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LANDMARK SESSION: SOIL MANAGEMENT, MONITORING
AND UNDERSTANDING THE SUPPLY AND DEMAND OF

SOIL FUNCTIONS AT A EUROPEAN SCALE

J Rachel Creamer (WUR)

@ Approach, results and key messages

LANDMARK invited stakeholders to discuss with project partners the state-of-the art knowledge and EU research
needs in the contest of the LANDMARK past 30 months activities.

Session outline:

Chair: Prof Rachel Creamer (Wageningen University & Research)

* Introducing LANDMARK H2020 by the project coordinator Prof Rachel Creamer (Wageningen University &
Research)

« Stakeholder engagement: harvesting existing knowledge on soil quality and soil functions (WP1) by Dr Fran-
cesca Bampa (Wageningen University & Research)

* Monitoring soil quality and functions (Pillar2) by Dr Jeroen van Leeuwen (Wageningen University & Re-
search)

« EU policy tools for optimizing soil functions and Functional Land Management (Pillar3 & WP4) by Dr Jan
Staes (Antwerp University)

« LANDMARK Strategic Research Agenda (WP1) by Prof Rachel Creamer (Wageningen University & Research)
« Discussion and conclusions

@ Further reading

Web: http://landmark2020.eu/

Twitter: https://twitter.com/landmark2020

Facebook: https://www.facebook.com/LandmarkH2020/
LinkedIn: https://ie.linkedin.com/in/landmark2020
Vimeo: https://vimeo.com/landmark2020

Email: info.landmark@wur.nl
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SOIL MANAGEMENT, MONITORING AND UNDERSTANDING THE
SUPPLY AND DEMAND OF SOIL FUNCTIONS AT A EUROPEAN SCALE

06t" December 2017

WORLD SOIL DAY 2017 — Land, Soils and Science,
IBGE, BRUXELLES

ANDMARK

LAND MANAGEMENT: ASSESSMENT, RESEARCH, KNOWLEDGE BASE

- This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 635201.

AGENDA

LANDMARK session chaired by Prof Rachel Creamer (WUR)

10.00 -10.20 INTRODUCTION by LANDMARK coordinator Prof Rachel Creamer (WUR)

10.20-10.40 Stakeholder engagement: Harvesting existing knowledge on soil

quality and soil functions by Dr Francesca Bampa (WUR)

10.40-11.00 Designing, testing and evaluating a monitoring schema for soil

|euoi39y

functions by Pillar2 postdoc Dr Jeroen van Leeuwen (WUR)

11.00-11.20 Functional Land Management at European level: demands on soil
functions and scenario analyses by Pillar3 Dirk Vrebos & Jan Staes

(University of Antwerp)

11.20-12.00 DISCUSSION

ﬁN DMARK www.landmark2020.eu info.landmark@wur.nl @Landmark2020 -
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INTRODUCTION LANDMARK
PROJECT COORDINATOR: PROF. RACHEL CREAMER

Knowledge Regional
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LANDMARK CONSORTIUM (635201)

(Inter)national
datasets for use by
DMARK

Large-scale
experiments for
use by LANDMARK

= 4

LANDMARK
partner
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WHAT CAN OUR LAND SUPPLY?

S v“.‘;;

All soils / land perform all
L e

functions... : —
...but different parts of

the land(scape) are

better at delivering “_‘ﬂ"""" —
"'-;'.‘-‘-“"‘ il i
different functions . i “

Available online at www sciencecinect oo

ScienceDirect

FHFlSEVIER journal hemepage: www.slsavier. com/iocate

Functional land management: A framework for
managing soil-based ecosystem services for the
sustainable intensification of agriculture™
Rogier P.O. Schulte *"+", Rachel E. Creamer “, Trevor Donnellan”,
Niall Farrelly ©, Reamonn Fealy “, Cathal O’Donoghue®,

Daire O’hUallachain ©
*Teagasc — Crops, Environment and Land Use Programme, Johnstown Castle, Wiexford, Ireland
"Teagasc - Rural Ecomorny Programme, Athenry, reland

—

Teagasc — Crops, Environment and Land Use Programme, Athenry, ireland
Feagasc — Spatial Analysts Unit, Ashtoun, Ireland \
18/04/2018
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MAIN PILLAR (WP5) OUTCOMES

