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Preliminarydiscussion

1. Why do we need a soil healtidicator?

Gt A CalpaiNdd open to all. It is to be expected that each herdsman will try to keep as many cattle
as possible on the commons. [...] As a rational being, each herdsman seeks to maximize his gain. [...]
Adding together the component partial utilities, the matal herdsman concludes that the only

sensible course for him to pursue is to add another animal to his herd. And another; and another....
But this is the conclusion reached by each and every rational herdsman sharing a commons. Therein
is the tragedy. Edrman is locked into a system that compels him to increase his herd without limit

in a world that is limited. Ruin is the destination toward which all men rush, each pursuing his own
best interest in a society that believes in the freedom of the commmeddm in a commons brings

ruin to all¢ (Hardin, 1968)

{2Af &adzZFFSNBR FTNRY (KS a2 OFftSR aiGNI3ISRe 2F (KS
original paper corresponds surprisingly well to our current situation. Competing interests maximizing

their personal utility in their usage of limited sgisource2 TSy R2y Qi O2y @SNHS (2
situation for society. Our current institutions fail to efficiently manage soil. This is due to multiple

causes.

1) ¢KS &2 Ol ff SR & ¢ NhviboSniedtal grdblenis&onre 2eNdud ag tifhe
horizons that are not those of our institutions. It has been described in a famous speech by
the governor of the Bank of England Ma@ameyd ¢ KS OF G F &G NR LKA O A YL} Oi
changewill be felt beyond lhe traditional horizons of most actogsimposinga cost on
F dzii dzZNB ISYSNYGA2ya GKFEG GKS OdzNNByd 3ISYySNI G
2015).

2) Underestimating nodinear changes and low probability events: Markets are not well
equipped to takle threshold where heauwyon-linearchanges are triggeredr low
LINPOIFOAfTAGE aGalOlFAf S@OSyGaed 6. NDSNREAS HAMOUD ¢
the mathematical development of finance that attempts at rationalizing the course of
socieB GAGK LINRPOFOAfTAAUGUAO flga oAGK dzyRSNBalGAY!
soils may be very sensitive to extreme droughts that occur only once every century, market
R2Say Qi Lizi AyOSyiA@S 2y YAGAIl (rhmBriskiKS STFFS
not included.

3) 9EGSNY It AGASE 6KSY || LRNIA2Y 2F GKS 0240 | a4&:
Syidade GKIG R2SayQil KIFI@S lyeg AyFtdzSyOoS 2@SNI i
soil, an example is the cost of water g&ation that is not borne by the landser who is
however partly responsible for part of the associated cost (Brown, 2018).

While the tragedy of the common only leads, in some cases, to some inefficiencies with manageable
impact, it can also lock us @ntrajectory toward a state of our earth system unsuitable for the
existence of human societies. This trajectory musabeided,and the causes described above must

be addressed.



A possible approach is to try to evaluate the soil capital and the assé&cida ¢ SO2aeaiSY aSNE
multiple reasons this is however a difficult task to perform #melefficiencyof the approactcan be

doubted (Baveye et al., 2016). One ofteasonsh & 06 SOl dzaS A G0 R2SayQd KSft LI
K2NRT 2yé |yR GKIFG adzOK IHinedritidsddudien st ofbielnedtgre of STt S O
soil could be simply associated with the loss of the value of all the products that could have been

grown on it. However, one would be very shaighted in considering that loss of 90%Eafropean

soils would result only in a loss in value equivalent to the products that could be grown on this soil.

We need a different approach at the crossing betweendopvn regulation accountabilityof actors,
compromises between stakeholders and positive incentives. What the nature of the policy should be
is not our purpose to debate here. Howeysucha policy willheed:

1) Asciencebasedindicator of performance to ke sure that the implemented policy go in
the right direction and are ambitious enough to avoid putting the society on a dangerous
trajectory.

2) Strong narratives to communicate to the general public for this policy to be supported.

{ OA Sy OS Q aakm@nbliGes hudito rffaRelisure that the public debatevsareof the long

GSNY 2NJ aNINB¢ O2yaSljdsSyoSa 2F (KSasS LRftAOASad {
public decision. This is the role we see for a soil heattbx:extend, throwgh science, the horizon of

decision making to account for long term effects, externalities and extreme esedigure )
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Figure 1: Role of our soil health index: extending the horizon of decision making to account for long term effects,
externalities and extreme events

WK2Yy S5

2. Who is our public?

The question of soil health concerns a multitude of differdaksholders, and therefore there is a
multitude of angles from which the question can be approached. Before constructing an indicator of
soilhealth,it is essential to determine from which angle we consider it. On the smallest scale (e.g. a
farm) the soifunctions are usually maximized in order to lead whart-term efficient biomass



production. The objectives directly concern the land managers and provide a return on investment.
When the angle of approach widens (e.g. a country), the same functioitebse associated with
longterm sustainability objectives such as, for example, mitigation of climate change or
maintenance of biodiversity. In this case, the return on investment materializes at a societal level.
Schulte et al., 2019 particularly undeds these two different approaches by distinguishing the
functional objecties from the societal objectivdsee figure 2

As part of our soil health indicator, a societal approach is considered. As suchmattscale
approach, a stakeholder taken individually may not directly feel concerned by soil health and may
even consider it as suboptimal for his own land use. $has iaspect of the tragedy of the commons
discussed above. While some aspect of soil health may lead twiniimprovement for farmers

and water treatment facilities, they may, for example, not be a-win improvement for farmers

and fertilizer producingompanies. Rather than trying to find-benefits at all cost we think it is
important to acknowledge potential tradeffs. Policy making is made of compromises and it is its
role to compensate for what a certain stakeholder may lose whereas the societyiences overall
gains.

Moreover, it is important to distinguish between soil issues that affect long term sustainability or

efficiency of processes outside of the scope of the land user from ones that affect short term

efficiency of biomass productior KS &S 02y R A&dadzS R2Say Qi NBIjdzA NB i
elaborated since the shoterm interest of the farmers are already aligned with the necessity of

solving it. However, issues that fall in the first category are to us where the Soil Haad#tpe is of

most importance to reconcile whole society's interest with the one of the land managers.

Considering soil health as a societal problem does not mean that such a definition cannot be used or
reported on an individual scale. This soil hedtiticator can be of use by individual stakeholders,
enabling to see further than the perspective induced by a stesrh thinking markefogic and

provide alongterm perspective. Does my city risk flooding in case of heavy rain? Wilhityen

still beable to cultivate the samsoil, or will it already have eroded away? Those are questions that

fall off the shortterm thinking and that do concern our farmers. For example, Anne Schelhaas dairy
farmer on peat soil mentioned this kind of concern during ititerviews led within the challenge.

Our approach is to take a societal angle. We think any citizen sh8uld®2 y OSNY SR I 602 dzi &
I S| f Théteafore, the concept of soil health we develop, while still meaningful for individual land
users, takes all itsignificance in case of muli G I { S KdisCuBsBéE Q



Soil Function

Functional objective (farm
scale)
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Figure2: Functional and societal objectives associated with soil functions. Retrieved from Schulte et al., 2019

3. A discussion on scale

When discussing sdikalth, a discussion on scales is inevitable. Having a healthy soil does not mean
the same thing at a plot, watershed, national or international scale. Scale is important for two
reasons.

The first one is that different soil issues will have differentvetd scales of study. When discussing
soil sealing, avatershed scalenay be relevant. If discussing soil carbon storage, a national or
international scale may be more relevant. If discussing soil organic matter content, the plot scale
may beenoughto reach a conclusion.

The second reason is that locally achieving healthy soil should not be done by exporting the issue
outside of the scale of study. If being able to have healthy soil in Europe relies on unhealthy soil in
south America either for nutrientugpply or for compensating the losspnoductivity,we may be

missing the point.

Since soil health aims at aligning soil management with UN SDGs that have a global significance, the
soil health concept should not lose track of this global scale espestadiy it comes to nutrient

supply and food security. We will come back to this discussion about scale when we will discuss in
more details our proposal of a soil health index. When necessary we also highlight what is the spatial
significance of the concepliscussed.

n® b{daAaldlFIAylFIoAftAlE O2yOSLIiasty | o0SYyOKYIl NJ
¢CKS 1jdzSadAz2y 2F RS@GSt2LAy3a dadzadlAylFoAtAde
field of soil. We here shortly review some of these indicators.

02y OS

4.1.Nonrelatedto soil

4.1.1Climate

The first, most obvious, comparison can be done with climate. While the first scientific consensus
Fo2dzi 3t 20Ff gl NX¥AYy3a OFYS Ay GKS ynQa A0 G221
transformed into (still insufficient) global actiofhe efficient tool that was developed and refined

over the years is the use stenarios By estimating yearly global emission and different possible
trajectory, scientisteoulddraw different possible futuresuntil all societies reached in 2015 a

relativS O2yaSyadzi 2F aGadleiay3da ¢Sttt o0St26 Hc/£€d LF 0

n J



conseguences on our daily life were drawn (rising water level, droughts, increase of extreme water
S@SyGa SiOXxlkieabbo(n8aiywas gidth mokeefic Sy i G KFy 22485 dzZNBS 2
SYyrxaairzyaé 2N aal aibbjeSive hatBoiétydrould folde&NIDiS &hd poktical

decision maker accountable for.

The idea ofrajectoriesthat structured the discussion about climate must also be retdiwhen

discussing soil health. What matters is not so much whether greenhouse gases emissions are too

KAIK y2¢ o0dzi oKSGKSNI 6SQNB 2y GNIF O]l G2 NBRdAzOS (K
4.1.2 Planetary boundaries

The concept oft LI I y' S (i I NBntra@cedybyRRodkEtrém et al. in 2009 is a popular concept

that extended the concept of boundary for climate to other Earth System processes such as
freshwater use, landystemchange, biosphere integrity etc.

