Characteristics respondents breakdown (%)
Status
Landowner-manager 210 71
Tenant farmer 53 18
Land manager 34 11
Gender
Male 256 86
Female 41 14
Age bracket
18-24 4 1
25-24 26 9
35-44 56 19
45-54 73 25
55-64 90 30
65-74 38 13
75+ 10 3
100
c
Ke]
a__ 80
S
32
§§ 607
= C
58
>3 40
Sz
ke)
n 20
~ theland
you farm

The most common soil analysis tests undertaken by re-
spondents were walking the field and NPK nutrient tests,
followed by “dig and look,” observations of roots and
compaction assessments with a spade or penetrometer
(Figure 4). Finally, over half of the participants reported
carrying out organic matter tests, Visual Evaluation of
Soil Structure (VESS) scores (AHDB, 2018) and earth-
worm counts, while bulk density and slake tests remained
barely used.

Moving from awareness to practice, the data suggested
high levels of adoption of sustainable soil management
techniques. While 92% of respondents reported doing sus-
tainable soil management (from all systems and also from
mixed and arable systems only), 98% of them were regu-
larly implementing at least one of the 14 practices, and
they were regularly using on average five sustainable soil
management practices at the time of the survey. Those in
arable and mixed-farming systems were implementing on
average 5.8 practices. The practices most often (currently
or regularly) used in arable and mixed-farming systems
were using manure (52%), cover crops (44%) and a diver-
sified rotation (40%).

We found that the respondents were quite active
in relation to experimenting with new sustainable soil
management-related practices: 48% of all respondents
and 52% of respondents from mixed and arable systems
reported to be currently experimenting with a new soil
improvement technique. From those, 33% (30% of re-
spondents from arable and mixed systems) were experi-
menting with more than one new technique at that time
(most often no-tillage with cover crops and increasing
crop diversity). The techniques most often experimented
with in mixed and arable systems were cover crops (34%
of farmers), no-tillage/direct drilling (25%), non-chemical
fertilizers (19%), minimum-tillage (18%), increasing crop
diversity (19%) and holistic grazing (including of winter
cover crops, 11%).

O Not at all degraded
W Lightly degraded

[l degraded

l Heavily degraded
[ Extremely degraded

in the UK globally

FIGURE 2 Perception of soil degradation at different spatial scales. N=297 respondents from the online quantitative survey.
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FIGURE 3 Awareness and regular .
implementation of the 14 sustainable N_o t!" ®
soil management practices in mixed M'n_ till ®
Topography ploughing

and arable farming systems. Light grey:
percentage of respondents aware of

the practice; dark grey: percentage of
respondents implementing the practice
as part of their current or regular soil
management practices. All respondents
were aware of at least one practice and
using at least one practice. N=206
respondents (online quantitative survey;

Herbal leys @@ ®
Diversified rotation @
Covercrops @@
Growing legumes @
Overwinter stubble @
Crop residue ®
Using compost
Using slurry

mixed and arable systems only). Numbers
on the right side of bars show percentages.
Coloured dots show the correspondence
between practices and the five
regenerative agriculture principles (see
text, section 2.1). Crop residue, returning
all crop residue to the field; Min till,
minimum-tillage; No till, no-tillage.

Using digestate
Using manure
Mob/holistic grazing
None of the above

80 100

% respondents:

® minimise soil disturbance

increase crop diversity
® keep the soil covered
keep living roots

aware of
B regularly implementing

increase soil organic matter

Field walking [ 88
Nutrient tests NPK [ 86
Dig and look [ 74
Plant root observation [ 67
Compaction assessment* [T 62
Earthworm count [T 56
VESS [ 55
Organic matter test [T 53
Infiltration assessment [N 22
Bulk density test [0 13
Slake test [[1] 10
| T T T T |

0 20 40 60 80 100

Respondents engaging with soil tests (%)

FIGURE 4 Soil analysis practices undertaken. N=297
respondents from the online quantitative survey. Numbers on
the right side of bars show percentages. * using a spade or a
penetrometer. VESS, visual evaluation of soil structure.

3.3 | Question 2: How do farmers
combine sustainable soil management
practices (if at all), and how does this
relate to the five regenerative agriculture
principles?

