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Session 1

11:00-11:05

Welcome Remarks Francesc Castro Cirac (Coordinator)

11:05-11:15

Keynote Address by Sophie Helaine (DG AGRI)
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SOILGUARD Project Overview and Joint Results with the Microservices
project.

Martin Hartmann (ETH Zurich)
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Salvador Lladé Fernandez (UB)
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The Valuation of Soil-mediated contributions to people.
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Dr. Alexandra Dehnhardt (IOW)

12:25-12:55

The SOILGUARDIANS App.

George Manassakis (WINGS)
Laurence Jones (UKCEH)
Els Dhiedt (UKCEH)

12:55-13:00

Closing Remarks by Salvador Llado Fernandez (UB)
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13:55-14:05

Opening Remarks

14:05-14:25

SOILGUARD’s Soil biodiversity indicators

Pablo Sanchez Cueto (LEITAT)
Giulia Bongiorno (WUR)

14:25-15:05

Expert Panel Discussion: Measuring Soil biodiversity, future
strategies for harmonization and challenges

Diedrich De Ghellinck (AgriLand)
Nataliya Zinych (John Deere)

Tamas Krisztin (IIASA)

Geert Magona van de Meer (reNature)
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Tassos Haniotis (ForumforAg & IIASA) & Salvador Llado
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Expert Panel Discussion: Linking Soil Monitoring and Mirco Barbero (DG ENV), Ana Rocha (ELO), Maximilian
Resilience to Policy Meister (NABU). Moderated by Elodie Champseix (IUCN)

16:30-16:45

Q&A

16:45-16:55

Takeaways & Next Steps
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Final Closing by Gabriele Sacchettini (ELO)
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Information SROJECT

Project Title:

Sustainable soil management to
unleash soil biodiversity potential and
increase environmental, economic and

social wellbeing.

Grant
Amount

€6.999.161
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The soil biodiversity and well-being framework

DRIVERS/PRESSURES

e.g. Climate change, Policy, Economy, Society, Technology
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* Policy
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(local)
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Extent (area of habitat or
soil type) _
Stock (e.g. organism : ;--:"":'Regulatiné
abundance, soil carbon) ' e.g.climate
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e.g. soil structure, food
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* Capitals embedded in
beneficiaries (human,
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Other capitals (produced,
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The research leading to these results has received funding from the European Union Horizon 2020
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WP2: Impacts of unsustainable management and land degradation on

soil biodiversity and multifunctionality
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Each country: 1 NUTS- 2 region

Each NUTS-2: land degradation gradien
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Each step of the gradient 2 or 3
management practices (triplicate sites)

Assessment of soil biodiversity and soil
multifunctionality indicators
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WP3: Impacts of climate change on soil biodiversity and
multifunctionality

.

PANNONIAN REGION (1 LTE)
Cropland: conventional vs organic

The research leading to these results has received funding from the European Union Horizon 2020 e i e e W Pashrhars s This
Research & Innovation programme under the Grant Agreement no. 101000371. Drought + Heatwave simulation in Denmark (Photo: Helle Hestbjerg).
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WP4: Economic and
social consequences of
unsustainable soil
management
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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
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WP6: conservation & policy
I I—G UARD recommendations

IUCN WCC Resolution 6.069

Cefinition of Nature-based Solutions

Mature-based solutlons are actions to protect, sustainably manage and restore
natural and modified ecosystems in ways that address socletal challenges
effectively and adaptively, to provide both human well-being and biodiversity
henefits,

1. Secietsl challenges

Principle 1 Nb5 embrace nature consarvation nodms and principbes.

Princlple 2 MBS can be implementad abone of in an Integrated manner with other . % 2. Design at scale
wolutions 1o socketal challenges. :

Principle 3 NbS are determined by site-specific natural and cultural contexts (incl. 3. Bindiversity net-gain
traditional, kacal and scientific knowledge]. i
Principle & Nb5 produce socletal benefits bn a fair and equitable way in a manner 4. Economic Teasibility
that promotes transparency and broad participation.

Princlple 5 Nb5 maintain biological and cultural diversity and the ability of : 5. Inclusive governance.
ecosystems to evolve over time. |

Princlple & MBS are applied at a landscape scale, 6. Balance trade-offs G LOB A L SOIL

Principle 7 MBS recognize and address the trade-offs between the production of a

fesws immediate economic benefits for devalopment, and future 7. Adaptive management PA RTN E RS H I P

options for the production of the full mnge of ecosystem senvices, i
Princlple B Nb5 are an integral part of the overall design of policies, and measures £. Mainstreaming &
or actions, to address a specific challenge. i Sustainability
S e o o —— - -l

™
1

Figure 5: Link between the NDS Principles and the NS Standard Critena. (© [LCN)

The research leading to these results has received funding from the European Union Horizon 2020
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Region-specific impact of soil management an
degradation on soil biodiversity and cascading

effects on soil multitunctionality

Pablo Sanchez-Cueto, LEITAT 31/03/2025
SOILGUARD TEAM

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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Overview of soil biodiversity and functionality assessment

8 groups of soil biota

Bacteria Archaea
16S rRNA /PLFAs 16S rRNA /PLFAs
)
&
O + Viruses & ARGs
- (under processing)
§ shotgun DNA sequencing
E Mcdonald & Rogers 2010 Dennis Kunkel
Fungi Protists
ITS rrn/ 18S rRNA/ PLFAs 18S rRNA/ PLFAs

(0p)]
)
)
S e —
E Joint Genome Institute Kevin Carpenter
v
S Nematodes Micro-arthropods Earthworms
L

Introduction

27 soil “functions” and 6 NCPs

e 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,

* 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

18S rRNA/ Morphotyping 18S rRNA/ COIl / Morphotyping 18S rRNA/ 16S rRNA mit

Andy Murray Felicity Crotty Goody Clairenstein

 wn e

What is the soil biodiversity status across biomes and regions?
How the management impact on biodiversity and functionality?
Assess the links between biodiversity, multifunctionality and
crop yield.

