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Executive Summary

Soil health depends on soil management. This deliverable provides an overview of
stakeholder perspectives on soil management practices, including their current and
possible acceptance and estimated potential. A dynamic questionnaire on perspectives
of several stakeholder groups (farmers and foresters, agricultural and forestal advisors,
researchers, policymakers, non-governmental organisations) on soil health and
associated soil management practices was distributed in 10 countries, receiving 154
answers. The most-mentioned challenges for maintaining soil health were (1) Improve
soil structure, (2) Maintain/increase Soil Organic Carbon, (3) Enhance nutrient use
efficiency, (4) Enhance water storage capacity. (6) Enhance soil biodiversity, and (6)
Avoid soil erosion. Deviating perspectives between stakeholders could be explained by
their different focus (e.g., practical, societal). The challenge of soil contamination was
perceived as less important in northern countries than it was in southern and eastern
countries.

In a second step, a set of soil management practices (SMPs) was evaluated for their
effectiveness in addressing certain soil challenges and for their general feasibility. The
SMPs with the highest multifunctionality (effectiveness against several important soil
challenges) were (1) Permanent soil cover, (2) Cover/catch crops, (3) Use of organic
fertilisers, (4) Diversifying crop rotations, and (5) Including leguminous pastures in crop
rotations. The perspective on their feasibility was positive: While two of these SMPs (2, 3)
were assessed as easily feasible by more than half-of the participants (also amongst
farmers), all others (1, 4, 5) were perceived as at least moderately feasible by 80 % of
respondents.

When asked for their needs to implement further SMPs on their farm or in their region,
farmers most often mentioned missing knowledge, while non-farmers demanded
providence of machinery. Regarding municipal support, both groups preferred the
provision of infrastructure (cooperatives, processing units, service providers, etc.) over
regional governance actions (e.g.. regional/municipal management agreements).
Regarding policy measures, subsidies stay the most valued option.

Amongst the most important soil challenges, production-oriented and society-oriented
ones could be found. As the challenges were strongly interrelated and often concerned
similar functions of the soil, soil management practices can address both production-
and society-related challenges. This is of importance when communicating soil health
challenges and respective management strategies, as it is likely to increase acceptance
among stakeholders: Productivity-oriented soil improvements may also impact societal
functions, and vice versa.

The study linked perspectives on a wide range of soil health challenges with partly
unspecific groups of soil management practices, thus, results should be handled with
care. However, most of the drawn links between soil challenges and associated SMPs are
supported by literature. Cover/catch cropping and the use of organic fertilisers were
perceived as very effective and easily feasible and should be central when developing
strategies for improving soil health—these two practices are already strongly
recommended by EU and national legislation. Organic farming relies on three of the five



most multifunctional SMPs (3, 4, 5); its implementation can therefore be seen as a
contribution to soil health overall (even though not all aspects are positive for all soil
challenges). These practices are, however, not limited to organic farming, and their
implementation in conventional farming should as well be further supported.

Other categories, such as maintaining a permanent soil cover, are relevant to a wide set
of farm operations and are more a vision than a realistic management practice, indicated
by a comparably low feasibility.

Apart from increasing nutrient efficiency (EU nitrate directive) and avoiding soil erosion
(CAP conditionality), the other main soil challenges have by now not been addressed by
the EU (although all of them are mentioned in the Soil Monitoring Directive under
progress). However, most of the SMPs suitable to react on those challenges are
addressed by the CAP. Future legislative approaches addressing soil health should
therefore try to strengthen and disseminate existingand easily applicable practices, also
by including knowledge transfer.



List of abbreviations

EU European Union

GMO Genetically modified organisms
NGO(s) Non-Governmental Organisation(s)
SOC Soil Organic Carbon
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1 Introduction

1.1 Soil health in current European policy

Soil health has been recognised as the fundament of the transition towards a sustainable
and resilient agricultural production system. Beyond agricultural productivity, soil health
embraces the integrity of soil ecosystem services (Lehmann et al., 2020). However, a
growing body of recent literature highlights that soils are—at a global scale—experiencing
soil degradation (Montgomery, 2023). The resulting decline in soil health has far-reaching
consequences for the environment and human well-being.

The primary drivers behind the deterioration of soil health can be attributed
predominantly to human activities, particularly related to urbanisation, land-use
changes, and agricultural practices (Montgomery, 2023). Pravalie (2021) found the main
degradation pathways to be aridity, land erosion by water, salinization, soil organic
carbon (SOC) loss, and vegetation degradation—most of them of anthropogenic origin.

