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General 
Information

The research leading to theseBudget results has received funding from the European Union Horizon 

2020 Research & Innovation programme under the Grant Agreement no. 101000371.

4 YEARS 
PROJECT

Grant 
Amount

€6.999.161

25 
PARTNERS

9 WP

45 DELIVERABLES

17 
COUNTRIES

Project Title:
Sustainable soil management to

unleash soil biodiversity potential and 
increase environmental, economic and 

social wellbeing.
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WP1: Co-creation in



The soil biodiversity and well-being framework
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CROPLAND
(169 sites)

Benchmark
Organic Transition

(+10 sites)

Benchmark
Agroforestry

(+10 sites) 

Benchmark
Grassland
(20 sites)

Benchmark
Forestry
(24 sites)

Grass monoculture Grass-clover mixed Clearcutting Continuous cover

▪ Each country: 1 NUTS- 2 region

▪ Each NUTS-2: land degradation gradient
(high, medium, low)

▪ Each step of the gradient 2 or 3 
management practices (triplicate sites)

• Assessment of soil biodiversity and soil 
multifunctionality indicators

WP2: Impacts of unsustainable management and land degradation on 
soil biodiversity and multifunctionality
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WP3: Impacts of climate change on soil biodiversity and 
multifunctionality

Drought simulation in Latvia (Photo: Ina Alsina).

Drought + Heatwave simulation in Denmark (Photo: Helle Hestbjerg).



WP4: Economic and 

social consequences of 

unsustainable soil 

management

The research leading to these results has received funding from the European Union Horizon 2020 

Research & Innovation programme under the Grant Agreement no. 101000371.

Source: Pascual et al. (2017): Valuing nature’s contributions to 
people: the IPBES approach. In: Current Opinion in Environmental 

Sustainability 26-27, S. 7–16.
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WP5: From evidence to the app



The research leading to these results has received funding from the European Union Horizon 2020 

Research & Innovation programme under the Grant Agreement no. 101000371.

WP6: conservation & policy 

recommendations



Salvador Lladó

SOILGUARD

Universitat de Barcelona

Av. Diagonal 643

08028 Barcelona

sllado@ub.edu

Thank you for your 

attention.
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Introduction

8 groups of soil biota

Overview of soil biodiversity and functionality assessment

27 soil “functions” and 6 NCPs

• Basic properties: texture, pH, EC, bulk density
• Food production: crop yield, NDVI
• Soil formation & protection: nutrients, 

enzymes, litter decomposition, aggregate 
stability, N mineralization, N-genes, 
mycorrhizae, nitrate and phosphate leaching

• Climate regulation: soil C, methanotrophs
• Regulation of hazards and extreme events: 

water infiltration and holding capacity
• Regulation of detrimental organisms: leaf 

damage, root-feeding nematodes
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1. What is the soil biodiversity status across biomes and regions?
2. How the management impact on biodiversity and functionality?
3. Assess the links between biodiversity, multifunctionality and 

crop yield.
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Experimental design

Conventional croplands

Organic croplands

1.

By María Paula Barral (IPADS – Balcarce; INTA-CONICET)
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Experimental design

Conventional croplands

Organic croplands

1.

By María Paula Barral (IPADS – Balcarce; INTA-CONICET)

Mixed species grasslands

Monoculture grasslands

2.
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Experimental design

Conventional croplands

Organic croplands

1.

By María Paula Barral (IPADS – Balcarce; INTA-CONICET)

Mixed species grasslands

Monoculture grasslands

2.

Clear-cut forestry

Continuos-cover forestry

3.
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1. Biodiversity status

Microbial biomass (PLFAs) Fauna abundance (microscope)
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1. Biodiversity status

Microbial biomass (PLFAs) Fauna abundance (microscope)

Forest > Grassland > Croplands

Land-use intensity impact microbial biomass and fauna 
abundance.
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1. Biodiversity status

Soil taxa diversity (DNA metabarcoding)
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1. Biodiversity status

Country explain large variation of soil biodiversity (25-60%) →
Each ecosystem has a unique biome composition. 