Research & Innovation programme under the Grant Agreement no. 101000371.
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By Maria Paula Barral (IPADS — Balcarce; INTA-CONICET)

- The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371.

Experimental design

1.

Organic croplands
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Experimental design

Countries
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Agricultural management
@ Conventional
© Alternative
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Experimental design

1.

Countries

Degradation level

Agricultural management
@ Conventional
© Alternative

continuous cover forestry
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Continuos-cover forestry

S@ILGUARD



Bacteria log(nmol PLFAs g_1 soil)
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1. Biodiversity status
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1. Biodiversity status

Forest > Grassland > Croplands
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1. Biodiversity status

Soil taxa diversity (DNA metabarcoding)
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1. Biodiversity status

Croplands
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1. Biodiversity status

Croplands

A
{ \

DE>ARG>LV>TH=BE >HU >CM > ES

/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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ILGUARD =

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

Soil diversity (DNA metabarcoding)
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Soil taxa diversity (DNA metabarcoding)

Protists

Nematodes

2. Management & Biodiversity

Micro-arthropods

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

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

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

S@ILGUARD



2. Management & Biodiversity

SOILGUARD =

Soil taxa diversity (DNA metabarcoding) 8|
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2. Management & Biodiversity

Soil taxa diversity (DNA metabarcoding)

Management ] Prokaryotes Fungi Protists Nematodes Micro-arthropods Annelids
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2. Management & Biodiversity

Soil taxa diversity (DNA metabarcoding)

Management ] Prokaryotes Fungi Protists Nematodes Micro-arthropods Annelids
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[ Organic farming helps to buffer the biodiversity loss in arid and degraded soils. ]

- The research leading to these results has received funding from the European Union Horizon 2020 S (- I LG U A IEQ D
Research & Innovation programme under the Grant Agreement no. 101000371.




2. Management & Functions
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2. Management & Functions

-

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

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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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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S ;) I I_G UARD 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.

F S
The research leading to these results has received funding from the European Union Horizon 2020 S 3 ) I LG U A | 2 D
Research & Innovation programme under the Grant Agreement no. 101000371.
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MICROSERVICES

Region- and management-specitic impact of
climate stressors on soil biodiversity and

cascading effects on soil multifunctionality

Martin Hartmann, ETH Zurich
SOILGUARD TEAM & MICROSERVICES TEAM

The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371,

31/03/2025
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Dai et al. 2010 (Wiley Interdisciplinary Reviews)
University Corporation for Atmospheric Research

The research leading to these results has received funding from the European Union Horizon 2020
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Projected precipitation anomalies
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Projected temperature anomalies

Representative Concentration Pathway
RCP 4.5 (intermediate scenario): Emissions peak around 2040 and decline to around half between 2050 and 2100
RCP 8.5 (business as usual): Emissions contfinue to rise throughout the 21st century.
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Projected precipitation anomalies

Projected temperature anomalies
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Soil biodiversity

Prokaryotes Eukaryotes TAKE HOME
ﬁ x" @ L. E * Country was the overriding driver of soil biodiversity,

highlighting the importance of the local context.

IMPORTANCE 00 02 04 06 08 10 00 02 04 06 08 10 . s
Prokaryotes were more site-specific than eukaryotes.

Countiry (C) - - * Management effects were considerably smaller than
Managamment (i) | 0 . | those of site, but consis’rerﬂly .de’r.ec’rab e and showing a
I:** strong site-dependency. This highlights the context-

[+ dependency of the effects of agricultural practices.

Treatment (T}

|
CxM e I * Drought effects were small, partially site- and
management-dependent, and more pronounced for
cxT | ... N Biies eukaryotes than prokaryotes. However, these
My 1 I ol management-dependent drought effects became more
‘ | B Alpha diversity pronounced in close proximity to plant roots.
CxMxT1

| Beta diversity

The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371.




S@ILGUARD

Soil Multitunctionality

Soil functions
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Biodiversity

TAKE HOME

 Country was the strongest determinant of soil
multifunctionality, but less decisive than for soil
biodiversity.

* Management effects were substantial, seemingly more
oronounced than effects on soil biodiversity. These
effects were strongly site-dependent.

* Drought effects were small and not significant but
showed a dependency on site and management. This
context-dependency could not be explained by the
measured soil properties.

* A positive relationship between soil biodiversity and
multifunctionality was observed.

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

* Fertilization with farmyard manure
without synthetic fertilizer

* Crop protection with mechanical
methods and biocontrol

Integrated system

* Fertilization with farmyard manure
and synthetic fertilizer (NPK)

* Crop protection with insecticides,
fungicides, herbicides

Conventional system

* Fertilization with synthetic
fertilizer only

 Crop protection with insecticides,
fungicides, herbicides

@t biodiversa
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Agence nationale de la recherche ANR (ANR-20-EBI5-0006), Federal Ministry of Education and Research
BMBF (16LC2023A), and General Secretariat for Research and Innovation GSRI (T12EPA5-00075)
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Soil organic matter and soil moisture retention
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Soil biodiversity shifts under drought
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Soil biodiversity shifts under drought

s\\ P
LN TAKE HOME
" * There was no indication that increased soil organic
carbon (SOC) in organic cropping systems could
enhance the resistance of soil biodiversity to drought.
= o ? ” ' . . . e .
R fo & * Drought effects |.ncrea.seo| in closer association with
5 b g | the crop (bulk soil < rhizosphere < endosphere) and
N o ¥ | impacted fungi more strongly than prokaryotes.
S *o e : L e :
* Differences in soil biodiversity between cropping
i systems remained stable also under drought stress,
Factor = underscoring the importance of legacy effects of
Cropping system  0.298 *** agricultural management on soil biodiversity.
Drought 0.031 **
=84 Interaction 0.022 ns
10 s 0 5
CAP1 (67.8%) Kost et al. 2024 (European Journal of Soil Biology
This research was funded through the 2019-2020 BiodivERsA joint call for research proposals, under the
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Plant growth