2 KAETS adlreAry3a gAlKA yhsuileKhatSFsau® Beilny rRdcHed Bisia R2Say Qi S
prerequisite for it.

' N& Ot

Q¢
(¥p])
¢

hyOS 062dzyRFNASa (KIG akKz2dzZ RyQid o6S ONRa
may lead to action.

wSOSyi aaSaaySyida DPYLIINBZYBIANE | &2 dzaRIE NS 0SSy I |
potential options for society (Bodirsky et al., 2084ringmann et al., 2018, Conijin et al., 2018).

4.1.3 UN Sustainable Development Goals (SDGSs)

¢tKS RSTAYAGAZ2Y 2F az2Aift KSI t ditKof & PedifickiRdofsdiltal 2 (G KS C
Fdzy QliA2ys O2yGNROdziAy3d G261 NRa | OKASGAyYy3I GKS ' b
highlight here one pitfall surrounding SDGs to make sure the soil health concept we build avoids it.

One of the issue of SDGs idéed the riskk FOKOISNNE LA Ol Ay 3¢ GKIFdG R2SayQi
interaction between different SDG$his bias is common in tlvironmental, Social, and

Governance (ES@@pancial rating that is often not discriminating organisations that are really

efficient in achieving SDG from others (Maniora 2017). An oil company may argue that it contributes

02 AGLINBPBOGARAY3I OKSILI SySNHe F2NI I ffQ 6KAOK Aa Ay
goodESGrating ¢ KA & K 2 @éhgidemhe fR2tSatndiQ (02 YL Ay 3 GKAA {5D w
FOGA2yé dzy RSNIXAYySa |t 20 KSNIhdreml hedlecenkvoMdBndA & A Y RS

economic growth in a planet warmed at +4°C.

In other words, while we should manage our soils in orderto getcloserto &S { 5Da&a A G aK?2
LINE GARS LI I GF2NY F2N aOKS NNEnentidghed Whey diséussing &8 SR 3 N
planetary boundaries, we need to clearly identify boundaries that are absolute values that should

not be crossed and then only try tealsieve SDGs within those boundaries.

4.2 Related to soill
Soil quality indicators have been reviewed recently (Biinemann et al., 2018) and we simply highlight
and extend some of the conclusions that are relevant to the construction of our soil health ardicat

4.2.1 Soil threats

The approach through soil threats has often been propdsetbmmunicate about the importance

of caring about the soil. However, the identified threats are very different in nature and their spatial

NEt SO yOS Aa @OSNE KSUSNRISYyS2dzad ! GGSYlddta G2 O2Y
I f24aa 2F AYGSNILINBGlroAtAGe GKIFIG R2SayQid SyrotS |



degradation has not always been linked with loss in certain soil functions and subsequently soil
based ecosystem services. (Bunemann et al., 2018)

R GKSNJ 2F | ftA4a0G 2F aGKNBlFGaég (2 GKS az2iat 2N ISy
are not always meaningful for the average person we need to be able to tell a full story that means
something to the different stakeholders. How would @nhealthy soil affect them? How do we put

in the same story threats so different in nature like erosion, compaction and organic matter loss?

4.2.2 Cornell Soil Health

The Cornell approach shows two main shortcomings that we wish to overcome. Thadiist o

around the interpretation of their indicators that is mainly done by comparing them to a statistical
RAAGNRAOdziAZ2Y D | 26SOSNE 06SAy3a (KS avzald KSIfdiKe 3
F2NI b a2Af OGKIG AGKBA) a3MFAXONEYaAf &8 LXBIRI OKe ReShy
FoAfAGE 2F a2Af WwWadzZlxX e 2F SO2aeaisSy aSNpBAOSaQ 7

Besidesthe evaluation of soil health is static and informs about the status of soil at a given point in

time while the societal relevance of soil health emerges from the projection of current management
practices in the long term. What matters to society is not as much to what extent the soil is currently

able to deliver its services but to what extent it will be ableltoso on the long term, in the face of
SEGNBYS SgSyia yR 6KSy a2YS 2F A& aONHziOKS&é¢ ¢
4.2.3 The LANDMARK project

Landmark Project that was part of the previous Horizon 2020 funding provides a robust framework

to evaluate demand ahsupply of soil functions at different scales (local, regional, EU) depending on

soil properties, land use and management practices. This framework is efficiently able to deal with
uncertainties.

While there is certainly an ongoing scientific discussiothis project we will later refer to
G[!'b5a! wY FLILINRIOKé Fa | ¢gF& (2 NBTIramatbn 6 KS SJI
of soil properties XlimateX land use and management practices at the appropriate scale.

5. A short discussion on phptogy

It is an ongoing debate in psychology whether optimistic or pessimistic messages work better at
AYALANRY3I 0SKI@A2dzNF £ OKIFy3dS O0YARR S FfdX HamMmpo
more media attention recently leading to a general befeft all communication about

environmental issue should be framed in a positive way.cimsensuseems tahint towards the

FILOG GKIFIG YSaal3dS (KIFG LINE @21 Shehadotirbthehdire g A f £ 2y &
accompanied with a pathway to ach the causes of that fear and prospective of improvement
OhQbSAtEt S FftdT Hnnpod® hiKSNBAAS (GKS Oz2yaidlyid |
means that to be efficiently communicated and lead to action, a soil he@aléx does nb

necessarnjt have to be framed positively but it should be comprehensive enough for each

stakeholder to know how one may be affected and what role one can play and how one can take

efficient action.

We thus think that a discussion about soil health should give a sense of emergency if there is indeed
a legitimate scientific reason to think that the current trajectory leads to havoc. However, not all soil
degradations fall in that category and it is @wmessary to try to produce a sense of emergency if we
FNBE y2G FotfS (2 RSLIX2e | FdZAf adi2NEB RSAONAROAY3I |



6. Conclusion

Our benchmarking highlights certain points that we consider essential when it comesdiopieg
an indicator of soil health. Exploring them also mean answering the core questions for sustainability
science identified by Kates et al. (2001) imghly citedScience paper.

Climate change has become a real emergency once it has been desgibgadcenarios and
trajectories in the future. The assessment of soil health must rely on a projectibe fature (see
point 6 figure 3. Where relevant, boundaries should be established. As pointed okiaitaset al.
(2001) they serve as a warning loey which a serious degradation of the natigeciety systems
can beexpected (see point 4 figure.3

As the role of our soil health indicator is to prevent unwanted #@1gn changes that shoiterm

oriented management would produce, we directly tackl®trer point of Kates et al. (2001) paper;
market should not be the system guiding the interactions between nature and society, but scientific
information should (see point 5 figurd. L. ANDMARK project is a source of inspiration by its
inclusion of soil factions into soil health assessment. Thstlpoint (see point 8 figure) 2inderlined

by the paper will be explored in greater detail in part Il of the report.

1. How can the dynamic interactions between nature and society — including lags and
inertia — be better incorporated in emerging models and conceptualizations that
integrate the Earth system, human development, and sustainability?

2. How are long-term trends in environment and development, including and
population, reshaping nature-society interactions in ways relevant to sustainability?

3. What determines the vulnerability or resilience of the nature-society system in
particular kinds of places and for particular types of ecosystems and human
livelihoods?

4. Can scientifically meaningful “limits” or “boundaries” be defined that would provide
effective warning of conditions beyond which the nature-society systems incur a
significantly increased risk of serious degradation?

5. What systems of incentive structures — including markets, rules, norms and scientific
information — can most effectively improve social capacity to guide interactions
between nature and society toward more sustainable trajectories?

6. How can today’s operational systems for monitoring and reporting on environmental
and social conditions be integrated or extended to provide more useful guidance for
efforts to navigate a transition toward sustainability?

7. How can today’s relatively independent activities of research planning, observation,
assessment, and decision support be better integrated into systems for adaptive
management and societal learning?

Figure3: the core questions for sustainability science identified by Kates et al. (2001)



. Our definition of soil health

We build our definition of soil health on the last section where we analysed what where the
criteria for its success armbnchmarked the success and shortcomings of other sustainability
associated concepts.

We identify siyprerequisitesfor a definition of soil health that would help provide a
framework for nommarketbased management of soil.

1) Soil health should directly evoke a strong narrative understandable by citizen and
policy maker. This narrative should clearly answer some societal questions such as
G2 KFEG gAff KFELIWISY AF 6S R2y Qi OF NB Sy2dzaAK
Are weon a dangerous trajectory that we should change? What can we do to
LINEPGSOG az2Ait GKSYyKeo

The narrative needs to provide both a sense of emergency and a way to tackle this
SYSNEHSyOéd ¢KA& Aa 4 GKS KSIFENI 2F GKS RA
andda2Af KSFIfGKéd . IR aKSIfdKe | aaz20AlasSa
a20AS80e G2 FAYR I GNBIFOGYSYy(d FyR FfNBFRe K
relates todisfunctionthat only matters to the land user.

2) Soil health related metrics shoudhen necessary be interpreted wifirocess
basedboundaries. Scientifically meaningful boundaries are however not always
possible todefine, YR (G KA & O2yadAddziSa || NBaSINOK |
When clear boundaries adefined,they give alear indication that policies should
enable us to stay within those boundaries as a prerequisite to achieving SDGs.

3 wSEFGSR 2 GKS FANRG LRAYGOHG 2y YIFENNI GAOSO
only on the current state of soil at different dea but also on the future according
to different scenarios. We should be able to make the difference between a
GOdZNNBy (if e dzyKSFHfGKe az2iaté 2y I GNI¥ 2SO0
a2Af ¢ aAdzoYAGGSR G2 adzyKSFHfOaKee¢ YlFylr3asSy

4) Soil halth is not an intrinsic property «oil: it is a feature that emerges of the
AYUSNI OGA2y 0SisSSy az2Aata FyR a20ASteod 28
only looking at soil, we need to look at the society that lives around it.