Decades of unsustainable land management have led to the current situation that the
majority of European soils are in an unhealthy state (European Commission. Directorate
General for Research and Innovation., 2020). Although various policies regulate aspects
of soil health directly and indirectly, a comprehensive legal instrument for soil protection
is still missing in the European Union (EU) (Buratti-Donham et al., 2024, Heuser, 2022).
Recently, efforts have been made to strengthen soil health policy at the European level
by introducing the EU Soil Strategy and related legal changes (e.g.. the Soil Monitoring
Directive) (European Commission, 2021, 2023).

1.2 Soil health and soil management/practices

Soil health is critically influenced by soil management; approaches for sustainable soil
management are therefore at the core of the Common Agricultural Policy and of current
EU strategies (EU Science Hub, 2023). However, maintaining soil health is not limited to
these agricultural or forestal approaches, as it must also rely on governmental and policy
action, e.g., regarding pollution, nutrient cycling, or soil sealing. These policy aspects are
addressed in the HUMUS project in deliverable D1.4 (“Compendium of soil health policies
in selected partner countries”).

As agricultural and forest soils cover the greatest area of the European Union and can be
addressed most directly via the Common Agricultural Policy, the focus of this deliverable
lies on these soils. Management practices, involved stakeholders, and legislation would
have been fundamentally different for other soil types.

Agricultural and forest soil management practices are very diverse: they address
mechanical work (e.g., machine weights and traffic, tillage), cropping (e.g.. selection and
diversity of species on the field and over time, soil cover), fertilisation and irrigation
practices, amongst others. The sustainability of a combination of these management
practice dimensions cannot be evaluated generally but must be suitable for the site- and
farm-specific requirements. Single management practices can be grouped (e.g..
conservation tillage, containing all practices that do not use ploughing but still practice
tillage), and there have been various studies evaluating their effect on single soil health
parameters.



1.3 Soil management practices and social sciences

For reaching the EU’'s goal of strengthening the transition towards healthy soils
(Directorate-General for Agriculture and Rural Development [DG AGRI], 2023),
approaches are needed not only from the life sciences—raising people’'s awareness for
soil health issues is crucial for long-term embedding in society and policy. The European
Commission has recognised this by focusing the research and innovation programme
within the Soil Mission (which also funded the HUMUS project) on social sciences. Current
efforts on soil health policies are valuable and should lead to a profound and effective
integration of soil protection into European legislation. To enhance the efficiency of their
implementation, it is important how different groups of stakeholders look at soil health,
its related needs, and solutions. Differing assessments of the importance of a soil threat
or of the effectiveness of a management method necessitates exchange between
stakeholder groups, and stakeholders sharing some priorities could join forces. This
deliverable does not add to the diversity of sustainability evaluations of different soil
management practices, rather, it focuses on the perspective of the affected stakeholder
groups.

Therefore, the core of this deliverable is the data from a questionnaire where different
types of stakeholders were asked for their opinion on the most important soil challenges
in their region and related soil management practices to address these challenges. These
perspectives could be helpful to get a more differentiated, stakeholder-specific view on
management practices, including their current and possible acceptance and estimated
potential. This study should therefore not be interpreted as an expert review on the
mentioned topics but as a contribution for estimating the acceptance and integration of
measures strengthening specific soil management practices.



2 Methodology of the questionnaire

2.1 Structure and content

The Chamber of Agriculture North-Rhine Westphalia (LWK NRW) and the University of
Gastronomic Sciences, Pollenzo (UNISG) developed a combined online questionnaire for
deliverables D1.4 and D1.5 on soil health policies and management practices, respectively,
to avoid stakeholder fatigue of the various experts to be contacted during the project.
Soil challenges and soil management practices (SMPs) had already been addressed in a
survey conducted within the project “EJP Soil”. Whereas this former survey focused on
the perspective of researchers (Paz et al., 2023), the herein presented questionnaire was
targeting a broader group of stakeholders (farmers and foresters, agricultural and
forestal advisors, policymakers, researchers, NGOs). However, the overall study design of
Paz et al. (2023) was considered suitable and adopted accordingly. Corresponding
questions were adapted to a more diverse group of stakeholders. Furthermore, additional
questions focusing on farmers and a part on related policies were added. For forest soils,
the discussed SMPs differed from those for agricultural soils; they were sourced from
United States Department of Agriculture (2021) and supplemented with additional
practices. The structure and all contents of the questionnaire that will be outlined shortly
in this section can be found in Annex A.

