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Phytomanagement: the long termcombinationof

profitable crop production with gentle remediation

options(GRO)leadinggraduallyto
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- ameliorationof soil properties,

- improvementof ecologicalprocesses& functions
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A cascade from living organisms to biological/environmental functions, ecosystem services (in line with land end use), 
beneficiaries and stakeholders

Contaminated site 
Degraded  site
Sources
Biophysical environment
Pollutant linkages
Risks

Mechanisms: root uptake (water, 
macronutrients, TE, etc.)

Processes: photosynthesis
soil microbial respiration

Functions: crop production

Production of 
ecosystem  
services (C 
sequestration, 
water quality, etc.)

Benefits, 
limits & 
advantages 

Biogeochemistry
Biodiversity:
Inter- & intra-specific 
variability

Bio-technical assessment
Socio-economic assessment

Decisions
National & local 
authorities
Owners
Stakeholders

Scientists / Consultants
Ecology
Biogeochemistry Communities / stakeholders 

addressing the issues
Human & Social sciences
(Bio)-economy

One issue: to build a strategic consortium

Long-term phytomanaged field sites



Stage 1: 

Initial risk 
assessment

Stage 3: Implementation 
of the phytoremediation 

option in situ
Biomonitoring

Residual risk assessment
maintenance

Stage 4:

Biomass production
Biomass quality
Local conversion chains
Life cycle analysis
Ecosystem services

Stage 2: 

Option 
appraisal

Developing 
remediation 

strategy

Decision support tool

Phytomanagementof contaminatedsoils: the long term combination of profitable crop production with gentle

remediation options (GRO) leading gradually to the reduction of pollutant linkages due to metal(loid) excess, the

restoration of ecological functions and then of ecosystem services.

- Implementation
of plant 
community
- Management
- Restorationof 
ecological
functions

Financial returns



Biologicalpartnersfor the 

phytomanagement 

PlantsBacteria:
- rhizosphere

- endophytes

Fungi
(VAM, EcM)

Source

Pathway

Receptor

Gradual removal or 
immobilisation of 

source term

Reduction in labile 
pool, rapid 

reduction in flux of 
contaminants to 

receptors at 
significant risk

Using vegetation to 
manage receptor 

access to the 
subsurface

{ƻǳǊŎŜ ΨŎƻƴǘǊƻƭΩPathway management Receptor protection

GRO-based phytomanagement strategies

Ecosystem services

Risk assessment 

Abiotic
/biotic filter Soilconditionners(e.g. Organicmatters)

Improvedsoil
properties

Contaminatedsoils

Degradedsoils



Plant research

ecological functions 
plant species: inter & 

intra-specific variability
crop management
transgenic plants
marketable products

Annualexcluders

Annual 2ndary

accumulators

Tree SRC

Perennial grasses
Macrophytes

Hyperaccumulators

Provisioning services
Biomass
Energy sector:
- Wood pellets
- Bio-oil (pyrolysis) 
- Bioethanol
- Diester
Wood, fiberboard
Fibers, paper
Biochar
Compost
Ecocatalysis
Essential oils
Medicalproducts

Primary production
(photosynthesis)

Drivers:
- Soil contamination and 
pollutant linkages
- Stakeholders
- Land value & end uses

Environmental  & biotic filters
(residual) stress & disturbances

(Phyto)management

Supporting & 
regulation services

(Im)mobilization /transformation 
of contaminants
Secondary production
(animals)
Trophic relationships
Biotic interactions
Biological control
Habitat development
Biogeochemical cycles
Specific diversity
Water flow
Landscape construction

Native species: better
Invasive species: avoid 



Cu, Metals, Metals/As

A  EU network accounting for the diversity

- climatic conditions

- soil types

- contaminants

- re-use for non-food crops

- recycling of organic waste products

- knowledge dissemination, social acceptance 

by stakeholders, etc.

Main objectives

To obtain sustainable ecosystems, without or minimized 

pollutant linkages/risks, producing (non-food) crops for 

plant-based feedstock (local market), and promoting 

ecosystem services

(positive Life cycle analysis )  

Biologicalfunctions& Ecosystemservices

·Biomass production

·C sequestration

·minimal use or substitution of nonrenewable inputs

·Avoid diversion of croplands (notably for biofuels)

·Soil biodiversity, promote animal communities, habitat, connection

·Storing, filtering and transforming nutrients, substances and water

17 field trials

http://www.greenland -project.eu/

Fromthe EU Greenland network (2010-2015) to 
the EU PhytoSUDOEand INTENSE networks of 
field trials 



11 contaminated/
degradedsites

10 sites



Martlhof am Tegernsee(DE)

Buendia(ES)

Casasana(ES)

Biogeco (FR)

MetalEurop(FR)
5 yr-old

Parma(IT)

Skierniewice(PL)

Biogeco (11 yr-old)

Touro(7 yr-old)

Lommel(BE) 11yr-old



Plant-microbial-soil system

Characterisation of soils (habitat)

Plant growth and establishment 

General physicochemical 

properties 

Intensity of contaminant 

exposures /labile pools

Biochemical properties

Survival, growth & coverage

Plant ionome; contaminant 

accumulation

Oxidoreductase& hydrolase(C, N, P, S cycles) enzyme activities 

pH, CEC, C, N, available P (Olsens), total [metal], etc.