TAKE HOME

120. y * Drought reduced plant height by ~10%. This
stem A reduction was dependent on the management,

_ elongation e T showing stronger reduction in the conventional
E 100 f T : versus the organic system (pointing fo a potential role
- P of plant growth regulators in negatively modulating the
2 Ry sfress response).
£ 80, *
= K * These management-dependent drought effects were
o " not observed for dry plant biomass, raising questions

60 . *

) about the impact on crop yield (which could not be
H \ assessed).
| flowering ripening
I'u"la';-' 01 I'u"Ia';-' 16 Jur; 01 |.|I|.||-; 15 JuII{H

Kost et al. 2024 (European Journal of Soil Biology
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Conclusions

1)

2)

3)

Location emerged as the primary driver of soil biodiversity and multifunctionality, underscoring the need
to consider the local context in decision-making processes. We recommend avoiding overgeneralizations and
call for more local studies to better understand the factors driving these complex interactions.

Management practices significantly influenced soil biodiversity and multifunctionality, highlighting the
capacity of agricultural interventions to steer soil biodiversity and its functions. Management etffects were
modulated by location, emphasizing the importance of contextualizing management decisions.

Shortterm drought had a small and context-dependent impact on soil biodiversity and multifunctionality,
indicating the substantial buttering capacity of soils. However, eftects intensitied in proximity to plants and were
more pronounced for eukaryotes, raising concerns about crop performance and specific soil functions.

Cropping systems harbor a unique soil biodiversity which is largely maintained under drought stress,
emphasizing the importance of legacy eftects under tuture climate. Further research is needed to identify
fipping points where specitic outcomes ot agricultural management decisions help butter against climate stress.

The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371.



The Valuation of Soil-mediated
Contributions to People

Dr. Alexandra Dehnhardt, Tobias Madllney Brussels,
Institute for Ecological Economy Research 31/03/2025
(I0W)

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

Introduction

PART 1

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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Introduction

= |mportance 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

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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The research leading to these results has received funding from the European Union Horizon 2020
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IPBES conceptual framework:

“Nature’s Contributions to
People” (NCPs)

=  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

1. Habitat creation and maintenance

2. Pollination and dispersal of seeds and
other propagules

3. Regulation of air quality
4. Regulation of climate

5. Regulation of ocean acidification

6. Regulation of freshwater quantity,
location and timing

7.Regulation of freshwater and coastal water quality

8. Formation, protection and decontamination
of soils and sediments

9. Regulation of hazards and extreme events

10. Regulation of detrimental organisms
and biological processes

11. Energy
12. Food and feed
13. Materials, companionship and labor

14. Medicinal, biochemical and genetic resources

15. Learning and inspiration -

16. Physical and psychological experiences
17. Supporting identities

18. Maintenance of options

e 4 h 4 \\‘

Material NCP Non-material NCP | Regulating NCP
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Source: Diaz et al. (2018). Assessing nature’s contributions to people. Science,

The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371.

359(6373), 270-272. https://doi.org/10.1126/science.aap8826



Valuation of Soil-mediated
Contributions to People

(SMCPs)

&

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

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

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

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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ey Sy

S I I ( ; I l A I 2 D Institutions, povernance, decision and policy making, power relations & otherindirect drivers

Good quality of life

K ledge, attitudes, behavi
Ad a pte d I P B ES CO n Ce pt u a I H::;d:: ; Ell'liﬂtuﬁ;e-mr Access to food, water, energy and livelihood security

relatedness Health, pood social relationshipsand equity, security,
Agreement Pro-environm. cultural identity and freedom of choice and actions

fra m e WO r k EU policies hehavior Living in harmony with nature, living-well in balance

and harmony with mother earth and human well being

= Exploring social constructs in three European Worldiews:

countries across a climatic gradient: Denmark, Ireland, e

Spain _ “(  Life frames of nature’s values " specfic values | [ Indicators

Bio/ecocentric . ) - =
- ———— Living with | Living as Biophysical

= Assessing socio-cultural (by ranking & rating) and
monetary values (by WTP) for SmCPs across regions
=  Modelling the determinants of socio-economic values

Pluricentric , : S ' .- T

Living from Living in

by examining the influence of social constructs across

Diversity across cultures, languages & geographies

the regions
Mature's contributions to people

| IPBES components | 7 Qutside the scope of this study additional components

Source: SOILGUARD, adapted and extended from: Pascual et al. (2023). Diverse values of

ture f tainability. Nature, 620(7975), ,813—823. https://doi. 10.1038/s41586-
The research leading to these results has received funding from the European Union Horizon 2020 nature Tor sustainabliity. Nature ( ) R 023-/86406-9

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

Va I uat|on MethOdS or forgone benefits?

MONETARY

METHOD FAMILY SUBJECT OF VALUATION DATA METHODS

FOOD AND FEED PRODUCTION > N MARKET PRICES

BEHAVIOUR-BASED OIL FORMATION /  NUTS REGIONS), N NUTRIENT REPLACEMENT COSTS

METHODS CLIMATE REGULATION > .' ~UROSTAT, EC, SCIENTIFIC " DAMAGE COSTS AVOIDED |
AR £ INTEGRATED

WATER STORAGE CAPACITY 4 .. IRRIGATION COSTS AVOIDED ASSESSMENT OF
- : - socio-

ALL 18 SMCPs PREFERENCE RATING " ECONOMIC

WILLINGNESS TO PAY FOR SOIL - \ VALUES
STATEMENT-BASED STABILITY, WOODY VEGETATION, ) POPULATION SURVEY IN B DISCRETE CHOICE EXPERIMENT

LANDSCAPE HETEROGENEITY

METHODS

LANDSCAPE PREFERENCES FOR y
AGRICULTURE, RENEWABLE ENERGY, ) 4 LANDPREF
AGROFORESTRY, BIODIVERSITY " ¥

Source: SOILGUARD

The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371.