The first part of the survey contained personal and demographic information about the
participants, such as education, stakeholder group. working country, and work
experience. Stakeholders identified as farmers and foresters or agricultural and forestal
advisors were asked for more specific informationabout farm specialisation and size of
their own or their clients’ farms.

The opening question of the following section (Q11) dealt with the main three soil
challenges of stakeholders’ regions that could be selected from a list of eleven. The
identified main soil challenges were central for the later, personalised questions. For
farmers, foresters, and advisors, the following block of questions (Q12-Q19) first asked
for existing, then for further possible soil health management practices on farm. For both
groups; questions then enquired about already existing or additionally required support
on several levels.

A list of soil management practices (adopted from Paz et al., 2023, as described above)
was provided, and their effectiveness against each of three previously identified,
regionally most important soil' challenges was assessed in a three-step categorical
manner: not effective, moderately effective, very effective. All soil management
practices that were assessed as at least moderately effective in handling a soil challenge
were transferred to the subsequent question, asking for an estimation of its feasibility
(not feasible, moderately feasible, easily feasible). The selection of soil management
practices to be assessed was different for stakeholders associated with either
agricultural or forest soils.

The concluding part of the questionnaire asked for further implications on policy
improvements, the use of participatory processes in soil health management, and further
known actors in the field of soil health (network-building, distribution of the
guestionnaire).

2.2 Implementation and dissemination

The questionnaire was built with the online tool Qualtrics™ XM (Qualtrics, Provo, USA). It
was designed in a branch structure, so depending on the stakeholder group, specific



questions were excluded. This structure is also depicted in Annex A. All questions were
translated to the languages of the project partners (Albanian, Bulgarian, German, French,
Italian, Macedonian, Dutch, Serbian, Slovenian, and Spanish) by auto-translate and a
subsequent correction in a collaborative process with the respective partner
organisations.

The questionnaire was open between 7 July 2023 and 19 September 2023. The HUMUS
project partners were asked to disseminate the questionnaire amongst their regional
stakeholders, aiming at 5 participants per group (farmer and forester, agricultural or
/forestal advisor, policymaker, researcher, NGO) and region. As dissemination was
delayed in some countries due to the summer break, the planned answering time of two
months was exceeded slightly.

Project partners were asked to select the contacted stakeholders based on the following
criteria (Table 1):

Table 1: Criteria for selecting participants for the online questionnaire.

Stakeholders Description

Farmers e at least 5 years of experience in organic and/or biodynamic agriculture
and/or agroecological practices, or:

e at least 5 years of/ experience in conventional farming practicing
regenerative agriculture

Foresters e manager of public forest,
e or of a farm’s forest area used for wood production

Advisors e at least 3 years of experience/information support related to soil health,
organic agriculture, agroecological transition, or related topics

Policymakers ¢ at least 3 years of experience related to soil health at the regional level,
organic agriculture, agroecological transition, or related topics

Researchers ¢ at least 3 years of experience in research related to natural science

NGOs e at least 3years of experience in work with stakeholders that use organic
agriculture or conventional farmers with practices of regenerative
agriculture

2.3 Data management and evaluation

Data management was prepared online using the built-in Qualtrics tool, and data was
cleaned using Microsoft Excel 2016 (Microsoft Corporation, 2016). The clean evaluation
sheet was imported into R (RStudio Team, 2022), where all subsequent graphical
evaluations were processed.

As there were very few answers from foresters, not all questions could be evaluated,
especially questions 22 and 23 (see Chapter 8.1) were not valid for evaluation. North
Macedonia partners received many answers, including some from neighbouring Balkan



countries. As those were too few to evaluate them by country, they are grouped as “North
Macedonia & other Balkan countries”.

3 Conclusion

We have lined out the perspectives of five different stakeholder groups on major
challenges of soil health and on the management practices that they attributed as
effective and feasible to face those challenges.

Although all soil challenges have already been addressed elsewhere, the importance of
soil structure may be remarkable. However, all soil management practices related to soil
structure are well-known and widely established; many of them are already part of
national or EU legislation, or CAP/GAEC regulations. Thus, the main challenge is not the
establishment of new methods or technical solutions but the further dissemination and
distribution of already established methods and theincrease of their effectiveness. One
strategy for this has been outlined at the European level as lighthouses and living labs.
We need to find out what prevents the adaptation of well-known SMPs in a certain region
and by certain stakeholders and find specific solutions on site.

