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1. Sustainable land Management

Soil management is sustainable if the supporting, provisioning, regulating, and cultural services
provided by soil are maintained or enhanced without significantly impairing, either the soil functions
that enable those services or biodiversity, as defined by FAO (2015). Sustainable soil management
enables agricultural soils multifunctionality.

At the start of EJP SOIL, stakeholder consultations identified that the main soil challenges across
countries and regions are i) maintaining and increasing soil organic carbon (SOC); ii) maintaining
optimal soil structure; iii) avoiding soil erosion; iv) enhancing nutrient retention and use efficiency;
v) avoiding soil sealing; vi) enhancing water storage capacity, and vii) enhancing soil biodiversity
(Thorsge et al., 2023). Soil salinization was expressed as a particular challenge in Southern Europe
and Turkey.

EJP SOIL has focused primarily on soil organic carbon stocks, soil erosion, soil structure and habitat
for soil biota within the internal projects i-SoMPE, SoilCompaC, SCALE, EOM4SOIL and MINOTAUR,
and the external projects SoilSymbiotics, WISH-ROOTS, ClimateCropping, SANCHOSTHIRST, AG-
ROCOMPOSIT, SOIL-HEAL and CropGas.

1.1 Management options evaluation

The soil-improving management strategies receiving most attention in research and practice in EJP
SOIL countries are i) reduced and no tillage, ii) crop rotations and cover crops, iii) the use of organic
fertilizers and amendments, iv) methods for efficient fertilization, and v) drainage systems and irriga-
tion scheduling (Paz et al, 2024; Thorsge at al., 2023). Despite this, Heller et al. (2024) showed a low
adoption of soil improving management practices (including those mentioned above) in Europe.

Management options evaluations in the EJP SOIL mobilized European mid- and long-term experi-
ments that had been inventoried and of which characteristics are available in a meta-dataset (https:/
lte-eu.bonares.de/experiments, Donmez et al. 2022, Blanchy et al. 2023).
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1.2 Soil threats mitigation

EJP SOIL projects mainly focused on soil compaction and on water erosion in relation to connectiv-
ity in landscapes. Subsoil compaction is very persistent and that recovery strategies exist, but have
low recovery rates (e.g. Bakema et al., 2023). The transport of sediment by water erosion depends
strongly on the connectivity of water and sediment at landscape scale. Strategies were identified to
integrate landscape connectivity into erosion models and improved soil erosion risk knowledge could
be better integrated into policy making and regulation (e.g. Schmaltz et al., 2024).
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1.3 Status and Role of Soil Biodiversity

The current status and trends in soil biodiversity across Europe are poorly known. EJP SOIL projects
focused on modelling and mapping soil biodiversity patterns and functions across Europe, and on the
soil microbiome in the rhizosphere and on symbiotic microorganisms or inoculated microorganisms
(e.g. Oberholzer et al. 2024).

Peer-reviewed Policy briefs Deliverables
Articles and Notes and Reports

Datasets Webinars &
Educational Materials

Peer-reviewed articles

Cangioli, L., Tabacchioni, S., Visca, A., Fiore, A., Aprea, G., Ambrosino, P., Ercole, E., Sorensen,
S., Mengoni, A., Bevivino, A. 2024. Genome Insights into Beneficial Microbial Strains Com-
posing SIMBA MICI’ObIa| Consortia Applied as Biofertilizers for Maize, Wheat and Tomato.

Microorganisms 2024, 12(12), 2562. hifps://doi.org/10,3300/microorganisms12122562

Clagnan, E., Costanzo, M., Visca, A., Di Gregorio, L., Tabacchioni, S., Colantoni, E., Sevi, F.,
Sbarra, F., Bindo, A., Nolfi, L., Magarelli, R. A., Trupo, M., Ambrico, A. and Bevivino A.
2024. Culturomics- and metagenomics-based insights into the soil microbiome preservation
and application for sustainable agriculture. Frontiers in Microbiology, 24 October 2024, Sec.

Terrestrial Microbiology, 15. hitps:/dol.org/10,3389/fmich.2024,1473666

Gallese, F., Gismero-Rodriguez, L., Govednik, A., Giagnoni, L., Lumini, E., Suhadolc, M., ... &
Malenza, A. (2025). Soll mlcroarthropods as tools for monltorlng soil quallty The gbs-ar index

in three european agroecosystems. Agriculture, 15(1), 89. hitps://doi.org/10.3390/agricul-
1ure15010089

He X., Ruiqi Wang, Daniel S. Goll, Laurent Augusto, Naoise Nunan, M.D. Farnon Ellwood,
Quanzhou Gao, Junlong Huang, Shenhua Qian, Yonghua Zhang, Zufei Shu, Buhang Li,
Chengjin Chu. 2025. Bedrock modulates the elevational patterns of soil microbial communi-
ties. Geoderma, 453, 117136. https://doi.org/10.1016/j. rma.2024.117136

He, X. J., Liu, S. J., Nakamura, A., Ellwood, M. D. F,, Zhou, S. Y., Xing, S., Li, Y., Wen, D. Z. 2024.
Intraspecmc Functional Tralts and Stable Isotope Slgnatures of Ground- Dwelllng Ants Across

an Elevational Gradient. Soil Ecol. Lett. 6, 240230 (2024). hitps:/doi.org/10.1007/s42832-
024-0230-x

26 Back to Infographic


https://doi.org/10.1016/j.geoderma.2024.117136

He, X., Zeng, L., Zhu, G., Ellwood, M. D. F., Zhou, L., Huang, J., Wang, C., Li, W., Lin, D., Wei, P.,
Liu, S., Luo, M., Zhang, Y.-H., & Yang, Y. 2024. Parental material and climate jointly deter-
mine the biomass and diversity of soil microbial communities along an elevational gradient
on a subtropical karst mountain. Journal of Biogeography, 51(7), 1185-1198. https://doi.
org/10.1111/jbi.14814

Kochiieru, M., Versuliene, A., Shatkovska, K., Feiza, V., Seibutis, V. 2024. Mechanism of Interac-
tion between Earthworms and Root Parameters on Cambisol. Agronomy 2024, 14(7), 1536.

https://doi.org/10,3300/agronomy 14071536

Lata, J.C.; Le Roux, X.; Koffi, K.F.; Yé, L.; Srikanthasamy, T.; Konaré, S.; Barot, S. 2022. The
causes of the selection of biological nitrification inhibition (BNI) in relation to ecosystem
functioning and a research agenda to explore them. Biology and Fertility of Soils, 58:207—224.
https://doi.org/10.1007/s00374-022-01630-3

Liu X.P. ; Le Roux X. ; Salles J.F. 2022. The legacy of microbial inoculants in agroecosystems and
potential for tackling climate change challenges. iScience, 25 (3). https://doi.org/10.1016/j.
isci.2022.103821

Manici, L.M., Caputo, F., Morello, B., Castellini, M., Bregaglio, S.U.M., 2025. Ascomycota and Ba-
sidiomycota as key drivers of soil microbial stability under extreme soil moisture and tempera-
ture fluctuations. Archives of Agronomy and Soil Science 71, 1-13. hitps://doi.org/10.1080/036
50340.2025.2550629

Manici, LM; Caputo, F; De Sabata, D; Fornasier, F. 2024. The enzyme patterns of Ascomycota and
Basidiomycota fungi reveal their different functions in soil. Applied Soil Ecology, 196: 105323.

Manici, LM; Caputo, F; Fornasier, F; Paletto, A; Ceotto, E; De Meo, I. 2024. Ascomycota and
Basidiomycota fungal phyla as indicators of land use efficiency for soil organic carbon ac-
crual with woody plantations. Ecological Indicators, 160: 111796. hiips:/doi.org/10.1016/i,
£colind 20241117906

Oberholzer, S; Herrmann, C; Bodenhausen, N; Krause, HM; Mestrot, A; Speranza, Cl; Jarosch,
KA. 2024. No effect on biological or chemical soil properties when amended with effective
microorganisms for improved cover crop decomposition. Applied Soil Ecology, 197: 105358.