5) BecauseofthislasgpA yi FyR 0SOldzasS 6KIFIG 6S RSTFAYS |
different meaning at different scale (a village, a region, a nation, the EU). The exact
way of using the soil health definition will vary slightly depending on the scale.
However the guidelines we mvide should be applicable at all scales.

6) Soil health information should account for the shortcomingnairketbased
managemennamely:d G NI 3SR& 2F (KS K2 N llireaf¢ ¥ dzy RSNB
changes and low probability events and externalities.

2 N.
y i

(s}

1. What narrative for soil health? What do we aim for?

As mentioned in prerequisite 1), we need a narrative to explain why we would like to make our soils
G K S| f.@revidiSig\tiiis narrative is also a way to describe what soil health is. This narrative can be
developed in three different dimensions.

10



a) Resilience and robustness

CKS FANBG RANBOGAZ2Y Ad 6KIG ¢S FTdzZNIKSNI RSTFAYS |3
be understood in two different ways. The first one, engineering resilience, meathgeate of

recovery of the system after a disturbance. The second one, ecological resilience, is the amount of
RAalddz2NDlFyOS GKS aeaidsSYy OFly &dzadGrAy o06SF2NB Tt A LILIR
NEaAfASYyOSe Aa 27FiBKS RAAYOARIIEG R2 T 2ANRIKSNT oy GXKe = G
withstand a disturbance. In the rest of the discussion, because they both relate to the response to a
RAZGAINDLIgzOSEKS SaNBaAaill yOSé yR GKS 4SYyaAySSNRY:
G2 GKSY 6A0GK GKS 3ISYSNIf GSNY ANROdzAGYyS&aaé KA S
GNBaAtASyOoSe o

/| 2y OSNYAYy3a aNBAATASYOSe s oS 0ihsmnecasestoe uighadiiniah S F S S
completely different state of functioning with large societal consequences. While different stressors

will slowly push the system next to the tipping point, crossing it is often triggered by an extreme

event. One famousexaripS 2 F GALIIA Y3 LRAYyd dGKIFIG 61 &a ONRaasSR
026t é 2F G(KS mMoponad LG sa GKS O2yaSljdsSyoSa 27
(stressor) and an extreme amohglastingdrought (extreme event). While the possibilitysafch

GRdza o02¢fé¢ S@Syida (2 KIFLWLISY | Il A yhosk Kindszy OSNI | Ay
large-scaletransitions that may be triggered by extreme events. it is a necessary effort of the

scientific imagination to consider all possible implicas of extreme events and identify weak

points. If American pedologists and climatologists from the 1920s had foreseen what was coming

they may have avoided one of the biggest ecological disaster of the 20th century. This is precisely

what we thinksome® (G KS NBaSI NOK 2 ydedicitalAINE BE RS G-K KA aAK&ONR 3
RAAOALE AYFNEBE AYyaAaKaG Ay (GKS Fdzidz2NE FyR RSt AGSNI
provided (Seager, n.d.).

We highlighted here an example were the crossing gbjgitiig point is triggered by an extreme

event, this is however not always the case and crossing the tipping point can also happen when the
FY2dzyid 2F aiNBaa ONR&aasSa I OSNIIAY GaUKNBaK2f R: O
to definingthresholdor boundaries

.84ARS (GKS ONR&&aAY3I 2F F GGALILAY3 LRAYGE SEGNBYS
aGrGS F2NJ a2YS GAYS dzyiiat GKS&@ NBO2OSN® 90Sy AT
have heavy consequencesonfyi® F2 NJ SEI YLX S | GKSIfGKeé& &2Af & A
SEGNBYS S@Syild 6S R2y Qi NRal | t2aa&a 2F LINRRdzOGA OA

GKAE aNRodzalGySaaé¢ (2 SEGNBYS S90S yhegroparidmiBaged K (G K S
after heavy rainfall events and the ability to still provide good condition for plant growth in case of

extreme events. Looking at the soil from that angle answers the folloguegtionswhat will be

the consequences if we havdanglastingdrought or a heavy rain? How can we manage our soil to

better bear with theconsequences?

b) Independencdrom crutches

Part of our current productivity is reliant on heavy external inputs (irrigation, nutrients,
pesticides, fossil fuel to power machinery, protein crops for meat and dairy production). These
external inputs pose two kinds of problems. The first being thairtavailability may be limited

in the future. Either because of shortage of resources (mineral phosphorus, irrigation water,
fossil fuels) or because of disruption in the supply chain due to instabilities (pandemics,
geopolitical crisis) (Rhodes, 201 MeTecond being the potential side effects of those external

11



inputs: eutrophication in case of excessive nutrients, impacts on biodiversity for pesticides,
global warming for fossil fuels, competition with other water usage or salinization for irrigation,
cost forfarmers (utrients, irrigation and fossil fuels), export of externalities for protein crops.

2 KAES GKSaS aONMzi OKSaé¢ GKIG 2dzNJ F INR Odzf ( dzNB
contexts a general goal is to reduce our dependencenemtto a reasonable amount. This is the
second dimension of the narrative.

¢) Multifunctionality

The last dimension of the narrative relates rebalancing the current usage of soils. It has so far
mainly been optimized for biomass production at the expesisether possible functions. This
multifunctionality was already part of the narrative associated with the horizon 2020 as shows
the emphasis that the LANDMARK project puts on it.

¢tKS FdzyOlirazya O2yaAiARSNBR o6& (KS y[R WNBaldzsY (02 S
GOA2RADGSNEAGE YR KIOAGENdAINRBYEADYOEAYDEANYRS
LINE RdzZOGAGAGEeEéd {2YS |aLlS0Ga 2F aydziNASyid OeOf A
G LINR DMININER dzO G ANGA O &3¢S &l 2 a ANRBILIBK RBY D S¢ N2 YNB Rdzy R

however not problematic since the two narratives still develop two independent dimensions
(having a multifunctional soil is different from having a soil independent from crutches).

2. What metrics do we associate with these goals and what are their meaning?

We highlight here some possible metrics that fit within these narratives, especially those that
associate with procedsased boundaries which fits in point 2) of the identifiedneguisites or
those that have recently been used in published literature. These are however simply tmeant
exemplify what measuring soil health could be. Discussing fully to what extent these proposed
metrics are robust and if the datasavailableare enoughto evaluate them is beyond the scope of
this report. We provide a few thoughts on these in section 4).

We also highlight the possibility of discussing those narrative beside quantitative metrics developing
scientifically robust qualitative stories. A& will also discuss later, some usase of soil health we

AYF3IAYS R2yQi

RAFTFSNBY G LIRAAAOGES O2yasSldSyOsa 2F GdzyKSHf (K

Related to point 5) of our prerequisites \@éso describe which scale is relevant for the metric
discussed.

I Resilience

Tipping point of the soil system are hard to define. The attempt by Rockstrém et al. 2009 was to fix a
global limit at 15% of land surface being cultivated. As pointed out byZB&8s this limit is

arbitrary and does not consider the exact management practices in these cultivated areas. He rather
suggests threshold based on soil degradation or soil loss. This detatelifiesthe need for more
research to definsciencebasedboundaries related to soil both at the global and at intermediates
scales. Although this discussidates toa decade ago, we are to this day not aware of new results in
this field. Beyond the ability to find a metric that we can associate with a boundaeyce can also

LINE OARS F ljdzk tAGEGAGS SELX2NIGA2Y 2F F &0ASyOS

F LIWNE I OK 2F . Syid2y SiG Ftos wnmt 6KSy GKS& SELX 2N
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Rdzado26fté Ay | 020KIS) delfyAyliS NI AGS G KySRA N dXByLI2ANTIF (A6 2
GALILAY3I LRAYyGAa YR F22R a2aidSYy ReylFYAOaé o

¢2 S@lItda GS SyairxySSNAy3d NBaif A py@sSoasednbdelindzl f & & d N
to measure their exposure to a crisis could be performed. Shesnilar to what is done in financial

institutions to measure the exposure of their portfolio to a potential crisis. This approach has

recently been used to study the response of six different soils to climate change (Bonfante et al.,

2019, 2020). The viable considered was biomapsoduction,but the approach could be extended

to other functions.

1 Independencerom crutches
The fertilizercrutches

Related metrics and interpretation are already included in the LANDMARK project under the term
GLINBGA&AAZ2Y YR OeOfAay3d 2F ydzZiNASyliaédd ¢KS Y2NB &
independentthe agricultural system is from organic and mindeatilizer. This has mainly a plot

significance.

At the scales above can be asked the question of nutrient balance. Achiexengraet imbalance

Oty 06S O2yaARSNBR I 3ISySNIrf A2+t (2 | OKAS@S aazAa
scd S (2 FT@P2AR (UKS o0dZAfRAY3I dzZlJ 2F aaz2Af KSIFfGOGKE A
countries. We propose the nutrient balance (difference between in and out) to be a metric related to

this reliance on crutches. It is meaningful at each scaler{dmpm plot scale) and an absolute goal

of zero imbalance can be consideratteriafor a healthy soil.

The irrigation crutches

Related metrics and interpretation are already included in the LANDMARK project under in the
g GSNIJ &02NF ISNILLIRKRA PFOEKS2 i ol iB NBIdzA I A2y € FdzyC
relevance.

