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EJP soil — biggest achievements from AB perspective “Z‘{@ ﬂ

So much, and:

« Agricultural management — soil interaction

» Socio-economic perspectives; stakeholder involvement

* Ontology — common language — hamonisation of concepts and methods
« Data management — shared knowledge network

 Early career network

e Soil enthusiasm

.... and much more



Emerging discourses on soil systems

Why is solil perceived as relevant?
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Soil in socio-economic system

Soil as a natural Services
ressource
— = Food / Fibre
Climate
v factors Energy
— Ecosystem Services
External Soil
Conditions ™  Management ™ == Climate Change Mitigation
Drivers
— Adaptation
Site R
Conditions i Ressource Use Efficiency
Soil

— Functions - Desaster Control



Europe: “Zf‘éz"}

external drivers for agricultural, urban, forest, nature land use =

Drivers Land Use types
Technology and management
242
Agriculture
399
Demography
42
Policy and institutional arrangements
127 » , @0 ¢ Soils
el s SOLO for
Economy 94 +00 Europe
105
Forest
v 69
Nature and environments P
174
Nature
232

Socio-cultural context

104

Chowdhury et al., SOLO D3.1, 2024



Agriculture: drivers of technologies and practices

affecting soil health objectives
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Foresight
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B |

Barriers of today, opportunities for tomorrow?



Emerging drivers of soil management

'« Demand / Product prices

« Factor costs

+ Policies

+ Education and training

\.* Research and Development

* Available agricultural land
Soil degradation

* Climate change

* Natural resources (water, P)

+ Digitalization

» Data management

* Robotics

* Biomass technology

= Multiple Drivers

Techno-
logical

Techen & Helming 2017. Agronomy for Sustainable Development



Emerging drivers affecting agricultural practices z‘i@y @

External drivers

Categories Practices

J Fertiliser, Pesticides, Water...

Intensity \ }

"
Crops, Legumes, Lignocellulosic crops, new cultivars, rotations,
rotations undersowing )

. . . \
Tillage, Subsoil management, weight control, contact stress,
autonomous machines

/

-
Fertilisers, Precise application, new pesticides, recylcled fertilisers,
pesticides microbial inoculation, irrigation

J
Spatial J Agroforestry, patch cropping, diversification, alley
patterns [ cropping, mixed croppsing

Techen & Helming 2017. Agronomy for Sustainable Development

Techno- logical




Foresight on emerging soil management:

signal strength and time frame

Direct Importance of policy for
changing practices: Blue, bold:
(potentially) high;

Long term

Jrather 20 than 5 years”

small autonomous

Leibniz
Association

Blue, italic:
ambiguous; agroforestry & machines
Grey practices: . .
low intercropping
oo T s @ore/less divers@
field sizes,
transition crop varieties
zones irrigation
Weak Signal @ Strong Signal
New fertilizers from|recycled nutrients
subsoil management pesticides

quantitative intensification

organic input

/N

soil consprvation behavior

crop rotations more diverse

Short term

prather 5 than 20 years”

optimized routes,

tire pressure,
precision farming

Techen & Helming 2019. BonaRes report



Landscape-  Organic Crop Soil- Reduced Wheel- Timing of
elements Fertiliser ~ Rotation Cover tillage pressure  Operations

Trade-offs
Technolo
Land oy N
» Costs competition Cash crops Labour Monitoring
> Systemic Arable Value Crop Rotation
Livestock Chains
Changes Interaction

Strauss et al., 2023. Agronomy for Sustainable Development



Energy consumption of different management practices
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Mineral Fertilizer Liquid Manure Green Manure
Conventional Organic
m Total fertilizer energy = Total pesticide energy = Total combine energy

Total storage and drying energy  ® Other energies

Aghabeyagi et al., in review

Rotation:

CR 1: wheat-barley

CR 2: wheat-barley-rape

CR 3: barley-wheat-rape-bean-
wheat-rye



Future Agriculture?
Uncertain, diverging visions

High-tech large scale

Lt

Busines as usual

https
wp-

content/uploads/2
T-in-Agriculture.jpg

vw.techiexpert.com

https://w
agricultural-ai-b

t.com/insights/wi
future-of-farming/

http://patrickwhitefield.co.uk/wp-content/uploads/2015/02/mulch-14
1024x682.jpg

K. Helming

Agroforestry High Tech small scale

care farming

https://www.thuenen.de
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sustainweb.org/resources/images/food_growing/com
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Digitalisation