The hierarchical clustering of farmers based on the simi-
larity of use of the 14 practices identified five groups of
farmers implementing different combinations of practices
(Figure 5 and Table 2), although such clustering was not

statistically significant (mean cluster index 0.87, p=.29).
Nonetheless, we used the identified farmer groups in ad-
dition to regenerative agriculture scores in subsequent
analyses, because we found them to be an extremely use-
ful heuristic for organizing the information. In addition
to different main combinations of practices (Table 2 and
Figure 5), we show below that the group structure is signif-
icantly associated with farmers’ regenerative agriculture
scores for each of the five principles (Table 3), farmers’
total regenerative agriculture score (sum of the five scores
for each farmer Table 3) and farmers’ self-assessment of
whether they are doing or not doing sustainable soil man-
agement (Figure 6).

Farmers’ regenerative agriculture scores for each
principle were significantly different across the five
farmer groups (Table 3 and Figure 7). Groups 2 and 4
scored highest on combining practices linked with all
five principles, due to the diverse suite of practices
implemented in these two groups (Figure 5). Group 1
scored the highest on the principle of “minimize soil
disturbance” due to the almost systematic use of no-
tillage and minimum-tillage combined, but scored
lower on the other four principles. Groups 3 and 5 had
balanced, but low, scores across all five sustainable
soil management principles. It should be noted that all
groups present some level of internal variation, with
Groups 1 and 5 being the most consistent and Groups 3
and 4 the most diverse.
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FIGURE 5 Heatmap showing the different combinations of practices used by respondents from mixed and arable systems in their

regular or current soil management. Practices are shown in columns in dark green if used and light green otherwise, with individual farmers

as rows. The top tree shows how practices are clustered - clustered practices are more often used together. The left tree shows how farmers

are clustered: farmers’ Groups 1-5 were identified based on the similarity of practices used calculated using hierarchical clustering: farmers

in the same cluster tend to use the same combination of practices. The brown vertical bar to the right shows how each farmer answered the

question “Is sustainable soil management something you do?” (do SSM), while the grey vertical bar shows the type of farming system (mixed

or arable). N=206 respondents from the online quantitative survey (from mixed and arable farming systems only). Crop residue, returning
all crop residues to the field; Min till, minimum-tillage; No till, no-tillage.

TABLE 2 Main practices and combinations of practices used in each farmer group.

Group Practice combination trend

1 This group tended to combine no tillage with cover crops, manure and minimum tillage.

2 This group combined practices the most consistently, all using cover crops, mostly combined with legumes,
diverse rotation and no-tillage. Many also used herbal leys, mob/holistic grazing and manure.

3 This group combined practices the least consistently: a majority of them used manure and half of them used
leys.

4 This group implemented a diverse range of practices including minimum-tillage, diverse rotation, manure,
cover crops and returning crop residue for the majority, along with a good uptake of growing legumes,
overwinter stubble and leys (>50%).

5 This group was characterised by a systematic use of minimum-tillage with cover crops, diverse rotation and

manure for more than half of the respondents, but otherwise a very limited implementation of the other

practices.

Farmers’ total regenerative agriculture scores were also
significantly different across the five farmer groups (Table 3
and Figure 6a): scores in Groups 2 and 4 where higher
on average compared to Groups 1, 3 and 5. In addition,
farmers’ total regenerative agriculture scores were posi-
tively and significantly related to their self-assessment of
whether they manage soil sustainably or not (F; 50, =8.33,

p=.0043; Figure 6b). In other words, answering “no” to
the question “Is sustainable soil management something
you do?” was associated with a lower total regenerative
agriculture score on average (“no”: mean 1.62, 95 CI [1.09,
2.16]; “yes”: mean 2.44, 95 CI [2.28, 2.60]). The variation
in respondents’ self-assessment of whether they man-
age soil sustainably or not among the five farmer groups

A 0 ‘EPLTSLYT

:sdny wouy papeoy!

ASULOIT SUOWIO)) 2ANEAI) a[qeorjdde ayy £q pauraA03 aIe sa[onIe YO (asn Jo Sa[n 1oy AIRIqI] aul[uQ K3[TA| UO (SUONIPUOI-PUE-SULIA) W0 K3[IM" KIRIqI[aul[uo//:sd)y) SUONIpUO)) pue SULIAY, A 23§ *[£202/90/S0] U0 Kreiqry auruQ A3[IA ‘PlouJays JO ANsIaATuN £q 806 [ Wns/[ [ [ [°0[/I0p/wod kaim K.



JAWORSKI ET AL.

SoilUse

TABLE 3 Relationships between the farmer group clustering and farmers’ regenerative agriculture scores.