Fossifuel:

Working the soil requires some energy. Direct energy consumption of agriculture is estimated to be
2.8% of final energy consumption in the Eidr¢takinginto accountthe production of fertilizers and
pesticides) (Eurostat, 2019). This is mainly due to the use of machinery, heating of livestock stables
and greenhouses. The necessity of using machinery and especially powerful ones is directly related
to soil managementrad tillage. Like any other sectors, agriculture will have to go through an energy
transition (either forced by scarcity of fossil fuels or by climate change policies). This transition is
based on thregoillars:reduction in energy consumption, increasinfj@ency and changing energy
source. Because the first pillar is an essermtied, we propose the metric associated with reliance on
F2aaAf FdzSta G2 NIridKSNI oS 2yS 2F aNBtAlIyOS 2y Sy
decisions at all scalesd can be evaluated differently at each one of these scales (fesatier
reportingof his energy consumption, national and subnational statistics from Eurettat 0

Pesticids:

Reliance on pesticides can vary depending on soil suppressiveness (Mendes et al., 2011). We are
however not aware of any metrics related to suppressiveness. Given the variety of products used in
different context it is difficult at this stage to define aetric that accurately describe reliance on
pesticides.
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We highlight here a potential tradeff between reliance on pesticides and other dimensions of sail
health. Indeed, while certain aspects of soil health could be increased-bl pactices, these
practices often rely on the use of herbicides.

1 Multifunctionality beyond biomass production

All the metrics related to multifunctionality have already been explored in the LANDMARK project.

Following Maron et al., 2017 and Manning etala my G KS ARSI f LINP-K2BeRdzNB {2
NEfl GA2yaKALXE | NRdzyR (GK2a$S FdzyOliAazya Aa | GKNBAF
Demand can be mapped at different scale by looking at the policies relevant for this scale that

should reflet (evenimperfectly) the democratic societal demand of those services. Importantly,

Gol GSNI LIJZNARFAOF GA2Y YR NB3IdAFGA2yE Aa Y2aidte aa
KFoAGEFEG LINRBGAAAZ2YE O (GKS NI 8nagoyal difurap@drsta®. | y R & Of

2S KAIKEAIKEG K2g GKS RAAOdzaaAzy 2y a0FtS FyR aAiy
narrative and the associated metrics. Multifunctionality has indeed been assessed at different scale

in the LANDMARK project but onéthe conclusionsvasii K la inatitematical matching of supply

and demand is neither possible nor realistic given the high4aind extraEuropean trade in

F ANRA Odzft G dzNJ £ LINPTRisistipaintdiaesto theBrie Atk D Sche® and seal

discussed above. If matching demand for services is done at the cost of importing some from outside

GKS 9! GKSNB Aa | OKIyOS KIFIG GKS aKSItaKe az2aAft
Gdzy KSI £ § Ke¢ 2y SaroifdalanSesirknStiieBisba first siéSta avoid this.

Besidesas stated by Maron et al., 2017, it is not so much the current supply of ecosystem service
that matters as the future trend and its potential extinctiffig. 4) This depends on current
situation and future trend tht depend on management. We discuss it in the next section.
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Category

Functionally
extinct

Critically
endangered

Endangered

Definition

Service no longer supplied in the region and is practically
unrecoverable

Service no longer supplied in the region but is potentially
recoverable

Current levels of demand exceed supply and the ratio of
supply to demand declining or expected to decline

Current levels of demand exceed supply; ratio of supply
to demand is stable but supply is declining

Current levels of demand exceed supply;
neither supply nor ratio of supply to demand declining

Ratio of supply to demand is declining or expected to
decline such that supply is likely to be insufficient to meet
demand within a set time horizon

Threshold

Data
deficient

Supply currently meets or exceeds demand, and does not
meet the criteria for Vulnerable

Inadequate information is available about either or both
of supply and demand to assess the level of threat

Secure

=
Y
Q

Trends in Ecology & Evolution

Figure4 : Theproposedthreat categorizationframework forecosystenservice(copied fromMaronet al. (2017).

3. Predicting future trends under differesttenarios

As mentioned in point 3) of the prerequisites, to fully inform decisions and create a sense of
emergency, we need to go further than simply informing on current state of soil health. A soil may

be currently very healthy according to all narraswut subject to heavy erosion rate for example.

Then there is a good chance that its health will diminish over time ultimately completely vanishing if
erosion goes on. A good assessment of soil health must account for the projection of the current
state of soil in time under different management scenarios.

2 KFd 68 LINPLRAS Aa AAYAELINI G2 NBOSyd

GodzaAySaa

Springmann et al2018, Conjin et al., 2018). While these studies had a global scale significance

4 dzadzZ ¢ &aOSylFNR2 (2

F3aSaavysyd

AYF2NY LROGSYOGALl €

because of the concept of planetary boundaries itself the same projection and scenarios could be
imagined at different scales.

Scenario analysis has been added to the cprestions ofsustainability science of Kates et al. (2001)
by Swart et al. (2004) and definedfafiow: ¢ 02 KSNBy i | yR
numbers, about the possible @volutionary pathways of combined human and environmental

systems. Thegenerally include a definition of problem boundaries, a characterization of current

LX | dzZaAot S

a0 2 N ¢

condition sand processes driving change, an identification of critical uncertainties and assumptions
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on how they are resolved, and images of the future. The charactenzafithe nature of human

and environmental response under contrasting future conditions is key in scenario formulation.
Reflecting respect for the uncertainty inherent in such systems, scenarios are neither predictions nor
T2NBOlIatace

We are only aware ainly one study that applied this kind of scenario analysis approach for

sustainable multifunctional land uses at a watershed scale (Brown, I., & Castellazzi, M.TB814).
SoilCare projecis also working on scenarios at teerropearscale.

Depending on the scale, the available data and the available expertise and the public, the discussion
of scenarios can range from fully qualitative to fully quantitative. Proposing scenarios is also an
eASYUALFf LI NI 2F | O0Ay 3 (Pieke,2007) a K2y Said oNR]TSNI 27

4. What do we measure to assess soil health?

As mentioned in prerequisite¥) a2 Af KSIf (K¢ st¥aiS afynation oBsdii & RS LISY R
properties, climate, land use, mar@gent practices and even of the societal demand for some

ecosystem services. Soil health is not an intrinsic value of the soil but more a description of the

relationship we have with it. Soil health is thus not measurable simply by accumulating proxy

indicators of soil onlyldeally,we would be able to go to every single farm, gather all the possible

data about its context and discuss the health of its soil within its particular situation. This would be

the best way of both avoiding tegown regulations tht are simply unable to grasp the singularities

of every situation and having the most complete dataset to avoid uncertainties in the assessment of
GazAraf KSFHfUOKé®

This is noanoption completely out of reach. Some national monitoring schenteuropeare

already very precise and new technologies progressively enable the collection and management of
increasing amount of data. Dealing with incomplete dataset is however a common procedure in

many fields like weather forecast modelling. Missing data can traated, possibly at the cost of

increased uncertainty or some part of the goals we mentioned can be neglected. Because some

aspect of soil health relies on discussing different possible qualitative stories, uncertainty is an

inherent partoftheproces® ¢ KA &4 2@0SNIff RSLISYyRa 2y (KS aLISOAT
and we will discuss it in the next section. In someaesesg S | NHdzS (G KI G daz2if KSI-
to be something that is being measured but rather a methodological framework for-multi

stakeholder discussion about land use.

28 (KAY|] RAAOdA&AAYI KSNB I LINBOAAS aréadhagdF & AYRAC
would require more research. The LANDMARK project has thoroughly explored methodologies to
choosesuch indicators and some of them already go beyond soil. The necessity to be able to draw

trends rather than simply informing on current state tive¢ discussed above macessitate some

additional data than has previously been discussed in literature. Our emphasis on new narratives like
the reliance on crutches will require additional data.

pd® 2KIFIG Gaz2Aat KSFfGKeé F2N gKIFG aol t SK

L https://www.soilcareproject.eu/en/
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Thenarrative we propose as an answer to prerequisite 1) are applicable at all scales. However, like it

is the case in the LANDMARK project, the specific metrics associated with those narratives will vary
depending on the scale and with data availability.Hattsense, we believe the above definition

YSSGA& LINBNBdAAAGS p0Ud CdINIKSNI RAaOdzaarzy 2y aol
Oy 0S5 dzaSRé¢o

6. How does this definition covers the shortcomingafketbasedmanagement

As mentioned in prequisite 6) the concept of soil health should provide information that enables
G2 20SND2YS GKS aiGNFX3ISRe 27F (lké&rcKadgedan®loié = (1 KS dzy
probability events and externalities.

Underestimation of nofinear changes

Ecologtal resilience and the possibility to suddenly shift to an alternate state of functioning is one
kindofnonf Ay S+ NJ OKIFy3S (GKFG YFENYSGO FLAE G2 FdzxZ te F2N
concept of soil health we propose warns about such noalirhanges.

Underestimation of lowprobability events

Extreme events are loywrobability events that we integrate in our definition of soil health through
0KS GNBAATASYOS YINNIGADSE YR Y2NB &ALISOATAOIf &

Externalities

~

WecoverKS GSEUGSNYIFftAGASEE GKNRIzZAK GKS aGYdz GAFdzy Ol A
narratives.

Tragedy of the horizon

28 020SNJ GKS aiGNF3ISRe 2F GKS K2NARAT 2yé (2 a2Y$8S SE
narrative where we discuss future resoursearcity. The prediction of future trends under different

scenarios also warns about long term effect of current practices.

7. Conclusionwhat does it mean for horizon 2027 research?

From the discussion above we highlight different research gapsttatally stem from the
approach we describe

a) {2Afa KIOS aGAftt 0SSy OSNB tAGHES Ay@gSadAaAal
GFLfGSNYFGAGS adlofS adldSaeg 2N Ay 20KSNJ SN
asked aboutt, prof TimBenty O2 Yy FANXY SR GKI 0 G¢KSNB Aa OSNII
to understand how soil properties, microclimate, microbiome and yields might interact and
GKSGKSNI GKSNB YI& 0S GALWAY3I LRAyGA AYy Fdzy Ol
communicationwith Prof. Richard Bardgett highlighted the same direction of research as a
future hot topic (Bardgett, R. D., & Caruso, T. (2020)). Once research will be able to describe
the risk of some dustbowike events we will be closer to define clear boundartest t
should absolutely not be crossed.

by 2 KFd ¢S OFftSR aNRodzalGySaaeg GKFrd Aa GKS FoAf;
recover has been more investigated (De Vries et al., 2012, Mandakovic et al., 2018).