Big data

. é
l:.r
.
Sensors Robotics Artificial intelligence Prices/Profit

Farm level data and tools Policy Landscape data and tools 1 ) M O n i to ri n g
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Policy analysis, design and implementation

Basso & Antle, 2020. Nature Sustainability



Farmers perception of digitalised agriculture Z‘i@ @

Digital
agriculture

Economic
Biodiversity Re.squrce stability
efficiency

: Productivity . .
Water quality Regional supply chains

MacPherson et al,, in revision



Farmers perception of digitalised agriculture

Legal Data Payments for Producer price
framework harmonization ESS

Digital
agriculture

Economic
Biodiversity Re.squrce stability
efficiency

: Productivity . .
Water quality Regional supply chains

MacPherson et al,, in revision



Farmers perception of digitalised agriculture f«'@m}

Leibniz
Association

Legal Data Payments for Producer price
framework harmonization ESS

Digital
agriculture

Work Risk

conditions management

Energy Water Nitrate Product

iversification

consumption Retention Emissions successors d
Nutrient l \ \ ‘\
Landscape Sslance E.cologi.cal Regional self-
Diversity ﬁn integrity ‘ Yield Stability < sufficiency
% '

: ‘ Economic
Biodiversity Resource Soil health stability
efficiency

Farm

Field size

<

1\

Productivity

Water quality Regional supply chains

MacPherson et al,, in revision



Scenarios

Scenarios

» Deal with uncertainties — N
> Future threats & challenges e

» Windows of opportunity
» Solutions for tomorrow

Qase— Plausi- > Possible
line ble




Why scenarios?

Future management scenarios

Intermediate purposes

Integrate knowledge
from different
disciplines & sources

|dentify R&D Facilitate risk
priorities perceptions

Inputs for
modellig and
assessment

Ultimate purpose

Support stakeholders in understanding dynamics, explicate
alternative futures and better shape management strategies




Shared Socioeconomic Pathways

Socio-economic
challenges for mitigation

high A

* SSP5: % SSP 3:
(Mit. Challenges Dominate) (High Challenges)
Fossil-fueled Regional Rivalry
Development A Rocky Road

Taking the Highway *
SSP 2:

(Intermediate Challenges)

Middle of the Road

X SSP 1: X SSP 4:

(Low Challenges) (Adapt. Challenges Dominate)
Sustainability Inequality
Taking the Green Road A Road Divided
>
low Socio-economic challenges high
for adaptation
Seite 20

(O'Neill et al. 2017 in Global Environmental
Change, doi: 10.1016/j.gloenvcha.2015.01.004)

Developed in the climate change
research community (O'Neill et al. 2017)

.Pathways in the 21st century”

Combining alternative futures of climate
and society

SSP storylines, including specifications
for land use, SSP public data base at
IIASA (modelling results)

Used in combination with greenhouse
gas emmission trajectories (RCPs)



Shared Socio-economic Pathways (SSP) scenario

framework Adoption and experiences

« Widely adopted: used as framework in other settings
« Regional and sectoral specifications

Pros:
» Consistency, Comparabillity, clarity

» Acceptance and visibility

Water
(supply,

d ,
dallenges:. Agriculture ex?rrg?nrg)
Challeng
 Applicability at regional arjd local scales o e Land -
« Capture relevant perspectives and uncertainties :
Ecological

» Keep scenarios up to date
* Improve relevancy: capacity building,

Living i
. . oy epe h dard i Method
communication, accessibility, stakeholder et mm =

involvements

M
m

(O'Neill et al. 2020 Nature Climate Change)



Eur-Agri-SSPs: Shared Socio-economic Pathways for

European agriculture and food systems

L 0L O [
WlFO - @ :_:’E ==z Im

Univessity
@ HELMHOLTZ ;‘\\Ey_l L-l‘. Q UNIKASSEL
G |Oba| ;li‘?m”?:“"“"ﬁ ’%‘ Luke SB NIBIO VERSITAT AWAFE'W'NGEN INRAS

A

§ |2 ol SSP 1.5
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£ T kssea Thematic: alternative future
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Socio-economic challenges Nat * Tlme Scale' 2050

for adaptation

Reg ° Sceqarip type: p'roblem—f-ocused,. ‘
qualitative storylines, semi-quantitative
specifications of plausible futures