Pillar 1: Farm scale: Develop an agricultural
Decision Support Tool (DST) for soil
management

Pillar 2: Country scale: Design a monitoring
scheme for Soil Functions that is applicable at
regional scale, for a range of soil types, land
uses and pedo-climatic zones;

Pillar 3: EU scale: Develop a policy framework
for ‘Functional Land Management’ at
European scale that aims to optimise the
sustainable use of Europe’s soil resource

_ Knowledge Regional
7
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PILLAR 1: FARM SCALE —
THE SoIL NAVIGATOR: INTERFACE

I:l Recommendations:

Buffer strips

\/ Nutrient management plan

Minimum tillage

Lime application

More info: http://landmark2020.eu/pillars/soil-navigator-pillarl/

é _ Knowledge Regional
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PILLAR 2: REGIONAL SCALE- MONITORING

wPscience Jowmals = Books  Pubilsieng supeon Logn - Searic ) FN i

Environmental Research Letters

ACCEPTED MARUSCRIPT = OPEN ACCESS
Gap assessment in current soil monitoring networks across
Europe for measuring soil functions

Jergen P van Lecuwen?, Nicotas Saby?, Arwyn Jones?, Geertrui Louwagie®, Erka Michet®, Machisl Rutgers®,

Rogier PO, Schulte”, Adelheid Spiegel®, Gergedy Toth® and Rachel Creamers® (D

Acoepied Manuscript online 22 November 2017 + £ 2017 The Authorfs). Publshed by 10P Publishing Lid

What i an Accepiod Manuscngt?

Y accepted Manuscnpr PDF

More info
http://landmark2020.eu/publication-
tree/publication-tree-n6-gap-assessment-
current-soil-monitoring-networks-across-
europe-measuring-soil-functions/

_ Knowledge Regional
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PILLAR 3: EU POLICY OPTIONS

policy-tools-optimising-soil-
functions-pillar3/

- sustainahility e
'
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WAGENINGEN
UNIVERSITY & RESEARCH

FRANCESCA BAMPA

STAKEHOLDER ENGAGEMENT: HARVESTING
EXISTING KNOWLEDGE, REQUIREMENTS
AND PRIORITIZATION OF SOIL QUALITY AND
SOIL FUNCTIONS

i 6 u, @l Landwirtschaftskammer P J B S
CORBNHACEN. @ B INiedersachsen AGES(! B5n Sl Geten bl
]

SN\
£ 42
'L

Knowledge Regional

e ]
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WHICH IS THE KNOWLEDGE OF #SOIL ACROSS
DIFFERENT STAKEHOLDERS?

Ly #son /\
¥

—> # SOIL QUALITY and FUNCTIONS

I—} # Land and soil management practices

I—b # Actions, policies, tools, ideas, needs,
requirements & concerns

STAKEHOLDER CONSULTATION

" \."
Introduction Knowledge Regional
NDMARK www.landmark2020.eu  email info.landmark@wur.nl twitter @Landmark2020 18/04/2018
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CHALLENGE no existing
method available, so we had

STAKEHOLDER CONSULTATION i,

stakeholder workshops.

’ 1 year

k (Oct 2015- Oct 2016)
—

Who | When

J.I Workshop —
- methodology et -

Ireland -~ How ' "2 GUIDES

| Where i \ 4= —

Denmark
‘ AustrlaJ - What | —
\ )

France J A( '
Germany Knowledge & needs on soil
‘N?ﬁ;’g;ﬂhmﬁaﬂmr A’J i quality, soil functions, land and
TS a}?}tﬁ%‘.ﬁéﬁ% soil management practices,

monitoring systems, policy ,
actions, advisory services, tools

13
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.. BUT BEFORE WE LEARNT FROM YOU

g Dictor Marie
@ DictorMc

Landmark-inspiration meeting Orleans

INSPIRATION attended:

v" Farmers Maves, France

v" Regional
Multistakeholders
AGES, Austria

v" National
multistakeholders
workshop APCA Paris

v" EU multistakeholder
workshop, Bruxelles,
Belgium

215t April 2016 — Chambre d’ Agriculture Region Centre, Orleans, France

Knowledge Regional

14
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Environmental Zone

B ALN - Apine Nonn
B 8CR - Boreal

[ NEM - Nemoral
B ATN - Adantic North
B ALS - Alpine Soutn
I CON - Continental
I ATC - Atantic Central
B ~AN - Pannonian