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

[GUARD
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- 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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Economic valuation:
Discrete Choice
Experiment

= 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

Soil stability

Option 1

2 Olympic
stadiums of soil
loss

Option 2

1 Olympic
stadiums of soil
loss

Status Quo

10 Olympic
stadiums of soil
loss

Woody vegetation

70% increase

40% increase

28 m? for every
100 m? of land

Landscape . | .
heterogeneity Multiple crops Single crop Single crop
Additional

household 50 € 20 € 0 €

expenditure

Which would you
choose?

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: SOILGUARD



S@ILGUARD

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

n

Willingness to Pay [€/person-year]

Denmark Ireland Spain

414 411 440

Soil stability
(per % increase)

Woody vegetation
(per % increase)

Landscape
heterogeneity
(multiple crops on
land vs.
monoculture)

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

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

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

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

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: SOILGUARD
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CO n C I u S i O n Poorly managed soils and soil

N £/ degradation lead to a loss of the broad

HIGHLIGHT 1

range of benefits healthy soils provide

Soils have essential value to people, but
HIGHLIGHT 2 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.

The research leading to these results has received funding from the European Union Horizon 2020 lcons: Flaticon.com; ttb: nangicon, Umeicon, surang

Research & Innovation programme under the Grant Agreement no. 101000371.
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S@ILGUARD

alexandra.dehnhardt@ioew.de

tobias.moellney@ioew.de

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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=  Determinants based on odd ratios after bi-/multinomial Nature relatedness ¥ ® Denmark
logistic regressions (p<0.05) for the SmCP and landscape Land stewardship ¢ e =+ 4 lreland
preferences outcomes. o Social environmentalism . # = Spain
= Determinants were included as interactions with the 5 Environmental citizenship ¢
o - )
alternative specific constant in the Discrete Choice model 2 Conservation lifestyle P-Value (Inverted)
. . P 3 Vi I i e L] 0.05
(DCE) to determine the significance (p<0.05) of influence of Living In harmony with nature
. . : Health, good social relationships e2 @ o.03
determinants on preference for overall changes in soil
oo . . Access to food, water, energy Tt L] . 0.02
stability, woody vegetation and landscape heterogeneity. 1 |
Living as nature A . 0.01
Living with nature &
Living in nature 4
Living from nature i
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0% 25% 50% 75% 100%

{ The EU programs that promote biodiversity should be given more funding.
o - Spain .
Ireland | .

Denmark -
The EU should financially support the change from conventional to organic
A ment to EU polici
sfeement to tU policies o 00 i
There is a need to reduce the use of pesticides by at least 50% by EU law until
. 2030.

Support for measures regardlng

= climate change mitigation and adaption (CAP, specific | | l :

cbjective 4 . I
| [ ] B sronoyages
9 . . . . Denmark
= water quality, soil, degradation, soil management practices -
(CA P, SpeCiﬁC objective 5) and The EU should support a wide range of soil management practices that contribute Neither agree nor disagree
. . . L. . . . to more sustainable farming. .
. b|0d|VerS|ty and peStICIdeS (CAP, SpeCIfIC ObJeCt|Ve 6) i _ ' I . Disagree
paln Strongly Disagree
Farmers that engage in practices that remove CO2 from the atmosphere or dedicate
farmland to biodiversity should be rewarded financially from the EU.

Question: "Please indicate your agreement to san [ I

policies and programs of the European Union (EU) reens | [

with the following statements." oermerc | B

The EU should reduce the use of fertilisers by at least 20% by 2030.
e B
The research leading to these results has received funding from the Euroj 0% 259% 50% 75% 100%

Source: SOILGUARD

Research & Innovation programme under the Grant Agreement no. 1010(



Overview of the
SOILGUARDIANS app

Laurence Jones, Els Dhiedt, Georgios Manassakis 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.
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Modelled benefits SOILGUARDIAN

Sa
Environmental PP

variables
SQILGUARD

North Sea
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VISUALISE SOILGUARD DATA = b C:D(:n‘mwen
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United
. F L ®
- management = Conventional = Organic CORORAL TS SRk ' :mgdom
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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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Evidence chain

Management Rainfall Alr
temperature
Fertiliser ' Soil fertility A’ plant biomass
~—
Cost of
Micro- ) ) Soil organic Climate 05: °
. Soil moisture - . — societal
organisms carbon regulation
1‘ ‘ damages

I
Bulk density

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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Soil organic carbon

Nitrous oxide emission

Hydraulic conductivity

The research leading to these results has received funding from the European Union Horizon 2020 Tamas Kovacs — pixabay
Research & Innovation programme under the Grant Agreement no. 101000371. Gabriel Jimenez, Vidar Nordli-Mathisen, lvan Ivanovi¢ — Unsplash
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Soil organic carbon
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management
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The research leading to these results has received funding from the European Union Horizon 2020

Statistical model

Data to fit model:

SOILGUARD & literature

Avoided cost of societal

damages




SRILGUARD

Saturated water content

i conventional g organic Rosetta model to predict
hydraulic properties

sand content (%) silt content (%) clay content (%)

N | | e || Irrigation cost avoided

& o e O
2 2 O O
© & S O
| 1 1 1

0 25 50 75 20 40 60 20 40 60

volumetric water content volumetric water content

bulk density (g/cm3) at -33 kPa (cm3/cm3) at -1500 kPa (cm3/cm3)