Pollet, S., Chabert, A., Burgeon, V., Cornélis, J. T., Fouché, J., Gers, C., ... & Pey, B. 2022.
Limited effects of century-old biochar on taxonomic and functional diversities of collembo-
lan communities across land-uses. Soil Biology and Biochemistry, 164, 108484. hiips:/doi.

Prado, R.B., Kleemann, J., 2025. Global insights on spatial and temporal assessments of biodiver-
sity and ecosystem services in sustainable agriculture: implications for Brazil. Environment
Development and Sustainability. https://doi.org/10.1007/s10668-025-06797-x

Riggi, L.G.A., Pérés, G., Aponte, C., Bispo, A., Bragato, G., Cluzeau, D., D’Avino, L., Edlinger,
A., Gronchi, N., Guegan, G., Gschwend, F., Korthals, G.W., Kurm, V., Mittmannsgru-
ber, M., Mocali, S., Romero, F., Tondini, E., Trasar-Cepeda, C., Viketoft, M., Zaller, J.G.,
Faber, J.H., 2025. Establishing assessment criteria for soil bioindicators: insights from case
studies in Europe. Ecological Indicators 178. https://doi.org/10.1016/j.ecolind.2025.114063

Romero, F; Labouyrie, M; Orgiazzi, A; Ballabio, C; Panagos, P; Jones, A; Tedersoo, L; Bahram,
M; Guerra, CA; Eisenhauer, N; Tao, DX; Delgado-Baquerizo, M; Garcia-Palacios, P; van
der Heijden, MGA. 2024. Soil health is associated with higher primary productivity across

Europe. Nature Ecology & Evolution. hifps://dol.org/10,1038/s41550:024-02511:-8

Romero, F., Jiao, S., van der Heijden, M.G.A., 2025. Impact of microbial diversity and pesticide
application on plant growth, litter decomposition and carbon substrate use. Soil Biology &
Biochemistry 208. https://doi.org/10.1016/j.s0ilbio.2025.109866

Back to Infographic 27



https://doi.org/10.1111/jbi.14814
https://doi.org/10.1111/jbi.14814
https://doi.org/10.1007/s00374-022-01630-3
https://doi.org/10.1016/j.isci.2022.103821
https://doi.org/10.1016/j.isci.2022.103821
https://doi.org/10.1080/03650340.2025.2550629
https://doi.org/10.1080/03650340.2025.2550629
https://doi.org/10.1007/s10668-025-06797-x
https://doi.org/10.1016/j.ecolind.2025.114063
https://doi.org/10.1016/j.soilbio.2025.109866

Romero, F., Labouyrie, M., Orgiazzi, A., Ballabio, C., Panagos, P., Jones, A., ... & van der Hei-
jden, M. G. (2025). The soil microbiome as an indicator of ecosystem multifunctionality in
European soils. Nature Communications. https://doi.org/10.1038/s41467-025-67353-9

Trinchera, A.; Warren Raffa, D. 2023. Weeds: An Insidious Enemy or a Tool to Boost Mycorrhiza-

tion in Cropping Systems? Microorganisms, 11: 334. hiips:/doi.org/10.3390/microorgan-
[sms11020334

Versuliene, A; Hirte, J; Ciulla, F; Camenzind, M; Don, A; Durand-Maniclas, F; Heinemann, H;
Herrera, JM; Hund, A; Seidel, F; da Silva-Lopes, M; Toleikiene, M; Visse-Mansiaux, M;
Yu, K; Bender, SF. 2024. Wheat varieties show consistent differences in root colonization
by mycorrhiza across a European pedoclimatic gradient. European Journal of Soil Science,

2024;75:e13543. hifps//doiorg/10.1111/eiss,13543

Viaene, J., Quataert, P., Joos, L., De Tender, C., Debode, J., & Vandecasteele, B. (2025). Link Be-
tween Soil Organic Carbon and Microbial Soil Health Indicators in Arable Fields: Management
and Spatial Drivers. European Journal of Soil Science, 76(6), e70250. hitps://doi.org/10.1111/
£iss.70250

Visca, A., Di Gregorio, L., Clagnan, E., Bevivino, A. 2024. Sustainable strategies: Nature-based
solutions to tackle antibiotic resistance gene proliferation and improve agricultural productivity

and soil quality. Environmental Research, 248, 1 May 2024, 118395. https://doi.org/10.1016/,.
envres.2024.118395

Visca, A., Di Gregorio, L., Costanzo, M., Clagnan, E., Nolfi, L., Bernini, R., ... & Bevivino, A.
(2025). Microbial Bioindicators for Monitoring the Impact of Emerging Contaminants on Soil
Health in the European Framework. Sustainability, 17(3), 1093. https://doi.org/10.3390/
su17031093

Policy Briefs and Notes

Mocali, S., Bispo, A., Pérés, G., Aponte, C., Murugan, R., Hedde, M., Bevivino, A., Brennan, F.,,
D’Avino, L., Edlinger, A., lavazzo, P., Jacomini, C., Lumini, E., Markéta, M., Suhadolc,
M., van der Heijden, M., & Jack. (2025). Soil biological indicators for monitoring soil health.
Zenodo. https://doi.org/10.5281/zenodo.15082477

Deliverables and Reports

Aponte, C., Peres, G., Mocali, S., et al. (2025). Synthesis of variation and range values of bioindi-
cators and functions in context of management practices, climate and soil. EJP SOIL MINO-
TAUR Project Deliverable. Zenodo. https://doi.org/10.5281/zenodo.14627265

D’Avino, L., Gambelli, M. A., Bigiotti, G., Vitali, F., Tondini, E., L’Abate, G., Jacomini, C., Cassi,
F., Menta, C., & QBS-ar SISS working group. (2024). QBS-ar and QBS-ar_BF index toolbox
for biodiversity assessment of microarthropods community in soil (3.0). Zenodo. https://doi.
org/10.5281/zenodo.14070537

Lumini, E., Valverde, A., Meisner, A., Voyron, S., Jimenez, A. B., & Maienza, A. (2024). EJP Soil -
EnergyLink: Deliverable D4.1 Microbiome analyses and Data. EJP SOIL EnergyLink Project
Deliverable. Zenodo. https://doi.org/10.5281/zenodo.14234268

Murugan, R. & Bispo, A. (2024). Report on synthesis of soil biodiversity databases. EJP SOIL MINO-
TAUR Project Deliverable. Zenodo. https://doi.org/10.5281/zenodo.14188560

Murugan, R., Mittmannsgruber, M., Zaller, J.G. et al. (2024). Distribution of soil biodiversity groups

28 Back to Infographic


https://doi.org/10.1016/j.envres.2024.118395
https://doi.org/10.1016/j.envres.2024.118395
https://doi.org/10.3390/su17031093
https://doi.org/10.3390/su17031093
https://doi.org/10.5281/zenodo.15082477
https://doi.org/10.5281/zenodo.14627265
https://doi.org/10.5281/zenodo.14070537
https://doi.org/10.5281/zenodo.14070537
https://doi.org/10.5281/zenodo.14234268
https://doi.org/10.5281/zenodo.14188560

across Europe. EJP SOIL MINOTAUR Project Deliverable. Zenodo. https://doi.org/10.5281/
zenodo.14674331

Peres, G., Edlinger, A., Romero, F., Roquier, M., Mathieu, E., Suhadolc, M., Lerner, L., Diaolo, I.,
Aponte, C., Bastida, F., Siles, J. L., Moreno, J. L., van der Heijden, M., Trasar-Cepeda,
C., Prieto-Fernandez, A., Gonzalez-Prieto, S., Rodriguez-Garrido, B., Carteaux, L., Rou-
caute, M., ... Faber, J. (2025). Review of Ecological Production Functions (EPF). EJP SOIL
MINOTAUR Project Deliverable. Zenodo. https://doi.org/10.5281/zenodo.14652968

