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> Evaluer les sols : une histoire ancienne

 Le livre des Nombres (13 :17-19)

Moise envoie des messagers pour
reconnaitre le pays de Canaan, en leur

disant :

« ... examinez le pays. Voyez comment il se
présente et quel peuple 'habite, observez
s’il est fort ou faible, nombreux ou pas ...
La terre est-elle fertile ou pauvre, y
trouve-t-on des arbres ou non ? »
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Ethnopedology: a worldwide view on the soil knowledge of local people
N. Barrera-Bassols et J.A. Zinck, Geoderma, 2003



> Evaluer : pourquoi/comment ?

Evaluer pour :

1. Connaitre les sols, apprécier leur diversité
2. Classer les sols, les échanger
3. Surveiller leurs évolutions
4,
Que fautil ?

1. Un objectif, une définition
2. Des outils/criteres/descripteurs d’évaluation
3. Des référentiels, des regles d’interprétation
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> Un objectif mouvant

Fertilité => Qualité => Multi-fonctionnalité/services => Santé

Before 1970 c. 1970-90 c.1990-2010 ¢. 2010 onwards
» Time
Main Suitability for Productivity Productivity, Multi-functionality,
objective(s) crop growth environment, ecosystem services,
animal/human health resistance & resilience
== s Digital
Tools Visual - Analvtical Eai I'g__.'_ =
Methods Soil assessment Soil quality test kits, High-throughput methods,
based on colour, add (bio)chemistry, add microbiology
structure, macrofauna multivariate statistics
Indicator trends | Few indicators Many indicators Minimum data sets Novel indicators
- 507555
approach
Scientific analysis Interactive design and
and expert advice decision-making with end users
INRAZ
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> Définitions ?

Niveau de fourniture de services écosystémiques

>

Santé : I'état réel (ou actuel) du sol et sa capacité a fournir des
services écosystémiques

<I Les diverses dégradations des sols liée aux pratiques de
gestion, au changement climatique, etc. limitent I'offre de SE.

: Qualité : Les propriétés du sol (type de sol) et le contexte (climat,
1 usage) définissent le potentiel a fournir des services de maniere

:j|> 2 > Lutilisation d'engrais, de pesticides, le travail intensif du sol et

d'autres pratiques de gestion permettent d'accroitre la

_ fourniture de certains services écosystémiques, mais

Durable : Non durable entrainent des compromis accrus avec d'autres services,
d'autres personnes, ailleurs ou plus tard.

INRAZ
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> Définitions ?

* FAO : Soil health has been defined as "the ability of the E Health
soil to sustain the productivity, diversity, and a Human
. . . & ;
environmental services of terrestrial ecosystems” (ITPS, g well-being o ST
L
2020) H P repository
E ¥
g .
Qu‘allty Aesthetics
- :
¢ EU; SML (2023) : ¢ : Biodiversity
(e ’ . . ) i i quality
* ‘soil health” means the physical, chemical and biological Fertility s o
condition of the soil determining its capacity to function quality cidizl
as a vital living system and to provide ecosystem services Yield Climate
. ., T . . e Erosion i
* ‘ecosystem services’ means indirect contributions of S e . ung
ecosystems to the economic, social, cultural and other -
benefits that people derive from those ecosystems; %‘
* ‘soil descriptor’ means a parameter describing a £
physical, chemical, or biological characteristic of soil Quantitative =——————) Qualitative
health; Janzen, H. H., Janzen, D. W., & Gregorich, E. G. (2021).
The “soil health” metaphor: illuminating or illusory?. Soil
INRAG Biology and Biochemistry, 159, 108167 .
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> Quels descripteurs ?

Propriétés Descripteurs possibles

Physiques Profondeur du sol, couleur, texture, structure, stabilité structurale, état de surface,
masse volumique, macroporosité, microporosité, perméabilité, humidité du
sol, minéralogie, résistance a la compaction, infiltration...

Chimiques Paramétres « agronomiques - fertilité » : pH, teneur en matiére organique,

fractionnement de la matiére organique, quantité de calcaire actif, potentiel
rédox, capacité d’échange cationique, teneur en éléments majeurs (N, P, K, Mg,
Fe, Al) et en oligoéléments (Cu, Mg, Mn, Zn)

Parameétres « environnementaux » : teneur en contaminants métalliques (As, Cd,

Hg, Pb...) et organiques (hydrocarbures, pesticides, polychlorobiphényles)...

Biologiques

Microflore du sol : dénombrements bactériens et fongiques, diversité basée sur

des profils d’acides gras phospholipidiques (PLFA) ou des empreintes
moléculaires, activités totales (respiration) ou spécifiques (nitrification),
présence de mycorhizes, ergostérol...

