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I I'In marginal soils (contaminated agricultural soils, mining sites, industrial sites)
phytotechnologies are applicable, non-food crops may be valuable resources

Jatropha

(Pandey et al., 2012)
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% > Janssen,! 2015) i

I .Ricinus
(Bauddh etal., 2015)

Contents lists available at ScienceDirect

Renewable and Sustainable Energy Reviews

ELSEVIER journal homepage: www.elsevier.com/locate/rser
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Energy crops in sustainable phytoremediation

Vimal Chandra Pandey **, Omesh Bajpai b, Nandita Singh *
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I 'Woody biomass is converted into useful forms of energy (solid, liquid, or gas
fuels) as well as useful products (polymers, bio-plastics, char, pellets, and ac

biorefinery

BIOPRODUCTS
MARKETS
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| I Different processes are relevant to the management of marginal lands

PRV VOLATILIZATION:
Some plants take up volatile con-
taminants and release them into
the atmosphere through transpi-
ration. The contaminant is trans-
formed or degraded within the
plant to create a less toxic sub-
stance before and then released
into the air.
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PHYT© STABILIZATION:

Some plants can sequester or
immobilize contaminants by ab-
sorbing them into their roots and
releasing a chemical that con-
verts the contaminant to a less
toxic state. This mechanism limits
the migration of contaminants
through water erosion, leaching,
wind, and soil dispersion.

PFEYT© DEGRADATION:
Plants take up and break down
contaminants through the release
of enzymes and metabolic pro-
cesses such as photosynthetic
oxidation/reduction. In this pro-
cess organic pollutants are de-
graded and incorporated into the
plant or broken down in the soil.

PHYT@© EXTRACTION:

Plants take up contaminants -
mostly metals, metaloids and
radionucleids- with their roots
and accumulate them in large
quantities within their stems and
leaves. These plants have to be
harvested and disposed as spe-

cial waste.
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Laccaria
bicolor

Hebeloma
sp.
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l 1The PHYTOPOQOP projecarge scale plantation of poplar cultivars species in 2 fi

trials Essai de Bessancourt )
Irigation %
R
W0000ths oo 7o
"114 poplar cultivars A
"ISRC(1000 trees/ha) =
"IVSRC(10000 trees/ha) B
"1Soil sampling
phytopop 2007
(mg/kg DW)
FPGN TAM mini maxi s

cd 0.02 | 1.94 4.44 o

Co 23436 3,0a47,7 4 135

Cr 13,9421,0 15429 37 89

Cu 2,4235,9 g8a19 69 230 .

Hg 0,01 40,03 0,08 30,15 - - '

Ni 42482 6420 14 42

Pb 3,7483 18 343 74.7 484

T 0,096 40,155 . 0.119 0.300 oo mi [

Zn 8,623194 34 363 314 761
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| 1'The PHYTOPOP projecarge scale plantation of poplar cultivars species in 2 fi

trials

i S "#$9%"& ()
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(V)SRC = (very) Short Rotation Coppice
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Dry biomass (t/ha/yr) Ratio B/T
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# ! Huge clonal variability, with the Vesten clone producing the largest biomass after 9 yea
of growth (2015), while the Dorskamp clone produced 3-4 times less biomass

# ! The ratio B/T greatly differed between species
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Cd content (mg/kg) Ca content (mg/kg)
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# ! Mineralomasses differed between clones (2015 measurements), hence resulting
In great variability in export capacities;

# ! Mineral content are greatel’ in branches M. Chalot - Phytosudoe Summer courses 2017 July 13-14
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Bark content (%) as a function of branch diameter Q./3/,*(8",*/,*(934RS4A(+,(IS$&'(
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# ! Bark content : 10-12% of trunk biomass is made of bark while branches
cm are made of >30% of bark. Element contents are much higherin b
and branches m

: : . G$%
# | High export of elements during harvest : depending on the mangageme g

option, the branches might be left on site or harvested
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# | Most metal trace elements have decreased in thgea@dtible soil fraction from 2007
to 2016, while nutrients have increased

# ! The pH remained stable (slight but non significant increase)
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I TPROLIPHYT project : Large scale inoculation of about 50 woody
species in 4 field trials

Sediment disposal field
Cd, Zn soil May 2014

16 woody species in 1 ha
+ inoculation

Cd, Zn, Pb Oct 2013

Waste disposal l ha Of p|antatIOn Of Ca 16
16 woody species in 1 ha

+ inoculation on 1 ha SpeC|eS On 4 SItéS

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

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

PROLIPHYT
PROduction of PHYTOremediating woody species
# ! Increase the panel of woody species for phytomanagcmcent
# | Evaluate the impact of mycorrhizal inoculation on growth production

# | Evaluate the impact of revegetation and inoculation on microbial diveisity
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I TPROLIPHYT project : increasing the panel of trees

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 (BeauprZ) T
Qro : Quercus robur

Qru : Quercus rubra

Rp : Robinia pseudoacacia
Sa : Salix alba

Sc : Salix caprea

Um: Ulmus minor

B | eaf june
B [ eaf october

Stem june
B Stem october

#! Populus and Salix species

he T tr %LL rﬂﬁhﬁw_

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



=(G+"3$"(0%"&)85" ( 3$/(*)&2(=(L(*1/(:BCYE:MN!(H/.&(*%

| ISite 1 : Leforest, North of France, an agricultural soil contaminated by Cd, Pk
and Zn from a Zn/Pb smelter
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July 2015!

Z%"#51("7 (*1I(P$%+") (/I 018+ ($*(* LI (Y IT" Uk *((9+, (%I &A<(TOY/"I&($
1/+41*(983A<($'(8"30$%&(*" (*1/(,)%'1%2(*$,&$US(AE,

#! 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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