Peres, G., Mittmannsgruber, M., D’Avino, L., Roucaute, M., Zaller, J., Tondini, E., Viketoft, M.,
Lerner, L., Aponte, C., Mocali, S., & Faber, J. (2025). Diversity and trophic structure of
soil communities under climate change. EJP SOIL MINOTAUR Project Deliverable. Zenodo.
https://doi.org/10.5281/zenodo.14657120

Sara Del Duca, Roberta Pastorelli, Marjetka Suhadolc, Carmen Trasar-Cepeda, Cristina Aponte,
Markéta Mareckova, & Stefano Mocali. (2024). Synthesis of long-term temporal trends of
targeted soil biodiversity and functions. EJP SOIL MINOTAUR Project Deliverable. Zenodo.
https://doi.org/10.5281/zenodo.14205520

Vera, A., Siles, J., Patifio-Garcia, M., Aponte, C., Mocali, S., Prieto-Fernandez, A., Rodri-
guez-Garrido, B., Trasar-Cepeda, C., & Bastida, F. (2024). Assessment of the sensitivity of
soil communities under climate change. EJP SOIL MINOTAUR Project Deliverable. Zenodo.
https://doi.org/10.5281/zenodo.14136748

Yayende, V., Adam, M., Aponte, C., Assennato, F., Bernard, Y., Bevivino, A., Bloem, J., Bragato,
G., Brennan, F.,, Carteaux, L., D’Avino, L., Del Duca, S., Di Lonardo, S., Emily, M., Faber,
J., Fantappié, M., Fornasier, F., Geneste, C., Hamelin, G., ... Bispo, A. (2024). Template
to declare data and metadata on soil biodiversity. Zenodo. https://doi.org/10.5281/zeno-
do.14248896

Aponte, C., PERES, G., Mocali, S., The MINOTAUR project consortium, Aponte, C., Peres, G.,
Mocali, S., Pastorelli, R., D’avino, L., Tondini, E. Vitali, F., Del Duca, S., L'Abate, G.,
Bigiotti, G., Sagova-Mareckova, M., et al. (2024). Datasets of the bioindicators and func-
tions measured in European LTEs across a gradient of pedoclimatic conditions and different
management practices [Data set]. Zenodo. https://doi.org/10.5281/zenodo.14142807

D’Avino, L., Bigiotti, G., Vitali, F., Tondini, E., L’Abate, G., Jacomini, C., Cassi, F., Menta, C., &
QBS-ar SISS working group (2023). QBS-ar and QBS-ar_BF index toolbox for biodiversity
assessment of microarthropods community in soil (2.0). Zenodo. https://doi.org/10.5281/zeno-
do.7778672

Del Duca, S., Pastorelli, R., Mocali, S., Mareckova, M., Aponte, C., Trasar-Cepeda, C., & Suha-
dolc, M. (2024). Dataset of the microbial communities in chronosequences samples from the
MINOTAUR Project [Data set]. Zenodo. https://doi.org/10.5281/zenodo.14168335

Lambrechts, S., Deflem, I. S., Sensalari, C., De Backer, S., De Beer, B., Neyrinck, S., & De Vos,
B. (2025). Data from: Comparison and evaluation of sampling and eDNA metabarcoding
protocols to assess soil biodiversity in Belgian LUCAS Biopoints (Version v1) [Data set]. Re-
search Institute for Nature and Forest (INBO). https://doi.org/10.5281/zenodo.14845589

Law, S.J.; Flores-Moreno, H.; Parr, C.L. et al. (2024). Data from: Biogeographical variation in
termite distributions alters global deadwood decay [Dataset]. Dryad. https://doi.org/10.5061/
dryad.wwpzgmssd

Manici, L. M., & Caputo, F. (2026). Response of the major soil fungal phyla (18S DNA copy numbers)
to prolonged drought and soil wetness variable temperatures. Simulation in Phytotron [Data
set]. Zenodo. https://doi.org/10.5281/zenodo.14686035

29

0 Infographic


https://doi.org/10.5281/zenodo.14674331
https://doi.org/10.5281/zenodo.14674331
https://doi.org/10.5281/zenodo.14652968
https://doi.org/10.5281/zenodo.14657120
https://doi.org/10.5281/zenodo.14205520
https://doi.org/10.5281/zenodo.14136748
https://doi.org/10.5281/zenodo.14248896
https://doi.org/10.5281/zenodo.14248896
https://doi.org/10.5281/zenodo.14142807
https://doi.org/10.5281/zenodo.7778672
https://doi.org/10.5281/zenodo.7778672
https://doi.org/10.5281/zenodo.14168335
https://doi.org/10.5281/zenodo.14845589
https://doi.org/10.5061/dryad.wwpzgmssd
https://doi.org/10.5061/dryad.wwpzgmssd
https://doi.org/10.5281/zenodo.14686035

Meisner, A., Hanegraaf, M., Dekkers, M.-F., Valverde, A., Schroeder, J., Hermann, A. M., Nunan,
N., Lumini, E., Kénig, A., & Voyron, S. (2024). Deliverable 6.4 Report on microbial CUE
across a soil profile gradient [Data set]. Zenodo. https://doi.org/10.5281/zenodo.14242503

Trinchera, A. (2024). D2.2.1.2_Mycorrhizal colonization intensity database_ WP2_10.5281zeno-
do0.14169030 [Data set]. Zenodo. https://doi.org/10.5281/zenodo.14169030

Vera, A, Siles, J. A., Patino Garcia, M., Bastida, F., Aponte, C., Prieto-Fernandez, A., Rodri-
guez-Garrido, B., Trasar-Cepeda, C., & Mocali, S. (2024). Dataset of the assessment
of the sensitivity of soil communities under climate change [Data set]. Zenodo. https://doi.
org/10.5281/zenodo.14178082

Yayende, V., Pérés, G., Adam, M., Aponte, C., Assennato, F., Benard, Y., Bevivino, A., Bloem, J.,
Bragato, G., Brennan, F., Carteaux, L., D’Avino, L., Del Duca, S., Di Lonardo, S., Emily,
M., Faber, J., Fantappie, M., Fornasier, F., Geneste, C., ... Bispo, A. (2024). Biodiversity
data and associated data from the EJP-Soil Minotaur project [Data set]. Zenodo. https://doi.
0rg/10.5281/zenodo.14245502

D’Avino, L., Gambelli, M. A., Bigiotti, G., Vitali, F., Tondini, E., L’Abate, G., Jacomini, C., Cassi,
F., Menta, C., & QBS-ar SISS working group. (2024). QBS-ar and QBS-ar_BF index toolbox
for biodiversity assessment of microarthropods community in soil (3.0). Zenodo. https://doi.
org/10.5281/zen0do.14070537

Yayende, V., Adam, M., Aponte, C., Assennato, F., Bernard, Y., Bevivino, A., Bloem, J., Bragato,
G., Brennan, F., Carteaux, L., D’Avino, L., Del Duca, S., Di Lonardo, S., Emily, M., Faber,
J., Fantappié, M., Fornasier, F., Geneste, C., Hamelin, G., ... Bispo, A. (2024). Template
to declare data and metadata on soil biodiversity. Zenodo. https://doi.org/10.5281/zeno-
d0.14248896

Webinars & Educational Materials

Liu, X., Le Roux, X., & Falcao Salles, J. (2022). L’héritage des inoculants microbiens dans les
agroécosystémes - Un potentiel pour relever les défis du changement climatique. EJP SOIL
shack card. Zenodo. https://doi.org/10.5281/zenodo.14827608

Liu, X., Le Roux, X., & Falcao Salles, J. (2022). The legacy of microbial inoculants in agroecosys-
tems. EJP SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.14974780

30 Back to Infographic


https://doi.org/10.5281/zenodo.14242503
https://doi.org/10.5281/zenodo.14169030
https://doi.org/10.5281/zenodo.14178082
https://doi.org/10.5281/zenodo.14178082
https://doi.org/10.5281/zenodo.14245502
https://doi.org/10.5281/zenodo.14245502
https://doi.org/10.5281/zenodo.14070537
https://doi.org/10.5281/zenodo.14070537
https://doi.org/10.5281/zenodo.14248896
https://doi.org/10.5281/zenodo.14248896
https://doi.org/10.5281/zenodo.14827608
https://doi.org/10.5281/zenodo.14974780

2. Climate change mitigation

Soils represent the largest terrestrial reservoir of organic carbon and the balance between soil organic
carbon (SOC) formation and loss is expected to drive powerful carbon-climate feedbacks. Agricul-
tural soils have lost huge amounts of organic C since the advent of agriculture and continue losing

C in many European locations. Preserving current soil organic carbon stocks and increasing them in
agricultural soils, in addition to the effective reduction of N20 and CH4 emissions from agriculture,
required progress in five areas:

- Understanding the mechanisms and drivers behind C sequestration in soils and GHG emis-
sions from agricultural soils.