Soil taxa diversity (DNA metabarcoding)
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1. Biodiversity status

Soil taxa diversity (DNA metabarcoding) Croplands

DE > ARG > LV > TH = BE > HU > CM > ES
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1. Biodiversity status

Soil taxa diversity (DNA metabarcoding)

Soils with higher temperatures in warmest
seasons, clay content and aridity present
lower biodiversity values. Particularly
prokaryotes and protists.

This can be related to processes of
biodiversity loss that should be further
studied.
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Croplands

DE > ARG > LV > TH = BE > HU > CM > ES
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Soil diversity (DNA metabarcoding)

2. Management & Biodiversity

Soil taxa diversity (DNA metabarcoding)
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Global drivers in soil biodiversity are: 
climate > soil properties > location.

Overall soil management and 
degradation status impacts on soil 
biodiversity are smaller compared to 
the other drivers.

There are significant effects of 
management dependent on the 
context – climate, soil properties and 
degradation

2. Management & Biodiversity

Soil taxa diversity (DNA metabarcoding)
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2. Management & Biodiversity

Soil taxa diversity (DNA metabarcoding)
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2. Management & Biodiversity

*
*

Degradation level

Soil taxa diversity (DNA metabarcoding)

Mediterranean – Murcia, 
Spain (ES)
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*
*

Organic farming helps to buffer the biodiversity loss in arid and degraded soils.

Mediterranean – Murcia, 
Spain (ES)

Degradation level

Soil taxa diversity (DNA metabarcoding)
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2. Management & Biodiversity
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2. Management & Functions
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2. Management & Functions

Organic farming have positive effects on key aspects of soil functioning (e.g. OM 
decomposition, enzymatic activity, potential CH4 consumption & N inmobilization).
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Low Degraded High Degraded

2. Management & Functions

Organic farming have positive effects on key aspects of soil functioning (e.g. OM 
decomposition, enzymatic activity, potential CH4 consumption & N inmobilization).

Moreover, the benefits in terms of functionality are also higher under high degraded 
soils.
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3. Biodiversity, Multifunctionality

& Crop Yield
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3. Biodiversity, Multifunctionality

& Crop Yield
Global positive relationship between biodiversity and multifunctionality, under both types of management.
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3. Biodiversity, Multifunctionality

& Crop Yield
Global positive relationship between biodiversity and multifunctionality, under both types of management.

Our results show that organic but also conventional farming can promote healthy soils (biodiversity and multifunctionality) 
without compromising crop yield
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Take home messages

1. Each ecosystem has unique soil biodiversity. Less land use intensity (grasslands and forests) showing higher 
microbial and faunal biomass and abundance than croplands.

2. Climate is the main driver of croplands biodiversity, with high temperatures in warm seasons and aridity potentially 
linked to biodiversity loss.

3. The overall effect of management on biodiversity is small compared to other drivers, but it increases when 
considering the soil context. In this regard, organic farming can help to buffer biodiversity loss in arid and degraded 
soils. Further studies exploring these interactions are needed.

4. Organic farming has a generally positive effect on soil functionality, especially in high degraded soils.

5. Considering our agricultural fields as system boundaries, there are no relevant intrinsic trade-offs between soil 
biodiversity, ecosystem multifunctionality and crop yield. There is potential to refine site-specific crop 
managements systems that can be sustainable, profitable and biodiversity-friendly.
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The Valuation of Soil-mediated 
Contributions to People

Brussels,

31/03/2025

The research leading to these results has received funding from the European Union Horizon 2020 

Research & Innovation programme under the Grant Agreement no. 101000371.

Dr. Alexandra Dehnhardt, Tobias Möllney

Institute for Ecological Economy Research 

(IÖW)



Presentation 
Outline

PART 1 Introduction

PART 2 Conceptual approach and objectives

PART 3 Results: Socio-cultural values

PART 4 Results: Economic values

PART 5 Conclusion

The research leading to these results has received funding from the European Union Horizon 2020 
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▪ Importance of intact and well-functioning ecosystems for human well-being 

is increasingly emphasized 

⇒ Growing need to include the societal benefits in decision-making processes in 

order to achieve sustainable development

▪ Attention given to the importance of soils is still limited 

⇒ Societal relevance and value attached to soils is still unknown

▪ Making socio-cultural and economic values more transparent is highly relevant 

for (better) policy-making

⇒ Analyzing trade-offs, communication of values, raising awareness, justifying 

policies

Introduction

The research leading to these results has received funding from the European Union Horizon 2020 