Estimates: group means [95 CI]

Group 2 Group 3 Group 4 Group 5

Adjusted p Group 1

df

Five regenerative agriculture scores

0.37[0.29, 0.45] be
0.36 [0.27, 0.45] ¢

ab
b
b

0.34[0.25, 0.43] b
0.39[0.28, 0.51] ¢

ab
a

0.24[0.17: 0.30] b
1.69 [1.35, 2.04] b

a

—_ — — — o

0.51[0.44, 0.58
0.70 [0.62, 0.77
0.66 [0.59, 0.74
0.66 [0.56, 0.76
0.52[0.47,0.57
3.05[2.75, 3.34

C

C

a

c
b
b

—_ — — — —

0.28[0.23,0.33
0.39[0.33,0.44

0.40 [0.35, 0.45

0.60 [0.52, 0.67] a

a

0.85[0.77,0.93] a

C

0.79 [0.61, 0.76] a

a

0.44 [0.37,0.51

0.77[0.37,0.51] a

bc
b
b

0.31[0.27, 0.35
1.82[1.61, 2.03

0.47[0.41,0.52] a

3.37[3.07, 3.67] a

—_ — — — —

—_ L S e

0.64
0.40
0.57
0.44
0.27
2.31

<.001%#*

4,201
4,201
4,201
4,201
4,201
4,201

22.0
3

1. Minimize soil disturbance

<.001%**

3.5

2. Increase crop diversity

<.001%**

18.3

3. Keep the soil covered

<.00717%#*

104
2

4. Keep living roots

<.001***

0.4

5. Increase soil organic matter

<.001***

26.3

Total regenerative agriculture score

Note: Different letters within a row show significantly different group means. p-Values before or after correction for multiple testing were all very small; we thus show only adjusted p-values here. ***p < 0.001.

and Management

was also significant (X2= 17.8, df =4, p=.0014; Figure 5,
brown right vertical bar). Group 3 had the lowest propor-
tion of respondents self-assessing to be managing soil sus-
tainably (82%), while in Groups 1 and 4 all respondents
considered themselves to be doing sustainable soil man-
agement, with high levels also reported for Groups 2 (97%)
and 5 (93%). Importantly, even in the groups with rela-
tively low uptake of practices, respondents self-assessed
to be managing soil sustainably (Figure 5, brown right
vertical bar). Finally, the total regenerative agriculture
score was significantly different between farming systems
(F1204=10.7, p=.0012): the mean score of respondents
from mixed systems (mean 2.60, 95 CI [2.39, 2.80]) was
roughly 20% higher than that of respondents from arable
systems (mean 2.09, 95 CI [1.86, 2.32]). This was shown
in the farmer groups by a roughly equitable distribution
of arable and mixed-farming systems except in Group 3,
which included twice as many mixed as arable systems
(Figure 5, grey right vertical bar).

There was no significant relationship between farm-
ers’ total regenerative agriculture score and their concern
about soil degradation in relation to farming (Table 4). In
addition, the dominant soil type did not influence the use
of any specific practice (Table 4). However, the total farmer
regenerative agriculture score was related to respondents’
self-reporting of existing specific topographical features
impacting land management, although this was not sig-
nificant after correction for multiple testing (Table 4).
The most frequently reported soil issues among a list of
soil problems were soil compaction, drainage and insuffi-
cient soil organic matter (Table 4). Most self-reported soil
issues were not related with farmers’ total regenerative
agriculture score, except drainage and slaking, but these
relationships were no longer significant after correction
for multiple testing (Table 4). The number of soil analysis
tests used by respondents was significantly related to their
total regenerative agriculture score (Table 4): farmers
doing 2 tests had a mean (+SE) total regenerative score of
2.0 (£0.4), while farmers doing 10 tests had a mean (+SE)
score of 3.1 (£ 0.3). Finally, respondents gave similar scores
on average across their perceived roles as farmers (make
maximum profit, produce food and other goods, and look
after the environment), but the scores were not related to
their total regenerative agriculture score (Table 4).

3.4 | Question 3: Through what channels
is sustainable soil management promoted
in the United Kingdom?