[ LUS - Lustanian ?
I ANA - Anatolan 8=
B VOV - Medtterranean Mountains 7 & 2
[ VDN - Medderranean North o=
1 MDS - Meoteranaan South ,’ g
® rarmers workshops W £ £ .
@ Reg. multi-actors workshops e i r lv..r 3
ﬁ Nat. multi-actors B " ' ‘ Ya -
workshops # - P P s s wuntl’lﬂs &
R e 55 32 workshops =
( ¢ S0 | 473 participants | ¢
More info on STAKEHOLDER Z
ENGAGEMENT -
http://landmark2020.eu/work- s
package/work-package-1/ =
5
3
£
z
(=]
[*]
28

JEROEN VAN LEEUWEN &

DESIGNING, TESTING AND EVALUATING A
MONITORING SCHEMA FOR SOIL FUNCTIONS

DU 0. [N

WAGENINGEN

UNIVERSITY & RESEARCH

16
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IMONITORING SOIL FUNCTIONS

e Evaluation:

— Why is monitoring important?
— What is needed?
— What is currently monitored?

* Looking forward:

— Designing and testing a monitoring schema

17
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LETTER

Gap assessment in current soil monitoring networks
across Europe for measuring soil functions
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Supplementary material for this article is available online

More info http://landmark2020.eu/publication-tree/publication-tree-n6-gap-
assessment-current-soil-monitoring-networks-across-europe-measuring-soil-functions/

—
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WHY MONITORING?

= H

Tillage (crops) Biomass / Grassland Forestry
biofuel (improved) (coniferous)
= Grassland Forestry Peat NATURA 2000
(unimproved) (deciduous) (upland)

Fig. 1 - Freestyle illustration of typical suites of soil functions under contrasting land use types.

To understand the potential of our soils to deliver
soil functions and enable the formation of evidence-
based policies to incentivize sustainable soill
management, changes in provisioning of soil
functions need to be monitored

@ Schulte et al 2014 ESP 38:45-58
19
NDMARK 18/04/2018 -
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WHAT TO MEASURE?

Soil Soil Soil
Biology Nutrients Hydrology

N/

gagggggggg
THHHHUUHHL

Figure 1. Diagram of conceptual model as framework for selecting attributes in the logical sieve method.

Van Leeuwen, et al. (2017), Gap assessment in current soil monitoring networks across Europe for measuring soil functions.
Environmental Research Letters, 1748-9326.

More info http://landmark2020.eu/publication-tree/publication-tree-n6-gap-assessment-
current-soil-monitoring-networks-across-europe-measuring-soil-functions/

§ 20
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WHAT TO MEASURE?

Table 1. Top 30 of soil attributes resulting from the logical sieve. Presented are the scores from the logical sieve per soil function, and the final
scores on which the attributes were ranked. In bold the three highest scores per soil function.

Attribute/SF Primary productivity Water regulation C sequestration Biodiversity Nutrient cycling  Final score
Organic C/N/P/K 347 2.88 342 64.2
pH 2.57 2.66 331 337
Bulk density 269 263 319
C:N ratio 2,63 3.13

C mincralisation rate 3.01 2.80

Texture 218

Rooting depth 272

Microbial biomass

Drainage class 3.54

Soil temperature [ 204 259

Salinity 1.97 252

CEC 2.08 237

WHC 209

Groundwater table 242 254

Fe/Al 1.94 1.97 2.40

Earthworm community 3.23 349

Clay mineralogy 1.92 1.73 273

Soil slope 1.62 241 2.06

Bacterial community 346

Soil moisture 2.78 242

Microarthropod community 321

Fungal community 3.19

Top-layer infiltration capacity 311

Air-filled porosity 299

Field capacity days 296

Nematode community 296

Wilting point days 285 -
Enchytraeid community 275 2.7
Soil frost days 1.76 : 201 1.98 270
Redox state 2.60 260

Van Leeuwen, et al. (2017), Gap assessment in current soil monitoring networks across Europe for measuring soil functions. Environmental
Research Letters, 1748-9326.
More info http://landmark2020.eu/publication-tree/publication-tree-n6-gap-assessment-current-soil-monitoring-networks-across-europe-measuring-soil-functions/
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WHAT IS MEASURED WHERE?