The collected data could not only have been evaluated by country or stakeholder but also
by region, production, and other social factors that were included in the questionnaire.
This would have exceeded the scope of this deliverable, but the authors are open to
sharing the collected data for further evaluation.



4 Acknowledgements

Although the report was written mainly by Daniel Garttling and Dr. Konrad Egenolf, the
creation of the content was an example of teamwork. Natalia Rastorgueva and Jessica
Buratti-Donham of the University of Gastronomic Sciences, Pollenzo co-created the
structure of the questionnaire, provided valuable advice in many cases and also the
technical infrastructure for the online implementation—let alone Natalia’s competence to
keep an eye on the overall schedule.

During the conception of the questionnaire, our colleague Carlos Angulo (LWK NRW)
provided advice from his profound experience in designing questionnaires—without him,
the questionnaire would have been much longer and less stringent.

Designing a questionnaire that should later be available in eleven European languages
was ambitious and would not have been possible without the eager-and fast work of our
colleagues in the HUMUS consortium: Ascencién/Circuelos (CTAEX), Merel Hondebrink
and Janus den Tonder (Louis Bolk Instituut), Rocio'lglesias (AGAPA), Darko Konjevic (SWG
RRD), Tanja Mimmo (UNIBZ), Brina Novak (Regionalna razvojna agencija za Podravje),
Irene Palomino (FUNDECYT-PCTEX), and Laura Perez (CAPDL). They not only gave
feedback on the questionnaire structure and contents but also translated it and
distributed it to the variety of different stakeholders—shortly, they ensured the success
of having so many and such diverse answers for evaluation. There is, of course, much
“hidden” work in this delivery, such as the coordination tasks that were perfectly
executed by Annalaura Vannuccini (ANCI Toscana), further distribution of the
guestionnaire, proofreading, translations, etc.—hence, a special thanks to all in the
background!



5 References

Abdollahi, L., & Munkholm, L. 3. (2014). Tillage System and Cover Crop Effects on Soil
Quality: I. Chemical, Mechanical, and Biological Properties. Soil/ Science Society of
America Journal, 78(1), 262-270. https://doi.org/10.2136/sssaj2013.07.0301

Beckie, H. J., Flower, K. C., & Ashworth, M. B. (2020). Farming without Glyphosate?
Plants (Basel, Switzerland), %1). https://doi.org/10.3390/plants2010096

Boardman, J., & Vandaele, K. (2023). Soil erosion and runoff: The need to rethink
mitigation strategies for sustainable agricultural landscapes in western Europe.
Soil Use and Management, 392), 673-685. https://doi.org/10.1111/sum.12898

Briones, M. J. |., & Schmidt, 0. (2017). Conventional tillage decreases the abundance and
biomass of earthworms and alters their community structure in a global meta-
analysis. Global Change Biology, 2310), 4396-4419.
https://doi.org/10.1111/gcb.13744

Buratti-Donham, J., Rastorgueva, N., & Migliorini, P. (2024). Compendium of soil health
policies in selected partner countries. Delivery 1.4, HuMUS project.

Bussaard, L., & van Faassen, H. G. (1994). Effects of Compaction on Sail Biota and Soil
Biological Processes. In Developments in Agricultural Engineering. Soil
Compaction in Crop Production (Vol. 1, pp. 215-235). Elsevier.
https://doi.org/10.1016/B278-0-444-88286=8.50018-0

Crystal-Ornelas, R., Thapa, R., & Tully, K. L. (2021). Soil organic carbon is affected by
organic amendments, conservation tillage, and cover cropping in organic
farming systems: A meta-analysis. Agriculture, Ecosystems & Environment, 312,
107356. https://doi.org/10.1016/j.agee.2021.107354

Denef, K., Six, J., Paustian, K., & Merckx, R. (2001). Importance of macroaggregate
dynamics in controlling soil carbon stabilization: short-term effects of physical
disturbance induced by dry-wet cycles. Soil Biology and Biochemistry, 3315),
2145-2153. https://doi.org/10.1016/S0038-0717(01)00153-5

Directorate-General for Agriculture and Rural Development (Ed.). (2023, October 25). EU
Mission: A Soil Deal for Europe. https://research-and-
innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-
and=open-calls/horizon-europe/eu-missions-horizon-europe/soil-deal-

europe._en

Ehrmann, J., & Ritz, K. (2014). Plant: soil interactions in temperate multi-cropping
production systems. Plant and Soil, 376(1-2), 1-29.
https://doi.org/10.1007/s11104-013-1921-8

