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U The State of Soils is bad and often worsening
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U Soil Management must address Soil Threats

A The Scientific community (e.g., Helming et al. (2018))
A The Voluntary Guidelines for Sustainable Soil Management FA0 (2017)
A European Policy:

A European green deal (Vontanarella & Panagos, 2021)

A Mission soil in Horizon Europe (£c, 2022)

A The proposed Soil Monitoring Law (EUR-Lex, 2023/0232/COD)

Food and Agriculture Organization
B of the United Nations
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U Definition of Sustainable Soil Management

N S o imhnagement is sustainable if the services
Worid soil provided by soil are maintained or enhanced without
EhEpEeh Impairing soil functions or biodiversity . The balance
between plant production and regulating water and
greenhouse gases is a particular concern .0
- Paraphrased from the Revised World Soil Charter, 3th Principle, adopted by the 39" FAO Conference in June 2015
- - L Annex Ill of the
Eleven characteristics SML proposal
0il Management NG by the EC
of SSM by FAO (2017) — 0510712024
Gy
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U SML Proposal Article 11:
Support for soil health and soil resilience

AMember States shall encourage and support [ ¢ landowners and
land managers by:

AAccess to advice, information, training and capacity building
APromote awareness and research and innovation

AProvide locally -relevant information on practices that
Increase solil health [sensu SML]

AMember States shall also:

SML proposal < : . . : :
by the counci and Parliament AAssess the financial and technical needs to improve soil health
29/09/2025 AEngage with the public concerned [ ¢é to determine the support
. = needed
o feentnn AAssess the expected soil health effect of other policies
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U Sustainable soil management systems and
practices

ASystem Approaches , based on principles:

Conservation Agriculture:
min. soll disturbance, soil cover, crop rotation rxo

Regenerative Agriculture:
min. soll disturbance, solil cover, crop rotation, living roots, livestock croundswel

Organic Agriculture:
Health, Ecology, Fairness and Care iroaw

APractices , that can be applied or not:
2400+ Land management practices in the WOCAT
157 European Farming Practices identified by the JRC angikeriet al. (2024)
~70 Global Soil Management Practices smitetal. (2024)
53 European Soil Management Practices reler et al. (2024)
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U Adoption of practices in Europe?

level of adoption

almost all
(=84%)

late majority
(50 - 84%)

early majority
(16 - 50%)

early adopters
(2.5- 164,-3%)

few farmers
(<2.5%)

not applied

(0%)

not relevant

reduced tillage

unknown

Crops and crop rotations

Cover crops

Cover crops in permanent crops

Crop rotation

Deep rooting plants

Establishment of permanent grassland
Grassland with legumes

Intercropping

Legume integration

Diverse sward in permanent grasslands
Perennial crops

Strip cropping

Undersowing

oOrganic matter and nutrient management
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Inorganic fertilizers

Liming

Mulching
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Tillage and traffic

Contour cropping

Controlled traffic farming

Deep Ploughing

Dyker
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No till / direct seeding

On-Land ploughing

Reduced tillage / Conservation tillage
Reduced tillage in permanent crops
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U Why is adoption of practices low ? [g EJP SOIL
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@ Why is adoption of practices low ?

ABio-physical limits reier et ai. 2022)

AEconomic barriers reler et al. (2024)
(e.g., costs, investments)

ATechnical barriers reier et a. (2024
(e.g., knowledge, machinery)

ASOCiaI NOIMS schreiber et al. (submitted)
(e.g., neat and tidy fields)

AVieWpOintS Leonhardt et al. (submitted)
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Alnformation and advice AAccount for Norms and Viewpoints
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@ Outcome depends on pedo -climatic context

JRC - Farming practices Evidence Library
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U Outcome depends on pedo -climatic context
and management intensity

Outcomes
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U Outcome depends on pedo -climatic context
and management intensity
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U From boxes to management indicators
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¥ SoilManageR to calculate indicators A{l]lb}

Management Information Soil Management Indicators
(categorical and numerical) (numerical)

date s category

2009-08-24 sowing
2009-10-08 tillage

2009-10-08 tillage

2009-10-20 tillage

2009-10-21 scwing
2009-10-21 crop_protection
2010-03-18 fertilizer. licatiol

2010-04-09 fertilizer. licatio
2010-05-17 fertilizer_i icatiol
2010-08-04  harvest
2010-08-09 harvest
2010-08-10 ftillage