Table 2. Existing soil monitoring schemes in European countries -
Country Start year of National sampling strategy Description of the site Site sampling strategy Reference 3
monitoring ;
campaign S
Type"  Number of Vegetation  Geology Slope  Exposure  Fixed Depth of Replicates/compoeites Y
monitoring (parent depth/pedological sampling -
sites material) horizon =
Austria 1986 2 10000 ves yes ves yes fixed depth various, compasite (BORIS 2014) =
Southern Belgium 2004 2 850 yes yes yes yes fixed depth 0-20 cm compasite (Colinet ef al 2016) =
Southern Belgium 2014 5 120 yo vor yes yes fixed depth Various both (Colinet 2017) £
Southern Belgium 2015 1 120 yes no no no fixed depth 0-20 am composite NA =
Bulgaria 2003 & 10 yes yes yes yes fixed depth 60-80 cm composite (Diney et al 2008)
Bulgaria 2005 2 7 0o yes no no fixed depth - replicate NA
Switzerland 1985° 3 12 yes yes yes yes fixed depth & horizons various composite (Gubler er al 2015)
Germany 1985 2 789 yes yes ves yes horizon 0-30 am composite (Kaufmann-Boll et al 2012)
Germany 010" 2 3200 yes yes yes yes fixed depth 0-100 cm composite (Kaufmann-Boll e al 2012)
Germany vanous 2 45 yes yes yes yes - - - (Lanthaler 2008)
Germany 1961 2 500 no no no no fixed depth 0-100 cm - (Kaufmann-Boll ef al 2012)
France 2000 3 2240 yes yes yes no fixed depth 0-50 cm composite (Arrouays et al 2002)
France 1991 5 19 yes yes yes ves horizon + fixed depth  soil profile + 015 cm  individual + composite
France 2000 5 8 yes ves ves yes horizon + fixed depth  soil profile + 0-15 cm  individual + composite
France 2010 2 13 yos yes yes yes horizon + fixed depth  soil profile + 0-15cm  individual + composite (Pérés eral 2011)
GB 2007 4 2955 yes yes yes no fixed depth 0-15cm indavidual (Emmet et al 2010)
GB 1971 i 1648 yes no ves no fixed depth 0-15am individual (Wood et al 2015)
Hungary 1992 3 1236 yes yes yes yes fix depth 0-90 cm composite (Virallyay 2009)
lecland 2007 2 600+ yes no e yes fixed depth 0-30 cm ? (Hellsing ef al 2016)
ledand 2005 1 1000 yes yes yes yes horzon 0-30 cm ? (Snorrason 2
leeland 1999 4 1106 yo no yes no fixed depth 0-10 cm composite (Magniisson et al 2009)
ledland 2001 i) 158 yes no o no fixed depth 0-10 am composite (Elmarsdottir 2009)
Ircland 1995 2 1310 no no no no fixed depth 0-10 cm composite (Fay et al 2007)
Ireland 2012 2 27 yes yes yes yes horizon >80 cm individual (Creamer et al 2014)
Ireland 2015 2 0 yes yes yes yes borzon >80 cm composite (Teagasc 2017)
Ircland 2006 5 6l yes yes yes no fixed depth 0-25 am composite (Schmidt 2015)
laly 1986 7 " yes no no no fixed depth 0-60 cm replicates (Mazzoncini et al 2016)
Traly 1993 7 256 yes no no 0o fixed depth 0-60 cm replicates (Sapkota et al 2012)
Ttaly 2001 7 175 yes no no no fixed depth various replicates (Mazzoncini et al 2010)
Netherlands 1993 0 ~300 yes no no no fixed depth 0-10/0-20 em composite (Rutgers et al 2009)
Netherlands 1984-2004 1 1.387.000 no yes no no fixed depth various composite (Retineveld ef al 2009)
Netherlands 1984-2004 1 > 280,000 no yes no no fixed depth vanous composite (Retjneveld et al 2010)
Portugal 2015 3 100 yes no no no fixed depth 0-10 am replicates NA
Scotland 1978-88 2 195 (183 with soil) ves yes yes yes horizon >80 cm individual (Chapman et al 2013)
Slovenia 1989-2007 2 a2 o yes Yoy fixed depth 0-30 cm composite (Zupan et al 2008) ¥
Sweden 1995 4 2034 yes no no no fixed 0-20, 40-60 cm composite (Eriksson et al 2010)
Types of sampling: 1: random sampling, 2: systematic sampling, 3: judgmental sampling, 4: stratified pattern with random sampling, 5: stratified pattern with systematic sampling, 6: stratified pattern with directed sampling, 7: nested g