Faune du sol : diversité et abondance des lombriciens, des collemboles, des

acariens, des nématodes, activité de la faune du sol (dégradation de la litiére,
nombre de galeries, présence de turricules)...

INRAZ
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Adapté de Bispo, A., Blanchard, E., Delmas, A. & Laval, K. (2011). Chapitre 21. Indicateurs de la qualité des
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earthworms

N mineralisation

> Fréquence de sélection des microbialbiomass
indicateurs dans les travaux de R&D =
Bunemann et al., 2018 micronutrients

sodicity, salinity

other macronutrients (Mg, S, Ca)
heavy metals

available N

cation exchange capacity

. . . . . electrical conductivity
Fig. 4. Frequency of different indicators (min. -

10%) in all reviewed soil quality assessment available K
approaches (n =65). available P
pH

total organic matter/carbon

infiltration

aggregation

porosity

hydraulic conductivity

penetration resistance

soil depth

structual stability

texture

bulk density

INRAZ water storage
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> Quels descripteurs sont utilisés/mesurés dans les états ?




> Vers une liste minimale de niveau 1 ? (ZSIREN
+ Criteres de sélection:

] Soil physical condition Texture, Porosity,
* Policy-relevant Bulk density
e >50% MS Soil fertility © o e T
* >30% sci. literature Total N
. . P
* Appl. in EU projects K
pH
Erosion evaluation Based on calculation
Salinity Electric conductivity
Contamination Heavy metal trace elements
Other contaminants
Soil biodiversity Recommended to be included *
Water regulation

* Based on our selection strategy, we observed significant omissions regarding indicators for soil biodiversity, organic contamination and water regulation/filtration.
As soil condition data in these areas are called for by policies and stakeholders and (standardised as well as novel) methods are scientifically available, we recommend to also
include relevant indicators in this 15t tier minimum dataset. Based on our stocktake and reviews it is yet impossible to select any without making subjective choices, which is

what we wanted to avoid.

INRAZ
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> Critéres d’évaluation (ZSIREN

Valeur de référence B : :
[ Decision criteria } [ Method ] [ Trigger Evaluation } Response |
valeur d’un descripteur
représentant sa valeur Indicator(s)
selected
de fond normale pour Level of 1
des circonstances Confidence % of threshold % of target No requirement for additional tiers
Published and Jes Fixed Vﬂ:'-'e va:ue or change in management
locales robust values, » target/threshold ;
fit for purpose? values i 100%: ~ TVE'S
Valeur cible noJ, | . Frigger Trigger values ‘
; 80% Trigger I ithi unquestionably Trigger values
représente I'état o . , - values for gy values within — outside —» below optimal
= elevan ves “Natural” , 60% targets optimal = no ", ccentable” "° “oruncertain
souhaité prI)U:jUn ou ;i{::-;:i reference - : citial | ranges ranges
un ensemble de ' o : yes
~ | 100% i |—] ,—]
descripteurs compte | noy Trigger - § ¥ i
values for ™ : .
tenu des | || Sufficient data thresholds | 90% ' '_I'arg'e‘l:ed change Sta.keholt.ierfpt‘:lllcv
. | . yes e e . : in management or -driven discussions
circonstances locales | available? »  Distribution : : next-tier on urgency,
|| | Unbiased distributions? i Soil health : measurements uncertainty,
Va Ieu r seuil | || noy indicator required context, etc.
|
[ | Clear oo . l
valeur au-dessus/au- | | target y Relative change H.‘.elatwe f;!\:n'ge :mm:hn:aﬂ: . ) r
dessous de laquelle la || direction? (i.e., specified % of current va ue]. ased on:  Arecurrent
., , | * Distance from target (if available) . yes; set indicators appropriate no
qualité/santé du sol i no[ + Potential for change " intermediate to monitor site
est considérée comme D | * Monitoring period benchmarks management?
dégradée ati * Urgency and time frame
acquisition
Data/science-driven Policy/stakeholder-driven
INRAZ
Les enjeux de I'évaluation de la santé des sols — 12 Décembre 2023 Matson et al., 2023. Submitted. p.11
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> En conclusion...

* Un chantier « scientifique » toujours en cours...
* Sur les définitions...
 Sur le choix des descripteurs...
» Sur l'interprétation et la prise en compte des descripteurs (One Out, All Out) ...