Evaluating the effect of individual and combined soil management options on C sequestration in
soils and GHG emissions and providing realistic estimates for SOC storage potential across
EU agricultural soils.

Identifying, understanding and predicting trade-offs between C sequestration and GHG emis-
sions from agricultural soils.

- Measuring, reporting, and verifying (MRV) SOC stocks and GHG emissions.

A large number of projects were developed on this theme: CarboSeq, MixRoot-C, MaxRoot-C, IN-
SURE, TRACE-Soils, SOMMIT, EnergyLink, AgroEcoSeqC, EOM4Soil, STEROPES, Probefield,
Freacs, SIC-SOC-DYN, C-arouNd, TilSoilC, CarboGrass, SOMPACS, TRUESOIL, ICONICA.

2.1 SOC sequestration understading

Among the standing questions in the field are the contribution of below-ground C (roots and rhizodep-
osits) to SOC stocks, the role of plant cover diversity on SOC accrual and stabilisation and C and N
dynamics (e.g., Martins et al 2024). Microbial carbon use efficiency (e.g. Bolscher et al. 2024), plant
soil synchrony in nutrient cycles (e.g. Fontaine et al. 2024), priming (e.g. Schiedung et al. 2023) and
saturation of SOC stocks (e.g. Begill et al. 2023) were also addressed.
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2.2 SOC sequestration Potential

Accurate and reliable estimates of the C sequestration potential in soils are essential at the national
scale, for countries to set their own targets and commitments in the framework of the Paris Agree-
ment and vis-a-vis the EU Climate Law. Furthermore, implementation of C farming at the farm scale
requires robust estimates of this potential. While only a few countries estimated their national C
sequestration potential in agricultural soils (e.g. Bamiére et al. 2023, Budai et al. 2024), they did it with
heterogeneous methodologies as demonstrated in Rodrigues et al. (2021). A comprehensive assess-
ment was hence missing for agricultural European soils on how much soil organic carbon (SOC) can
be sequestered, and this assessment was undertaken while diversification of the plant cover, use of
exogenous organic matters, reduced tillage, conservation agriculture and organic agriculture were
investigated using long term experiments (e.g. Fohrafellner et al. 2024). SOC stock accrual estimates
were derived for European countries, that allow to simulate and estimate the effect of implementing
such management options on the evolution of national or European agricultural SOC stocks with a

Tier 2 approach (https://shinyapp.cra.wallonie.be/ejpsoil-carboseq/).
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2.3 Tradeoffs SOC - N-P

An additional storage of organic C in soils may be associated with nitrogen and phosphorus leaching,
thereby decreasing water quality, or additional N20 or methane emissions thereby increasing GHG
emissions. Such trade-offs were quantified in organic soils when rewetting peatlands (e.g. Koch et

&l. 2023), and in mineral soils when implementing conservation agriculture or applying exogenous
organic matters (e.g. Valkama et al. 2024) and tools were developed to estimate them (e.g. Calone et
a., 2024).
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2.4 MRV Methodology

Sensing tools, either remote sensing or proximal sensing are being developed and used as low cost
and high throughput methodologies for collecting information on soil carbon contents. These methods
are emphasized in the EU Soil strategy and are increasingly being used in Measuring, reporting and
verification for carbon farming schemes. However, their limitations and domains of validity were insuf-
ficiently established (e.g., Knadel et al. 2022). Modelling the evolution of SOC stocks is also central to

MRV.

= [

Deliverables
and Reports

Peer-reviewed
Articles

Peer reviewed articles

Bazzi, H; Baghdadi, N; Nino, P; Napoli, R; Najem, S; Zribi, M; Vaudour, E. 2024. Retrieving Soil
Moisture from Sentinel-1: Limitations over Certain Crops and Sensitivity to the First Soil Thin
Layer. Water, 16(1): 40. https://doi.org/10.3390/w16010040

Callejas-Rodelas, JA; Knohl, A; van Ramshorst, J; Mammarella, I; Markwitz, C. 2024. Compari-
son between lower-cost and conventional eddy covariance setups for CO2 and evapotranspi-
ration measurements above monocropping and agroforestry systems. Agricultural and Forest

Meteorology, 354: 110086. https://doi.org/10.1016/j.agrformet.2024.110086

Cayuela-Sanchez, J. A., & L6pez-Nuiez, R. (2025). Compositional Data Methods and VISNIRS
to Predict Soil Organic Carbon Contents. European Journal of Soil Science, 76(5), €70200.

https://doi.org/10.1111/ejss.70200

Chen S.C.; Arrouays D.; Mulder V.L.; Poggio L.; Minasny B.; Roudier P.; Libohova Z.; Lagache-
rie P.; Shi Z.; Hannam J.; Meersmans J.; Richer-De-Forges A.C.; Walter C. 2022. Digital
mapping of GlobalSoilMap soil properties at a broad scale: A review. Geoderma, 409. https://

i.org/10.1016/j. rma.2021.11 7

Dodin, M., Levavasseur, F., Savoie, A., Martin, L., Foulon, J., & Vaudour, E. 2023. Sentinel-2
satellite images for monitoring cattle slurry and digestate spreading on emerging wheat crop:
a field spectroscopy experiment. Geocarto International, 38 (1). https://doi.org/10.1080/10106

049.2023.2245371
Back to Infographic 57


https://doi.org/10.1016/j.agrformet.2024.110086
https://doi.org/10.1080/10106049.2023.2245371
https://doi.org/10.1080/10106049.2023.2245371

Dodin, M., Smith, H., Levavasseur, F., Hadjar, D., Houot, S., & Vaudour, E. (2021). Potential of
Sentinel-2 Satellite Images for Monitoring Green Waste Compost and Manure Amendments in
Temperate Cropland. Remote Sensing, 13(9), 1616.https://doi.org/10.3390/rs13091616

Dor, E. B., Granot, A., Wallach, R., Francos, N., Pearlstein, D. H., Efrati, B., ... & Schmid, T.
(2023). Exploitation of the SoilPRO®(SP) apparatus to measure soil surface reflectance
in the field: Five case studies. Geoderma, 438, 116636. https://doi.org/10.1016/j.geoder-
ma.2023.116636

F. Castaldi, M.H. Koparan, J. Wetterlind, R. Zydelis, I. Vinci, A.O. Savas, C. Kivrak, T. Tuncay,
J. Volungeviéius, S. Obber, et al. 2023. Assessing the capability of sentinel-2 time-series
to estimate soil organic carbon and clay content at local scale in croplands. ISPRS J. Photo-
grammetry Remote Sens., 199: 40-60. https://doi.org/10.1016/j.isprsjprs.2023.03.016

Khosravi, V; Gholizadeh, A; Zizala, D; Kodesova, R; Saberioon, M; Agyeman, PC; Vokurkova,
P; Juricova, A; Spasic, M; Boruvka, L. 2024. On the impact of soil texture on local scale
organic carbon quantification: From airborne to spaceborne sensing domains. Soil and Tillage
Research, 241: 106125. https://doi.org/10.1016/j.still.2024.106125