Eriksen, J., Askegaard, M., & Kristensen, K. (2004). Nitrate leaching from an organic dairy
crop rotation: The effects of manure type, nitrogen input and improved crop
rotation. Soi/ Use and Management, 20(1), 48-54. https://doi.org/10.1111/j.1475-
2743.2004.tb00336.x

Ernst, 0. R., Kemanian, A. R., Mazzilli, S., Siri-Prieto, G., & Dogliotti, S. (2020). The dos and
don’ts of no-till continuous cropping: Evidence from wheat yield and nitrogen
use efficiency. Field Crops Research, 257,107934.
https://doi.org/10.1016/j.fcr.2020.107934

EU Science Hub. (2023, October 25). EU Soil Observatory (EUSO). https://joint-
research-centre.ec.europa.eu/eu-soil-observatory-euso_en

European Commission. (2021, November 17). EU Soil Strategy for 2030: Reaping the
benefits of healthy soils for people, food, nature and climate (Communication
from the Commission to the European Parliamant, the Council, the European


https://doi.org/10.2136/sssaj2013.07.0301
https://doi.org/10.3390/plants9010096
https://doi.org/10.1111/sum.12898
https://doi.org/10.1111/gcb.13744
https://doi.org/10.1016/B978-0-444-88286-8.50018-0
https://doi.org/10.1016/j.agee.2021.107356
https://doi.org/10.1016/S0038-0717(01)00153-5
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/soil-deal-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/soil-deal-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/soil-deal-europe_en
https://research-and-innovation.ec.europa.eu/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe/soil-deal-europe_en
https://doi.org/10.1007/s11104-013-1921-8
https://doi.org/10.1111/j.1475-2743.2004.tb00336.x
https://doi.org/10.1111/j.1475-2743.2004.tb00336.x
https://doi.org/10.1016/j.fcr.2020.107934
https://joint-research-centre.ec.europa.eu/eu-soil-observatory-euso_en
https://joint-research-centre.ec.europa.eu/eu-soil-observatory-euso_en

Economic and Social Committee and the Committee of the Regions (COM(2021))
No. 699). https://eur-lex.europa.eu/legal-
content/EN/TXT/PDF/?uri=CELEX:52021DC0699

European Commission. (2023). Soil health: On 5" July 2023, the EU proposed a new Soil
Monitoring Law to protect and restore soils and ensure that they are used
sustainably. https://environment.ec.europa.eu/topics/soil-and-land/soil-
health_en

European Commission, Directorate-General for Health and Food Safety. (2020, May 20).
COMMUNICATION FROM THE COMMISSION TO THE EUROPEAN PARLIAMENT, THE
COUNCIL, THE EUROPEAN ECONOMIC AND SOCIAL COMMITTEE AND THE
COMMITTEE OF THE REGIONS: A Farm to Fork Strategy for a fair, healthy and
environmentally-friendly food system. COM/2020/381 final [Press release].
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0381

European Commission. Directorate General for Research and Innovation. (2020). Caring
for soil is caring for life: Ensure 75% of soils are healthy by 2030 for healthy food,
people, nature and climate : Interim report of the mission board for soil health
and food. Publications Office. https://doi.org/10.2777/918775

Friedel, J. K., & Scheller, E. (2002). Composition of hydrolysable amino acids in sail
organic matter and soil microbial biomass. Soi/ Biology and Biochemistry, 34(3).
315-325. https://doi.org/10.1016/S0038-0717(01)00185-7

Heuser, I. (2022). Soil Governance in current European Union Law and in the European
Green Deal. Soil/ Security, 6, 100053.
https://doi.org/10.1016/j.soisec.2022.100053

Igbal, A., He, L., Khan, A, Wei, S., Akhtar, K., Ali, I, Ullah, S., Munsif, F., Zhao, Q., & Jiang, L.
(2019). Organic Manure Coupled with Inorganic Fertilizer: An Approach for the
Sustainable Productionof Rice by Improving Soil Properties and Nitrogen Use
Efficiency. Agronomy, A10), 651. https://doi.org/10.3390/agronomy?2100651

Karlen, D. L., Hurley, E. G., Andrews, S. S., Cambardella, C. A., Meek, D. W., Duffy, M. D., &
Mallarino, A. P. (2006). Crop Rotation Effects on Soil Quality at Three Northern
Corn/Soybean Belt Locations. Agronomy Journal, 98(3), 484-495.
https://doi.org/10.2134/agronj2005.0098

Kay, B. D. (2018). Soil Structure and Organic Carbon: A Review. In R. Lal, J. M. Kimble, R.
F. Follett, & B. A. Stewart (Eds.), Advances in soil science. Soil Processes and the
Carbon Cycle (First edition, pp. 169-199). CRC Press.