However, based on our own review, weythf G KS Odz2NNBy G f AGSNI Gdz2NB R
0KS aGdzRASR GNROdzalySaac¢ dist@bardcesiie piogofen&di | £ Y S|
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C)

d)

to focus on extreme weather events. The ultimate goal will be the ability to develop a

(quantitative and/or qualita®@ S0 Y2 RSt f Ay3 FNI YSg2N)] (2 Nzy GF
Fo2@S® 2SS I NB | NHdzZ 6feée y20 a2 TFTFNJI FNRBY GKSNB
by Bonfante et al., 2019 for example focusing on primary productivity.

Ly GKS GAYRSLISWHRES WO NNF NRA Y SANHEKEK § dzSTadiSit2ay¢ 2 T
hasto our knowledge been little explored (Heichel 1976, Pfeifel 2006). Future resource

scarcity (phosphorous, fossil fuels) and their impact on soils and agricultural production

would also crittally need further research. This relates to the next point as well.

We see a large potential in the development of soil and land use scenarios that describe
guantitatively and qualitatively different possible futures taking into account all relevant

variables and their c@volutions:resources availability, change in diet, climate change. As
mentioned above, such scenarios already exist for the food system (Bodirsky et al., 2014,
Springmann et al., 2018, Conjin et al., 2018) but their description asdwmilited. Beyond

these global scale assessmerdslivering a framework (for modelling but also for expert

based assessment) within which decision maker at the watershed level could imagine

different scenarios can be a deliverable of futlieropearresearch projects.
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. How can this definition be used?

LGiQa y2G 0SOlFdzasS (KS RSTAYAGARZY 2F az2Aif KSIFfGK ¢
solve the issue. Climate science is able to deliver robust scenarios and fully inform markets about the
longtermO2y aSljdzSy 0Sa 2 7F G 2 Bill iotha a réaksArgyteénhdusizgas 6 S || NB
emission trajectory. The way the soil health concept can be used and how it can be communicated is
GKdza ONRGAOLKE AF 6S NS (2 | OKAS@OS aKSKHfUKe az2af
can be used deends on the scale.

1. The farm scale

As mentioned by Schulte et al., 2019 functional objective mayrdifhen societal objective (Fig.2)
However, long term effects, resilience to extreme events and independence from crutches may
matter to land users awell. Insights on these could be provided by consultants or independent
testing serviceto inform current management practices and give positive incentive toeathier
solil.

2. The watershed scale

The watershed scale is the scale where our definition of soil health could be most meaningful. In

Belgium, an public service callEdSERcan ke contacted whenever an erosion issue is detected in a
municipality. They come for free with a scientifically sound expertise and organise the discussion

between stakeholders to find a solution. The experience is detdi¢giled here’(in French) and we

think it could easily generalize to soil health. The need for such independent advice has been

KAIKE AIKGSR 6@ wSYS . 2a FTNRBY L2aad rRIFY IRKEBNIOKE f | K

Concretely, the public service would be called to provide a qualitative and quantitative assessment

2T aaz2Aift KSIfGKé Ay OGUKS 461 GSNAKSR® LU g2dA R | f &2
describing scenarios. These sceosicould be developed with help from a general modelling

framework that would be the deliverable athorizon 2027 research project. The public service

would then organize the discussion with all stakeholders to converge toward an optimal

management of tk watershed. Aware of the soil health expectations in other watershed or at other

scales (regionahational, Hropean) it would also serve as an intermediary to stand for the interests

of this different other scales or locations.

3. The national andutopean scale

Because achieving goals may require some profound changes, such organisms will need a legitimacy
FNRBY 2yS 2F (GKSAS (¢2 o0ATASNI ao0lfS G2 YIS adzaNB
short of ambitionsBesidespnly these scales ogprovide compensatory mechanisms to land users

who may have lost in terms of functional objective to achieve societal objective. This shortcoming

has been identified by GISER, if the advice provided byntlependentpublic service are not

accompanied ¥ legislation there may be a lack of incentive to achieve sufficient ambition.

2 https://www.giser.be/gestionintegree-solerosionruissellement/expertisede-sitesinondes/
3 https://www.youtube.com/watch?v=T3e®M5-8A&feature=youtu.be
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Additionally, some expectation (independence from crutches, climate regulation function) would not
necessarily be considered important at a watershed scale and can only stenmdtmnal or
Europearconsiderations.

Discussing soil health at those scales will be necessary as well. When building global Policies like the
CAP, policy maker will be able to evaluate those policies qualitatively and quantitatively in the light

of soilhealth trajectories according to different scenarios. This approach is to some extent already
undertaken by the SoilCare projétut we think what we propose goes further. Concerning hard
boundaries whose crossing leads tieversible change like erasi: those policies need to be

sufficiently ambitiousnd avoidoosely defined objective whose ambitions can easily be lowered. If

the public is sufficiently aware of such soil issues it will be able to seize itself of the subject and push
for ambitious pdicies through vote or other actions similarly to what happened in the last years for
climate.

4. Conclusion

The ideal setip for a thoughtful discussion about soil health is one where the stakeholders and
a scientist sit around the table and he acts ashanest broker of science providing quantitative
insights on different possible scenarios. Soil health as we define here is a complex concept that
can be manipulated quantitatively. But when the proper data to provide full quantitative
information is notpresent, a qualitative discussion may already yield some first results.

¢tKS Y2aid NBtS@OlIyid aoltS F¥F2NJ aaz2if KSIFHtGKE RA&O
the need for a public service to provide independent scientifically sound insighits fature

FYR FOGAY3 Fa || GaK2ySad oNRB{SNI 2F a0ASyoOoS¢to {
gKEFGQa |4 adr1S Ay SOSNER RSOAaAA2Yy &aK2dzZ R 6S Y
methodology to provide the insights will require some aifie expertise.

We think the kind of setip we imagine as the natural usase of the soil health concept where

an independent expert sits around the table with the other stakeholders can do a better job

than increasingly complex decision support systelmdeed, as mentioned by some farmers

RdAZNAY3I GKS fAQ0S S@OSyld WwW{2Af 0 5dziOK FIFNyaqQsz i
f SENYyAYy3 G2 0S STTAOASyYy Gt e dsantpessblezolntegradain Y 2 NB >
such support systems. Finally, reaching a consensus between different stakeholders requires a
discussion and this human interaction is essential to build trust and avoid frustration.

4 https://lwww.soilcare-project.eu/en/
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V. How do we communicate about the soil?

wk i KSNI NBOSyidfte GKS ARSI Kisivayin$he publiRmedimbun & S NA
had however no proper scientific ground (Cosier, 2019; Wong, 2019). Such estimates may be

impossible to obtain accurately but this highlights the powerhié kind of narrative to obtain public

attention.

By emphasizing the necessity to provide the public, especiallitinepearone with strong

narratives wepartly provide a path toward better communication of soil issues. These narratives
provide answers to thguestions:Why should | worry about current soil health and its future trends
while | have lived all my life with a certain abundance of food, fuel anditw it really an

emergency to worry about it? What can | do? We chose angles that we thoughtweargngful:is

there arisk in the long term? Is there a risk in case of extreme events? Is there a risk if crutches are
suddenly removed? What services agetting that | may not get in the future?

But in order to fully understand the answer to these questions and for the democratic debate to be

fruitful, all stakeholders should have a basic understanding of the mechanisms of soil functioning.

They shouldilso be aware of the latest updates of sound science. The discussion about soil health
aK2dzZ RYyQi 65 2dzad 'y SELISNI RSo6IGSd ¢KAE A& |t a2
of an action is necessary to motivate it.

But the general public laskknowledge about the functioning of soil.€Fa is a general idea that soil

Ad 0SAy3d GKNBFGSYSR odzi ¢6KSy Fal1SR FT2NJ Y2NB RSl
FANIKSNI SELX Iyl GAz2yar (KSe t22as8te S@21SR aLSaida
what was at stake. There is then currently little chance thay will support ambitious policies

Fo2dzi az2Ato ''a adlriaSR Ay . F@gSesS Si FtftdX Hnmc awS
adopting to deal with the allocation of soil resources among competing demands, it seems clear that

an important conponent of their action will have to be devoted to educating members of the public

about the huge significance of soils in their lives. Only an educated citizenry, keenly aware of the

complex array of functions, and services that shilfl, will be able¢o make appropriate decisions
collaboratively, or to support them through democratic channels. We are arguably very far from that
y2edé ¢KAA FLIXASE G2 OAGATSYy Ay 3ASYSNIft odzi | f 3
related to land use, municipaitSa Q O2dzy OAf a | yR LR2fAO& YI{SNEO®

Besideswith urban development and then globalization, humans have gradually detached
themselvesmotionally from the soil that surrounds them. Humans live without any concern for the
soil from which their food comes froVhen it comes to caring for someone or somethiag,
emotional motivation for care is an essential dimension. As demonstrated by Kals et al., 1999

G b | Gpdatedive behaviourcannot be sufficiently explained using a pure rational/cognitive

I LILINE | (b&igve that dmmunication to society must be based on this notion as well as on
more rational incentives.