Eur-Agri-
SSPs Global National Regional

Mitter, Techen, Helming et.al. 2019. J Env.
————  Sub-sectoral Mangement

Mitter ,Techen, Helming, et al., 2020. Global
environmental Change

DE-Soil-
SSPs




Downscaling Eur-Agri SSPs to soil management in DE «Zﬁ@g ﬂ

Stakeholder Workshops for specifying SSP storyline elements for soil management

Apply SSP protocol of Eur-Agri SSPs
5 online participatory scenario workshops, 2020/2021

2 English workshops + outreach/international collaboration

3 German workshops

90 participants from 6 stakeholder groups: Foflis (inpted:ntc.)logydani er.1V|tr_on*ment
State/Policy fgd 1. Population and urbanization

*
Civil societies 2. Economy

Agricultural associations
Enterprises

Farmers 5. Environment and natural
Academia resources

3. Policies and institutions*
4. Technology

$o1:-] 1

&

Bayer, Evgrafova, Arndt, Helming et al., in prep



Results: Environment and Natural Resources

S| o o |

Remairs

[ o eee | S

Storyline elements

' SMP1 | SMP2 | SMP3 | SMP4 | SMP5 |

Soil
management
practices
focusing on

Agricultural landscape diversity
(i.e. field size and transition
Zzones)

Integration of intercropping and
agroforestry

Diversity of crop varieties

Diversity of crop rotations incl.
cover crops and legumes

Subsoil management

Machinery weight and contact
stresses

Intensity of tillage

Application of precision
agricultural practices (e g. plant-
or site-specific)

Use of pesticides

Use of organic inputs, incl.
inoculation and new fertilizers
from recycled nutrients

Use of mineral inputs

Use of irrigation

Resource
depletion
induced by

Amount of agricultural land take
(e.g. urban areas, streets etc.)

Amount of agricultural land
transferred to nature
conservation areas

Status of soil
functions

Biomass production

Storage and recycling of
nutrients

Filtering and storage of water

Habitat for biological
activity/Biodiversity

Carbon sequestration

Qccurrence
of iInvasive
species

Amount of weeds

Amount of pests

Mumber of diseases (soil-,
water-, air-born}

Wildlife migration through the
farms

Affecting cultural landscapes

Association

SMP1 — Sustainable path
SMP2 — Slow change path
SMP3 — Nationwide path
SMP4 — Divided path
SMP5 — High-tech path

Challengesfor mitigation

Challengesforadaptation

Bayer, Evgrafova, Helming et al., in prep



German Soil Management Pathways (DE-SMPs): Lo

Leibniz
Association

€ sonares

5: High-tech industrial 3: Soil management to ,
soil management in a sustain national food and

globalized environment ~ energy security in a highly
isolated environment

2: Slow changes in the
current soil management
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Challenges for adaptation

=

Bayer, Evgrafova, Arndt, Helming et al., in prep 25



Key messages from the Soil Management Pathways %ﬁ@ ﬂ

« Socio-technical innovations and technology uptake are improving strongest ~ SMP1 - Sustainable path
in SSP1 (high-tec) and SSP5 (sustainable), but the implications for SMP2 — Slow change path
sustainable soil management are different across the SSPs SMP3 — Nationwide path

SMP4 — Divided path
* Policies and international trade-regulations and standards determine inhow  gMPp5 — High-tech path

far innovations only improve (economic) efficiency or also sustainability

4

« Diversification is key in SSP1 (sustainable): rotation, intercrops, agro- ) S 3
forestry, value chain diversification £
.E
. . . . . 5 2
» The food value chain, consumption and dietary choices strongly determine ¢
farmers room for manoeuvre on sustainable soil management 5
5 1 4

» Mixed message on de-globalisation: meeting national needs may increase
production and put additional pressure on soil; but producing fodder
protein may actually be of benefit for soil health

Challenges foradaptation

Bayer, Evgrafova, Arndt, Helming et al., in prep



Key messages from the Soil Management Pathways «Zﬁ@ ﬂ

SMP1 — Sustainable path
* BAU (SMP2) was not a desired future; SMP2 — Slow change path