Research & Innovation programme under the Grant Agreement no. 101000371.
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Concept

Source: SOILGUARD
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▪ Concept of ecosystem services focus on the instrumental 

values (means to a desired end)

▪ NCPs highlight a wider range of values: intrinsic values 

(independent of people as valuers) and relational values 

(meaningfulness of human-nature interrelations) in addition to 

instrumental values

▪ Development of an integrated valuation approach to account 

for the diversity of values and provide a more comprehensive 

understanding (economic and socio-cultural valuation) 

▪ “Soil-mediated Contributions to People” (SmCPs) = 

contributions to society associated with soils

Source: Díaz et al. (2018). Assessing nature’s contributions to people. Science, 
359(6373), 270–272. https://doi.org/10.1126/science.aap8826

IPBES conceptual framework: 

“Nature’s Contributions to 

People” (NCPs)



OBJECTIVE 1
Develop a specific 
integrated valuation approach 
for soil-mediated contributions 
to people

OBJECTIVE 2
Quantify the region-specific 
socio-cultural and economic 
value of SmCPs perceived as 
essential by stakeholders 

Understand the region-specific 
factors that influence the value 
(e.g., knowledge, perception)

OBJECTIVE 3
Quantify the region-specific 
effects of soil management, land 
degradation and climate change 
on economic and socio-cultural  
value of soil-mediated 
contributions to people

.

Valuation of Soil-mediated 
Contributions to People 

(SmCPs)

The research leading to these results has received funding from the European Union Horizon 2020 

Research & Innovation programme under the Grant Agreement no. 101000371.

Icons: Flaticon.com; ltr: Freepik, Umeicon, Freepik

https://www.flaticon.com/free-icon/data-integration_8637240?term=integration&page=1&position=12&origin=search&related_id=8637240
https://www.flaticon.com/free-icon/soil_12309640?term=soil&page=1&position=48&origin=search&related_id=12309640
https://www.flaticon.com/free-icon/international_7408120?term=region&page=1&position=22&origin=search&related_id=7408120
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Adapted IPBES conceptual 

framework
▪ Exploring social constructs in three European 

countries across a climatic gradient: Denmark, Ireland, 

Spain

▪ Assessing socio-cultural (by ranking & rating) and 

monetary values (by WTP) for SmCPs across regions

▪ Modelling the determinants of socio-economic values 

by examining the influence of social constructs across 

the regions

Source: SOILGUARD, adapted and extended from: Pascual et al. (2023). Diverse values of 
nature for sustainability. Nature, 620(7975), ,813–823. https://doi.org/10.1038/s41586-

023-06406-9

https://doi.org/10.1038/s41586-023-06406-9
https://doi.org/10.1038/s41586-023-06406-9
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Valuation Methods

Value pluralism: Using different methods to estimate the effects on monetary and non-

monetary value dimensions.

Overarching question: How do changes in soil management practices at different levels 

of land degradation in different regions affect socio-economic values in terms of benefits 

or forgone benefits?

Source: SOILGUARD
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Socio-cultural values: 

Preference rating

▪ Soils are very complex ecosystems 

▪ SmCPs with no directly perceptible 

connection to land use seem to be less 

important

▪ SmCPs, which are more directly 

perceptible and play a role in the reality 

of people’s life appear to be higher 

ranked in all countries 

▪ Regulating SmCPs (regulation of climate, 

freshwater quantity and quality)  are 

comparatively easy to understand and 

appear to be quite important

Source: SOILGUARD
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Economic valuation: 

Discrete Choice 

Experiment

Option 1 Option 2 Status Quo

Soil stability
2 Olympic 

stadiums of soil 
loss

1 Olympic 
stadiums of soil 

loss

10 Olympic 
stadiums of soil 

loss

Woody vegetation 70% increase 40% increase
28 m2 for every 
100 m2 of land

Landscape 
heterogeneity

Multiple crops Single crop Single crop

Additional 
household 
expenditure

50 € 20 € 0 €

Which would you 
choose?