Our semi-structured interviews revealed a wide net-
work of organizations, platforms (online and offline)
and groups who promote or engage with sustainable
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FIGURE 6 Relationships between farmers’ total regenerative agriculture score and (a) farmers’ groups and (b) self-assessment of

whether they manage soil sustainably or not. N=206 respondents from the online quantitative survey (from mixed and arable farming

systems only).

soil management as part of their activities. However, we
found that only one group places sustainable soil man-
agement as a central concern: BASE-UK (Biodiversity,
Agriculture, Soil, and Environment - UK). We
found that, typically, UK Advisory, Knowledge and
Information System (AKIS) organizations and groups
advocate the use of sustainable soil management prac-
tices as a way to achieve other objectives, for example,
in Catchment Sensitive Farming. We identified that the
promotion of sustainable soil management practices
was primarily driven by:

« Championing experts (individual experts offering ad-
vice, e.g. specialized agronomists)

+ Championing farmers (e.g. soil farmer of the year)

« Farmer networks

« Facilitated groups (formal/informal; public/privately
funded)

« Specific online platforms (social media profiles and on-
line forums)

« Accreditation or certifications schemes/organizations

« Farmer discussion groups focusing on best practice
learning

A much smaller and tightly interlinked network of in-
dividuals, organizations and groups exists in the United
Kingdom, which is specifically concerned with soil sus-
tainability and/or soil health. This network includes the
members of BASE-UK and clients of a small groups of
agricultural advisers dedicated specifically to issues of
soil health improvement. In this network, adoption of
combined sustainable soil management practices, as ad-
vocated by conservation agriculture and soil health lit-
eratures (Lal et al., 2007; Virto et al., 2015), is promoted.
Interestingly, our analysis showed that respondents

feeling most connected and engaged in most formal and
informal networks also had the highest total regenerative
agriculture scores.

3.5 | Question 4: What support is needed
to enable wider adoption of sustainable
soil management practices in the United
Kingdom?

The majority (52%) of the farmers taking part in the online
survey were members of one or more formal networks
(Figure 8). The most represented formal networks were
BASIS (20%) and “Farmer Cluster” (12%), the latter de-
scribing place-based, cooperating groups of farmers often
facilitated by a third party (Prager, 2022). Engagement
with informal farming networks specifically discussing
soils and soil-related issues was much higher (70%). The
most used informal networks were local group meetings
or one-to-one discussions (40%), following on Twitter or
Instagram hashtags (28%), and farming forums (26%).
Despite this, farmers felt only moderately connected to
farmer networks (average score given to feeling connected
of 49% on a scale of 0, not at all connected, to 100%, ex-
tremely connected). Among respondents from mixed and
arablesystemsonly, thelevelsof membershipsweresslightly
higher (60% of farmers members of formal networks; 72%
members of informal networks discussing soils and soil-
related issues). The average score on how connected they
felt was also slightly higher (50%). Engaging in formal
networks was significantly associated with engaging in
informal networks (X2=11.2, df=1, adjusted p<.001) as
well as feeling well connected (F; »,,=28.6, p <.001); that
is, farmer members of a formal network were also engag-
ing in informal networks and feeling well connected. The
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FIGURE 7 Mean regenerative agriculture scores for the five
regenerative agriculture principles and the five farmers groups.
Numbers 1-5 refer to farmers’ Groups 1-5 on Figure 5. Farmers’
regenerative agriculture scores for each principle were calculated
as the proportion of practices associated with that principle being
used. Small green dots on each axis of the radar plots show the
mean values of the five regenerative agriculture scores within
each farmer group. The green area shows the extent of the average
uptake of practices following the five principles in each group.
The wider and more symmetrical the area, the higher and more
balanced the average uptake of the five principles.

score given to feeling well connected was also positively
and significantly related to the total regenerative agricul-
ture score (F) 50,=5.82, p=.017). For instance, respond-
ents feeling the least (connectedness score<20 versus
the most connected score>80) had a mean (+SE) total
regenerative agriculture score of 2.0 (+0.2) and 2.6 (+0.2),
respectively. The positive relationships between feeling
connected, formal and informal farmer network member-
ship and high total regenerative agriculture scores suggest
that farmer networks help promote the adoption of sus-
tainable soil management practice combinations.

When asked about agricultural advice, 72% of farm-
ers in mixed and arable farming systems answered they

and Management

had an agricultural adviser (against 34% in livestock-
only farming systems). Interestingly, on average, arable
and mixed farmers who said they had an agricultural
adviser gave a moderate score (mean 56%) for how far
their agricultural adviser had helped in adopting sus-
tainable soil management practices. This score was
not significantly related to farmers’ total regenerative
agriculture score (F)146=0.392, p=.53). This implies
relatively neutral influence of agricultural advisers in
promoting the adoption of sustainable soil management
practices.