Knadel, M.; Castaldi, F.; Barbetti, R.; Ben-Dor, E.; Gholizadeh, A.; Lorenzetti, R. 2022. Mathemat-
ical techniques to remove moisture effects from visible—near-infrared—shortwave-infrared soil
spectra—review, Applied Spectroscopy Reviews, 58(9), 629-662. https://doi.org/10.1080/057
04928.2022.2128365

Lopez-Nunez, R. 2022. Portable X-ray Fluorescence Analysis of Organic Amendments: A Review.
Applied Sciences-Basel, 12(14). https://doi.org/10.3390/app12146944

Lotz S, Bucheli TD, Schmidt H-P and Hagemann N. 2024. Quantification of soil organic carbon: the
challenge of biochar-induced spatial heterogeneity. Frontiers in Climate 6: 1344524. https://
doi.org/10.3389/fclim.2024.1344524

Mzid, N., Castaldi, F., Tolomio, M., Pascucci, S., Casa, R., Pignatti, S. 2022. Evaluation of Agricul-
tural Bare Soil Properties Retrieval from Landsat 8, Sentinel-2 and PRISMA Satellite Data.
Remote Sens. 14(3), 714. https://doi.org/10.3390/rs14030714

Rathnayake, D; Schmidt, HP; Leifeld, J; Biirge, D; Bucheli, TD; Hagemann, N. 2024. Quantifying
soil organic carbon after biochar application: how to avoid (the risk of) counting CDR twice?
Frontiers in Climate, 6: 1343516. https://doi.org/10.3389/fclim.2024.1343516

Richer-de-Forges, A.C.; Chen, Q.; Baghdadi, N.; Chen, S.; Gomez, C.; Jacquemoud, S.; Marte-
let, G.; Mulder, V.L.; Urbina-Salazar, D.; Vaudour, E.; et al. 2023. Remote Sensing Data
for Digital Soil Mapping in French Research—A Review. Remote Sens. 15: 3070. https://doi.
0rg/10.3390/rs15123070

Urbina-Salazar, D., Vaudour, E., Baghdadi, N., Ceschia, E., Richer-de-Forges, A. C., Lehmann,
S., & Arrouays, D. (2021). Using sentinel-2 images for soil organic carbon content mapping
in croplands of southwestern france. The usefulness of sentinel-1/2 derived moisture maps
and mismatches between sentinel images and sampling dates. Remote Sensing, 13(24),
5115. https://doi.org/10.3390/rs13245115

Urbina-Salazar, D.; Vaudour, E.; Richer-de-Forges, A.C.; Chen, S.; Martelet, G.; Baghdadi, N.;
Arrouays, D. 2023. Sentinel-2 and Sentinel-1 Bare Soil Temporal Mosaics of 6-Year Periods
for Soil Organic Carbon Content Mapping in Central France. Remote Sens., 15: 2410. https:/
doi.org/10.3390/rs15092410

Vaudour, E.; Gholizadeh, A.; Castaldi, F.; Saberioon, M.; Boruvka, L.; Urbina-Salazar, D.; Fouad,
Y.; Arrouays, D.; Richer-de-Forges, A.C.; Biney, J.; Wetterlind, J.; Van Wesemael, B.
2022. Satellite Imagery to Map Topsoil Organic Carbon Content over Cultivated Areas: An
Overview. Remote Sensing, 14(12). https://doi.org/10.3390/rs14122917

Volungevicius, J., 2yde|is, R., Amaleviciute-Volunge, K. 2024. Advancements in Soil Organic
Carbon Mapping and Interpolation Techniques: A Case Study from Lithuania’s Moraine Plains.

58

0 Infographic


https://doi.org/10.3390/rs14122917

Sustainability 2024, 16(12), 5157. https://doi.org/10.3390/su16125157

Yuzugullu, O., Fajraoui, N., Don, A., Liebisch, F. 2024. Satellite-Based Soil Organic Carbon Map-
ping on European Soils Using Available Datasets and Support Sampling. Science of Remote
Sensing, 9: 100118. https://doi.org/10.1016/j.srs.2024.100118

Zayani, H., Fouad, Y., Michot, D., Kassouk, Z., Lili-Chabaane, Z., & Walter, C. (2023). De-
tecting the temporal trend of cultivated soil organic carbon content using visible near in-
frared spectroscopy. Journal of near infrared spectroscopy, 31(5), 241-255. https://doi.
0rg/10.1177/09670335231193113

Zayani, H., Zribi, M., Baghdadi, N., Ayari, E., Kassouk, Z., Lili-Chabaane, Z., Michot, D., Walter,
C., & Fouad, Y. (2022). Potential of C-Band Sentinel-1 Data for Estimating Soil Moisture
and Surface Roughness in a Watershed in Western France. IGARSS 2022 - 2022 |IEEE
International Geoscience and Remote Sensing Symposium, 6104—6107.IEEE. https:/doi.
org/10.1109/igarss46834.2022.9883957

Zayani, H.; Fouad, Y.; Michot, D.; Kassouk, Z.; Baghdadi, N.; Vaudour, E.; Lili-Chabaane, Z.;
Walter, C. 2023. Using Machine-Learning Algorithms to Predict Soil Organic Carbon Content
from Combined Remote Sensing Imagery and Laboratory Vis-NIR Spectral Datasets. Remote

Sens., 15: 4264. https://doi.org/10.3390/rs15174264

Deliverables and Reports

Astover, A., Escuer-Gatius, J., & Don, A. (2021). Inventory of the use of models for accounting and
policy support (soil quality and soil carbon). EJP SOIL Work Package 2 Deliverable. Zenodo._
https://doi.org/10.5281/zenodo.12703905

Back to Infographic 59



3. Climate change adaptation

Adaptation refers to changes in human and natural systems in response to actual or expected climatic
change and its impacts. EJP SOIL investigated climate changes, including extreme events effects on
agricultural soils within several research projects (CLIMASOMA, SoilX, ARTEMIS, SoilSalAdapt).

3.1 Management options evaluation

Soil, crop, and water management at the field and farm levels are studied and modelled to understand
how management practices affect soil functions under both current and future climatic conditions
(e.g. Blanchy et al. 2023; Coucheney et al. 2024). This understanding helps in developing adaptation

measures and strategies.

Peer-reviewed Policy briefs Deliverables
Articles and Notes and Reports

Datasets Webinars &
Educational Materials
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4. Soil Information Assessing
& Monitoring

As soil is a non-renewable resource, having consistent and accessible information about its condition
is essential to prevent soil degradation and support evidence-based policies that promote soil health
restoration and sustainable soil management. Within this context, eight EJP SOIL research projects
(SIREN, SERENA, MINOTAUR, SenRes, STEROPES, Probefield, FAMOSOS, SOIL-ES), along with
a dedicated EJP SOIL work package (WP6), have significantly contributed to the harmonization, or-
ganization and storage of soil-related knowledge. During the timeframe of the EJP SOIL programme,
the European soil landscape evolved significantly after the launch of the European Soil Observatory
(EUSO) in 2021 and of the Mission Soil, the proposal of the Soil Monitoring and Resilience Directive
(European Council, 2024) and the prospect of new ESA satellites in 2028.