N

Ly GKAa&a o0SaidaStftSNI a{FLASYa¢ o0l FNIYNAZ wnmnox (K
ultimately a complex network of stories thatimans tell each other. The essence of the society as

we know it is based on storytelling. They allow us to believe in most concepts that constitute the

structure of human society such as nations, justice, money, Btoearing stories affect us it is

because it triggers a reaction in the area of the brain responsible for empathy and compassion (Zak,
2014). Knowing that can help us employ this valuable skiliggdring in people the will tact to

protect the soils.
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1. The example of the climate collag

1.1 The idea

The same shortcomings in communication that we identified above in the case of soil is a
challenge that other scientific communities face. IPCC communication to the general public has
always been difficult (Corner et al., 2018). Confrontétth this observation, somenvironmental
organisations in France sponsored by thecbair of IPCC Valérie MassbDelmotte created a
serious game calledl ¢ KS / £ A Y with $he goal of educatthg 1 Million people to the IPCC
reports. The strategy is to progressively expand the number of facilitatorc#mahake other
people play. Once someone has played the game muliiples, he is able to transmit it to other
people In twoyears,more than 50 000 people played the game thanks to a network of 2000+
facilitators. InSeptember2020, 100 000 students from higheducation institutions across France
will play the game.

1.2 The principles of the game

Participants are plying as a team and they need to find the cause and effect relationship between

42 cards. They build a collage explaining the story of climate change.

The session is divided in three phases. The first one that takes about 1 hour and a half and consists in
placing the cards at the right place in the collage and connecting them with arrows.

Once they have a picture of the whole system, they are invited to interact creatively with it. Make
drawings, add words and concepts around the catds Finallyan hou is dedicated to reflection

about solutions. The game requires very little material tqplayed:simply the 42 cards, a large

paper and someolourfulpens.

2. The efficiency of serious board games

2.1 Board games

Board games are an efficient way of getting a grasp on the functioning of complex systems. They

R2y Qi NBIjdzANBE SEGSyaArodsS (imdidespecauseddardigamBs ateNB S & A f
often played irgroups.they allow learning not only by doing butf 32 o6& &l NI A Odzf F GAy 3
since the participants have to explain to the rest of the groupdheices they make. (Woutegt al.,

2013). It also allows seeing the game from the perspective of different players (Castronova et al.,

2015) which is amteresting feature given the necessity of midtakeholder discussion about soil

issues.

2.2 Serious Games

In a MetaAnalysis of 39 studies, Castronova et al. showed that serious games were significantly
more effective in terms of learning and retentittman conventional methods. Additionally, playing

the game in group and supplementing it with discussion between the participants improves learning
effects.
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3. What about soil?

3.1 The specific case of soail

Corner et al., 2018 provide several principlesdcientific communication. One of them is to

GO2yySOG (2 6KIG YFGGSNR (2 @&2dzNJ ladeBma§effiod e © / 2 YL
very concrete object from the real world that most people can connect to. Soil is directly linked to

food orclothes that people can easily relate to.

l'Y20KSNI LINAYOALX S 2F A0ASYGATAO O2YYdzyAOF A2y A3
necessity to develop scenarios and expand the story about soil even in the future to answer the
jdzSatAz2ya aoKFd oAttt KFLIWISY AT ¢S R2yQd G1F 1S OFN
health was not only about quantitative indicators but also about qualitative narratives. How

independent are we from crutches? What will happen if we havexreme drought in Europe?

2 KAfTS GKS aOASYUGUATAO o0l ara akKz2dzZ R 0SS NRodzad FyR
¢KS NBLR2NI o6& /2NYSNI SG Fftd unmyI faz2 KAIKEAITKI
isespeciallythecaseNd a2 Af GKIFG A& 'y adzyasSSy o6fl O]l 62Eé®

We contacted a student from the Gerrit Rietveld Academie, an international university of applied
sciences for Fine Arts and Design in Amsterdam (NL), who agreed to collaborate with us for the
production of the visuatontent of the game. We wish the Rietveld student to bring in hernon
scientific perspective to this product, ensuring that the content would be accessible to the more
general audience it is ultimately targeting.

Furthermore, as Isabelle Stengers poinig "One of the great challenges of our time is that

knowledge is transformative, that it awakens the imagination, that it makes the world even more
AYGiSNBadAy3as GKIG AG RSG2EATASE FNRY (K$h al RySas
thisin mind,we set a game, which has for aim to awake curiosity of the public for soil and soil

health. From our point of view, this would encourage the reconnection of human's affection with the

soil. In addition, this system would allow different stakehosd® meetwhich will further encourage

cooperation and practice agreements when it comes to deal with soil health.

3.2 Example of game related to soil

Board games have previously been used (RESORTES) (Speelman et al., 2014) and are
currentlyunder developmeritfor participative design of more sustainable agricultlaaldscapesin
the case of RESORTES experiments ran with a community in Mexico showed that the game sessions
created an open and active discussion among participants.

A serious game about agroecology that includes an extensive soil module is currently being
developel for bachelor andhigh schooktudents (Godinot, 2018)

While we suggest developing a serious game could be an original outcome of a research
project funded within horizon 2027 we wished to provide a deliverable together with this report
where we would czate our own approach. The aim is both to provide an example of what could be
such a game and lay the first basis of the work we propose.

5 http://caes.mak.ac.ug/wpcontent/uploads/2019/07/SESAM_INRftH-proposal.pdf
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4.0ur game

Our approach is different from the existiggmeswe do not wish to directly design
agricultural landsgae through playing like done by Speelman et al. Our purpose is to make an
accessible game that serves asi@@breakerfor different stakeholders to pursue further discussion
and as an information support to clearly identify the cae$iect relationshipsn the soil system and
how collective choices can influence it.

Our game will take the form of a "workshop" lasting approximately 3 hours and which is divided into
three parts. During the first part, the players become familiar with the functioningeoftbund.

They are gradually guided by a facilitator who reveals the different functions of the soil through a
story. In the first part, the playetsy to reconstruct the functioning of soil in a natural ecosystem
starting from the plant and slowly exteimd) to include all biological, physical and chemical
components of the soil system. Then in a second part, human influence on soils principally through
agriculture is introduced and the player discovers hbese changethe functioning of the system

he bduld in the first part. The last part is dedicated to a guided discussion where the society X soil
system is discussed along the three "soil health" narratives.

In the first part the players face the following concepts: mineralization, immobilization,

phaotosynthesis, nitrogen fixation, denitrification. In the second part, the impacts of agriculture on

the functioning of the soil and its interactions with other spheres are exposed. The players

familiarize themselves with the following terms: Deforestatipasticides, tillage, manure, fertilizers,

irrigation and use of machinery. In the last part, the consequences of agriculture are discussed. The

players put together everything they have learned so far and come to understand the consequences

of certain pratices on the ground as well as the issues that threaten it. The following threats are

addressed: soil erosion, air, water and soil pollution, water rutilofbding CO2 emissions, soll

salinization, nitrogen emission, nutrients leaching. Like in the @i@allage, these three parts are
F2{ft26SR o0& | ONBIFIOGAGS aSaaizy lyR Iy 2Ly RA&Od
public these solutions can be related to daily life for regular citizen, to the specific activity of the

company ifthegfS A& dzASR F2NJ -0 @RIYRA W (18 aa G 2N KI @€
different policy or management option if the public is composed of land users and policy makers.

The main input comes from th@ayers but the trainer is there to reexplain concepts that were not

clear.

Each session is led by a facilitator, who guides the players and provides them with scientific
explanations. Once a player has completed his $iessionhe can himself become a fatator if he
participates to a training.

The first printed version will be in English but can easily be translated. The original game is intended
for an audience who has no background in soil science or science but who has aeghrtaition,

but this can easily be adapted to different publics like it is the case for the climate collage.

For example, an "expert" version can be imagined, intended for a more advanced audience. An
easier version can also be developed if needed, for younger audience studs.as k
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4.1 The visuals

Using the right visuals is a crucial step for the players to be able to form a mental image of the soail

that he will remember. Different approaesl NS L1224 A0f S FNRBY GKS TFdzZ f& a.
Y2NB GaSyaaiidsionwityReteldiodzdinyddtd o vergiod dikhé visuals

appealing to the sensitive dimension of understanding. One side of the card is occupied by a very

sober illustration evoking abstractly the concept and the other contains all the explanations. When

put next to each other, the cards form together a poetic picture of soil functioning. Interestingly, the

student we collaborated with had no previous experience of the soil before collaborating with us

and they learned about it by playing the game. Th&uhes in original representations of the soll

system that go beyond the usugdaphics

tKSaS AftfdzaliNIGA2ya O2NNBDLIRAFR C2NB YZ2ANBI ad2 Sy NI
42YS Y2RBLIBBEGEdT2NEE Aff dza (0 NI ( hed Pefore,Gr datrddtsiage A Y 3 A
of construction of the game is meant as a thought experiment to inspire further developments. A
schematiadescription ofone session and the current stage of graphic development can be found in

Annex 1.

5.Use Cases

A first sector in which it will be interesting to apply the game is the educational one. It is
essential that future generationsanunderstand the issues related to soil health since they will be
the one enduring théongterm effects of potentially unhdéhy soils. No matter what professional
direction various high school students may take, basic knowledge of the ground can be important in
different professional spheres. Our game is for the last two years of high school. In this sector, the
game can be by a trainer but also by teachers who feel comfortable with the subject.