H2O-, NaNO3-, NH4NO3-, EDTA-extractable [metal], soil pore water, DGT

Ecotoxicity tests: plants, bioaccessibility (DIN 19738), earthworms, nematodes, etc.

Bacterial & Plant community structure

Biotic interactions

Ecological functions & services: 
water filtration,  OM & nutrient contents, C 

sequestration, biodiversity, etc. 

Time (4 years)

(bi)annual (bio)monitoring

Endpoints for assessing the remediation of soil microbial & 

plant communities, ecological functions 

What is a (long-term) successstory?



ecosystem services selected by UNEP

Challenge of the 21st Century: 

Phytomanagement in line with the Bio-Economy

Can we merge 

phytoremediation-borne 

biomasses with other 

common ones?

water supply

biotic interactions

What is a 
successstory?

Bioenergysector
Green chemistry
Paltform
chemical
Biochars
Ecocatalysis
Fibersand 
ecomaterials

http://www.organic-center.org/images/200904_SCOOP/EcosystServ.jpg
http://www.organic-center.org/images/200904_SCOOP/EcosystServ.jpg


I. Evaluation initiale des risques

Biogeco phytomanagement platform

P6

100 m

N
P1- 4

P5

P7
P9

P8

P10

Former wood preservation site (6 ha)

Total soil Cu
Site P3 P4 P5 P6 P7 P8 P9 P10 FGP SI

As

mg/kg

9.8 12.1 20.2 14.4 26.3 52.8 12.6 11.6 1-25 -----

Cr

mg/kg

23 24 26 22 31 87 20 28 14-40 100

Cu

mg/kg

1460 260 65 536 2600 185 2390 118 3.2-8.4 35

- Cu: main contaminant 

- high spatial variability of soil

contamination and 

ecotoxicity

FGP : soilbackground levels, France (Baize et al 1997). SI: Upperinquiry

thresholdfor riskassessment

- Contamination localized in 

topsoils en surface (gravel coarse

sandy soil -Fluviosol)

- pH 6.1 ï8.2

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

(0-10) 584

(10-30) 16

(70) 17

(100) 7

50ô

Cu + PAHs



December 2006

Grassy crops

June 2009

High yielding crops

(2ndaryaccumulators)

April   2015

July 2014

Biogeco 2006 

June 2012 

Feb. 2013
2nd harvest - SRC 

July 2014 

Short Rotation Coppice

(Willow/poplar SRC)

Yr1: April, 2012

Yr3:

July 2007 

April 2011 

April 2015 
Miscanthus: 0.5 ï1.5 t DW /ha/yr

Vetiver: 2.0 ï9.3

Sunflower

shoots: 2.1 ï12.6 t DW/ha/yr

seeds: 2 ï5 t DW/ha/yr

Tobacco shoots:

2.1 -10.5 t DW/ha/yr 0.5 ï1.25 t DW /ha/yr Cut 1: 1.5 ï9.8 t DW /ha/yr

Cut 2:  10 -50 

Perennial grasses

Biogeco platform (St MédardŘΩ9ȅǊŀƴǎ):  Brownfield ς6 ha ςformer wood preservation site 

Tree stand



Source

(tolerant) biological receptor

Exposure 

pathways

Soil conditioners

Freiberg

Lommel

Fresnes /escaut

Uppsala

Bioavailable

Contaminant

Stripping
(formerly phytoextraction)
= decrease of the labile pool of 
contaminants
(not based on total soil content)

Touro

Piedrafita

Bettwiesen

Biogeco

Lommel

Woody crops

High yieldingcrops

Hyperaccumulators

Cd/Zn
Cd/Zn/Cu Cd/Zn

OM: Compost
OMDL: Compost + dolomitic limestone
Basic slags
Iron grit

Sunflower/ tobaccocroprotation 



Improving effect of various soil amendments (biotest) 

Effect of compost  (OM)   + dolomitic limestone (DL)   or   zerovalent iron  grit (Z) 

15

Selection of soil amendments

OM

DL

Z Zerovalent  iron grit 

Organic matter (compost) 

Dolomitic limestone

CTRL Control
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2 Mutant lines: M1, M2

6 commercial cultivars:

ÅSalut

ÅAlvaro

ÅEnergic

ÅAll-Star

ÅCounty

ÅTekny

2008

Block 4 Block 3 Block 2 Block 1

Untreated

832/987 753/1170 163/518 239/384

HIGH Cu-LEVEL MODERATECu-

LEVEL

Assessment of genotypes at field scale

Crop rotation 2008 ï2017: 9 yrs

2009
2014

OMDL



Shoot Cu removal
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Meanvalue for France in 2009