◌ ◌ ◌

▪ Estimate Willingness to Pay (WTP) for 3 

selected attributes, influencing SmCPs

▪ Example choice set from the Discrete 

Choice Experiment

▪ Status quo relative to average in 

respective country as a whole

Source: SOILGUARD
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Willingness to Pay [€/person-year] 

Denmark Ireland Spain

n 414 411 440

Soil stability
(per % increase)

0.77** (0.035)  1.70*** (0.035) 2.40*** (0.036)

Woody vegetation
(per % increase)

2.15*** (0.044)  1.06*** (0.036) 0.13 (0.025)

Landscape 
heterogeneity 
(multiple crops on 
land vs. 
monoculture)

107.53*** (2.101) 116.49*** (2.321) 77.03*** (1.489)

Valuation results

▪ Conditional logit WTP estimates

▪ WTP in € per person and year for changes 

indicated in parentheses

▪ Mostly highly significant results: 

Significant WTP to increase soil stability, 

woody vegetation & landscape 

heterogeneity

▪ Relative importance varies considerably 

between countries

Source: SOILGUARD 

Significance levels: ***p < 0.01, **p < 0.05, *p < 0.1. Standard errors in parentheses.



Conclusion Poorly managed soils and soil 

degradation lead to a loss of the broad 

range of benefits healthy soils provide

Soils have essential value to people, but 

people perceive importance of SmCPs 

differently across countries

Benefits and foregone benefits affect 

different beneficiaries: farmers, local 

residents and society as a whole.

Consideration and integration of their 

perspectives and values in management 

and policymaking is essential. 

HIGHLIGHT 1

HIGHLIGHT 2

HIGHLIGHT 3

The research leading to these results has received funding from the European Union Horizon 2020 

Research & Innovation programme under the Grant Agreement no. 101000371.

Icons: Flaticon.com; ttb: nangicon, Umeicon, surang

https://www.flaticon.com/free-icon/soil-health_18132477?term=soil&page=1&position=12&origin=search&related_id=18132477
https://www.flaticon.com/free-icon/soil_12309640?term=soil&page=1&position=48&origin=search&related_id=12309640
https://www.flaticon.com/free-icon/communities_4350908?term=society&page=1&position=9&origin=search&related_id=4350908


Contact

Dr. Alexandra Dehnhardt, Tobias Möllney

alexandra.dehnhardt@ioew.de

tobias.moellney@ioew.de 

Thank you for your 

attention.
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https://www.youtube.com/channel/UCo2L5xBEcnND6uRPBgfvzPw
https://www.instagram.com/soilguard_h2020/
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Determinants of value
▪ Determinants based on odd ratios after bi-/multinomial 

logistic regressions (p≤0.05) for the SmCP and landscape 

preferences outcomes.

▪ Determinants were included as interactions with the 

alternative specific constant in the Discrete Choice model 

(DCE) to determine the significance (p≤0.05) of influence of 

determinants on preference for overall changes in soil 

stability, woody vegetation and landscape heterogeneity. ​

Source: SOILGUARD 
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Agreement to EU policies

Source: SOILGUARD 

Question: "Please indicate your agreement to 
policies and programs of the European Union (EU) 
with the following statements."

Support for measures regarding 

▪ climate change mitigation and adaption (CAP, specific 
objective 4), 

▪ water quality, soil, degradation, soil management practices 
(CAP, specific objective 5) and 

▪ biodiversity and pesticides (CAP, specific objective 6). 

