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Soil is a living matrix !!!

from micro- to macroorganisms
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Microorganisms are key players of soil functioning and
relevant indicators of soil quality

Huge abundance and diversity

1g sol
> 106 fungi
103 species

Important fithess
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10° bacteria
06 species

Nombre de cellules/mi
N
5

A4

Temps (heures) Rapid respons_e to
Small size High genome plasticity environmental
Small Generation Time modifications

Involved in numerous soils functions

k2 Matiere organique & microorganismes
(humus) el

Organic matter mineralisation, _ o Biological control
Carbon recycling, nutriments Soil detoxification of pathognens

Soil structure
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How to characterize soil microbial diver

A new way: Molecular Microbial Ecology !

Soll
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Abundance

Genetic / Taxonomic and Functional

@ Agroscooge Diversity



Molecular tools
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@ Exponential increase of the number of studies dealing with microbial
diversity in natural ecosystems

| Morris et al., 2002
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publications per year

Mursiber of

¥ Statement: most of studies are locally specific of a site

® Lack of genericity

® Lack of knowledge on the spatial distribution of microorganisms

Need to develop studies on a broader spatial scale

— gl
Microbial biogeography




Sampling grid of French soils: 16 kmx16km for ak tterritory= 2200 sites NR
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Cartography of soil quality only based on physibeiical parameters:
- texture, pH, Corg tot, Norg, Ca, Na, Mg, ETM, ... ¢
- plant cover, geomorphology, climatic conditioresd-use, etc...
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Characterization of microbial communities (ECOMIC ~ -RMQS)
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Molecular Microbial Biomass
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Grasslands > Forests > Croplands>>
Vineyards / Orchards

Agroécologie
Q_? - A—— Dequiedt et al., 2011, Global Ecology and Biogeography
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ARISA Mapping of soil bacterial communities based on
structure variations

« Opposite regions = Regional pH and texture are strongly correlated

differences in terms of composition _ with structure variations
Climate is less correlated compared to soil

characteristics

e Spatial  structures -  Ecological
regions with more or less variability
(« diversity »)

‘ Agroécologie
“? R Dequiedt et al., 2009, Environ. Microbiol. Rep.



Genotyping

Genetic structure

‘ Agroécologie
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MetaTAXOMIC-RMQS project:
from Genotyping to Sequencing

High-throughput sequencing
technologies
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> Taxonomical Inventory

(several thousands of species / soil)

True estimation of diversity
ldentification of agro-ecological populations of interest
(pathogens, etc...)
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Bacterial richness
in numbersof bacterial OT

s

Mapping of soil bacterial diversity on the scale of France
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‘Z_ bn the bacterial d  iversity

e Bacterial diversity seems to btrongly linked to land use

(forest, grassland, crops...).

Terrat et al., 2016, in prep.



2000

Nb OTUs

1500 -

1000 ~

500

Relationship between bacteria
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| diversity and land u se.

‘ Agroécologie
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Crops and Vineyards
exhibit the most
Important diversity
conversely to forests
and grasslands.

Intermediate perturbation
stimulates bacterial diversity.

Crops and vineyards




Correlation between soil characteristics
and bacterial richness

Iimﬂn_%mQ
F'_alss-
|
Nb o"ru . ~ Texture , C et P are the main drivers
. Weak influence of pH

~__[Na_ech 7 [ |
Ca echs——— _
—
\‘\ sable grossier|
Eigenvalues

e




MetaTAXOMIC-RMQS : bacterial taxa-area relationship

v' Fundamental law in ecology highlighted for microorg anisms (Horner-Devine et al., 2004)
v Hypothesis : the number of detected species increase with the sampling size

=>» The turnover (z) represents the rate at which new species are sampled as the sampling size
increased

=>» But, « Z » values for bacteria are largely underestimated (Wwoodcock et al., 2006; Terrat et al., 2014)
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ﬁanjard et al., 2013 Nature Comm.
Chemidlin et al., 2016, in prep.