Kim, N., Zabaloy, M. C., Guan, K;; & Villamil, M. B. (2020). Do cover crops benefit soil
microbiome? A meta-analysis of current research. Soi/ Biology and Biochemistry,
742, 107701. https://doi.org/10.1016/j.s0ilbio.2019.107701

Lehmann, J., Bossio, D. A., Kégel-Knabner, I., & Rillig, M. C. (2020). The concept and
future prospects of soil health. Nature Reviews. Earth & Environment, 110), 544-
553. https://doi.org/10.1038/s43017-020-0080-8

Li, F., Sgrensen, P., Li, X., & Olesen, J. E. (2020). Carbon and nitrogen mineralization
differ between incorporated shoots and roots of legume versus non-legume
based cover crops. Plant and Soil, 446(1-2), 243-257.
https://doi.org/10.1007/s11104-019-04358-6

Liu, W., Fritz, C., van Belle, J., & Nonhebel, S. (2023). Production in peatlands: Comparing
ecosystem services of different land use options following conventional farming.
The Science of the Total Environment, 875,162534.
https://doi.org/10.1016/j.scitotenv.2023.162534



https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0699
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:52021DC0699
https://environment.ec.europa.eu/topics/soil-and-land/soil-health_en
https://environment.ec.europa.eu/topics/soil-and-land/soil-health_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX%3A52020DC0381
https://doi.org/10.2777/918775
https://doi.org/10.1016/S0038-0717(01)00185-7
https://doi.org/10.1016/j.soisec.2022.100053
https://doi.org/10.3390/agronomy9100651
https://doi.org/10.2134/agronj2005.0098
https://doi.org/10.1016/j.soilbio.2019.107701
https://doi.org/10.1038/s43017-020-0080-8
https://doi.org/10.1007/s11104-019-04358-6
https://doi.org/10.1016/j.scitotenv.2023.162534

L6tjonen, S., & Ollikainen, M. (2017). Does crop rotation with legumes provide an efficient
means to reduce nutrient loads and GHG emissions? Review of Agricultural, Food
and Environmental Studies, 98(4), 283-312. https://doi.org/10.1007/s41130-
018-0063-z

Martlew, J., Otten, W., Morris, N., Baets, S. de, & Deeks, L. K. (2023). Long-term impacts
of repeated cover cropping and cultivation approaches on subsoil physical
properties. Soil and Tillage Research, 232, 105761.
https://doi.org/10.1016/j.still.2023.105761

McClelland, S. C., Paustian, K., & Schipanski, M. E. (2021). Management of cover crops in
temperate climates influences soil organic carbon stocks: A meta-analysis.
Ecological Applications : A Publication of the Ecological Society of America, 313),
€02278. https://doi.org/10.1002/eap.2278

Metzger, M. J., Bunce, R. G. H., Jongman, R. H. G., Mucher, C. A., & Watkins, J. W. (2005).
A climatic stratification of the environment of Europe. Global Ecology and

Biogeography. 14(6), 549-563. https://doi.org/10.1111/].1466 -
822X.2005.00190.x

Microsoft Corporation. (2016). Microsoft Excel 2076 (Version 16.0.5044.1000) [Computer
softwarel].

Montgomery, D. R. (2023). Soil security and global food security. Frontiers of
Agricultural Science and Engineering, 1=6. https://doi.org/10.15302/J-FASE-
2023530

Norris, 3., Matzdorf, B., Barghusen, R., Schulze, C., & van Gorcum, B. (2021). Viewpoints
on Cooperative Peatland Management: Expectations and Motives of Dutch
Farmers. Land, 10(12), 1326. https://doi.ora/10.3390/land10121326

Notz, I., Topp. C. F. E., Schuler, J.,/Alves, S., Gallardo, L. A., Dauber, J., Haase, T.,
Hargreaves, P. R., Hennessy, M., lantcheva, A., Jeanneret, P., Kay, S., Recknagel,
J., Rittler, L., Vasiljevi¢, M., Watson, C. A., & Reckling, M. (2023). Transition to
legume-supported farmingin Europe through redesigning cropping systems.
Agronomy for Sustainable Development, 431). https://doi.org/10.1007/s13593-
022-00861-w

Nunes, M. R., Karlen, D. L., & Moorman, T. B.(2020). Tillage Intensity Effects on Soil
Structure Indicators—A US Meta-Analysis. Sustainability, 125), 2071.
https://doi.org/10.3390/su12052071

Olesen, J. E., & Bindi, M. (2002). Consequences of climate change for European
agricultural productivity, land use and policy. European Journal of Agronomy.

