Longtermphytomanaged field sites, results and success stories: an
overview oPhytoSUDO&Nd INTENSE field networks
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Sustainability

e
Phytomanagemente long term combinationof
profitable crop productionwith gentle remediation

options(GRO)eadinggraduallyto

Use Ofdn]argdinc’:]l land AN - the reduction of _pollutant Ilnkages dde - to
to avoid land change us¢ contaminanéxcess =
of agricultural land - amelioratiorof soil properties, e

- improvemenof ecologlcalproeeges& functions
.. ‘relatedto ecosystenservices.... -




A cascaddrom living organismgo biological/environmental functions ecosystem servicesr(line with land end use),

beneficiaries and stakeholders Decisions

National & local
authorities
Owners
Stakeholders

Longterm phytomanaged field si

Bio-technical assessment

— Socieeconomic assessment

One issue: to build a strategic consortium




Phytomanagementf contaminatedsoils:

Financialreturns

- Implementation |
of plant
community

- Management
- Restorationof

ecological
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Initial risk Option | of the phytoremediation lomass production
assessment | appraisal optionin sity  ——» DlOMass quality
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remediation  Residual risk assessment EI © cycte analysis
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GRO-based phytomanagement strategies

" Risk assessment

Bacteria
-rhizosphere
- endophyte

Biologicglartnerorthe
phytomanagement

Contaminatedsoils

_LIJ O 2 Pathway management Receptor protection

Pathway

Source — Receptor

Reductionin labile
pool, rapid
reduction in flux of

contaminants to
Degradedsoils receptors at access to the
subsurface

Abioti significant risk = t _
iotic cosystem services
/ biotic filter = Soilconditionners(e.g.Organicmatters) #- y

Gradual removal or
immobilisation of
source term

Using vegetation to
manage receptor
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Drivers

- Soil contamination and
pollutant linkages

- Stakeholders

- Land value & end uses

Annual 2dary
Plant research p R s
ecological functions
plant species: inter &
intra-specific variability
crop management
transgenic plants
marketable products

Native species: better
Invasive species: avoid

Environmental & biotic filters
(residual) stress & disturbances
1 (Phytomanagement

Primary production
(photosynthesis)

>

(Im)mobilization /transformation
of contaminants

Secondary production
(animals)

Trophic relationships

Biotic interactions

Biological control

Habitat development
Biogeochemical cycles
Specific diversity

Provisioningservices
Biomass
Energysector.
Wood pellets
Bio-oil (pyrolysig
Bioethanol
Diester

Wood, fiberboard
Fibers paper
Biochar

Compost
Ecocatalysis
Essentiabils
Medicalproducts

Water flow Supporting &

Landscape construction

I

regulation services



A EU network accounting for the diversity

- climatic conditions

- soil types

- contaminants

- re-use for nefood crops

-recycling of organic waste products

- knowledge dissemination, social acceptance
by stakeholders, etc.

Main objectives

To obtain sustainable ecosystems, without or mini
pollutant linkages/risks, producintp@wrcrops for
plartbased feedstock (local market), and promotir
ecosystem services

(positive Life cycle analysis )
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Cu, Metals MetalgAs~ SR
http://www.greenland -project.eu/ Biologicalfunctions& Ecosystenservices

- Biomass production
- C sequestration

Fromthe EU Greenland network (2012015) to - minimal use or substitution of nonrenewable inputs

the EUPhytoSUDOENd INTENSE networks of - Avoid diversion of croplands (notably for biofuels)
fiald trials - Soil biodiversity, promote animal communities, habitat, conne

- Storing, filtering and transforming nutrients, substances and
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[Characterisatiorsoﬂs (habitat)]

(bi)annual (bio)monitoring

( . . )
General physicochemical

| properties

" Intensity of contaminant |
_exposures /labile pools |

7

Biochemical properties

\

pH, CEC, C, N, availabl®lBep} total [metal], etc.
@ Phytosupok

H,O-, NaN@, NHNQ,-, EDTAextractable [metal], soil pore water, DGT
Ecotoxicity tests: plants, bioaccegsibiltg73garthworms, nematodes, etc.