Oilseed yield

7.5 L/m2; 8 times

Shoot Cu removal depending on agricultural 

practice - irrigation2009



OMDL 1+2        > OMDL 3               = OMZ 3                      = UNT !CTRL                  >

18

Tobacco: soil conditioners are efficient to promote shoot DW yield2010

Best GROWTH on:OMDL atmoderatesoilCu exposure

OMDL and OMZ athighCu exposure

2013 2014

2010
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M1 OMDL B3 M1 OM2DL B3 IBL04 OMDL B3 IBL04 OM2DL B3

Linear model : 
not validated

Low water 
supply
+ decrease of 
compost 
effect

Extreme climatic events challenge GRO /phytomanagement
όƘŜŀǘǿŀǾŜΣ ǎŜǾŜǊŜ ŘǊƻǳƎƘǘΣ ƭŀǘŜ ŦǊƻǎǘΧύ

Water supply (amount, distribution) is pivotal!
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Tobacco & Sunflower: 2nd Compost dressing (yr 7) OM2DL vs. OMDL

Increase in shoot biomass : ŀ ƳŀƛƴǘŜƴŀƴŎŜ ƛǎ ƴŜŜŘŜŘ ŦƻǊ ǎƻƛƭ ha ŀƴŘ ƴǳǘǊƛŜƴǘ ǎǳǇǇƭȅ όƳƻǊŜ ŎƻǎǘƭȅΧύ

2014 (yr 7)
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bean shoots (x10,
g FW/plant)

bean roots (x 10, g
FW/plants)

lettuce shoots
(x10, g DW/plant)

leaf GPOD (mU/g
FW)

root GPOD (mU/g
FW)

Phytotoxicity
index
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Plant testing: soil phytotoxicity in yr 8
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Soil amendments

Decreaseof labile Cu pool in the soil:  
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Phyto

Supporting and regulating 
services

Regulation of waterquality

Regulationof soil erosion

Regulationof Cu leaching

Recycling of organic 
wastes/ manures

Water filtration:
ǒLD basigslag is the most efficient, then OMZ, OMDL, DL

ǒplants only/ OM: lessefficient

LDS: Basic slags(pH)
OMZ: Compost+ iron grit
OMDL: Compost + dolomitic limestone



Touceda-Gonzales
et al. 2014

Increases in microbial biomass & respiration C, N, P & S cycles: Increases in soil enzyme activities

Main drivers: available P and labile Cu pool

Changes in microbial
communitystructure 



Phytomanagement based on Aided phytostabilisation : Short Rotation Coppice 

(SRC) ; perennial grasses(aided) Phytostabilisation INRA CSIC INERIS

Biogeco Touro FresnessurEscault

Maincontaminants

Cu

65-2600

Cu

260-1400

Cd11, Cu88, As44

Pb912, Zn6870

Surface(site/trial) 6ha,5x 150m² 1500m² 1ha

Source WoodpreservationMinetailings Dredgedsediments

Start 2006- 2012 2010 March2012

Plants

willows,poplars

vetiver,miscanthus

grasses

willows,

poplars,

grasses

deschampsia

caespitosa, willows

FresnessurEscault

Biogeco July 2009

Biogeco 2012

Touro June 2012

Biogeco 
2014

Short Rotation Coppice (SRC)
Perennial grasses

Source

(tolerant/ excluder) biological receptor

Exposure 

pathways

Soil conditioners



TEN s.l. ςRestoration of the TouroCu mine (La Coruña, NW Spain)

1983

2009

·



ωField plots in March 2011

Å1400 m2 (Sub-plots 5 x 5m )

Å3 blocks  - 10 x 45 m
Soil management
ÅPC: amended with compost
ÅPT1: technosol mixture 1
ÅPT2: technosol mixture 2

Untreated soil Mean Range

pH 3.5 2.6 - 7.4

%C 0.64 0.10 ï1.92

%N 0.10 0.06 ï0.16

CEC (cmol(+)/kg)12.74 4.21 ï37.59

Exc. Al 

(cmol(+)/kg)

7.37 0.01 ï18.87

P olsen(mg/kg) 3.13 <0.2 ï4.43

Galicia

Touro

·

Mining area: Touro

Initial plant 
assemblage

phytomanagement Biomass

Salix caprea SRC (various populations,BIOGECO)Wood pellets, fibers

Salix viminalis SRC (various populations, BIOGECO)Wood pellets, fibers

Populusnigra SRC (various populations, BIOGECO)Wood pellets, fibers

Agrostiscapillaris 
cv. Highland

Meadow (phytostabilisation) Pyrolysis, 

Nicotianatabacum Cash crop (Bioavailable Cu stripping)Pyrolysis,bioethanol