pattern with random sampling, 8: nested pattern with systematic sampling, Reports for SMNs in Belgium and Portugal not yet available

Van Leeuwen, et al. (2017), Gap assessment in current soil monitoring networks across Europe for measuring soil functions. Environmental
Research Letters, 1748-9326.
More info http://landmark2020.eu/publication-tree/publication-tree-n6-gap-assessment-current-soil-monitoring-networks-across-europe-measuring-soil-functions/
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WHAT IS MEASURED WHERE?
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Van Leeuwen, et al. (2017), Gap assessment in current soil monitoring networks across Europe for measuring soil functions. Environmental

Research Letters, 1748-9326.

More info http://landmark2020.eu/publication-tree/publication-tree-n6-gap-assessment-current-soil-monitoring-networks-across-europe-measuring-soil-functions/
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Van Leeuwen, et al. (2017), Gap
assessment in current soil
monitoring networks across Europe
for measuring soil functions.
Environmental Research Letters,
1748-9326.

More info
http://landmark2020.eu/publication-
tree/publication-tree-n6-gap-assessment-
current-soil-monitoring-networks-across-
europe-measuring-soil-functions/
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Van Leeuwen, et al. (2017), Gap assessment in current soil monitoring networks across Europe for measuring soil functions. Environmental
Research Letters, 1748-9326.
More info http://landmark2020.eu/publication-tree/publication-tree-n6-gap-assessment-current-soil-monitoring-networks-across-europe-measuring-soil-functions/
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FUNCTIONAL LAND MANAGEMENT AT EUROPEAN

LEVEL: DEMANDS ON SOIL FUNCTIONS AND
SCENARIO ANALYSES
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Funtional Land Management

Aim: Optimize the sustainable use of Europe’s soil resource
across all major land uses: grassland, arable and forestry.

1. Evaluate legislation in the EU and member states with regard
to direct and indirect impacts on soil functions.

2. Translate policy and future trends into scenarios for demand
for soil functions.

3. Optimize soil functions accross the EU in light of these
scenario’s.

: .
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The Im pact of ]‘uli(_\' Instruments on Soil
Multifunctionality in the European Union

Vrebos D, Bampa F, Creamer R, Gardi C,
Ghaley B, Jones A, et al. The Impact of Policy
Instruments on Soil Multifunctionality in the
European Union. Sustainability 2017; 9: 407.

More info: http://landmark2020.eu/publication-
tree/publication-tree-n-4-the-impact-of-policy-instruments-on-
soil-multifunctionality-in-the-european-union/ it

1 Inirnduction
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More info: http://landmark2020.eu/publication-
tree/publication-tree-n-4-the-impact-of-policy-instruments-on-

Eva|uati0n of EU |egiS|ati0n soil-multifunctionality-in-the-european-union/

35 different documents were considered important for their potential
impact on soil functions in agricultural areas:

22 Directives, 8 Regulations, 4 Communications and 1 Decision.

Table 1. Overview of 35 policy documents, which were analyzed for effects on =oil functions. For each of the documents the general title, document type, and offficial
number are given. For each document their impact, direct (dark gray) or indirect (light gray), onecach of the five soil functions is given. Ifa direct impact is considered
relevant, then the article numbers are given. In some cases almost the entire document has an impact on a function. In that case not all the article numbers are given,
but a reference “Directive” or “Strategy™ is given in the table.