Source: SOILGUARD 
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Laurence Jones, Els Dhiedt, Georgios Manassakis 

Overview of the 

SOILGUARDIANS app



Environmental 

variables

Modelled benefits

Soil 

management:

• Conventional

• Organic

SOILGUARDIAN

S app
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Evidence chain
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Tamás Kovács – pixabay

Gabriel Jimenez, Vidar Nordli-Mathisen, Ivan Ivanovič – Unsplash 

Soil organic carbon
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Nitrous oxide emission

Crop yield

Soil diversity

Saturated water content

Hydraulic conductivity
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Soil organic carbon

Statistical model

Data to fit model:

SOILGUARD & literature

Avoided cost of societal 

damages
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Saturated water content

Rosetta model to predict

hydraulic properties

Irrigation cost avoided
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Soil organic carbon
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Point predictions
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NUTS2-level predictions



Live demo
SOILGUARDIANS app
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Contact:

lj@ceh.ac.uk

gmanassakis@wings-ict-solutions.eu

Thank you for your 

attention.
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https://www.tiktok.com/@soilguard?lang=en
https://twitter.com/SOILGUARD_H2020
https://www.facebook.com/SOILGUARD
https://www.youtube.com/channel/UCo2L5xBEcnND6uRPBgfvzPw
https://www.instagram.com/soilguard_h2020/
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Biodiversity monitoring

European Green Deal & EU Biodiversity strategy → EU Soil strategy for 2030 → EU Directive on soil monitoring and resilience

key soil threats in the EU, such as erosion, floods and landslides, loss 
of soil organic matter, salinisation, contamination, compaction, 

sealing, as well as loss of soil biodiversity.

Measuring soil biodiversity:

- Biomass/Abundance
- Richness

- Community composition

HOW?
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Biodiversity monitoring

Morphological methods

Biochemical methods

Molecular methods

METHOD

Soil fauna

 

Soil microorganisms

 

More recently........soil fauna

 

WHO

Soil microorganisms
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Biodiversity monitoring

eDNA (environmental DNA)

Scale the sampling, harmonization across biota groups, facilitate the 
identification......if taxonomic annotation in databases is reliable!

Sequencing, qPCR

Abundance, richness, 
community composition
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Biodiversity monitoring

METHOD WHO

Nematodes 

Acari

Collembola

 

Bacteria

Fungi

Protists

 

Bacteria

Fungi

Virus

Protists

Nematodes

Acari

Collembola

Earthworms
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Biodiversity monitoring

Methods’ comparison

- Different methods available for the same organism.

- New developments have some potential advantages.

- But are they reliable?

- How do they compare with traditional ‘Gold standard’ methods?

With 

 

& 

 

Nematodes 

Acari

Collembola
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Number family: molecular 57 vs morphological 47

Nematodes 

 
Acari & Collembola

 

Similarity Index (p/a of families)

Number family: molecular 34 vs morphological 74

SI = (2 * number of taxa in common) / 
(number of taxa in sample 1 + number of 

taxa in sample 2)*100%) 

(Sørensen, 1948)

Bongiorno et al., in preparation



19

(28.8%)

9

(13.6%)
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Molecular vs microscopic

Animal parasites

Difficult to recognize

Extraction issues

Never found in micros/rare

Taxonomic issues

Relic DNA

Not picked up by the molecular

Molecular database

Shared and unique families

38
(57.6%)

Bongiorno et al., in preparation
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R2=0.054
Ecological measure of 

environmental disturbance based 
on nematode species composition  

(Bongers, 1990)

MI = ( ∑ (pi x cp-value )) / (∑ pi )

Nematode-based soil health 
indicator

Maturity Index

Bongiorno et al., in preparation
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- Different methods available depending on organism.

- New methodologies available → Important to compare them with ‘Gold standard’ methods.

- Little agreement between morphological and molecular method for soil fauna, in particular acari
and collembola.

- Each method has limitations
- Morphological: skills needed, costs, laborious
- Molecular: databases, relic DNA, no abundance determination (sequencing)

→ complementary?
DNA extraction fom nematodes (no eDNA)?

- Careful interpretation of results from novel methods!
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**Guerra et al. 2021. Science: 10.1126/science.abd7926

• The soil ecosystem interactions are very complex. Investigation of these key aspects on soils is necessary to understand soil health. 
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*Bünemann et al. 2018. SBB: https://doi.org/10.1016/j.soilbio.2018.01.030**Guerra et al. 2021. Science: 10.1126/science.abd7926

• The soil ecosystem interactions are very complex. Investigation of these key aspects on soils is necessary to understand soil health. 
• Information about soil biodiversity indicators is present in numerous datasets, but sparse. Other soil properties are better represented.
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*Bünemann et al. 2018. SBB: https://doi.org/10.1016/j.soilbio.2018.01.030**Guerra et al. 2021. Science: 10.1126/science.abd7926