4.1 Framework & Indicators

Assessing soil health necessitates agreement on its definition and its quantification with relevant soil
health indicators (e.g. Faber et al. 2023). Indicators are assessed using target and/or threshold val-
ues, which define achievable levels of the indicators or functions (e.g. Matson et al. 2024).
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4.2 Innovation and Methods for data acquisition

In recent years, soil sensing technologies (both proximal and remote) have emerged as a promising
solution to speed up and reduce the cost of soil surveys. The current performance of proximal sensing
techniques for soil property estimation was evaluated, including the effect of different spectral trans-
formation, model calibration and transfer approaches for soil property estimation using existing soil
spectral libraries (e.g. Metzger et al. 2023). SOC content prediction using remote sensing has been
improved using temporal mosaics from time series, available information on soil texture, and account-

ing for soil moisture (e.g. Urbina-Salazar et al. 2021).
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[Data set]. Zenodo. https://doi.org/10.5281/zenodo.17871428

Marqués Pérez, M. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Quixote/ Cuenca [Data set].
Zenodo. https://doi.org/10.5281/zen0d0.17871348

Marqués Pérez, M. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Robles / Montilla (Cordoba)
[Data set]. Zenodo. https://doi.org/10.5281/zenodo.17870527

Marqués Pérez, M. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Vifias del Vero/ Barbastro
(Huesca) [Data set]. Zenodo. https://doi.org/10.5281/zenodo.17871185

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — 15 Paired sites [Data set]. Zeno-
do. https://doi.org/10.5281/zenodo.17878534

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Aires/ Toledo [Data set]. Zenodo.
https://doi.org/10.5281/zenodo.17878197

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Al Aima/ Toledo [Data set]. Zeno-
do. https://doi.org/10.5281/zenodo.17878248

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Bergonza/ Vifias Tajo (Toledo)
[Data set]. Zenodo. https://doi.org/10.5281/zenodo.17878455

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Bod. Beronia/ Rueda (Valladolid)
[Data set]. Zenodo. https://doi.org/10.5281/zenodo.17878487

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Encin/ Madrid [Data set]. Zeno-
do. https://doi.org/10.5281/zenodo.17878168

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Farifa/ Toro (Zamora) [Data set].
https://doi.org/10.5281/zenodo.17878065

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Fuentenebro/ Burgos [Data set].
Zenodo. https://doi.org/10.5281/zen0do.17878424

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Galvez/ Toledo [Data set]. Zeno-
do. https://doi.org/10.5281/zenodo.17878311

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — La Chimenea/ Madrid [Data set].
Zenodo. https://doi.org/10.5281/zenod0.17878389

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — La Comun/ Alcocer (Guadalaja-
ra, Spain) [Data set]. Zenodo. https://doi.org/10.5281/zenodo.17878354

Marques, M. J. (2025). EJP SOIL SANCHOSTHIRST Soil Dataset — Martin Berdugo/ Aranda (Bur-
gos) [Data set]. Zenodo. https://doi.org/10.5281/zenodo.17877874

Metzger, K., Liebisch, F., Herrera, J. M., Guillaume, T., Walder, F., & Bragazza, L. (2024).
Agroscope_SoilSpectralLibrary _2024 [Data set]. Zenodo. https://doi.org/10.5281/zeno-
do.11204174

Nino, P., Napoli, R., Bragato, G., Brenna, S., Tonelli, E. P., & lavazzo, P. (2024). Soil grid data for
3 agricultural fields in Italy (Soil Moisture, soil organic carbon) (1.0.0) [Data set]. Zenodo.
https://doi.org/10.5281/zenodo.14135622
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Simmler, M., & Liebisch, F. (2024). Soil characteristics and spectral reflectance data of six agri-
cultural fields in Switzerland (Version v1) [Data set]. Zenodo. https://doi.org/10.5281/zeno-
do.14076347

Stenberg, B., Borlivka, L., Fantappié, M., Sanden, T., Van Egmond, F., Koganti, T., Klumpp, K.,
Debaene, G., Liebisch, F., Castaldi, F., Cayuela Sanchez, J. A., Barbetti, R., & Made-
noglu, S. (2024). D2.2_20240423_ProbeField_SSL_Metadata_V2 [Data set]. Zenodo. https://
doi.org/10.5281/zen0d0.14019130

Vaudour, E., Dodin, M., Levavasseur, M., Savoie, A., & Martin, L. (2024). STEROPES-WP4 EOM
reflectance data [Data set]. Zenodo. https://doi.org/10.5281/zenodo.14162937

Vuolo, F. (2024). EJP SensRes bi-directional reflectance of soils [Data set]. Zenodo. https://doi.
0rg/10.5281/zen0do.12771391

Webinars & Educational Materials

Blanchy, G., Albrecht, L., Koestel, J., & Garré, S. (2022). Renforcer la recherche en environne-
ment - Le NLP pour I'extraction de métadonnées. EJP SOIL snack card. Zenodo. https://doi.
0rg/10.5281/zen0do0.14859506

Blanchy, G., Albrecht, L., Koestel, J., & Garré, S. (2023). Empowering environmental research:
NLP for metadata extraction. EJP SOIL snack card. Zenodo. https://doi.org/10.5281/zeno-
do0.14974507

Castaldi, F., Vaudour, E., Wetterlind, J., & Stenberg, B. (2024). Soil sensing — Handling soil mois-
ture in proximal and remote sensing. EJP SOIL Course/Training Material. Zenodo. https://doi.
0rg/10.5281/zen0do.14361915

Dénmez, C., Blanchy, G., Svoboda, N., D’Hose, T., Hoffmann, C., Hierold, W., & Klumpp, K.
(2022). Le plus grand jeu de données européen sur les expérimentations de longue durée.
EJP SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.14875866

Fohrafellner, J., Zechmeister-Boltenstern, S., Murugan, R., & Valkama, E. (2023). Evaluation de

la qualité des méta-analyses sur le carbone organique du sol. EJP SOIL snack card.
Zenodo. https://doi.org/10.5281/zenodo.14796183

Fohrafellner, J., Zechmeister-Boltenstern, S., Murugan, R., & Valkama, E. (2023). Quality assess-
ment of meta-analyses on soil organic carbon. EJP SOIL snack card. Zenodo. https://doi.
org/10.5281/zenodo.15064441

Gomez, C., Richer-de-Forges, A., & Voudour, E. (2024). Remote sensing of soils: a tool for digital
soil mapping. EJP SOIL Course/Training Material. Zenodo. https://doi.org/10.5281/zeno-
do.14203238

Jarvis, N., Larsbo, M., Lewan, E., & Garré, S. (2022). The elephant in the room? Improved descrip-
tions of soil hydrology in crop models. EJP SOIL snack card. Zenodo. https://doi.org/10.5281/
zen0do.15090955

Knadel, M., Castaldi, F., Barbetti, R., Ben Dor, E., Gholizadeh, A., & Lorenzetti, R. (2022). No
“One-technique-fits-all”: multiple techniques should be used for sound data analysis. EJP
SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.15090959

Knadel, M., Castaldi, F., Barbetti, R., Ben Dor, E., Gholizadeh, A., & Lorenzetti, R. (2022). Pas de
solution miracle - Plusieurs techniques doivent étre combinées pour bien analyser les don-
nées. EJP SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.14876419

Lépez-Nuiez, R. (2022). Existe-t-il une méthode simple pour analyser les déchets organiques ?. EJP
SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.14780251
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Murugan, R., Meurer, K., Fohrafellner, J., Kasper, M., Ecker, E., Bergese, F., Mason, E., & Zech-
meister-Boltenstern, S. (2025). Un catalogue participatif en ligne pour le partage de don-
nées. EJP SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.14791149

Murugan, R., Meurer, K., Fohrafellner, J., Kasper, M., Ecker, E., Bergese, F., Mason, E., & Zech-
meister-Boltenstern, S. (2024). A participatory meta data catalogue for sharing data. EJP
SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.15090983

Rodrigues, L., Budai, A., Elsgaard, L., Hardy, B., Keel, S. G., Mondini, C., Plaza, C., & Leifeld, J.
(2023). The power of pyrolysis. EJP SOIL snack card. Zenodo. https://doi.org/10.5281/zeno-
do.15064404

Wetterlind, J., Persson, K., Séderstrém, M., & Cruijsen, J. (2024). EJP Soil Webinar; Proximal
Soil Sensing. EJP SOIL Course/Training Material. Zenodo. https://doi.org/10.5281/zeno-
do.14202892
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4.3 Harmonised soil information, data
and monitoring systems

While Europe is relatively data rich, the existing soil information is not harmonized and little shared
on national and INSPIRE portals by public institutions (e.g. Cornu et al. 2023, Fantappie et al. 2021).
A draft general agreement for specific data sharing has been proposed, as well as a metadata cat-
alogue of soil datasets and subsequent workflow, guidance and tools to harvest and provide such
metadata of soil datasets (https://catalogue.ejpsoil.eu/collections/metadata:main/items). Soil mon-
itoring systems across countries studied differ in sampling designs, protocols, analytical methods,
and revisit frequencies (Bispo et al. 2023; Froger et al., 2024; Meurer et al., 2024) which can lead to
non-comparable data at national and international levels.