16(4), 239-262 httpsi//doi.org/10.1016/S1161-0301(02)00004-7

Panagos, P., Ballabio, C., Lugato, E., Jones, A., Borrelli, P., Scarpa, S., Orgiazzi, A., &
Montanarella, L. (2018). Potential Sources of Anthropogenic Copper Inputs to
European Agricultural Soils. Sustainability, 10(7), 2380.
https://doi.org/10.3320/su10072380

Panagos, P., Standardi, G., Borrelli, P., Lugato, E., Montanarella, L., & Bosello, F. (2018).
Cost of agricultural productivity loss due to soil erosion in the European Union:
From direct cost evaluation approaches to the use of macroeconomic models.
Land Degradation & Development, 293), 471-484.
https://doi.org/10.1002/1dr.2879

Paz, A., Carranca, C., Miloczi, J., Goncgalves, M. C., Castanheira, N., Miheli¢, R., Carrasco,
M., & Vicente, C. (2023, January 29). Synthesis of the impact of sustainable soil
management practices in Europe. Deliverable 2.1. European Joint Programme
(EJP) Soil.



https://doi.org/10.1007/s41130-018-0063-z
https://doi.org/10.1007/s41130-018-0063-z
https://doi.org/10.1016/j.still.2023.105761
https://doi.org/10.1002/eap.2278
https://doi.org/10.1111/j.1466-822X.2005.00190.x
https://doi.org/10.1111/j.1466-822X.2005.00190.x
https://doi.org/10.15302/J-FASE-2023530
https://doi.org/10.15302/J-FASE-2023530
https://doi.org/10.3390/land10121326
https://doi.org/10.1007/s13593-022-00861-w
https://doi.org/10.1007/s13593-022-00861-w
https://doi.org/10.3390/su12052071
https://doi.org/10.1016/S1161-0301(02)00004-7
https://doi.org/10.3390/su10072380
https://doi.org/10.1002/ldr.2879

https://ejpsoil.eu/fileadmin/projects/ejpsoil/WP2/Deliverable_2.1_Synthesis_o
f_the_impact_of_sustainable_soil_management_practices_in_Europe.pdf

Pravalie, R. (2021). Exploring the multiple land degradation pathways across the planet.
Earth-Science Reviews, 220, 103689.
https://doi.org/10.1016/j.earscirev.2021.103689

Qi, J., Jensen, J. L., Christensen, B. T., & Munkholm, L. J. (2022). Soil structural stability
following decades of straw incorporation and use of ryegrass cover crops.
Geoderma, 406, 115463. https://doi.org/10.1016/j.geoderma.2021.115463

Ridgeway, J. R., Morrissey, E. M., & Brzostek, E. R. (2022). Plant litter traits control
microbial decomposition and drive soil carbon stabilization. Soi/ Biology and
Biochemistry, 175,108857. https://doi.org/10.1016/j.s0ilbio.2022.108857

RStudio Team. (2022). RStudio: Integrated Development Environment for R (Version
2022.07.0) [Computer software]. http://www.rstudio.com/

Skaalsveen, K., Ingram, J., & Clarke, L. E. (2019). The effect of no-till farming on the soil
functions of water purification and retention in north-western Europe: A
literature review. Soil and Tillage Research, 189, 98-109.
https://doi.org/10.1016/j.still.2019.01.004

Tanneberger, F., Tegetmeyer, C., Busse, S., Barthelmes, A., & and 55 others (2017). The
peatland map of Europe. Mires and Peat(19), 1-17.
https://doi.org/10.191892/MaP.2016.0MB.264

Téth, G., Hermann, T., Szatmari, G., & Pasztor, L. (2016). Maps of heavy metals in the
soils of the European Union and proposed priority areas for detailed assessment.
The Science of the Total Environment, 565,1054-1062.
https://doi.org/10.1016/j.scitotenv.2016.05.15