Respondents reported 12 main different types of bar-
riers to the adoption of sustainable soil management
practices (Table 5). The barriers most often reported were
capital costs (24%), weather and climate (15%), profitabil-
ity (14%), logistics (12%) and access to unbiased, tailored
knowledge (11%). However, the prevalence of these main
barriers was not different across the five farmers groups
(capital costs: X2=8.80, df =4, p=.066; weather/climate:
X2 =3.05, df=4, p=.55; profitability: X2 =6.02, df=4,
p=.20; logistics: ¥y*=1.03, df =4, p=.90; knowledge ac-
cess: x°=2.83, df =4, p=.59).

Subsequently, our respondents reflected on the enablers
of sustainable soil management adoption. Unsurprisingly,
the most frequently mentioned mechanism was financial
incentives (subsidies, commodities, access to equipment,
free soil analysis testing, free training, etc.; 46% of arable
and mixed farmers). The access to unbiased, locally tai-
lored knowledge and advice was also frequently reported
(24%) along with the need for better training (education,
farmer-led trialling, etc.; 7%), and more research quantify-
ing the benefits of local solutions (9%). Other infrequent
enablers were access to soil analysis tests, clear soil perfor-
mance indicators, a wider farmer network, larger farmed
area/longer tenancy and support of farm relatives (farm
team, landowner and family).

4 | DISCUSSION

Our study is the first to report the awareness and uptake
of a full suite of sustainable soil management practices
aligned with regenerative agriculture principles at the
scale of the United Kingdom. Our quantitative online
survey gathered 297 responses. Among the 206 responses
from mixed and arable systems, we reported a high level
or awareness of sustainable soil management meth-
ods (>60%), as well as a good uptake of these practices
(>30%) and a fair number of respondents (30%) experi-
menting with sustainable soil management practices.
A vast majority (92%) of respondents considered them-
selves to be practising sustainable soil management. We
looked at how the combinations of practices regularly
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TABLE 4 Statistical analyses of the relationships between farmers’ total regenerative score and concern about soil degradation, soil
characteristics, perceived soil problems, number of soil analysis tests and perceived role as farmers.

Answer description F df p Adjusted p
Soil degradation concern in 1.24 4,201 0.30 NA
relation to farming
Soil characteristics
Effect of dominant soil type: clay 21%;
- in relation to regenerative clay-loam 32%; sandy loam 31%; silty .76 3,184 0.52 0.520
SEOTE loam 8%
- in relation to use of the 1.37 3,184 0.10 NA
14 practices
Altitude (m above sea level) <50m: 42%; 2.81 1,196 0.095 0.285
>50m: 52%
Topography numeric 1 to 5% 1.48 1, 204 0.23 0.460
Specific topographic features yes 57%; 5.05 1,204 0.026 * 0.104
impacting land management  no 43%
Perceived soil problems % yes:
Insufficient organic matter 55 0.360 1,204 0.55 1
Erosion 22 0.204 1, 204 0.65 1
Compaction 61 0.809 1,204 0.37 1
Poor infiltration 37 1.55 1, 204 0.22 1
Low or unavailable nutrients 31 7.12 1, 204 0.0082 ** 0.098
Drainage 59 0.238 1, 204 0.63 1
Low pH 28 0.0074 1, 204 0.93 1
High pH 26 5.73 1, 204 0.018 * 0.20
Slaking 3 0.0044 1, 204 0.95 1
Capping 34 0.102 1,204 0.75 1
High load of soil-borne diseases 4 0.804 1, 204 0.37 1
or pathogens
Insufficient earthworms 27 0.272 1, 204 0.60 1
Number of soil analysis tests 0-11 tests 46.0 1,204 <0.001 **  NA
Perceived role as a farmer score 0-10
(mean + SE):
Make maximum profit 7.6+0.1 0.911 2,610 0.40 NA
Produce food and other goods 7.6+0.2 0.0553 2,612 0.95 NA
Look after the environment 8.3+0.1 4.98 1,613 0.026 * NA

* P <0.05; ** P <0.01; *** P <0.001

1: flat; 2: flat-gently sloping; 3: gently-sloping; 4:undulating or varied from flat to steeply sloping; 5: steeply sloping.