Saturated water content (cm3/cm3)

o o o o
B B [9)] )]
o @) o ()]
1 1 1 1

075 100 125 1.500.1 0.2 0.3 0.4 0.1 0.2 0.3

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

Research & Innovation programme under the Grant Agreement no. 101000371.
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Soil organic carbon

Carbon stock under conventional farming Change in carbon stock (%)
(tonne per hectare) converting conventional to organic farming

Carbon stock Carbon stock

(tha) change (%)
150 25
20
100 15
10

50

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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Change in benefits when changing

Point predictions from conventional to organic

==@==(Conventional =-®— QOrganic

Yield

Saturated
water content

Microbial
diversity

Nitrous oxide
emissions

Hydraulic
conductivity

Soil organic
carbon

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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Change in total soil organic carbon stock

NUTS2-level prediction e e e oo, 220t o

30000+

29500+

29000+

28500+

Soil organic carbon (thousand tonnes)

0 25 50 75 100
Proportion organic farming systems (%)

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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Live demo
SOILGUARDIANS 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.
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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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ILGUARD

L

AGNES

Sign in to your account

Username or emaii

soilguard

Password

ooooooooo

Forgot Password?

(] Remember me

New user? Register

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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VISUALISE SOILGUARD DATA
CONVENTIONAL TO ORGANIC

SOIL MANAGEMENT GUIDELINES

Welcome to SOILGUARDIANS!

You need to Sign In to access the SOILGUARD data.

SSILGUARD B This project has received funding from the European Union’'s Horizon 2020 research and innovation programme under grant agreement No. 101000371. OvdinD
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VISUALISE SOILGUARD DATA

CONVENTIONAL TO ORGANIC

SOIL MANAGEMENT GUIDELINES

SSILGUARD

The Metadata Portal allows users to visualize and analyze data generated within the SOILGUARD project, offering insights into soil properties. management practices, and indicators. By selecting a parameter from the drop-down menu, users can compare datasets

To visualize data, plesse select 8 parameter from the dropdown list You can hover gver the graph to see detailed information regarding the values. Additionally, you can filter out specific categories by cicking on their names in the legend, allowing for a micre customized data exploration experience.

Available Nitrogen

Available Nitregen (mg N /kg scil |
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across different countries, enabling cross-regional assessments.

Violin Plot of Available Nitrogen by Management Type by Country

I Crganc [ Cooventonal [ Monocokure Miture

N “ |

Spain Denmark Argentina Latvia Hungary |reland
Country

Il This project has received funding from the European Union's Horizon 2020 research and innovation programme under grant agreement Mo, 1070003771,
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Soil Data Inspection

Use the map to select a location by clicking on it. The coordinates will update the Selected Soil Data fields avaiable.

Fields for Phosphorus (P), Potassium (K), Crop Type, Farming System, Area of farm and Yield are also required to be filled in by the user.

Once complete, you can save the location to My Soil Data for future use, by checking the box "Add to My Soil Data”.

Selecting this option saves the edited values currently shown in the table. Once saved, the locations can be retrieved from the left side of the page.

Then, you can choose an action for the Soil Data in use between: Predictions, Economic Values and Benchmarking.

Alternatively, select a dataset from saved data to perform these actions.

Detatls on the fields are provided below:

Climate Field Properties
Mean Temperaturs Soil Texture
Base indax reprasenting the average air temperaturs over 3 Jays. Refers to the proportion of sand, sift and clay sized particies that make up the minaral fraction of the
Gy S0,
Total Pracipitation
Sum of rainfall and the assumead water equivalent of snowfall for 2 3-day period. Clay
Proportion of clay particles (< 0.002 mm) in the fine earth fraction.
Sand
Soil Mutrients Proportion of sand particles {= 0.05 mm) in the fine earth fraction:
Sift
Nitragen (M) Proportion of silt particles (= 0.002 mm and < 0.05 mmy) in the fine earth fraction.
Total Nitrogen (W)

Soil Organic Carban
Phosphorus Soil organic carbon content in the fine earth fraction.

Total Fhosphorus {F) . .
R itk Organic Carbon Density

Potassium Organic carben density of the fine 2arth fraction.
Total Potassium (K) :
urn (K Bulk Density
Bulk density of the fine sarth fraction.
PH

Soil PH.
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© VISUALISE SOILGUARD DATA

| CONVENTIOMAL TO ORGAMIC

" BEMEFITS - LOCATION

' BEMNEFITS - REGION

© SOIL MANAGEMENT GLIDELINES

SQILGUARD

42..954222259 57125 ‘ 11.58300781249999
Saved Locations
¥ FORECAST)
Location: Farkadona, Greece . i
Coordinates: 35.58337622832235, 22.147460669272088 Average Temperature (°C)
7.8
Location: Livorne, Province of Livorno, Italy
Coordinates: 43.50655973715422, 10.38039933971671 NUTRIENTS
Mitrogen (g/kg)
Location: 16, 97711 Thundorf in Unterfranken, Germany 26
Coordinates: 50.2168758061559484
13.3349598604016383
FARM PROPERTIES
Conventional
Area of farm [ha)

"*1‘1'3‘ §

Seggiano, Province of Grosseto, [taly ‘

Selected Soil Data
FIELD PROPERTIES
Total Precipitation {mmj) Saoil Texture
5.6 Clay loam
Sand % [g/100g)
Phosphorus (gu/kg) Potassium [g/kg) 2653
hJ/A [P Soil Organic Carbon (g/kg)
45
Bulk Density (kg/dm®)
Crop Type *
T2
b d Pofato L
Yield {t/ha}

- This project has received funding from the European Uinion’s Horizon 2020 research and innovation programme under grant agreement Mo, 131000371,

Clay % (g/100g)

T

Galt % {g/100g)

40

Organic Carbon Density (hg/m”)

333

740

[] Addto My Soil Data
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Economic Values