In the public sector, playing can be a major ally when it comes to bringing different
stakeholders around the table. Municipalities and public bodies can request a workshop iigerece
advice and possible support on the various problems that may exist related to the soil (conflicts
between stakeholders, lack of awareness among citizens, need to make a decision regarding a
specific soil related issue). For example, a municipalityotfan this type of workshop for its
decisionmakers, farmers and members of the municipal council. First, the cooperation required to
participate in the game encourages the different players to communicate and express their own
points of view. Second, irdducing scientific explanations can help make more objective decisions at
the local level. Third, it can provide decisiorakers with tools to understand the reality of farmers
YR GKSANI O2yOSNyad ¢KS Lzt AO aSSNEA @S &0 AYSSHAISA 2
watershed scale could be easily trained to be a facilitator and introduce his session with the game as
anicebreaker

Lately this game can also be adapted to an application in the private sector like it is the case
fortheclimatecoé f I 3S GKI G A& 2 F doSdyA foRSAGARE cdad@dnies, | & | a G ST )
especiallythe one that can have an impact on soils may be interested in offering their employees a
workshop on soil and soil health. We will d@ngour first testsessions to cormgmies such as
Unilever, Nestle and Danone.
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6. What does it mean for Horizon 20277

The creation of a serious game could be a deliverable. The advantage of board serious
games is that you can easily modify them, create more expert versions for differblit.pu

It is a communication format that can be sent to the whole European Union while remaining
adapted to the local context. In fact, in each country, the cards wiltdveslated,and the trainers
will speak the local language. The game can be adaptedferent levels of knowledge but also to
different contexts. For example, if a region faces a dramatic soil erosion problem, this aspect can be
highlighted during the workshop. It is a flexible and easy to organize means of communication. It is
both gldoal and local. It empowers soil health stakeholders but also citizens: after three hours,
everyone leaves with a concrete idea ehbw the soil functions, zhow the humans impact this
functioning, 3 what one can personally implement in his daily Igated to soil health.

26



References

Adisusilo, A. K., Hariadi, M., Yuniarno, E. M., & Purwantana, B. (2020). Optimizing player engagement
in an immersive serious game for soil tillage base on Pareto optimal strategies. Heliyon, 6(3),
e03613.

Barberis, N. (2013). The psychology of tail events: Progress and challenges. American Economic
Review, 103(3), 6116.

Bardgett, R. D., & Caruso, T. (2020). Soil microbial community responses to climate extremes:
resistance, resilience and transitions to alternative staldslosophical Transactions of the Royal
Society B3751794), 20190112.

Bass, S. (2009). Planetagulndaries: keep off the grass. Nature Climate Change, 1(910)114.3

. 2SeS3> to /X . gS&ST WdI 3 D2HREI WP SHAmMcULD {
appraisal of research on uncertain ground. Frontiers in Environmental Sciedde, 4,

Benton, T., Fairweather, D., Graves, A., Harris, J., Jones, A., Lenton, T., ... & Tiffin, R. (2017).
Environmental tipping points and food system dynamics: main report.

Biggs, R., Raudsepfearne, C., AtkinseRalombo, C., Bohensky, E., Boyd, E., Cu&d; ... & Tengd,
M. (2007). Linking futures across scales: a dialog on multiscale scenarios. Ecology and Society, 12(1).

Bodirsky, B. L., Popp, A., Leampen, H., Dietrich, J. P., Rolinski, S., Weindl, 1., ... & Biewald, A.
(2014). Reactive nitrogerequirements to feed the world in 2050 and potential to mitigate nitrogen
pollution. Nature communications, 5(1)71

Bonfante, A., Basile, A., & Bouma, J. (2020). Exploring the effect of varying soil organic matter
contents on current and future moistarsupply capacities of six Italian soi&oderma361,
114079.

Bonfante, A., Terribile, F., & Bouma, J. (2019). Refining physical aspects of soil quality and soil health
when exploring the effects of soil degradation and climate change on biomass pimdwt Italian
case studySoil 5(1), 1.

BorgogneMondino, E., Fabietti, G., & AjmoiMarsan, F. (2015). Soil quality and landscape metrics
as driving factors in a muitriteria GIS procedure for peurban land use planning. Urban Forestry &
Urban Greeing, 14(4), 74350.

Borrelli, P., Robinson, D. A., Fleischer, L. R., Lugato, E., Ballabio, C., Alewell, C., ... & Bagarello, V.
(2017). An assessment of the global impact of 21st century land use change on soil erosion. Nature
communications, 8(1),-13.

Brown, I., & Castellazzi, M. (2014). Scenario analysis for regional denigkomgy on sustainable
multifunctional land uses. Regional environmental change, 14(4),-13%X.

Brown, J. (2018, February 5). Environmental economics. Retrieved from
https://www.britannica.com/topic/environmentaleconomics

Bunemann, E. K., Bongiorno, G., Bai, Z., Cred®n&., De Deyn, G., de Goede, R&,Pulleman, M.
(2018). Soil qualityA critical review. Soil Biology and Biochemistry, 120;112%

27


https://www.britannica.com/topic/environmental-economics
https://www.britannica.com/topic/environmental-economics
https://www.britannica.com/topic/environmental-economics

Carney, M. (2015). Breaking the Tragedy of the Hogdimate change and financial stability.
SpeechgivenatLIByQ & 2 T,29[2202302 v

Castronova, E., & Knowles, I. (2015). Modding board games into serious games: The case of Climate
Policy.International Journal of Serious Gam&S), 4162.

Conijn, J. G., Bindraban, P. S., Schroder, JJdng&chaap, R. E. E. (2018). Can our global food
system meet food demand within planetary boundaries?. Agriculture, Ecosystems & Environment,
251, 244256.

Cordell, D., Drangert, J. O., & White, S. (2009). The story of phosphorus: global food security and
food for thought.Global environmental chang&9(2), 292305.

Corner, A., Shaw, C., & Clarke, J. (2018). Principles for effective communication and public
engagement on climate change: A Handbook for IPCC authors. Climate Outreach.

Cosier, S. (2019, MapB The world needs topsoil to grow 95% of its fe@ddzi A G4 Q& NJ LA Rf &
disappearing. Retrieved fromttps://www.theguardian.com/usnews/2019/may/30/topsoi
farming-agriculturefood-toxic-america

De Vries, F. T., Liiri, M. E., Bjgrnlund, L., Bowker, M. A., Christensen, S., Sdtal&a Bardgett, R.
D. (2012). Land use alters the resistance and resilience of soil food webs to digatyine climate
change 2(4), 276280.

Eurostat (2019, August). Agmvironmental indicator energy use. Retrieved from
https://ec.europa.eu/eurostat/statisticeexplained/index.php/Agrenvironmental indicator-

energy use

Godinot, O. (2018, July). SEGAE: a serious game project for agroecology learning.
Harari, Y. N. (2014%apiens: A brief history of humankifthndom House.
Hardin, G. (1968). Theagedy of the commons. science, 162(3859), 12238.

Heichel, G. H. (1976). Agricultural Production and Energy Resources: Current farming practices
depend on large expenditures of fossil fuels. How efficiently is this energy used, and will we be able
to improve the return on investment in thieiture?. American Scientis64(1), 6472.

http://ocp.ldeo.columbia.edu/res/div/iocp/drought/dustbowl.shtml
Isabelle StengerRésister au désastre. Dialogue avec Marin Schabfinet 2 a4 FI OS RQ; YAf A S
SRAGAZ2Y A 2AfRLINR2SOGZ ¢ tSGAGS o0A0fA20KS81jdzS RQSC

Kals, E.,chumacher, D., & Montada, L. (1999). Emotional affinity toward nature as a motivational
basis to protect natureEnvironment and behavig81(2), 178202.

Kates, R. W., Clark, W. C., Corell, R., Hall, J. M., Jaeger, C. C., Lowe, I., ... & FauchBux, S. (200
Sustainability scienc&cienceg292(5517), 641642.

Kidd, L. R., Bekessy, S. A., & Garrard, G. E. (2019). Neither hope nor fear: Empirical evidence should
drive biodiversity conservation strategies. Trends in ecology & evolution, 34(428278

28


https://www.theguardian.com/us-news/2019/may/30/topsoil-farming-agriculture-food-toxic-america
https://www.theguardian.com/us-news/2019/may/30/topsoil-farming-agriculture-food-toxic-america
https://www.theguardian.com/us-news/2019/may/30/topsoil-farming-agriculture-food-toxic-america
https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_energy_use
https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_energy_use
https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_energy_use
https://ec.europa.eu/eurostat/statistics-explained/index.php/Agri-environmental_indicator_-_energy_use
http://ocp.ldeo.columbia.edu/res/div/ocp/drought/dustbowl.shtml

Mandakovic, D., Rojas, C., Maldonado, J., Latorre, M., Travisany, D., Delage, E., ... & Cabrera, P.
(2018). Structure and eoccurrence patterns in microbial communities under acute environmental
stress reveal ecological factors fostering resiliefg®entifiaeports 8(1), 5875.

Maniora, J. (2017). Is integrated reporting really the superior mechanism for the integration of ethics
into the core business model? An empirical analykigrnal of Business Ethiég0(4), 755786.

Manning, P., van der Plas, Folig&res, S., Allan, E., Maestre, F. T., Mace, G., ... & Fischer, M. (2018).
Redefining ecosystem multifunctionality. Nature ecology & evolution, 2(3}4887

Maron, M., Mitchell, M. G., Runting, R. K., Rhodes, J. R., Mace, G. M., Keith, Wats0®, J. E.
(2017). Towards a threat assessment framework for ecosystem services. Trends in ecology &
evolution, 32(4), 24@48.

Mendes, R., Kruijt, M., De Bruijn, I., Dekkers, E., van der Voort, M., Schneider, &.Rbaijmakers,
J. M. (2011). Dghering the rhizosphere microbiome for diseaagppressive bacterigcience
332(6033), 10971100.

O'Neill, S., & Nicholseh 2 f ST { ® 6HnnpOd GaCSINI g2yUdid R2 Al
climate change through visual and iconic representationgrfée Communication, 30(3), 3839.

Orr, B.J., A.L. Cowie, V.M. Castillo Sanchez, P. Chasek, N.D. Crossman, A. Erlewein, G. Louwagie, M.

Maron, G.I. Metternicht, S. Minelli, A.E. Tengberg, S. Walter et S. Welton. 2017. Scientific Conceptual
Framework folLand Degradation Neutrality. A Report of the Scighobicy InterfaceConvention
des Nations unies sur la lutte contre la désertification (CNULCD), Bonn, Allemagne

Pfeiffer, D. A. (2006kating fossil fuels: oil, food, and the coming crisis in agrieulNew Society
Publishers.