Oxidoreductagéydrolas€C, N, P, S cycles) enzyme activities




Whatisa Challenge of theelentury
successtory? Phytomanagement in line
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B Biogeco phytomanagemé&ttorm Cu +PAHS
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- Cu: main contaminant

- high spatial variability of soil
contamination and
ecotoxicity

- Contamination localized in
topsoils en surface (gravel coarse
sandy soil -Fluviosol)

Former wood preservation site (6 ha) -pH6.17 8.2

| Site | P3 [ P4 | PS| P6| P7 | P8 | P9 | PIO| EGP | SI |

As 121 20.2( 144 | 263 | 528 | 126 | 11.6 | 1-25
mg/kg

Cr 23 24 | 26 22 31 87 20 28 | 1440 | 100
mg/kg
Cu | 1460 | 260 | 65 | 536 | 2600 | 185 | 2390 | 118 | 3.28.4| 35
mg/kg

FGP soilbackgroundvelsFrance (Baize et al 1997V &lemquiry
thresholtbrriskassessment

Mench & Bes (2009) Pedosphere 19, 143-155



Biogeco platform (SMédardR Q 9 &)NBrojvifieldc 6 ha¢ former wood preservation site

High yielding crops Grassy crops Perennial grassesiy hort Rotat on Coppic \’I \"

(2v9aygccumulators)

Feb 2013
2nd harvest- SRC

Sunflower
shoots: 2.112.6 t DW/ha/
seeds: 2 5 t DW/hgt

Tobacco shoots: R — July 2014 -
2.1-10.5 t DW/hat 0.5i 1.25 t DW /hav Miscanthu®.' 1.5t DW /nal Cut1: 1.69.8 t DW /hat

Vetiver2.0i 9.3 Cut 2: 160

Q 2
wof % Ne v

Phytostabilization Rhizodegradation

Tree stand
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Stripping + II Lommel H

i » Bettwiesen
(formerly phytoeXtra‘CtIOl).| Phytoextraction I I Fresnes éscaut
= decrease of the labile pool of

contaminants
(not based on total soil content)

Biogeco

Uppsala

Lommel

OM: Compost

OMDL.: Compost dolomiticlimestone

Basicslags

lron grit ‘ A B A
Soil conditioners i - L. yperagctimulators

Exposure
pathways

Sunflowerftobaccocrop rotation

(tolerant) biological receptor



Selection of sodmendments

Improving effect of various soil amendments (biotest

extraction

3 m sunflower
mtobacco

OM Organic matter (compost)
DL Dolomitic limestone
Z Zerovalent iron grit

UNT OM DL OMDL OMZ CTRL
CTRL Control

2,5

Treatment efficiency

UNT Untreated

Effect of compost (OMF dolomitic limestone (DL) or zerovalentiron grit (Z)



Assessment of genotygiefseldscale 2 Mutanfines
Crop rotation 2008017: §rs 6 commercial cultivars:

LEVEL




Shoot Ctemovatiepending on agricultural
practiceirrigation

- Ollseed yield m block 1
S, 5 mblock 2
B - m block 3
e . | ~
= ECTRL
S 4 -
3 - N | [
2 _
1 _
O _
Salut Energic IBL Mutant 1 Mutant 2
>140
o block 2
%120 _
8 . mblock 3
= ECTRL
80 -
60 -
40 -
20 -
0 _

Salut

Energic IBL Mutant 1 Mutant 2

7.5 L/n¥; 8 times



Tobaccosoilconditioners agfficiento promote shoot DW yield

OMDL1+2 >

Best GROWTH or©OMDlatmoderateoilCuexposure
OMDL and ONfhighCuexposure

A o N




~— 250 Phytoextration of Cd
CCG Hypothesis: BCF of T caerulescens (S. France)
B LOW Water - 10 t/ha biomasse, IH]\\\):I horizon 20 cm
%’200 supply ok Linear model :
=] .
2 o S 30 not validated
= + decrease of
()] =
Phytoextraction ; 100 Compost 3 104
@)
2 o effect
g Crop number
(7]
0 -

sunflower sunflower tobacco sunflower tobacco sunflower
2008 2009 2010 2011 2012 2013