used matched the five principles recommended in regen-
erative agriculture approaches, namely reduce soil dis-
turbance, increase crop diversity, keep the soil covered,
keep living roots all year round and increase soil organic
matter using non-chemical fertilizers. Our clustering
analysis found five farmer groups: Group 2 combining
no-tillage with a large number of practices, Group 4 com-
bining minimum-tillage with a large number of prac-
tices, Group 1 using no-tillage and minimum-tillage but
otherwise few practices, Group 5 using minimum-tillage

but otherwise few practices and Group 3 did not use ei-
ther minimum-tillage or no-tillage. Group 3 had the low-
est percentage (although very high - 87%) of respondents
considering themselves to be doing sustainable soil man-
agement, suggesting a discrepancy between what farmers
report as sustainable soil management and the way it is
understood in academic literature. Also, Groups 3 and 5
had the lowest scores on the five regenerative agriculture
principles. Overall, our findings confirm that in farmers’
perception, taking care of soil health may be achieved
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FIGURE 8 Memberships in formal farming networks (left) and informal farming networks specifically discussing soils and soil-

related issues (right). N=297 respondents from the online quantitative survey. Numbers on the right side of bars show the corresponding

percentages. BASIS https://basis-reg.co.uk; LEAF linking environment and farming (https://leaf.eco/farming/leaf-network); BSSS, British

Society of Soil Science (https://soils.org.uk/).

TABLE 5 Barriers to the (further)
adoption of sustainable soil management

Barriers to adoption of sustainable soil management practices

% respondents

practices reported by respondents from Capital costs of seeds, equipment and infrastructure 24
arable and mixed-farming systems, and Weather, climate and climate change (increased variability of 15
classified in main categories. weather)
Profitability due to yield variability and increased costs 14
Logistics (animal health, labour, access to alternative inputs) 12
Access to unbiased, concise and locally adapted knowledge 11
Time constraints (implementing and trialling new practices under 10
favourable weather)

Soil limitations (soil type, topography and soil problems)

Lack of research measuring the benefits of sustainable soil 4
management practices

Changing rotations (to remove crops incompatible with sustainable 3
soil management like maize and sugar beets)

Weed control 2

Lack of governmental incentive 1

Restrictions from regulations and certification schemes 1

through diverse practices and combinations of practices.
Furthermore, we found that most farmers self-assess as
practising sustainable soil management, regardless of
the way in which they combine different sustainable soil
practices (i.e. not necessarily following the principles of
regenerative agriculture). Using outcomes of both our
quantitative survey and qualitative interviews, we also
found that on average our respondents were well con-
nected to a network of organizations indirectly promot-
ing sustainable soil management, but that a number of
barriers to a wider uptake remains, including access to
reliable and locally relevant information and the finan-
cial impact of implementing new practices. This suggests

a need for tailored financial incentives and ways to pro-
mote locally relevant trials and farmer-to-farmer knowl-
edge exchange.

4.1 | Representativeness of the
respondent population

The population of respondents to our online quantita-
tive survey was largely skewed towards male (86%),
landowner-managers and who are aged 35-65 (Table 1).
This broadly reflects the national picture with landhold-
ers and managers being 84% and 83% male, respectively,
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and 84% of farm holder-managers (Defra, June 2019
Census Data; the Evidence Compendium). However,
these census data cover England and do not include
Wales, Scotland and Northern Ireland, which we did in
our online survey (Figure 1). The geographical spread of
respondents across the United Kingdom in our sample
was fairly even, with a balanced representation of farm-
ing systems (mixed, livestock only and arable - although
terms proposed in the survey are not directly comparable
to Defra's June 2019 Census data), suggesting a reason-
ably even representation of UK farming and agriculture.
As such, our findings offer indicative insights which
should be further investigated at scale.

The age range of the sample (Table 1) differs somewhat
from the UK national picture, with an under representa-
tion of 65s and over (16% against the 35-40% national
average) and an over representation of under 35s (10%
against the 2% national average). The higher than aver-
age participation of younger land managers is possibly a
reflection of the mode of surveying (online). It may also
indicate that younger sectors of the farming population
are interested in sustainable soil management, a relatively
new concern, and linked with an overall shift in perceived
farmer role from primarily producing food to also produc-
ing environmental goods (Bateman & Balmford, 2018).
With the surprisingly high score of 9% respondents con-
sidering that they are doing sustainable soil management,
it is very likely that the population is more biased towards
these practices than the national average. Similarly, our
sample shows an over-representation (10%) of certified
organic holdings, compared with the national average of
2.9% organic classification (Defra, 2021).

