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Mycogenic minerals in 
Hymenoscyphus ericae (c) et 

Rhizopogon rubescens (d) exposed to 
uranium 

Y$%4/d'8$./(+,"8).$5",(H/.&(*%+$.'((O;(E30%"P+,4(*1/(8",8/0*!
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Y$%4/d'8$./(+,"8).$5",(H/.&(*%+$.'((O;(E30%"P+,4(*1/(8",8/0*!

! ! Commercial inoculums are available 



M. Chalot - Phytosudoe Summer courses Ð 2017 July 13-14 

# ! Mycorhization limit the 
transplantation stress 

# ! Favor mineral nutrition (P & 
N) by increasing the uptake 
surface and providing 
access to organic nutrients 

Y$%4/d'8$./(+,"8).$5",(H/.&(*%+$.'((O;(E30%"P+,4(*1/(8",8/0*!
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(C) Tavaux (39) 
Industrial site : Solvay  
Major contaminants : Hg, As 
Plantation : March 2011 

(B) Pierrelaye (78)  
Agricultural soil 
Major contaminants : Cd, Pb, Zn 
Plantation : March 2011 

(A)!Fresnes sur Escault (59) 
VNF  
Major contaminants : Cd, Pb, Zn 
Plantation : February 2011 

Y$%4/d'8$./(+,"8).$5",(H/.&(*%+$.'((O;(E30%"P+,4(*1/(8",8/0*!

! ! The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplar with 
commercial fungal inoculums 
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! ! The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplar with 
commercial fungal inoculums 



M. Chalot - Phytosudoe Summer courses Ð 2017 July 13-14 
July 2011 

May 2011 April 2011 

July 2012 May 2013 
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Fresnes + 3 mois 

April 2011 

October 2012 

April 2014 

!
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Inoculated poplar 

Control poplar 

e0%+.(=>?F<(:+/%%/.$2/(
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a b 
Biomasse par 
arbre estimŽe 

Rendement 
(t MS/ha/an) 

!  Effet de 
lÕinoculation : 

!  Effet de 
lÕinoculation : 

Pv ** 

10,7 13,8 

+23% 

+10% 

10,7 13,8 12,4 15,9 

+22% 

= 

12,4 15,9 

c d 

7,3 10,0 

+27% 

Pv *** 

= 

7,3 10,0 

81% 90% 81% 90% 100% 100% 100% 100% 98% 98% 98% 98% 

Pv *** 

X%/',/' !:+/%%/.$2/(!!$P$)T!

lÕinoculation : 

Pv

Biomass  
(Kg / tree) 

Yield 
(t DW /ha/yr) 

Survival 
rate !  Impact of 

inoculation : 

!  Impact of 
inoculation : 

!

r) !

# ! Significant increases 
in poplar biomass 
production  

# ! Similar results on 3 
experimental sites 

(C) Tavaux (39) 
Industrial site : Solvay  
Major contaminants : Hg, As 
Plantation : March 2011 

(B) Pierrelaye (78)  
Agricultural soil 
Major contaminants : Cd, Pb, Zn 
Plantation : March 2011 

(A)!Fresnes sur Escault (59) 
VNF  
Major contaminants : Cd, Pb, Zn 
Plantation : February 2011 

Y$%4/d'8$./(+,"8).$5",(H/.&(*%+$.'((O;(E30%"P+,4(*1/(8",8/0*!

! ! The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplar with 
commercial fungal inoculums 
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Inoculated poplar 

Control poplar 

e0%+.(=>?F<(:+/%%/.$2/(

# ! Significant increases 
in poplar biomass 
production  

# ! Similar results on 3 
experimental sites 

(C) Tavaux (39) 
Industrial site : Solvay  
Major contaminants : Hg, As 
Plantation : March 2011 

(B) Pierrelaye (78)  
Agricultural soil 
Major contaminants : Cd, Pb, Zn 
Plantation : March 2011 

(A)!Fresnes sur Escault (59) 
VNF  
Major contaminants : Cd, Pb, Zn 
Plantation : February 2011 

Y$%4/d'8$./(+,"8).$5",(H/.&(*%+$.'((O;(E30%"P+,4(*1/(8",8/0*!

! ! The ANR- BIOFILTREE project : large-scale fied trials for inoculation of poplar with 
commercial fungal inoculums 
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First need : characterization of existing resources from 
study sites !! = conventional microbiology 

c,&/%'*$,&+,4(3+8%"-+$.(8"33),+5/'(O;(E30%"P+,4(*1/(8",8/0*!
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Microsclerotes of a fungal 
endophyte (DSE) 

Òsterile 
zo,eÓ 
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! ! DNA-metabarcoding : DNA metabarcoding is a rapidly evol ving method for 
assessing biodiversity from environmental DNA and bulk  samples.  