= M1 OMDL B3 M1 OM2DL B32r IBLO4 OMDL B IBLO4 OM2DL B3

Extreme climatic events challenge GRO /phytomanagement
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Water supply(amount, distribution) ispivotal!
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Decreas®f labileCu pool in thsoil:
120 30000

—
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E — Z 10000
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total soil Cu{mg/KG) ) .
chemical propertiesyr 8
soil pH
10000 100
Plant testing: soil phytotoxicity yr 8 .
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100
10 III I III I I I extractable Cu organic C
1 I“ I n
bean shoots (x10hean roots (x 10, g lettuce shoots leaf GPOD (mU/goot GPOD (mU/g Phytotoxicity
g FW/plant) FW/plants) (x10, g DW/plant) FW) FW) index
0,1

EUnt mOMZ mOMDL m OM2DL mCTRL
Soil amendments

—o—Unt —e—=0OMZ —e—-OMDL OM2DL ——CTRL



Watefiltration:

0 LDbasigslagis the most efficient, tii@dZ, OMDL, DL
0 plantonly/ OMiessefficient

=4=1% LDS
10,00 4=
=fil=DL
== OM
- 1,00
> == OMDL
o
(@]
e
== OMZ

0,10

=@=Unt barren

«t=Phyto

0,01

. c 0 500 1000 1500 2000 2500 3000
Supporting and regulating Days

services

Regulation of watequality LDS: Basglags(pH)

OMZ: Compostiron grit

Regulatiorof soil erosion OMDL: Compost dolomitic limestone

Regulatiorof Cu leaching

Recycling of organic - {
wastes/ manures PhytoSUDOE INFIFETN'S E
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Increases in microbial biomass & respiration’ g C, N, P & S cycles: Increases in soil enzyme activ
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Main drivers: available P and labile Cu pool
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Phytomanagement based on AigbytostabilisationShort Rotation Coppice

%j (aided Phytostabilisation INRA CSIC INERIS

Biogeco Touro Fresnessur Escaull
Cu Cu Cd11, Cu88 As44

Maincontaminants 652600 2601400 Pb912, Zn6870

Surfacésite/trial) 6ha,5x150m2 |[1500m2 lha

Source WoodreservationMingailings | Dredgedediments

Start 2006- 2012 2010 March2012
willowspoplars  |willows,

Plants vetivemmiscanthu{ poplars, deschampsia

| grasses grasses caespitosavillows

Short Rotation Coppice (SRC)
Perennial grasses swmmess

Soil conditioners

Exposure
pathways

; Touurova-uné-i2012 (tolerant/ excluder) biological receptor



TENSs.l. ¢ Restoration of theTouroCu mine (Lai:oruna NW Spaln)
- =r.198

stabilization




wField plots in March 2011
A1400 rA(Subplots 5 x 5m)

A3 blocks 10 x 45n

Soil management

APC: amended with compost
APT1: technosol mixture 1
APT2: technosol mixture 2

Untreated soil | Mean| Range
pH 3.5 2.6-7.4
%C 0.64 0.10f 1.92
%N 0.10 0.06' 0.16

CEC (cmol(+)/kg)12.74 4.211 37.59

Exc. Al 7.37 0.01 18.87
(cmol(+)/kg)

Polsen(mg/kg) 3.13 <0.2 4.43

Initial plant
assemblage

Salixcaprea

Populusigra

phytomanagement Biomass

SRC (various populatioBlOGECO Wood pellets, fibers

SRC (various populations, BIOGE( Wood pellets, fibers

Nicotianatabacum Cash crop (Bioavailable Cu strippir Pyrolysisbhioethanol