4.2 | Awareness and uptake of
sustainable soil management practices and
relationship with the five regenerative
agriculture principles

The respondents were concerned about soil degra-
dation, but judged the degradation of the land in the
United Kingdom overall to be much worse than the
degradation of their own land, while land globally was
judged to be even more degraded. This corresponds
with previous research indicating that farmers are un-
likely to recognize land degradation issues within their
own farms (Schneider et al., 2010). Alternatively, it may
reflect genuinely better soil on the land managed by the
relatively young farmers in our respondent population,
who are actively engaged in deploying sustainable soil
management techniques. Either way, it indicates that
in terms of public communication, we should not as-
sume a shared urgency around concerns of UK land

degradation, but it could reflect an over-representation
of farmers already practising sustainable soil manage-
ment - and hence, having improved their soils already
- among the respondents.

While the awareness of sustainable soil management
practices and of terms associated with soil health was
very high (>95% in average among all participants, >60%
in respondents from mixed and arable systems), the en-
gagement with tests to monitor soil health (earthworm
counts, VESS score, organic matter test, bulk density and
slake test) remained low, except for root observations. This
may be due to limited understanding of how the tests can
inform sustainable soil management, the costs of having
the soil analysed or limited knowledge of how to perform
do-it-yourself tests (Rhymes et al., 2021). However, almost
half of the respondents (48%) reported to be currently
experimenting with a sustainable soil management prac-
tice. This is evidence of a paradigm shift happening when
farmers are dissatisfied with conventional farming ap-
proaches and are looking for new, more sustainable ways
of farming.

Regarding uptake of sustainable soil management
practices, one obvious result of the survey is that in the
view of the UK farming population of respondents, there
is not a single way of sustainably managing the soil. While
a vast majority of respondents considered themselves to
be doing sustainable soil management, the clustering
analysis highlighted five groups, differing in how sustain-
able soil management practices were combined, and the
extent to which these combinations corresponded to the
principles of regenerative agriculture (regenerative agri-
culture scores). This diversity can be seen to correspond
to a core value of the regenerative farming movement:
adaptation to the soil type and the wider local farming
context (O'Donoghue et al., 2022; Ritz, 2021). In light of
this necessary diversity, we argue that it is unlikely that
regenerative farming in the United Kingdom can be de-
fined by a precise set of practices as would be promoted,
for example, by a certification scheme.

The match between sustainable soil management
practices and the five regenerative agriculture princi-
ples was made based on evidence from the literature
(Lal et al., 2007; Virto et al., 2015). Therefore, scientific
evidence would only support combinations of practices
corresponding to the highest and most balanced regener-
ative agriculture scores - that is, combinations of diverse
sustainable soil management practices following all five
regenerative agriculture principles - to be truly sustain-
able soil management. As such, there seems to be a dis-
crepancy between what farmers report as sustainable soil
management and the way it is understood in academic
literature at least in some of the farmer groups (Groups
3, 1). From this online survey, it seems that farmers and
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land managers consider themselves to be employing
sustainable soil management if they undertake any soil-
health-related practice, but not necessarily a combina-
tion of practices following the regenerative agriculture
principles. This needs to be taken into account in future
research as there seem to be differences in the under-
standing of what constitutes sustainable soil manage-
ment in different epistemic communities (e.g. farmers,
researchers and policymakers).

The wide diversity in the way practices are being
combined, reflected by the five groups as well a wide
within-group variation, may also stem from variations in
the understanding of terms used in the survey. The core
question was “What practices do you currently or regu-
larly use as part of your sustainable soil management?”
and there may be differences among farmers between
current or regular use due to, e.g., system conversions.
Also, many farmers reported using both no-tillage and
minimum-tillage; while it is unlikely that they combined
the two practices simultaneously in the same field, they
could use the two rotationally or in different parts of the
farm with different farming requirements. Divergences
in interpretations are likely to be found in each term used
in the survey, since it is not possible to properly define
every term in an unambiguous way. For this reason, even
the quantitative results proposed in this study should be
interpreted with caution.

We acknowledge that our simple scoring system does
not capture all aspects of the regenerative agriculture
movement. Regenerative agriculture involves adaptive
management at farm and landscape scales, including
monitoring of soil and other outcomes, peer-to-peer
learning and long-term transformative, systemic change.
We believe the proposed scoring system adds value, as
a communication and analytical tool, to provide insight
into how a systemic change, either towards sustainable
soil management or towards regenerative agriculture, is
taking place across farming regions and landscapes.