: T Production of Food, Water Purification and " Habital for Recyeling of iExiemal)
Agricultural Policies Type N Eiber and (Bio)Fuel Regulation Carbon Sequestration Biodiversity N JAgro-C I
“Furopean Agriculiural Fund =
e S i Regulation 1305/ 2013 Directive _ Artiche 5. 3 Anticle s
“Finanding Managemeni and TR = > "
Plorerdogy Regulition  1306/2013 Directive Artiche 93,98 Annex Il Articke 93 98 Annex Il Artice 93, 94: Annex 11
Dhrect Payment Regulation 130/ 2013 Directive Article 4. 45 Article 44,45 Article 44, 4%
Ca of I
o b Regulation 1308/ 2003 Directive
b i Directive o1/414/FEC At &1 Asicle 4 Avicle 4 ety
Niirates Directive Drective 1091/ 676/ Article 2 Article 2
GMO Dircctive Directive 2001/ 18/F Directive Article 2-Annox 11 Artiche 2-Annex I Aticle 2-Annex 11 Article 2-Annex [
Peaticide Use Dinctive Dirvtive 2009/ 128/ FC . Articke 12 -

Indusirial palicies

" Industnal Embsstons Directive  Directive 2000/ 75/EU — - _ o = Annex [

Landfill Directive Directive 19w 3 JEC
Mining Waste Dinsctive Directive 2008/ 21/EC - - ¥
5 ™ . Production of Food, Water Parification and i ’ Habital for Recycling of (Estemal)
bndustrial Pelicies Type b Fiber and (BioiFuel Reguiation Casbon Sequrcatratios Biodiversity Nulrients/Agro-Chemicals
Brocidal Products Regulstion  Regulation 28/ 2012 - Article 19 = Article 19 Rrtlele 1
Waste Dirvctive Dircctive 2008/ 98/EC ANNEX [T . 5
Usban policies -
Sewage Sludge Directive Directive 86,278/ EEC Article s, 7 Article 8
“Usban Waste Water Directive  Dinctive /T ERC Dirvctive . B .
T — =
Carbon Storage Directive Dinective 2008731 JEC - - . = =
Kenewable Energy Directive Directive 2009/ 28/ EC Article 17
Maonitoring and reporting . o = a "
gocenholise g1s emisshons Regulation 529/ 23/ FU Article 7
mnr:;:?urf ::‘::ﬁ:;x Communication  COM /2016/479 . - - . [— ]
S Fchieale & vouyy Communication  COM(2014) 15 Section 24 g -

framwwork

More info: http://landmark2020.eu/publication-
tree/publication-tree-n-4-the-impact-of-policy-instruments-on-
soil-multifunctionality-in-the-european-union/

Examples of Regional legislation

» Translation of EU policy to national/regional level differs and can
interact with other region-specific legislation.

* Final outcome of EU policy on soil functions can therefor differ accross
the EU.

[}

. European Policy Regional Policy

\ Beshait van de Viaamse Regering van 8
| met

| CAP1307/2013 CAF 1305/2013 2009 botreliende de erpsiebestrijding,
: + * gewijzigd bij het beshull van de Vissmse
i ring van

) Cross-Compliance Rural Development Flan ¥ februan 2014
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Conclusions

* Soil functions are impacted by different policy domains and levels of
legislation.

* Some functions are directly addressed by a policy, whereas others may
be indirectly addressed, depending on the policy and on the location or
region where it applies.

* Policy documents do not directly deal with all soil functions. In most
cases, only a few functions are affected directly or indirectly within
specific designated areas.

* More research is needed on the combined effect of European and
regional policies on soil functions in agricultural ecosystems to
understand their fully combined effects.

More info: http://landmark2020.eu/publication-tree/publication-tree-n-4-the-impact-of-policy-instruments-on-soil-multifunctionality-in-the-

european-union/
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STRATEGIC RESEARCH AGENDA: APPROACH

N
Relevant :
research “\1
Stakeholder questions Avallable
questions (Task 1.4) Data

(Task 1.2) (from WP2)

Existing knowledge
{incl. scientific lit)
(Task 1.3)
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