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REVIEW AND
SYNTHESIS

The unseen majority: soil microbes as drivers of plant
diversity and productivity in terrestrial ecosystems

Marcel G. A. van der Heijden"?*

Richard D. Bardgett® and Nico M.
van Straalen’

Abstract
Microbes are the unseen majority in soil and comprise a large portion of life’s genetic
diversity. Despite their abundance, the impact of soil microbes on ecosystem

processes is still poorlv understood. Here we explore the various roles that soil
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@ APPLIED AND INDUSTRIAL MICROBIOLOGY Presidential address

f ial. g Geomycology: biogeochemical transformations
Untapped pOtentl,al',eXpIOItlng of rocks, minerals, metals and radionuclides
fungl in bioremediation of hazardous by fungi, bioweathering and bioremediation
chemicals il . B
Hauke Harms, Dietmar Schlosser and Lukas Y. Wick
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Nature Reviews Microbio AOP, published online 7 Febi 2011; doi:10.1038/ icro2519
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# ! Mycorhization limit the
transplantation stress

# ! Favor mineral nutrition (P &
N) by increasing the uptake
surface and providing
access to organic nutrients
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I 1'The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplat

commercial fungal inoculums

(A)'Fresnes sur Escault (59)
VNF

Major contaminants : Cd, Pb, Zn
Plantation : February 2011

(B) Pierrelaye (78)

Agricultural soil

Major contaminants : Cd, Pb, Zn
Plantation : March 2011

(C) Tavaux (39)

Industrial site : Solvay
Major contaminants : Hg, As
Plantation : March 2011

Agronutrition 4
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I 1'The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplat
commercial fungal inoculums
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I 1'The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplat

commercial fungal inoculums Inoculated poplar

Control poplar

(A)Fresnes sur Escault (59)
VNF

Major contaminants : Cd, Pb, Zn
Plantation : February 2011

(B) Pierrelaye (78)

Agricultural soil

Major contaminants : Cd, Pb, Zn
Plantation : March 2011

(C) Tavaux (39)
Industrial site : Solvay

T EEIE  ers _ !$P$)T! +/%%/ .$2V( X%!/'[' |
P\ ** Py *** Py ***
Biomass c d
#1 Significant increases (Kg/tree) 7 . b
in poplar biomass
production -
Survival | 81% 90% | | 98% 98% | | 100% 100%
L. rate 71 !/ Impactof
#1 Similar results on 3 | inoculation: ~ +10% = =
experimental sites -
P vield 107 m &3 10.0 124 -
(t DW/ hajyr»- : inog]?z;icc:nof 0/
- ‘M Phytosudoe m courses - Zm 13-14
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I 1'The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplat

commercial fungal inoculums Inoculated poplar

Control poplar

(A)Fresnes sur Escault (59)
VNF

Major contaminants : Cd, Pb, Zn
Plantation : February 2011

(B) Pierrelaye (78)

Agricultural soil

Major contaminants : Cd, Pb, Zn
Plantation : March 2011

(C) Tavaux (39)

Industrial site : Solvay
Major contaminants : Hg, As
Plantation : March 2011

#! Significant increases
in poplar biomass
production

#1 Similar results on 3
experimental sites
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First need : characterization of existing resources from
study sites !! = conventional microbiology
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Osterile
20,0 7

Microsclerotes of a fungal
‘l’ endophyte (DSE)

"Q;F;! UF2#/$()6(+%)/&"#+$)%(S+$>(#(BV:() % (2" #%$(3HBE/;G+
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I 1 DNA-metabarcoding : DNA metabarcoding is a rapidly evol ving method for
assessing biodiversity from environmental DNA and bulk samples.

I 1 It has a wide range of applications: biodiversity monitor ing, animal diet assessment,
reconstruction of paleo communities, among others.

I I DNA metabarcoding uses molecular techniques such as PC R and next generation
sequencing, and integrates skills in bioinformatics and biostatistics with classical
ecological knowledge
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Ued3/*$-$%8"&+,4(7"%($"/"+,4(&+P/%
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Site 1 - LEFORESThe METALEUROP
was one of the biggest zinc and lead

Site

production plants in Europe, that generated a

significant quantity of dust, and its fallo

contaminated the surrounding area to a

distance of several kilometers

Ut

Site 2DPIERRELAY:Ehe area (> 2000 ha
was irrigated with raw wastewater from|:
to 2002 for fertilization purposes that
generated a significant quantity of dust| .
its fallout contaminated the surrounding
to a distance of several kilometers
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Site 1 - LEFORESThe METALEURORP site|was | Site 2DPIERRELAY:Ehe area (> 2000 ha) was
one of the biggest zinc and lead production plant irrigated with raw wastewater from 1899 to 2002

in Europe fertilization purposes
SRC VSRC
(50 plants per plot) (500 plants per plot)
=
L |
I
| 1= = = =
|
|
r________lll
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plot 1 |  plot1 |
I
S
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¥ Taxonomic assignment of DNA sequences
¥ Diversity indices
¥ Functional assignment
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Unplanted soil

Endophytic 1%

Site 1 - LEFORES

Site 2DPIERRELAY

#111/("88)%%/,8/($,&(&"3+,$,8/("7 (*1/(/8*"328" %% 1+68"'33),+*2($*(Y/7"%/™*(-)*(
S (SH (Y%l S2/(L( LI+ (+ (LI (3BK"%o(&Y0+P1%; ((
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# ! NGS technologies allows for identification of keystone species

#! These data allows for setting up targeted isolation protocols and further
production of useful microbes

#! May facilitate the identification of the needs for improving soil uality
targeted bioaugmentation
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% !Starting in 2006, we have successfully implemented woody species on ma
lands
#! 14 poplar clones in 2006, and 2 clones in 2011
#! 16 and 18 woody species at four phytomanaged sites in 2014.
#! Based on ICP-AES analysis, TE concentrations in aboveground tissues highly
varied, highlighting the need for an accurate selection of tree species
% ldentifying relevant species for production of either CbEAE-enriched
biomasses

% !'We have successfully applied biorefinery processes to a number of biomas
collected from various marginal lands and provide some recommendations

the safe use of phytoremediation-borne biomasses

# ! Ecocatalysis was successfully applied to accumulating Salix species through
iInnovative reactions

% Producing kecocatalysts from species grown at the Thann site

#! We further applied chemical processes to metal-enriched biomasses. For instal
optimization of an acid pre-treatment allowed for removing Fe, Zn and Mn from
tobacco, willow and birch biomasses. Pyrolysis is also foreseen.

% Up-scaling the process for pyrolysis or for the production of clean pulp

% The economic appraisal is being studied
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