We also recognize the limitations of a single regenera-
tive agriculture score calculated in this way. For instance,
using both no-tillage and minimum-tillage would give
a similar score on the first principle to using no-tillage
and herbal leys, the latter is likely a more effective com-
bination of practices for enhancing soil organic matter
(Austen et al., 2022; Guest et al., 2022). Such limitations
are inevitable when condensing complex “systems man-
agement” information into a simple, easy-to-interpret
score. We could have weighted the practices, based on
evidence of their actual contributions to specific goals
of regenerative agriculture, such as enhanced carbon
sequestration. We decided not to do this, partly in the
interests of simplicity (ease of interpretation), but also,
importantly, because the evidence itself is not equally

and Management

distributed across practices or farming systems. This ap-
proach would bias the scoring system in favour of well-
studied practices and systems.

4.3 | Through what channels is
sustainable soil management promoted
in the United Kingdom?

Farmer-driven networks are regularly recognized as
being crucial to the circulation of knowledge in the farm-
ing community and the adoption of land management
practices, technology and more (Ingram, 2008). We find
that while there is a significant amount of knowledge ex-
change around sustainable soil management in the United
Kingdom, this tends to be fragmented, with relevant edu-
cation and innovation predominantly an add-on to other
objectives. As a result, there is little attention to the need
to approach sustainable soil management as a systemic
practice, beyond specific groups and individuals.

Previous research findings suggest that participating in
communities of practice (e.g. formal and informal farm-
ing groups) and peer-to-peer learning play a significant
role in the adoption of new practices and are then cru-
cial to farmers’ uptake sustainable soil management as a
systemic practice (Krzywoszynska, 2019). The results of
the survey suggest that sustainable soil management as a
systemic practice is supported by the participation in com-
munities of practice for whom that is a central concern
(e.g. BASE-UK). We also found that farmers feeling less
connected had also the lowest total regenerative agricul-
ture scores. This is evidence that networking is a key ele-
ment of adopting sustainable soil management practices.
However, we did not find evidence of significant influence
of traditional farm advisers.

4.4 | What support is needed to enable
wider adoption of sustainable soil
management practices in the United
Kingdom?

In line with previous research, this project confirmed the
fragmented nature of knowledge exchange around sustain-
able soil management in the United Kingdom (Skaalsveen
et al., 2020) and the appetite for greater researcher-farmer
interaction around issues of soil (Krzywoszynska, 2019).
As one interviewee reported, “these farmer training net-
works are a really good thing. We really need to explore
that science, that art of helping farmers to learn on their
own terms.” Both in the interviews and in the open text
sections of the online survey, our participants appealed
for increased knowledge exchange, increased availability
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of evidence and more education and training. Participants
expressed support of the collaborative learning model em-
braced, for example, by the Innovative Farmers initiative
developed by the Soil Association (https://www.innov
ativefarmers.org/), and other farmer-researcher collabo-
ration groups. Respondents called for more reliable, unbi-
ased and locally tailored knowledge, as well as increased
education and training (including through on-farm trials).
Locally adapted research and evidence were also called
for as mechanisms supporting the adoption of sustaina-
ble soil management practices. The other main perceived
lever were financial incentives.

5 | CONCLUSION

We report moderate to high levels of awareness and up-
take of some sustainable soil management practices in our
relatively young sample of UK farmers. Our data show
that some, but not all, sampled farmers are already com-
bining these practices in a way that contributes to all five
principles of regenerative agriculture, aiming to restore
soil health by reducing soil disturbance, maintaining soil
cover and crop diversity and increasing soil organic matter.
Our results should inspire caution in assuming progress
on sustainable soil management in the United Kingdom.
Future sustainable soil management policies, the moni-
toring of sustainable soil management uptake and knowl-
edge exchange programmes need to attend more closely to
farmers’ and land managers’ own understandings of soil
degradation and sustainable soil management, to avoid a
false assumption of shared paradigms. As the divergence
between the sustainable soil management framing in re-
search and policy, and among practitioners, has been re-
ported in other geographical contexts (Higgins et al., 2019;
Schneider et al., 2010), clearly more research on this issue
is needed. Progress towards achieving sustainable soil
management in the United Kingdom has to take seriously
the role of sustainable soil management-dedicated com-
munities of practice, including those focused on “regener-
ative agriculture,” and actively involve farmers in finding
ways of developing sustainable soil management practices
that work for specific places.
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