United States Department of Agriculture (Ed.). (January 2021). Maintaining and
improving forest soil quality (Conservation Enhancement Activity—Conservation
Stewardship Program E666A).
https://www.nrcs.usda.gov/sites/default/files/2022-10/C0%20Maintaining-
improving%20forest%20s0il%20quality%20E666A.pdf

Venter, Z. S., Jacobs, K., & Hawkins, H.-J.(2016). The impact of crop rotation on soil
microbial diversity: A meta-analysis. Pedobiologia, 59(4), 215-223.
https://doi.org/10.1016/j.pedobi.2016.04.001

Vos, C., Jaconi, A., Jacobs, A., & Don, A. (2018). Hot regions of labile and stable soil
organic carbon in Germany—Spatial variability and driving factors. SO/L, 4(2),
153-167. https://doi.otd/10.5194/s0il-4-153-2018

Watts, D. B., Torbert, H. A., Feng, Y., & Prior, S. A. (2010). Soil Microbial Community
Dynamics as Influenced by Composted Dairy Manure, Soil Properties, and
Landscape Position. Soi/ Science, 1775(10), 474-486.
https://doi.org/10.1097/SS.0b013e3181f7964f

Wiesmeier, M., Schad, P., Latzow, M. von, Poeplau, C., Spérlein, P., GeuB, U., Hangen, E.,
Reischl, A., Schilling, B., & Kogel-Knabner, 1. (2014). Quantification of functional
soil organic carbon pools for major soil units and land uses in southeast Germany
(Bavaria). Agriculture, Ecosystems & Environment, 185, 208-220.
https://doi.org/10.1016/j.agee.2013.12.028

Zhang, M., Yao, Y., Tian, Y., Ceng, K., Zhao, M., Zhao, M., & Yin, B. (2018). Increasing yield
and N use efficiency with organic fertilizer in Chinese intensive rice cropping
systems. Field Crops Research, 227, 102-109.
https://doi.org/10.1016/j.fcr.2018.08.010



https://ejpsoil.eu/fileadmin/projects/ejpsoil/WP2/Deliverable_2.1_Synthesis_of_the_impact_of_sustainable_soil_management_practices_in_Europe.pdf
https://ejpsoil.eu/fileadmin/projects/ejpsoil/WP2/Deliverable_2.1_Synthesis_of_the_impact_of_sustainable_soil_management_practices_in_Europe.pdf
https://doi.org/10.1016/j.earscirev.2021.103689
https://doi.org/10.1016/j.geoderma.2021.115463
http://www.rstudio.com/
https://doi.org/10.1016/j.still.2019.01.004
https://doi.org/10.19189/MaP.2016.OMB.264
https://doi.org/10.1016/j.scitotenv.2016.05.115
https://www.nrcs.usda.gov/sites/default/files/2022-10/CO%20Maintaining-improving%20forest%20soil%20quality%20E666A.pdf
https://www.nrcs.usda.gov/sites/default/files/2022-10/CO%20Maintaining-improving%20forest%20soil%20quality%20E666A.pdf
https://doi.org/10.1016/j.pedobi.2016.04.001
https://doi.org/10.5194/soil-4-153-2018
https://doi.org/10.1097/SS.0b013e3181f7964f
https://doi.org/10.1016/j.agee.2013.12.028
https://doi.org/10.1016/j.fcr.2018.08.010

Zikeli, S., & Gruber, S. (2017). Reduced Tillage and No-Till in Organic Farming Systems,
Germany—Status Quo, Potentials and Challenges. Agriculture, 74), 35.
https://doi.org/10.3390/agriculture7040035

Zuber, S. M., & Villamil, M. B. (2016). Meta-analysis approach to assess effect of tillage
on microbial biomass and enzyme activities. Soi/ Biology and Biochemistry, 97,
176-187. https://doi.org/10.1016/j.s0ilbio.2016.03.011



https://doi.org/10.3390/agriculture7040035
https://doi.org/10.1016/j.soilbio.2016.03.011

	List of abbreviations
	1 Introduction
	1.1 Soil health in current European policy
	1.2 Soil health and soil management practices
	1.3 Soil management practices and social sciences

	2 Methodology of the questionnaire
	2.1 Structure and content
	2.2 Implementation and dissemination
	2.3 Data management and evaluation

	3 Conclusion
	4 Acknowledgements
	5 References