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

! ! DNA metabarcoding uses molecular techniques such as PC R and next generation 
sequencing, and integrates skills in bioinformatics and  biostatistics with classical 
ecological knowledge  

^Ued3/*$-$%8"&+,4(7"%($''/''+,4(&+P/%'+*2(O;(E30%"P+,4(*1/(8",8/0*!
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! !!1/(eUB(:MN!C:C:(0%"k/8*(L((+30./3/,5,4('1"%*(%"*$5",(0"0.$%(8"00+8/(
9IBJ<(+,(=>>DA(

Site 1 - LEFOREST : The METALEUROP site 
was one of the biggest zinc and lead 
production plants in Europe, that generated a 
significant quantity of dust, and its fallout 
contaminated the surrounding area to a 
distance of several kilometers 

Site 2 Ð PIERRELAYE : the area (> 2000 ha) 
was irrigated with raw wastewater from 1899 
to 2002 for fertilization purposes that 
generated a significant quantity of dust, and 
its fallout contaminated the surrounding area 
to a distance of several kilometers 

^Ued3/*$-$%8"&+,4(7"%($''/''+,4(&+P/%'+*2(O;(E30%"P+,4(*1/(8",8/0*!
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SRC 
(50 plants per plot) 

plot 1 

plot 2 

Site 1 - LEFOREST : The METALEUROP site was 
one of the biggest zinc and lead production plants 
in Europe 

VSRC 
(500 plants per plot) 

plot 1 

plot 2 

Site 2 Ð PIERRELAYE : the area (> 2000 ha) was 
irrigated with raw wastewater from 1899 to 2002 for 
fertilization purposes 
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^Ued3/*$-$%8"&+,4(7"%($''/''+,4(&+P/%'+*2(O;(E30%"P+,4(*1/(8",8/0*!



M. Chalot - Phytosudoe Summer courses Ð 2017 July 13-14 

J*$3!
2)'.*#,-!#),(,#$3(*+,X%0! Ri!,01!2)%.R)%(Q.!

@-,'! j,(E3!J*-$! @%,(.3!J,01!
Ri!

V..*&*-,/-3!2!
9L:! 9L:! 9L:! 9EklE:!

Y/7"%/'*(9YA( IcN5_!m!;N^_! KcN_A!m!INA;! IN^5!m!AN5A! cNC5!m!ANI5! AN;_!m!ANA5!

:+/%%/.$2/(9:A( KN]]!m!;NIc! 5NCC!m!;NC^! 5]N^5!m!5NcC! ]N5A!m!ANAA! ;N;A!m!ANIK!

2!8,-Q3! >;>>>[( >;>>>[( >;>>>[( >;>>>F( >;>>>D(

J*$3!
d(E,0*#!.$,$Q.! @,@-I !3S$(,#X/-3!&3$,-.!

@%(E! T$%$! @1! H0! G0!
9EklE:! 9EklE:! 9DEklE:! 9&EklE:! 9DEklE:!

Y/7"%/'*(9YA( I;NCC!m!IN_A! ;N^5!m!AN;5! ANcc!m!ANCK! ;IN]_!m!cNI]! ;;N5I!m!]N]_!

:+/%%/.$2/(9:A( KAN^C!m!]N]C! IN^5!m!AN]I! ANAc!m!ANAK! ANcc!m!ANI5! IN_5!m!;NIK!

2!8,-Q3! >;>>@F( >;>>@F( b>;>>>?( b>;>>>?( >;>>>@(

];!

Y/7"%/'*(P/%')'(:+/%%/.$2/(L(*#"(8",*%$'5,4('"+.'(O;(E30%"P+,4(*1/(8",8/0*!



M. Chalot - Phytosudoe Summer courses Ð 2017 July 13-14 
]I!

J3hQ30#*0E!
H*J3h!
9H*#(%.'0$):!

;c.!
9UK5C:!

YMJ!I!

V&R-*W#,X%0!

"S$(,#X%0!

9

I

2%P3(J%*-!ZTV!
3S$(,#X%0!n*$!9H%7*%:!

! !̂ Ue(%/8"P/%2<(/T*%$85",($,&('/f)/,8+,4()'+,4(V+I/f(*/81,"."42(

¥! Taxonomic assignment of DNA sequences  
¥! Diversity indices 
¥! Functional assignment 
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AM 1% 

Biotroph 
13% 

Saprotroph 
56% 

Unknown 
30% 

ECM 50% 

Endophytic 1% 
Biotroph 4% 

Saprotroph 
29% 

Unknown 
16% 

Endophytic 1% 

Biotroph 
17% 

Saprotroph 
65% 

Unknown 
17% 

Biotroph 
18% 

Saprotroph 
60% 

Unknown 
22% 

Unplanted soil Poplar soil 

# ! !1/("88)%%/,8/($,&(&"3+,$,8/("7(*1/(/8*"328"%%1+6$.(8"33),+*2($*(Y/7"%/'*(-)*(
,"*($*(:+/%%/.$2/(L(*1/('"+.(+'(*1/(3$k"%(&%+P/%;((

Site 2 Ð PIERRELAYE 

Site 1 - LEFOREST 

e''+4,3/,*(*"(7),85",$.(4%")0'(O;(E30%"P+,4(*1/(8",8/0*!
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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 quality = 
targeted bioaugmentation 
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% !Starting in 2006, we have successfully  implemented woody species on marginal 
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 
%  Identifying relevant species for production of either CLEAN or TE-enriched 
biomasses 

 
% !We have successfully applied biorefinery processes to a number of biomass 

collected from various marginal lands and provide some recommendations on 
the safe use of phytoremediation-borne biomasses 
# ! Ecocatalysis was successfully applied to accumulating Salix species through 

innovative reactions 
%  Producing Mn-ecocatalysts from species grown at the Thann site 
# ! We further applied chemical processes to metal-enriched biomasses. For instance, 

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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