• The soil ecosystem interactions are very complex. Investigation of these key aspects on soils is necessary to understand soil health. 
• Information about soil biodiversity indicators is present in numerous datasets, but sparse. Other soil properties are better represented.
• Robust, feasible, and easy to interpret biodiversity indicators are needed. Reducing the number and standardizing these indicators is 

essential for the success of future global monitoring programs.
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Objetive:

Establish a minimum set of indicators to comprehensively assess soil biodiversity, which are sensitive 
to environmental and management changes and are also linked to soil function.

Steps and criteria followed to identify a set of soil biodiversity indicators:

1.How many indicators are needed to reflect a high percentage of soil biodiversity variation, and 
what is their complementariness?

2.Are these candidates for indicators sensitive to environmental factors or managements?

3.Do they show relationship with important soil ecological functions?
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1. How many indicators
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1. Prokaryotes richness
(16S)*

Prokaryotes richness

1

1. How many indicators
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1. Prokaryotes richness
(16S)*
2. Fungal abundance
(PLFAs)*

Prokaryotes richness

Fungal abundance

1

2

1. How many indicators
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1. Prokaryotes richness
(16S)*
2. Fungal abundance
(PLFAs)*
3. Mites or Collembola
abundance
(microscope)*

Prokaryotes richness

Fungal abundance

Mites/Collembola abundance

1

2

3

1. How many indicators
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1. Prokaryotes richness
(16S)*
2. Fungal abundance
(PLFAs)*
3. Mites or Collembola
abundance
(microscope)*
4. TMSB or AMFs
(NLFAs)

Four measures: 
>70% variation

Prokaryotes richness

Fungal abundance

Mites/Collembola abundance

TMSB/AMF 

4

1

2

3

1. How many indicators
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1. Prokaryotes richness*

2. Fungal abundance*

3. Mites or Collembola*

4. TMSB or AMFs

2. Sensitive to environmental factors or managements
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1. Prokaryotes richness
pH, textura, climate
2. Fungal abundance
Soil C, management, climate
3. Mites or Collembola
Texture, soil C, climate
4. TMSB or AMFs
Weak climate response,
Management, compaction

Response diversity
Indicators for climate (1-3), soil C (1,3), 
management (2,4), pH and texture (1,3) or
compaction (1,4)

Important to note: these indicators significantly 
respond to various environmental factors but 
not necessarily to management shifts in the 
present study. TMSB and fungal biomass showed 
the strongest association with management. 
Collembola the lowest.

2. Sensitive to environmental factors or managements
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1. Prokaryotes richness

2. Fungal abundance

3. Mites or Collembola abundance

4. TMSB or AMFs

Effect diversity

3. High relationship with important soil ecological functions
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1. Prokaryotes richness
Infiltration, P, aggregates, food (-)
2. Fungal abundance
Stronger functional effects (MF), C stocks
3. Mites or Collembola abundance
Water availability, C stocks, food (-)
4. TMSB or AMFs
Nutrient cycling

Effect diversity

3. High relationship with important soil ecological functions
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Soil biodiversity 

indicators

Response of soil 

organisms
Changes in ecosystem functioning

Prokaryotes 

richness

Climate, soil C, pH and 

texture, compaction

Water infiltration capacity, phosphorous availability, soil 

aggregate stability, food production

Fungal biomass Climate, management Overall multifunctionality, soil organic carbon

Mites abundance
Climate, soil C, pH and 

texture
Water availability, nutrient cycling

Total microbial 

storage biomass

Management, 

compaction
Nutrient cycling

The SOILGUARD indicators provide a standardized approach to soil biodiversity monitoring. The data from 
this set of indicators will help assess soil biodiversity, health, and the impact of climate change and soil 
management in a cost-effective way.

4 soil biodiversity descriptors 
technically and conceptually 
complementary



Pablo Sánchez-Cueto
psanchez@leitat.org

Thank you!

The research leading to these results has received funding from the European Union Horizon 2020 
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Giulia Bongiorno
giulia.bongiorno@wur.nl
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