Change in benefits when changing -
from conventional to organic

==@==Conventional ==®= QOrganic

Carbon
-2.000 -1.500 -1,000 -500 ] 500
Microbial Saturated
) _ NCP Conventional farming Organic farming Economic value
diversity water content
Carbon stock B8.10 tonnes 8.93 tonnes 503.31 £
;' . :
| | Yield 25.00 tonnes 16.55 tonnes -1876.32 £
|I _J
: | Measure name Measure Unit
Nitrous oxide Hydraulic
P i 5. Conventional yield 25.00 tonnes
emissions conductivity
= = Organic yield 16.55 tonnes
Soil organic
Economic value 593.31 £
carbon
Relative yvield conventional 0.00 M/a

Relative yield organic 0.0o NiA
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Regional Outputs

In this page, the map displays the European Union's NUTS 2 subdivisions, similar to this. You can see each subdivision's NUTS code and name by hovering over it with the cursor.

In order to calculate the regional outputs, simply select a NUTS2 region by clicking it on the map. Then you need to enter the current and target proportions of arable land under organic farming,
using 2 using 2 slider bars (%) and finally click on Calculate NCPs.

Details on the outputs are provided below:.

Spider (Radar) Chart Line Chart

Displays standardised average biophysical values. Currently supported NCPs: Shows NCPs as a function of proportion arable land converted from conventional to organic.

Soil Organic Carbon
Soil organic carbon is the amount of carbon in the soil for a defined depth and area. Carbon
stored in the soil is not emitted as CO2 to the atmosphere and promotes climate change Density Plot
mitigation. Robustness: High

Hydraulic Conductivity Shows NCP output distribution for a particular proportion of arable land.

The hydraulic conductivity determines how fast the water moves through the soil. When this is
fast, the risk of flooding and runoff is lower. Robustness: Medium

Yield Table
The yield is the dry weight at crop’s harvest. Robustness: Low

All NCP outputs in a common table.
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VISUALISE SOILGUARD DATA

;-

' CONVENTIONAL TO ORGANIC

" BENEFITS - LOCATION

© BENEFITS - REGION

'~ SOIL MANAGEMENT GUIDELINES

SQILGUARD
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Proportion of arable land under organic farming (%)
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Change in NCPs when switching from conventional to organic

[ 37% of arable land is organic 44% of arable land is organic Select Benefit

|
yield 7 | yield -

soil organic carbon

(O LinecChart (8) DensityPlot () Table

soil organic carbon {fonne)
6,000

5,000 hydraulic conductivity

- Conventional Output Organic Output

4.000

0.00030 |

3,000
2,000

1,000

- L H ﬂh‘
g
A : :
. 41 : Tl AT oD e ST e o oy & B A &
@ O N A A
hydraulie conductivity (em/day) yieid (tonne) & & & f iV n.‘f’? l.tréb ,.;;!5? Ky ,gEP Sl P - é’@ AL S .:;{&
Select Benefit Select Benefit
; Line Chart Density Plot Table Line Chart Density Plot Table
I vield (tonne) NCP S X% Y% Effect of
- . — n

Tt R0 Organic Organic Shift

1,200,000,000

LRI soil organic t 55.80 55.79 001

onne o o 3

1,200,000,000 | carbon

1,150,000,000 .

R .. yield tonne 5210.25 5114.72 -95.54

1,050,000,000 hydrauli

ydraulic
100,000,000 | cm/day 5076.69 5212.23 135.54

© 9 B2 L P PR R R R REEELLLRLP PP
Proportion of arable land under organic farming sysiem
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VISUALISE SOILGUARD DATA Know your soils

CONVENTIONAL TO ORGANIC Rationale: All soils have different inherent properties that result in different capabilities and vulnerabilities. For example, clay soils have high nutrient retention but are prone to compaction, while

sandy soils drain well but are more prone 1o erosion. Managing soils based on their specific characteristics can lead to better outcomes.
BEMNEFITS - LOCATION

T What to do: Identify soil characteristics like texture and drainage. Use tools such as satellite imagery to assess field potential. Monitor areas for issues like low yield and inspect problem areas.

SOIL MANAGEMENT GUIDELINES

Assess your soil physical health
Build and maintain soil organic matter

Balance fertility and pH

SQILGUARD B This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No. 101000371. OvYding
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S I L G U A R D 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

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

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



S I LG U A R D Biodiversity monitoring

METHOD

. Morphological methods

WHO

Soil fauna

‘ Biochemical methods |- e
Mg

M

\ Molecular methods 5\

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

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



S I LG U A R D Biodiversity monitoring

Sequencing, qPCR

Abundance, richness,
community composition

eDNA (environmental DNA)

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

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

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



SOILGUARD

METHOD

10Dy
I

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

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

Nematodes
Acari

Collembola

Bacteria
Fungi

Protists

Bacteria
Fungi
Virus
Protists
Nematodes
Acari
Collembola

Earthworms

Biodiversity monitoring




Sf )I LG UARD 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?

. g >
Nematodes /7 -
;/.. - : rv
Acari ; e S With
Collembola ..
N S G
RIS ]
" Sl o,

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

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



P Molecular vs microscopic
SRILGUARD

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

Similarity Index (p/a of families) taxa in sample 2)*100%)

(Serensen, 1948)

Nematodes

-
50
40

40
@ @
2 30 Q2
o [}
£ £
© o 30
(%] (%)
5 8
X 20 >
> c
> < 20
c S
v o
3 0
o 10 (I
= | 10

O O O O © & O O O O & O O X N © & & N0 & & &

N WY A Y 9O A ) > 9 o A NGO XA

NTRYT YT SN W Y Ay Y q\;'\/ AN S A R S SO A A AR

Similarity (SI; %) Similarity (SI; %)
Number family: molecular 57 vs morphological 47 Number family: molecular 34 vs morphological 74