. : : : : . . SMP3 — Nationwide path
* Sustainable path (SMP1) integrated technological with societal innovation and  g\1p4 _ Divided path

consumer cooperation SMP5 — High-tech path
» High-tech path (SMP5) used technology for improving efficiency but mostly .
ignored diversification ] 5 3
» Divided path (SMP4) was often seen as representation of the current state é" ,
* Nationwide path (SMP3) scored worst on environmental health E
5 1 4

» Diversification key point (integration of high-tech with biological methods)

Challenges foradaptation

Bayer, Evgrafova, Helming et al., in prep



Stakeholder based Soil Needs Assessment in Europe

Analysis in 20 European regions, alle land use types

Copyright © 2023 Leibniz Center for Agri

(ZALF)

Sourses Esn USGS. NOAA

PREPSOIL Regions

Land uses

‘7 —‘ Agriculture

- Cow dairy farming Gelderiand, NL

- Sheep agrosilvopastoral farming, Sardegna, IT

- Irrigated arable farming, Comunitat Valenciana, ES
- Olive farming, Andalucia, ES

- Annual cropping central, Brandenburg, DE

- Vine farming, Aquitaine, FR

- Annual cropping north, Eastern DK, DK

- Annual cropping south, Emilia-Romagna, IT

- Organic mixed farming east, Del-Aliold, HU

A10-

Mixed farming north, Trondelag, NO

- Forestry

FO1 - Forest north, Upper Noordland, SE
FO02 - Forest peatland northeast, Scomaa, EE
FO3 - Forest tourism southeast, Koprulu Kanyon NP, TR

Mixed
MO1 - Agro-forestry in Dehesa, Extremadura, ES
MO3 - Alpine tourism, Rhone-Alpes, FR
M04 - Peatlands, Eastern and Midland, IE
MO5 - Reforestation, Jihovychod, CZ
Urban and Post-industrial
U01 - Post-mining, Slaskie, PL

U02 - Dense urbanism, Noord-Holland, NL
U03 - Post-mining, Vzhodna, SI

[ | National borders

500 250 0 500 km

T .

CLIE

Lot

Leibniz
Association

i

Soil needs:

“what soil needs from
humans to serve human
needs”

PREPSOIL Deliverable D2.1



Stakeholder based Soil Needs Assessment in Europe zﬁ@g

L
Association

Stakeholder workshops

Brandenburg, Germany

Annual cropping

Stakeholder groups involved
&ﬂt = Policy and Govemment

= Research
Soil and Other Advisors

Stakeholder
Interaciton

Farmer/Land User

6%
26% = Business
m C50 and NGO

> 500 individuals in total

2%

16%

PREPSOIL Deliverable D2.1



Drivers of soil management

CAP o
Migration

IR Eco-tourism

Sunk Investments )
Dietary preferences

etugsperacnaes Community activities

Policy-Economy l - Socio-Culture
Agriculture

.,

rban-Industrial

PREPSOIL Deliverable D2.1



Soil needs in Agriculture

Soil improving management solutions are available but barriers are

high

= Remove economic, policy and knowledge barriers to soil
Improving management

= Redirect policy (CAP) to support provision of ecosystem services
alongside production

= Integrate agro-ecological principles with modern technologies in a
systems aproach

= Acknowledge cultural identity, ownership, and a sense of
belonging to an area.

= Engage consumers into the transformation
= Consider path dependencies and land use history

PREPSOIL Deliverable D2.1



Conclusions

Understanding future conditions helps to identify the room for manoeuvre for
sustainable soil management

Soil improving management requires systemic changes at the level of farming
systems (and food system), not single interventions

Consumers and value chain play important role in transformation, alongside
technology and policy

Solutions are site specificities, but do not get lost in details when communicating



Planetary boundaries: where is the soil?

Soil is more than
SOC

Richardson et al., 2023, adapted

Climate
Change

Change in . .
Biosphere CO»-Con- Radiative ?&’f""‘;’fg:\&tm;h
Integrity \ centra- Forcing [——*

Functional
Integrity

Land Stratospheric
System Ozone
Depletion

Green
Water

Increase in
Atmospheric
Aerosol
Loading

Blue
Freshwater \jter

Change

Modification of
Biogeochemical
Flows

Ocean
Acidification

https://www.pik-potsdam.de/de/produkte/infothek/planetare-grenzen/planetare-grenzen



Thank you for your attention
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