Pielke Jr, R. A. (2007). The honest broker: making sense of science in policy and politics. Cambridge
University Press.ISO 690

Rhodes, C. J. (2017). The Imperative for Regenerative Agriculture. Science Progress, £002@1), 80
https://doi.org/10.3184/003685017X14876775256165

{ OKdzf 6SE wod t dX hQ{dzZ t AGIYySZ [ ®X *+NBEo62az 503
Mapping competing societal expedtians for the functionality of agricultural soils in Europe.
Environmental Science & Policy, 100, 1P5.

Seager, R. (n.d.). Was the Dust Bowl predictable? Retrieved from

Speelman, E. N., Gardarrios, L. E., Groot, J. C. J., & Tittonell, P. (201#)nG&r smallholder
participation in the design of more sustainable agricultural landscapes. Agricultural Systems,-126, 62
75.

LJN.

- YL

Springmann, M., Clark, M., MasénQ/ NBT =¥ 53 2AS0S> Yodr . 2RANR] @&

(2018). Options for keping the food system within environmental limits. Nature, 562(7728); 519
525.

Swart, R. J., Raskin, P., & Robinson, J. (2004). The problem of the future: sustainability science and
scenario analysis. Global environmental change, 14(2)1287

TschakertP., & Dietrich, K. A. (2010). Anticipatory learning for climate change adaptation and
resilience. Ecology and society, 15(2).

29


https://doi.org/10.3184/003685017X14876775256165

Wong, J. (2019, May 8). The idea that there are only 100 harvests left is just a fantasy. Retrieved
from https://www.newscientist.com/article/mg2423223100-the-ideathat-there-are-only-100-
harvestsleft-isjust-a-fantasy/

Wouters, P., Van Nimwegen, C., Van Oostendorp, H., & Van Der Spek, E. D. (2013analgsisa

of the cognitive and matational effects of serious games. Journal of educational psychology,
105(2), 249.

Zak, P. J. (2014). Why your brain loves good storyteHiagard Business RevigR8.

30


https://www.newscientist.com/article/mg24232291-100-the-idea-that-there-are-only-100-harvests-left-is-just-a-fantasy/
https://www.newscientist.com/article/mg24232291-100-the-idea-that-there-are-only-100-harvests-left-is-just-a-fantasy/
https://www.newscientist.com/article/mg24232291-100-the-idea-that-there-are-only-100-harvests-left-is-just-a-fantasy/

Annexes

Annexe 1

1. Game
General
The game is expected to lash8urs.

Phase |

tfF@SNR INB dzaAy3a GKS alF OG2NJ OF NRa¢® 9 OK NRdz/R>
are asked to show the card in their hands and to place it on the board. Once the card is on the

board, it needs to be connected via arraviide players can think together how to link the card to

the other ones on the board. In case they have no idea, the trainer can help them by explaining

some scientific facts. At the end of this phase, the player has a basic knowledge of the soil

functioning in a natural ecosystem from a biological, physical and chemical point of view.

/' FNR aGtflydk5SIR LIX Iydé
I.  What does a plant need to grow?

/ ' NR af{ dzyé
II. What isphotosynthesisPlantsmake food in their leaves. The leaves contain a pigment
called chlorophyll, whicholoursthe leaves green. Chlorophyll can make food prant
can use from carbon dioxide (CO2), water and energy from sunlight. This process is
called photosynthesiddowe\er, they cannot transform CO2 into Nitrogen and
Phosphorus, which they also need for a healthy diet.

/' NR dbAUGNRBISY o0az2Aafooé
lll. What is Nitrogen?
IV. Where does the nitrogen come from?

/ I NR daank/O@8&R micref | dzy | €
V. Who is themicro-fauna (some examples)? What do they eat? The nfauoa
(earthworms for example) need to eat. They eat dead plants which bring the plants back
to the soil, and ready to be eaten by Bacteria and Fungi.

/' NR a5SIR LXIFyd Ay fAGGES LMASOSac¢
VI. Who is decomposing the plants? Who eat them?

/' FNR . OGSNRAFk5SIFR . FOGSNRAFE B [/ FNR GCdzyIAkK5SIF
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VII. What is mineralization/immobilization? Bacteria and Fungi eat (thanks to special
enzymes they can eat from the dead organic matter= dead plants@n\itiey get
energy from dead plants they transform the dead plants back to nutrients (Phosphorus,
Nitrogen) that plants can eat (assimilation), water and Carbon (CO2).

/' NR ab2RdzZ Sace
VIILI. What is nitrogen fixation?

/' F NR at K2BEN2NHza o6a2Af
IX. Where does the phosphorus come from?

/' F NR aw201até
X. What is weathering?

/' I NR Gad8O2NNKAT IS¢
Xl.  What is a mycorrhiza? Some Fungi are friends with some plants. Mycorrhizae are
providing water and nutrients (Nitrogen, Phosphorus) from thié @othe rocks to the
roots of the plants. More than 80% of plants have Fufmgnds

/' P NR &/ tl@khEARS&¢
XIl. Why is the phosphorus in the soil sometimes unavailable?

/' NR 21 G0SN) 6az2Aaftoé
XIll.Where does the water come from?

I F NR Gwl Ayé
XIV. How does the rain enter the soil?

[P NR at2NBa¢ 3 /I NR al 3aNB3IriaSa¢
XV. What is soil structure? How does the soil structure influence the water entering in the
soil?

/' NR &/ KFEyyStaté
XVI. Who are creating those chanlis®

Phase |l

C2NJ 6KS a4SO2yR LKIaASEYyRIzDEBNEOBSZY & 2VISNR K2V | ¢ OK
gets one card. Each after another they are asked to show the card in their hands and to place it on

the board. Once the card is on the board, yiraust understand on which process talked about

before it has an influence. By the end of this phase, the player understands how humans influence

soil functioning through agricultural practices. Those cards can be placed in a different order than

the one dfered below, according to theJt | &nputsh Q

/' FNR GC22Rk/ f20KS&akcCdzSft ¢
l. Why do plants matter for humans?
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/' FNR &/ NRLI aStSO0GA2yéY Kdzylya asStSoOt oKIFIG (GKSe@& ¢
Il. What influence does it hee on the natural functioning of the soil?

Card Deforestation
Il. What influence does it have on the natural functioning of the soil (especially on the
soil carbon)

/P NR a/AGe tAFSE 6! NBFY I NBF o6dzAft RAy 30
V.

/' NR GYAff (pesHciids) Sy SYASa¢
V. What are pesticides? Why and when were they introduced ? How do they influence
the soil functioning and the plant production?

/' F NR G{LISSR dzLJ @2dzNJ a2Af ¢ OAYyONBI &SR GAfftl3IASO
VL. What is tillage? Why and when were they introduced? What are the benefits an
disadvantages or it?

/' NR aClFadSNIIFYyR SIFaASNE odal OKAYSNARSao
VIl.  Why are machines necessary in an agricultural system? How does it affect the
natural functioning of the soil?

I I NR G2ERNI O YAYLE YI ydzNBO
VIIl.  Why to put animal manure on th&oil? What impact does it have on the soll
functioning?

/' NR -#2E£R&AI
IX. Where does the Nitrogen fertilizer come from? Explanation of the H&dbser process.
X. Where does the phosphorus fertilizer come from?

Cardd 9 E4i INdt SNE 6 A wtiol)B | a SR A NNX 3

Phase Il

Ly GKS flFad LKFaSsy GKS LIXrea 3ISG GKS OF NRa a0O2ys
card. Each after another they are asked to show the card in their hands and to place it on the board.

Once the card is on the board, theyust understand on which process talked about before it has an

influence. By the end of this phase, the player understands how the agricultural practices induced by
humans influence not only the functioning of the soil but also the functioning of theystmm as a

whole.

Cardd! ANE o6 GSNJ g az2iaft LlRtfdziAzys

I NROSNI 2F R 2F ydziNASyida Ay (GKS az2AtyY 9YAaarzyas
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2. Game cards

Actors (22)

o Plant + Bacterifsiend = nodules
Dead plant in little pieces
Plant/ Dead plant
Food/Clothes/Fuel

Water (soil)

Phosphorus (soil)

CO2

Air

Rain

N20

N2

Sun

Phosphorus (soil)

. PR Jd22&aé¢ otl GK23aSyavo
Microfauna/ Dead micrdauna
Fungi/Dead Fungi
Bacteria/Dead Bacteria
Plant #~ungifriend = mycorrhizae
Soil engineers
Nitrogen (soil)

Rocks
Clay/oxides

O OO OO OO0 O MOOOOOOoOOoOOoOOoOOoOOoOo

Humaninduced actions cards (9)
0 CardDeforestation
oCardd / AGé tAFTSE 6! NBFYy FNBF o0dzAf RAYy 30
oCardd YAff 82dzNJ SySYASa¢ o6LISaGdAOARSa0
oCardd { LISSR &d2LA fe€2 daNuy ONBF aSR GAf t I 3S0
oCardd CIF aGSNJ IyYyR SIFaASNE oal OKAYSNRARSAUL
o CardCrop selection (humans select what they want to eat, introduction of

monocultures)

oCardd 9 EHN2ZRE OF YAYLE YI ydzNBO
oCardd 9 EH N2 Ré OFSNIUAT AT SNE-BEMBMEsSYAYSa 2N FNRY
oCardd 9 E@INGi SNE O0AYONBIFASR ANNAILFGAZ2YO

S
S

Consequences (8)

o Air, water & soil pollution
Overload of nutrients in the soil: Emissions
Overload of nutrients in the soil: Leaching
No diversity (time and space): buijp of pathogas
Breakdown of aggregates: CO2 emissions

(0]
(0]
(0]
(0]
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o Water runoff/flooding
o0 Soil erosion
o0 Soil salinization

Arrows (4)
Production
Ingestion
Excretion
Symbiosis

O O O O

3. Some examples of cards
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