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Phytomanagement of metal-contaminated soils: production 
and valorization of woody biomasses 
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1.! Introduction 

2.! Biomass production  

3.! Biorefinery processes 

4.! Aided phytostabilisation 

5.! Conclusions 
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! ! In marginal soils (contaminated agricultural soils, mining sites, industrial sites) where 
phytotechnologies are applicable, non-food crops may be valuable resources 

?;(E,*%"&)85",!
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! ! Woody biomass is converted into useful forms of energy (solid, liquid, or gaseous 
fuels) as well as useful products (polymers, bio-plastics, char, pellets, and acids) at a 
biorefinery 
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! ! Different processes are relevant to the management of marginal lands 
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Chile: Cu-contaminated 
soil (Cu > 1500 ppm) Pierrelaye (France): Cd, 

Cu, Pb, Zn-
contaminated soil 

! ! In marginal soils, microbial diversity must be restored 

Hebeloma 
sp. 

Laccaria 
 bicolor 

"#$%&'#%(()*+,-!
.'&/*%.*.!

Glomus sp. 

"01%&'#%(()*+,-!
.'&/*%.*.!
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" ! 14 poplar cultivars 

" ! SRC(1000 trees/ha) 

" ! VSRC(10000 trees/ha) 

" ! Soil sampling 

20 m 

IBJ?(

IBJ=(

KIBJ?(

KIBJ=(

J$'/('*)&2(?(L(*1/(:MN!C:C:(H/.&(*%+$.'(=;(G+"3$''(0%"&)85",(

! ! The PHYTOPOP project : Large scale plantation of poplar cultivars species in 2 field 
trials   
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(V)SRC = (very) Short Rotation Coppice !
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! ! The PHYTOPOP project : Large scale plantation of poplar cultivars species in 2 field 
trials   
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# ! Huge clonal variability, with the Vesten clone producing the largest biomass after 9 years 
of growth (2015), while the Dorskamp clone produced 3-4 times less biomass 

# ! The ratio B/T greatly differed between species 

Dry biomass (t/ha/yr)  Ratio B/T  
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Cd content (mg/kg)  

J$'/('*)&2(?(L(*1/(:MN!C:C:(H/.&(*%+$.'(=;(G+"3$''(0%"&)85",(

!"!#
!"$#
!"%#
!"&#
!"'#
("!#
("$#
("%#
("&#
("'#
$"!#

!"#
"$

%
&'()

#"
*+

%
&,-$

"%
./0

,'%
.+

"1
/0

2%
34

56
%

7')
80

(%
90

$"
%

:1
1(

%
;#

"<
'%

;'/-
='%

>(
-+

/'%
?0

)8
0$

%

>(1$#%

!("$@A0)%

!"
#!!!"
$!!!"
%!!!"
&!!!"

'!!!!"
'#!!!"
'$!!!"
'%!!!"
'&!!!"

!"#
"$

%
&'()

#"
*+

%
&,-$

"%
./0

,'%
.+

"1
/0

2%
34

56
%

7')
80

(%
90

$"
%

:1
1(

%
;#

"<
'%

;'/-
='%

>(
-+

/'%
?0

)8
0$

%

>(1$#%

!("$@A0)%

Ca content (mg/kg)  

# ! Mineralomasses differed between clones (2015 measurements), hence resulting 
in great variability in export capacities;  

# ! Mineral content are greater in branches 
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# ! Bark content : 10-12% of trunk biomass is made of bark while branches < 2 
cm are made of  >30% of bark. Element contents are much higher in bark 
and branches 

# ! High export of elements during harvest : depending on the mangagement 
option, the branches might be left on site or harvested 

Bark content (%) as a function of branch diameter 
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# ! Most metal trace elements have decreased in the CaCl2 extractible soil fraction from 2007 
to 2016, while nutrients have increased 

# ! The pH remained stable (slight but non significant increase)  
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PROLIPHYT 
PROduction of PHYTOremediating woody species 

# ! Increase the panel of woody species for phytomanagement 
# ! Evaluate the impact of mycorrhizal inoculation on growth production 
# ! Evaluate the impact of revegetation and inoculation on  microbial diversity 

! ! PROLIPHYT project : Large scale inoculation of about 50 woody 
species in 4 field trials   

!"#$#%&'()*+,%$#"+'(

Catalpa speciosa 

Sediments landfill (Cl activity) 
Major contaminants : Hg, As 
16 woody species in 1 ha 
Plantation in Dec 2014 

Sediments landfill (Ti activity) 
Major contaminants : Hg, As 
16 woody species in 1 ha 
Plantation in Dec 2014 

Sediment disposal field 
Cd, Zn  soil May 2014 
16 woody species in 1 ha 
± inoculation  

Cd, Zn, Pb Oct 2013 
Waste disposal  
16 woody species in 1 ha 
± inoculation on 1 ha 

Acer saccharinum 

1 ha of plantation of ca. 16 
species on 4 sites!
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Ac: Acer campestre 
Ag :  Alnus glutinosa    
Ap :  Acer pseudoplatanus   
Bp : Betula pendula    
Cs: Cornus sanguinea 
Fe : Fraxinus excelsior     
Pa : Prunus avium     
Ptd :  Populus trichocarpa x  
Populus deltoides (BeauprŽ)   
Qro :  Quercus robur     
Qru :  Quercus rubra     
Rp :  Robinia pseudoacacia    
Sa : Salix alba     
Sc :  Salix caprea 
Um: Ulmus minor 

Leaf june 

Leaf october 

Stem june 

Stem october 

0

5

10

15

20

25

30

35

40

Ac Ag Ap Bp Cs Fe Pa Ptd Qro Qru Rp Sa Sc Um

Cd (mg/kg)  

0

100

200

300

400

500

600

700

800

900

Ac Ag Ap Bp Cs Fe Pa Ptd Qro Qru Rp Sa Sc Um

Zn (mg/kg)  

 
# ! Populus and Salix species 

accumulates Cd and Zn 

Tree species  

! ! PROLIPHYT project : increasing the panel of trees 
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! ! Site 1 : Leforest, North of France, an agricultural soil contaminated by Cd, Pb 
and Zn from a Zn/Pb smelter 
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!

# ! Overall, growth of 7 woody species were similar to the nursery 
standards, whereas some species showed poor growth. The 
average survival rate were ca. 77%.  
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TE concentrations in leaf tissues (mg/kg D Wt) at the Lefore st site 
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