2010-08-13 sowing
2011-04-15  tillage

2011-04-18 tillage

2011-04-28 tillage

2011-04-29 sowing

2011-04-29 crop_protection

20,00 cm
10,00 cm
190.00 ko/ha
038 I/ha
solid_broadcast 50.00 kg N/ha
sprayer_broadcast 3.00 I/ha
30.00 kg N/ha

30.00 kg N/ha

10.00 cm
direct_drill 50.00 kg/ha
ion mulching
20.00 cm
10.00 cm
95000.00 plants/ha
14250 g/ha

Carbon Input Soil Cover

Tillage Livestock

Nitrogen Input | | Plant Diversity

-

Plant protection

2011-05-10 fertilizer_application mineral_fertilization  solid_bro. 5 30.00 kg N/ha

2011-05-10 fertilizer_application mineral_fertilization solid_broadcast 47.00 kg P205/ha

2011-05-31 crop_protection weed_herbicide sprayer_broadcast 1.00 I/ha

Use cases: U Compare management of different fields and experiments
U Assess the impact of management on response variables
U Assess temporal changes in management
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o
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<

Heller et al. (2025)

EJP SOIL ASD, Aarhus, 6 ™ of October 2025 Sources : 16
Olivier Heller Heller et al. (2025). SoilManageR& An R Package for Deriving Soil Management Indicators. EJSS. doi: 10.1111/ejss.70102
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Example 1:

Soll Management for Extreme Weather Resilience
Evidence from ten European LTEs

EJP SOIL ASD, Aarhus, 6 ™ of October 2025
Olivier Heller
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@ Soil Management for Extreme Weather Resilience .{|]|

X

B Aine =2
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I continental % Tra nal::tson
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Soil water
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Groundwater

g_ A e
(] Map from Metzger (2018), doi.org/10.7488/ds/2416
< Heller et al. (in prep) Geerisman et al. (2009)
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Geertsma, R., L.I. Wilschut and J.H. Kauffman. (2009). Baseline Review of the Upper Tana, Kenya. Green Water Credits Report 8. ISRIC.




@ Soil Management for Extreme Weather Resilience ‘“]I»

SOC
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Only effects with |relative effect size| > 0.25 and a p-value < 0.05 are shown.
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Heller et al. (in prep)
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Heller et al. (in prep)
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Heller et al. (in prep)

EJP SOIL ASD, Aarhus, 6 ™ of October 2025 Sources : 22
Olivier Heller Heller et al. (in prep). Pedo-c | i mati ¢ conditions, tillage intensity and carbon input driv




o
o
o
o
w
o
T
o
<

Example 2:

Soll Management effects on Crop Production:
Insights from four Swiss LTES

EJP SOIL ASD, Aarhus, 6 ™ of October 2025
Olivier Heller

23



U Soil Management effects on Crop Production

Trial Soil Management
sandy loam, 4: ploughed / no-till x
OberaCker eutric GRUD / Kinsey

1994 - present

O
Chaiblen
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Figure 1. Location, soil, and management of the investigated LTEs
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Table 1:  Estimates of the fixed effects of the mixed model for wheat yield in

kgDM ha'. Significance codes represent p-values. *: p-value < 5%, -
**. p-value < 1%, ***: p-value < 0.1% g
Term Estimate Std. Error Significance O o000
Intercept 7783 + 2941 * =
Mineral N input (kg ha™") 21.2+3 e %
- interaction with spring precipitation -0.045 £ 0.011 e =
Tillage intensity (STIR) -17.3+4.5 e &
- interaction with summer precipitation 0.03 £ 0.01 * 'E 5000
- interaction with spring precipitation 0.042 £ 0.01 e =
Plant protection intensity (applications) 1296 + 307 el E
- interaction with spring precipitation 1.21 £0.37 * o
- interaction with summer temperature -79.4 £ 16.2 b Q.
Summer precipiation (mm) -3.9+1.9 * )
Summer temperature (°C) -126 £ 140
Spring precipiation (mm) -2+1.8 0 40 80 120
Tillage intensity (STIR value)
n=613, R,M =43%, R,* =83% dry, 300 mm

Season: == medium, 700 mm
=== Wet, 1100 mm
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@ Conclusions and Outlook

AViany practices for sustainable soil managment exist

AAdoption can be improved by adressing bio-physical
limits and socio-technical barriers

AQuantitative Soil Management Indicatorsé

/é can compare management effects across sites
(.e., physical soil properties and winter wheat yield)

/é facilitate interpretation and communication
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@ Conclusions and Outlook

AHarmonise more existing data (e.g. from LTEs, Monitoring Systems, living labs)
AEstablish clear links to soil health indicators and functions
AEstablish context-specific intensity thresholds for sustainable soil management
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