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

Research & Innovation programme under the Grant Agreement no. 101000371. Bongiorno et al., in preparation




Molecular vs microscopic

Animal parasites

Difficult to recognize

Extraction issues

Never found in micros/rare Not picked up by the molecular

Taxonomic issues
Relic DNA

Molecular database

S
(13.6%)

The research leading to these results has received funding from the European Union Horizon 2020 _ _ _
Research & Innovation programme under the Grant Agreement no. 101000371. Bongiorno et al., in preparation
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Maturity Index

Ecological measure of

environmental disturbance based 50 =004
on nematode species composition i is :
(Bongers, 1990) BE '
Y40
MI = (3 (p;x cp-value ) / (3 p;) 5 °
X 35 o o
= '. ® .i
% 3.0 o9 o ! ® o
s o o0 Smee
2 25 o © A 1ﬂi'1f‘r
2 o o ® '..-
Nematode-based soil health = 2 “%* ¢ hf' il .

indicator 1.5

1.0 *
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Maturity Index {microscope data)

The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371.

Molecular vs microscopic

Bongiorno et al., in preparation



N Molecular vs microscopic
S@ILGUARD

Different methods available depending on organism.

-  New methodologies available =2 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!

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

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



SRILGUARD

Litter gl - : © Intraspecific
decomposition | / . genetic diversity

Indicators
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**Guerra et al. 2021. Science: 10.1126/science.abd7926

Soil biodiversity indicators

o

The soil ecosystem interactions are very complex. Investigation of these key aspects on soils is necessary to understand soil health.

~

- 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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_ Indicators
, ' Soil carbon | Plant |
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health biodiversity :
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Soil biodiversity indicators

garthworms |

o

M mineralisation p e S

=

microbial biomass |
sail respiration r‘ o G
labile Cand N ——
micronutrients  E————
sodicity, salinity  EE———
other macronutrients (Mg, 5, Ca)
heavy metals
available M
cation exchange capacity
electrical conductivity
total M
avaidable K
availeble P
pH
fota! organic matier'carbon

infiliration

aggregation
porosity  —
hydraulic conductivity ~ E——
pETEtration resisiance _.
=0l deptn _
ShrUCtiial Stakl ity _
fexiura _
builk densily _
water storage — |
0 20 30 40 S0 60 70 80 90 100

[ ]

frequency of soil qualty indicator (%)

*Blinemann et al. 2018. SBB: https://doi.org/10.1016/j.s0ilbio.2018.01.030

\_

a8 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.

~N

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

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



Litter / B - " ntraspecific
decomposition 2 - / . genetic diversity

Indicators

Soil biodiversity indicators
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a8 The soil ecosystem interactions are very complex. Investigation of these key aspects on soils is necessary to understand soil health. R
* 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. )

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

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



. Soil biodiversity indicators
S@ILGUARD

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?

RN The research leading to these results has received funding from the European Union Horizon 2020
Research & Innovation programme under the Grant Agreement no. 101000371.




1. How many indicators

ILGUARD

|

ssewolq JNY
8SWL
H¥Odb sgl |

" AMF_biomass ' 1
| TmsB 0.8
165_qPCR
| 165V3V4_richness ke
185V4_richness 0.4
| COI_richness
| ITS2_richness 02
| 185V4V5_richness 0
| fungi_biomass I
| bacteria_biomass P
TMB
‘nematodes_abundance

protists_biomass
nematodes_richness
165Smit_richness
collembola_richness
185VEVE_richness
mites_richness
collembola_abundance

mites_abundance

dl

gL
SSaUYII Sepojelau

asuepunge sapojeluau

ssauyol Zs1i

aJUepunge sajill

SSaULDU PAEASOL
SS8UYI PASEI
ssewolq euajoeq
SSELLOK] SISH0)
ssauyou jwgol |
SSOULD S

SSaUYdIl GAPASEI

sSauUYSU BAOASEL

SSaUYII BjoquIS|joD

aauBpUNgE BIOqWB[j0

ssewoiq 16uny

ssauyol 109

100 1

cumulative.variance. percent

40 1

80 1

60 A

Soil biodiversity indicators

2

3

4 5 6

7

8

9 10 11 12 13 14 15 16 17 18 19
PCA_axes
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Soil biodiversity indicators

S@ILGUARD

1. How many indicators
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1. How many indicators

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

1. Prokaryotes richness
(16S)*

2. Fungal abundance
(PLFAs)*

3. Mites or Collembola
abundance
(microscope)™
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1. How many indicators

1. Prokaryotes richness
(16S)*

2. Fungal abundance
(PLFAs)*

3. Mites or Collembola
abundance
(microscope)™

4. TMISB or AMFs
(NLFAs)

Four measures:
>70% variation

ssewolq JNY

asSWL
Hodb S0l

SS8UYIU PAEASOL

ssaulall pASSI

ssaulyol |09

Ssauyol Zs )

SSaUYdIl GAPASEI

ssewoiq 1Bunj

SSELWOIG elajoeq

gL

asuepunge sapojeluau

dl

SSaUYII Sepojelau

SSBWOK SISN0)

SSaUYI IWSg]

SSaUYII BjoquIS|joD

sSauUYSU BAOASEL

SSaULDI sau

aauBpUNGE BlOQWa||02

BoUBpUNgE Salilu

Soil biodiversity indicators

AMF _biomass
TMSB
16S_gPCR

16SV3V4_richness

185V4_richness

| COl_richness

ITS2 richness

| 188V4V5_richness

fungi_biomass
bacteria_biomass

TMB
‘nematodes_abundance

protists_biomass
nematodes_richness
165Smit_richness
collembola_richness
183VEVE_richness
mites_richness
collembola_abundance
mites_abundance

1
'G.B

0.6

0.4

0.2

0

. -0.2

100 1

80 1

°
60

cumulative.variance. percent

.TMSB/AMF

Mites/Collembola abundance

Fungal abundance

40{  Prokaryotes richness

6

7

8

9 10 11 12 13 14 15 16 17 18 19
PCA_axes

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

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



Soil biodiversity indicators
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2. Sensitive to environmental factors or managements

prec_cold_Q{ 0.34* 0.42* 0.29* 0.44*  -0.28* 0.09
prec_warm_Qq  0.55* 0.16 0.23* 0.11 -0.3* -0.04
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2. Sensitive to environmental factors or managements

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

environment

Soil biodiversity indicators
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temp_dry Q1
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TOCH

type crop+
management
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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.