* Un manque de données et de retour d’expérience pour assoir certains choix
d’indicateurs et de criteres d’interprétation

e Peu d’expérience sur certains usages (ex : sols urbains)

* Des données peu/pas comparables entre elles, notamment a I'échelle EU

* ... Mais le « législatif » n’attend pas !

Les enjeux de I'évaluation de la santé des sols — 12 Décembre 2023 p. 12
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> Annexe | du projet EU SML

Aspeet of so0dl
degradation

Soil

Criteria for healthy soi
condition

Land areas that shall be
excluded from
achieving the related

criterion

Part A: soil deseriprors with crireria for healthy soil condinion

established ar Uniomn level

Salmization | Electrical <4 d% m™ when using Naturally saline land
Cundu.cm-u} saturated soul paste extract areas;
(deci-Siemens | (eEC) maamme]gmd 1 areas dirsctly
per meter) oF squ alent eriterion affacted by sea level nse
using another measurement
method
Soil erosion | Soil erosion (< 2that v Badlands and other
rate unmanaged natural land
b areas, except if they
]I: = f:: represent a significant
~ear) disaster nisk
Loss of soil Soil Orgamie | - For organic souls: respect Mo exclusion
organic Carbon targets set for such seils at
carbon (50C) national level in accordance
concentration | with Article 4.1, 4.2, 9.4 of
(zperkg) Regulation (EU) .. 4...%
- For mineral seils: Non- managed souls m

S0C/Clay ratio = 1/13:

Member States may apply a
comectrie factor where
specific soil types or climatic
conditions Justify it, along
mto account the actual SOC
content In penmanent
grasslands.

natural land areas

INRAZ
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Seal - Beascnable assurance, Mo exclusion
contamination | concentration | obtamed from seil point
of heany sampling, identification and
metals mn sl | mrestization of
Ag Sh, Cd, contamimated sitas and any
Ca, Cr (total), | other relevant mformation,
Cr (VT), Cu, | that no imacceptable nsk for
He, Ph, Ny, luman health and the
TLV, Zn(ug | enviromment from soil
per kz) contamimation exists.
- ) Habitats with naturally high
CONCENTANOR | o cantration of heavy
of 2 selesfion | metals that are mehuded in
o ergams Anmex Infj(“mm::il Darective
confaminants | gn ;
establiched by 9_1'43!]55]&5-(1' shall remam
Member F
States and
takimg mto
account
existing
concentration
bmts ez for
water quality
and air
emissions In
Umion
legizlation
Reduction of | Soil water The estimnated value for the | No exclusion
soil capacity | holding total water holding capacity
to retam capacity of of a soul district by rver
water the soil basin or subbasin 15 above
sample (% of | the minimal threshold.
vohmeof | The minimal threshold shall
be set (in tonnes) by the
volme of | Member State at soxl disrict
saturated soil) | g river basin or subbasin
level at such a value that the
impacts of floodings
following intence rain events
or of penods of lom- sail
moistare due to drought
events are mitigated

Subseil Bulk density Soil texture® range Non-managed soils m
compaction m subsoil natural land areas
(upper part of || sand. loamy <] B0
BorE sand, sandy
horizon'); loam, loam
Member
States may Sandy clay <1.73
replace this loam, loam clay
descriptor loam, silt, silt
with an loam
I;?;LTG sltloam sty | <165
per cm?) clay loam
Sandy clay, silty | <1.58
clay, elay loam
with 35-45%
clay
Clay <147
In case a Mamber State
replaces the soil descriptor
“bulk density in subsoil™
with an equralent
parameter, 1t shall adopt a
eriterion for healthy sodl
condition for the chosen seal
deseriptor that is equivalent
to the criterion set for “bulk
density in subsoil”.
Part B: soil deseriprors with crivenia for healthy soal condiion established ar Member
Srares level
Execess Extractabla < “maximum value™; Mo exclusion
nutrient sphomus F— g™
comtent in sail 1;:; per k=) The “maximum value™ shall

be laid down by the Member
State within the range 30-50
mg kg

Part C: soil deseriprors withour criteria

Aspect of soil degradation Soil descriptor
Excess mifnent content in seil Nitrogen in sell (me g')

Acidification Soil acidity (pH)

Topseil compaction Bulk density in topsedl {A-horizon®) (g cno)

Loss of soil biodiveraity

Soil basal respiration ((mm® Oz g hr') in dry soil

Meamber States may also select other optional soil
desecriptors for biodiversity such as:

- metabarcoding of bactena, fimg, protists and animals;
- abundance and diversity of nematodes;

- mictobial biomass;

- abundance and diversity of earthworms (i cropland);
- masive alien species and plant pests