%
Peer-reviewed Deliverables
Articles and Reports

Datasets

Peer-reviewed Articles

Warren Raffa, D., Rdsanen, T. A., Trinchera, A., Jouini, M., Delin, S., Kasparinskis, R., ... &
Hanegraaf, M. (2025). Agricultural Decision Support Tools in Europe: What kind of tools are
needed to foster soil health? European Journal of Soil Science, 76(2), €70097. https:/doi.

org/10.1111/ejss.70097

Deliverables and Reports

Dara Guccione, G., Pirelli, T., Phillips, A., & Varia, F. (2021). Resources, Infrastructure and Capa-
bilities Inventory (RICI) online platform for policy stakeholders. EJP SOIL Work Package 8
Deliverable. https://doi.org/10.5281/zenodo.12721510

Higgins, S., Kadziuliene, Z., & Paz, A. (2021). Stocktake study and recommendations for harmoniz-
ing methodologies for fertilization guidelines. EJP SOIL Work Package 2 Deliverable. https://
doi.org/10.18174/564678
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Datasets

Warren Baffa, D., Delin, S., Jouini, M., Trinchera, A., Dirnéna, B., Kasparinskis, R., Baratella, V.,
Ulfet, E., Demir, Z., Rasanen, T., Simonse, D., & Hanegraaf, M. (2023). EJPSOIL PRA-
C2LIV D3.1 DATA-NCs.7z [Data set]. Zenodo. https://doi.org/10.5281/zenodo.14092408

Warren Raffa, D., Rasinen, T., Kasparinskis, R., Trinchera, A., Erdal, U., Baratella, V., Demir, Z.,
Simonse, D., & Hanegraaf, M. (2024). EJPSOIL PRAC2LIV D3.2 DATA-EndUsers.7z [Data
set]. Zenodo. https://doi.org/10.5281/zenodo.14093726
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5. Fostering adoption

Adoption of sustainable soil management options is currently low in Europe (e.g. Heller et al. 2024).
Factors limiting adoption of a given management option can be biophysical, but many are socio
economic: availability of the knowledge and lack of adequate technical advice, economic constraints
and lack of incentives and efficient policies and farming perceptions and traditions (Vanino et al.
2023, Thorsge et al. 2023). The EJP SOIL programme focused on the science to policy interface and
ways to foster adoption. Topics that helped stimulating the knowledge application were for example
the evaluation of available tools and available methods for stakeholder engagement and for creating
incentives. Projects concerned were in particular iSOmPe, Road4Schemes, SIMPLE, PRAC2LIV,
Into-Dialogue and BioCASH and the activity of a dedicated work package.

5.1 Support tools evaluation

To make decisions about soil management that are conducive to soil health, land managers and other
stakeholders need reliable information and appropriate tools. Decision Support Tools (DSTs) may serve
multiple functions e.g., practical decision making, registration, and monitoring. Substantial differences
exist in current fertilisation guidelines across Europe, in the content, in soil test methods and how crop
nutrient requirements are calculated, in the format and in their delivery (Higgins et al. 2023).

%
Peer-reviewed Policy briefs Deliverables
Articles and Notes and Reports

Datasets

Peer Reviewed Articles

Mason, E; Gascuel-Odoux, C; Aldrian, U; Sun, H; Miloczki, J; Gotzinger, S; Burton, VJ; Rienks,
F; Di Lonardo, S; Sandén, T. 2024. Participatory soil citizen science: An unexploited re-
source for European soil research. European Journal of Soil Science €13470, (1-17). https://
doi.org/10.1111/ejss.13470

Pulido-Moncada, M., Thorsge, M. H., Miranda-Vélez, J. F., Graversgaard, M., & Munkholm, L.
J. (2025). Soil Health and Challenges to Sustainable Soil Management in Denmark: Stake-
holder Perceptions. European Journal of Soil Science, 76(1), e70038. https://doi.org/10.1111/

ejss.70038

Back to Infographic 85


https://doi.org/10.1111/ejss.70038
https://doi.org/10.1111/ejss.70038

Policy Briefs and Notes

Visser, S., Chenu, C., Besse, A., Halberg, N., & Pinto Correia, T. (2023). Successful stakeholder
participation to address soil needs. EJP SOIL policy brief. https://doi.org/10.5281/zeno-

do.13970763

Deliverables and Reports

Wall, D., Jacobs, A., Don, A., Sanches, B., Gascuel, C., O’Sullivan, L., Carlenius Berggreen, L.,
Verhagen, J., Bieroza, M., Jacob, M., Heller, O., Kuikman, P., Kasparinskis, R., Lansac,
R., & Higgins, S. (2021). Mapping policy stakeholders up to EU level across EJP SOIL
Partner Countries. EJP SOIL Work Package 8 Deliverable. Zenodo. https://doi.org/10.5281/
zenodo.12709500

Wall, D., Phillips, A., Marandola, D., O’Sullivan, L., Gascuel, C., Jacob, M., Orman, T., Higgins,
S., Lansac, R., Sanches, B., Verhagen, J., Gerasina, R., & Chenu, C. (2021). Deliverable
8.1: Methodology for policy stakeholder survey/interviews. EJP SOIL Work Package 8 Deliv-
erable. https://doi.org/10.5281/zenodo.14093562

Datasets

Leonhardt, H., Braito, M., Butikofer, N., Graversgaard, M., Hoéckert, J., Lunar Koch, E. J., Lund-
strém, C., Schreiber, M., & Tiselius, M. (2025). Q sortings on factors influencing farmers’
soil management [Data set]. Zenodo. https://doi.org/10.5281/zenodo.15690531

Leonhardt, H., Braito, M., Butikofer, N., Graversgaard, M., Hockert, J., Lunar Koch, E. J., Lund-
stréom, C., Schreiber, M., & Tiselius, M. (2025). Q sortings of factors influencing farmers’ soil
management - SoilX WP4 [Data set]. Zenodo. https://doi.org/10.5281/zenodo.15730034
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5.2 Tools for stakeholder engagement

Stakeholder engagement is crucial, in various instances and arena, to foster use of existing soil
knowledge, development of new soil knowledge and implementation of sustainable management of
agricultural soils. Stakeholder consultations (e.g., Vanino et al. 2023, Thorsge et al. 2023, Heller et
al. 2024) allows to identi. Citizen science indeed raises awareness among participating stakeholders
and contributes to develop soil knowledge (Mason et al. 2024). There is a need, however, to institu-
tionalise soil health science- policy- practice interfaces, such as done in the EJP SOIL National Hubs

(Visser et al. 2023).

Peer-reviewed Policy briefs Deliverables
Articles and Notes and Reports

5

=

Datasets Webinars &
Educational Materials

Peer reviewed articles

Bellassen V.; Angers D.; Kowalczewski T.; Olesen A. 2022. Soil carbon is the blind spot of Europe-
an national GHG inventories. Nature Climate Change, 12: 324-331. https://doi.org/10.1038/
s41558-022-01321-9

Boruvka, L.; Penizek, V.; Zadorova, T.; Pavlu, L.; Kodesova, R.; Kozak, J.; Janku, J. 2022.
Soil priorities for the Czech Republic. Geoderma Regional, 29. https://doi.org/10.1016/].
geodrs.2022.e00525

Castanheira, N., Paz, A. M., & Goncalves, M. C. (2024). Desafios e oportunidades na gestéo suste-
ntavel do solo na Europa: Evidéncias das consultas EJP SOIL. Revista de Ciéncias Agrarias,
47(4), 600-606. https://doi.org/10.19084/rca.38557

Castanheira, N., Paz, A., & Goncalves, M. C. (2022). Knowledge and sustainable management of
agricultural soils in Portugal: Barriers and opportunities. Congresso Ibérico das Ciéncias do