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

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



Soil biodiversity indicators

S@ILGUARD

3. High relationship with important soil ecological functions prok  fungi collem mites amf  tmsb
cropyield -0.14 018 0.15
ecosystem_stability -0.37 0.21 -0.34 0.15
. > cstock 0.14 0.32 0.29 0.11
EffECt dlverSIty litter _decomposition 0.39 -0.29 -0.18 0.18 -0.19
1. Prokaryotes richness available p 0.47 0.17 -0.19 0.20 0.35
tan 0.76 0.45 0.34 0.43
ntr 0.27 0.54 0.32 0.40 0.13 0.47
2. Fungal abundance ba 0.16 0.32 0.33 0.29 0.34
xyl 0.11 0.54 0.26 0.41 0.15 0.14
3. Mites or Collembola abundance phos 0.12 0.16 024  -0.11
nag 0.15 0.46 0.20 0.30
4. TMSB or AMEFEs nirks_nosZIZIl_ratio 0.11 0.50 0.28 0.46 0.26
aggregates 0.48 -0.19 0.10 -0.22
whe -0.15 013 0.22 0.25 0.14 0.20
infiltration 0.41 0.21 0.32 0.11
n_retained_soil -0.28 0.26 0.26 -0.14 0.19
p_retained soil -0.26 017
root_herbivores 0.12 017 0.16 0.10
leaf _damaqge 0.15 0.36 -0.25 012 0.23
Im ultifunctionality 023 0.60 018 030 0.13 u.44|

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

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



Soil biodiversity indicators

S@ILGUARD

3. High relationship with important soil ecological functions prok fungi collem  mites amf tmsh
cropyield -0.14 018 0.15
ecosystem_stability -0.37 0.21 -0.34 0.15
. . cstock 0.14 0.32 0.29 0.11
Effect dlverSIty litter_decomposition 0.39 -0.29 -0.18 0.18 -0.19
1. Prokaryotes richness available p 0.47 0.17 -0.19 0.20 0.35
Infiltration, P, aggregates, food (-) n ey 0 0 043
ntr 0.27 0.54 0.32 0.40 0.13 0.47
2. Fungal abundance ba 0.16 0.32 0.33 0.29 0.34
Stronger functional effects (MF), C stocks o 011 0.54 0.26 0.41 015 014
3. Mites or Collembola abundance phos 0.12 0.16 0.24 0.11
Water availability, C stocks, food (-) nag 0.15 0.46 0.20 0.30
4. TMSB or AMEFEs nirks_nosZIZIl_ratio 0.11 0.50 0.28 0.46 0.26
Nutrient cycling aggregates 0.48 -0.19 0.10 -0.22
whe 015 013 0.22 0.25 0.14 0.20
infiltration 0.41 0.21 0.32 0.11
n_retained_soil -0.28 0.26 0.26 -0.14 0.19
p_retained soil -0.26 017
root_herbivores 0.12 0.17 0.16 0.10
leaf _damaqge 0.15 0.36 -0.25 012 0.23
Imuitifunctinnality 023 0.60 018 039 0.13 u.44|

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

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



S@ILGUARD

(4

-

soil biodiversity descriptors
technically and conceptually
complementary

~

J

Soil biodiversity
indicators

Response of soil
organisms

Take home messages

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.

~

101000371.

The research leading to these results has received funding from the European Union
Horizon 2020 Research & Innovation programme under the Grant Agreement no.



4
s

.

S\‘Q’"“

o
o
o
(@]
C
@]
N
e
(@)
I
C
2
C
oD
C
(q0)
()
o
o
ful
>
L
()
<
+—
=
@]
—
Y
(e70]
=
©
C
>
Y
©
(O]
2
()
(®)
()
[l
(7))
M
<
()
=
-
(%)
()
ful
()
(7p]
()
=
+—
(@)
4+
(e70]
k=
©
(q0)
kY
<
O
[l
(¢0)
()
"
()
—
()
<
_I

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




Expert Panel Discussion: Measurmg soil Biodiversity, future siraiegles

for harmomzahon and challenges

‘l._’-: - — ::.l -:.l %

Ana Rocha " Tamas Krisztin | ' Nataliya Zinych Geert Magona D'ed"Ch de

(Moderator) k 3 e ™ van der Meer |8 Ghellinck

Integrated Biosphere Futures Corporate Public Affairs
~ Research Group of the IIASA

Biodiversity and Natural
Resources Program and

Manager at John Deere. ' Geert is a regenerative T
agriculture projecf | aricn IS a Lanc

, Manager at AgriLand.
manager at reNature. | -

scientific coordinator of the
LAMASUS Project.

.
"

. LAMASUS R E JoHn DeERE reNature.
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Expert Panel Discussion 2: Linking Soil Momfor%ng and Resullence to
Poll

Max Meister " Ana Rocha

Natural resource management Mirco leads the policy team |

expert actively involved in Direcior ot EU's Agrl &

r . A on soil protection and
Natural Resources Senior & European soil policy at NABU Forestry-Related Policies,

| | S sustainable land use within 238 e
Officer at IUCN and Member of the EC Expert ¢ ELO Bl e Ut and Useaod |

Group on CRCF ot Management in DG-ENV at

the EC
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