Relationships between biodiversity turnover and lan dscape
heterogeniety
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Soll bacterial Taxonomic groups
(Phylum level)

Lentisphaerae

Fusobacteria
Deferribacteres
Thermotogae
Chlamydiae
Spirochaetes
Thermodesulfobacteria
Euryarchaeota
Nitrospinae
Dictyoglomi
Tenericutes
Epsilonproteobacteria
Synergistetes
Deinococcus.Thermus
T™M6

Cyanouactena
Fibrobacteres
Elusimicrobia

Armatimonadetes
Chlorobi

Ntrospireae
Verrucomicrobia
Gemmatimonadetes .
Chlorofed Intermediate
Crenarchaeota

Thaumarchaeota

Dol Baok
Dettapt e

Betaproteobacteria  m————

Acidobacteria ]

Gammaproteobacteria m—————— DO m i n a nt

Firmicutes I
Planctomycetes I
Actrobactetta

Alphaproteobacteria

Bacteroidetes M aj O r

100 80 60 40 20 O 0 5 10 15

Occurrence in Relative abundance in the
RMQS soils (%) community (%)




2500

2000

Croplands

Grasslands
_ - Vineyards
; q L = 0 >+
Physico- .
;:2)%?:3:; Gammap obacteriu fa c e bo o k
: Planctomycetes
(27 . 9% ) C I | m at e Betupn@actena L
0.6% Armati adetes Thermotogae - .
( - 0) Gemmu@nude esChI@ / Cyong
~ . Geographical Finfiutes @
1 Al# H = Bacteroidetes ~ . :
La‘nd use (1%) ¢ : My descrl pto rs Fibrobacteres obacteric

(5%)

Alphaproteobeaetéria’ 3 i r@nae
Epsilonproteobacteria

Deltaproteobacteria

Thaumarchaeota

Chloroflexi
Euryarchaeota

Spir@etes

Nitrospirae “
Verrudo

microbia

Karimi et al., in prep.



Physico-chemical Climate
properties (10.9%) - (0.3%)
. Geographical
Land use descriptors
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MetaTAXOMIC-RMQS : Acidobacteria
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Bacterial distribution and co-occuring interactions
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Bacterial social network according to land use
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From Biogeography to National Soil Quality Indicato IS

- | ADEME

Molecular Microbial Biomass =INRA 2 Soil Bacterial Diversity

== SCIENCE & IMPACT

Biomasse microbienne des sols

High influence of soil characteristics
LS SO Weak influence of climate £
Siagnificant influence of land use
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« Soil National Indicator » Diagnosis of soil biological state «Soil National Indicator »

Dequiedt et al., 2011 Glob Ecol Biogeo Horrigue et al., 2016 Ecol Indic. Ranjard et al., 2013 Nature Comm



Towards Citizen Project on Soll Biological Quality
CASDAR Agrinnov

$

To Train
and
Equip Farmers for Soil Biology

%Scientific experts
3
(i3]

. . Farmers
in soil biology

National network of 250 farms

(crops and vineyards) .. T
- ®) Training farmers for soil biology

Aggregated indicators

Dashboard of soil bioindicators

Agricultural soil biological
quality diagnosis

Innovative agricutlural practices Biological Biological
patrimony fertility



Qutcomes

10%!

32%‘ ’

97% !

‘? % 58%!

Agricultural solls are not dead !!!

Agricultural Survey: Impact of Agrinnov project on farmers
Intercrop
“ ' management 56%
Soil tillage 28%
% o
Reduction of input
97% farmers integrate now better 59% of farmers have changed 23%

soil biology in soil management their practices

Crop rotation 13%



Beyond Agrinnov - REVA

Network of Experimentation & Monitoring of Agricutlura | Innovation)

Chef de file: €A Ehampagne-Ardenne
Coerdination Seientifique: AgraSup Bijen
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Chef de file: PNR du Verdon
Caordination Seientifigue: ISARA
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S Projets déposés :
Dossiers en cours de constitution
Demandes de formation



PIA2-Agriculture Eco-efficiente (ADEME)

Technical Transfer and Industrialisation of Soil Qu ality Indicators
and Development of Agroecological Recommendation

Technical Agricultural Institute and Cooperatives

Public partners Private partners
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Perspectives

Bacterial Diversity:  « Atlas » of French solil bacterial
diversity (to be published in 2018)

Fungal Diversity:  Spatial distribution and determinism of fungal diversity
on the scale of France S

bacterial groups on the scale of France.

Decipher the link between microbial diversity and f unctions In soils
such as carbon or nitrogen cycling.

To be published in 2017: « Molecular Microbiology for Environmental
Diagnosis » eds Cuny, Maron, Ranjard.

jl> 0-occuring network analyses:  Relations (synergy, antagonism) between




The ECO-TAXO-MIC Dream team

Mél
Lelievre Nikos
Chemidlin PB

Vivi Nowak

Walid Horrigue
« le président »

Battle « Royal »
Karimi

Seb « biogeek »
Terrat

PA Maron
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