Solo 2022. https://doi.org/10.19084/rca.28766

Criscuoli, I., Martelli, A., Falconi, I., Galioto, F., Lasorella, M. V., Maurino, S., Phillips, A., Bonati,
G., Guccione, G. D. 2024. Lessons learned from existing carbon removal methodologies for
agricultural soils to drive European Union policies. European Journal of Soil Science, 75 (5),

e13577. https://doi.org/10.1111/ejss.13577
Di Gregorio, L., Nolfi, L., Latini, A., Nikoloudakis, N., Bunnefeld, N., Notarfonso, M., Bernini, R.,
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Manikas, l., Bevivino, A. 2024. Getting (ECO)Ready: Does EU Legislation Integrate Up-to-
Date Scientific Data for Food Security and Biodiversity Preservation Under Climate Change?
Sustainability 2024, 16(23), 10749. https://doi.org/10.3390/su162310749

Galioto, F., Criscuoli, I., Martelli, A., Lasorella, M. V., Falconi, l., Marandola, D., Guccione, G.
D., Varia, F. 2024. Investigating How Policies and Other Conditions Contribute to Influencing
Agricultural GHG Emissions in the EU. Land 2024, 13(11), 1745. https://doi.org/10.3390/
land13111745

Galioto, F., Guccione, G.D., Asins, S., Renovell, J., Un, A., Munis, T., Vilkiene, M., Mockeviciene,
l., Kasparinskis, R., Dirnena, B., Vaccaro, A., Vigano, L., Kushnir, M., Pisarcik, M., Fuk-
sa, P., Varia, F., 2025. Soil health challenges and farmers’ adaptation strategies: Transition
pathways in Turkiye and the European Union. Land Use Policy 158. https://doi.org/10.1016/j.
landusepol.2025.107715

Giinther P, Ekardt F. 2022. Human Rights and Large-Scale Carbon Dioxide Removal: Potential
Limits to BECCS and DACCS Deployment. Land, 2022, 11, 2153. https://doi.org/10.3390/
land11122153

Giinther P., Ekardt F. 2023. Balancing climate goals and biodiversity protection: legal implications of
the 30x30 target for land-based carbon removal. Frontiers in Climate, 2023, 5, 1. https://doi.
0rg/10.3389/fclim.2023.1276606

Giinther P., Ekardt F. 2024. The Priority of Nature-based over Engineered Negative Emission Tech-
nologies: Locating BECCS and DACCS within the Hierarchy of International Climate Law.
Ecological Civilization, 2024, 1, 10004. https://doi.org/10.35534/ecolciviliz.2023.10004

Ginther P., Garske B., Heyl K., Ekardt F. 2024. Carbon farming, overestimated negative emissions
and the limits to emissions trading in land-use governance: the EU carbon removal certifica-
tion proposal. Environmental Sciences Europe, 2024, 36, 72. hitps://doi.org/10.1186/s12302-
024-00892-y

Kloffel, T.; Young, E.H.; Borchard, N.; Vallotton, J.D.; Nurmi, E.; Shurpali, N.J.; Tenorio, F.U.;
Liu, X.; Young, G.H.F.; Unc, A. 2022. The challenges fraught opportunity of agriculture
expansion into boreal and Arctic regions. Agricultural Systems, 203. https://doi.org/10.1016/].
agsy.2022.103507

Mason E., Cornu S., Chenu C. 2023. Stakeholders’ point of view on access to soil knowledge in
France. What are the opportunities for further improvement? Geoderma Regional 35: e00716.
https://doi.org/10.1016/j.geodrs.2023.e00716

Polakova, J.; Holec, J.; Janku, J.; Maitah, M.; Soukup, J. 2022. Effects of Agri-Environment
Schemes in Terms of the Results for Soil, Water and Soil Organic Matter in Central and East-
ern Europe. Agronomy-Basel, 12(7). https://doi.org/10.3390/agronomy12071585

Ren, TJ; Ukalska-Jaruga, A; Smreczak, BZ; Cai, AD. 2024. Policy measures effectively reduce soil
nitrous oxide emissions with minor trade-offs in crop yield. Agriculture, Ecosystems & Environ-
ment, 371: 109080. https://doi.org/10.1111/ejss.13475

Thorsoe, M.H., Facq, E., Criscuoli, I., Martinez-Garcia, L.B., Heidecke, C., Gallardo, L.A., Mar-
telli, A., Hagemann, N., Smit, B., van der Kolk, J., Galioto, F., de Cara, S., Polakova,
J., Graversgaard, M., 2025. Carbon farming: The foundation for carbon farming schemes -
lessons learned from 160 European schemes. Land Use Policy 158 https://doi.org/10.1016/.
landusepol.2025.107747

Vanino S., Farina R., Pirelli T., Di Bene C., Calzolari C., Napoli R., Piccini C., Fantappié M. 2022.
Soil priorities for Italy. A multi-stakeholder consultation, barriers and opportunities for research
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5.3 Incentives and policy evaluation

The EJP SOIL concentrated on existing European policies (e.g., Farm2Fork strategy), on policies un-
der development (Carbon Removals and Carbon Farming Regulation, Soil Monitoring and Resilience
Directive) as well as on existing incentives, such as carbon faming schemes). Economic incentives for
C sequestration, i.e. carbon farming schemes were inventoried and analysed, which allows to drive
recommendations (e.g. Cruiscoli et al. 2024). Scenario modelling helps assessing the effect of poli-
cies or monitoring the policy goals set (e.g. Farm to Fork goals for 2030 and 2050).
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5.4 Capacity building and education

Sustainable and climate smart management of soils requires human and institutional capacity, exper-
tise and competencies in soil science and agronomy. Soil science related expertise will be more and
more in high demand to serve academic, policy and practices of the European Green Deal, the EU
Soil Strategy for 2030 and the proposed EU Directive on Soil Monitoring and Resilience. The estab-
lished baseline of soil science in higher education (Barron and Villa, 2022) was complemented with
an analysis of skills needed in the future for fostering sustainable soil management, and of related
professional profiles (Veenstra et al. 2024, Walter et al. 2024).

Peer-reviewed Policy briefs
Articles and Notes

Webinars &
Educational Materials

Peer reviewed articles

Mason, E., Cornu, S., Arrouays, D., Fantappié, M., Jones, A., Gotzinger, S., ... & Bispo, A. (2025).
Monitoring Systems of Agricultural Soils Across Europe Regarding the Upcoming European
Soil Monitoring Law. European Journal of Soil Science, 76(4), €70163. https://doi.org/10.1111/

€jss.70163

Veenstra, J., Coquet, Y., Melot, R., & Walter, C. 2024. A European stakeholder survey on soll
science skills for sustainable agriculture. European Journal of SoilScience,75 (2): e13449.

https://doi.org/10.1111/ejss.13449

Walter, C; Veenstra, J; Melot, R; Coquet, Y. 2024. Identification of soil-related professional profiles
for the future from a survey of European stakeholders. European Journal of Soil Science, 75:

€13469. https://doi.org/10.1111/ejss. 13469

Policy Briefs and Notes

Barron, J., & Villa, A. (2022). Soil Science in higher education in Europe current state and recom-
mendations. EJP SOIL policy brief. https://doi.org/10.5281/zenodo.13973643

98 Back to Infographic


https://doi.org/10.1111/ejss.70163
https://doi.org/10.1111/ejss.70163

Webinars & Educational Materials

Villa Solis, A., Fahlbeck, E., & Barron, J. (2021). Les sciences du sol dans I'enseignement supé-
rieur en Europe - Etat des lieux et recommandations. EJP SOIL snack card. Zenodo. https:/

doi.org/10.5281/zen0do0.14826927

Villa Solis, A., Fahlbeck, E., & Barron, J. (2021). Soil science in higher education across Europe.
EJP SOIL snack card. Zenodo. https://doi.org/10.5281/zenodo.15091104

Back to Infographic 99


https://doi.org/10.5281/zenodo.14826927
https://doi.org/10.5281/zenodo.14826927
https://doi.org/10.5281/zenodo.15091104

