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Å Interreg Sudoe Programme (European Commission) 

Å Supports regional development in Southwest Europe via transnational projects 

Å Priority Axis 5: Environment and Resource Efficiency 

Å Project duration and funding: 28 months; Total Budget: 947,910.39ú 

 

PhytoSUDOE  

Demonstrating improvements in soil biodiversity, functionality and ecosystem 

services of contaminated and degraded land under (phyto)management within the 

Interreg Sudoe region. 

 



PhytoSUDOE consortium 



Associated partners & Collaborators 

Industrial 
sector 

SME 

Administration Academia 



ü Europe (EEA, 2014) 

Potentially polluting activities are estimated 

to have occurred at 2.5 million sites. 

å300,000 sites in EEA member countries. 

require clean-up  

ü Soil contamination 

ñThe occurrence of pollutants in soil above a 

certain level causing a deterioration or loss of 

one or more soil functionsò (EC) 

ü Soil  

Essential and non-renewable resource 



Å Establish a network of contaminated/degraded sites under phytomanagement 

within the Interreg Sudoe region  

- Maintaining medium- to long-term field sites 

- Implementing new sites 

ÅCharacterise and demonstrate enhancements in biodiversity, soil functionality 

and ecosystem services through the phytomanagement 

Å Raise awareness of the benefits of phytomanagement to relevant stakeholders 

- Stakeholder workshops  (Bordeaux (FR), 2017) 

- Summer schools (Vitoria-Gasteiz (ES), 2016, 2017) 

PhytoSUDOE ï Specific objectives 

http://www.phytosudoe.eu/eventos/  
9-10th October 2018, Casa de la Dehesa de Olarizu, 
Vitoria-Gasteiz 



ü Traditional engineering techniques: excavation; landfilling... 

üGentle Remediation Options 

Use of plants and their associated microbes for environmental clean-up 



Phytostabilisation  

      Metal(loid) -excluding  plants  for  the  
in-situ  stabilisation  of metal(loid)s  in 
soils  usually  in combination  with  soil  
amendments  (aided phytostabilisation ) 

 

Phytoextraction  

      Cultivation of tolerant plants that 
concentrate soil contaminants in their 
aboveground tissues  

  

PHYTO- 
STABILISATION 

PHYTO- 
EXTRACTION 

 

Phytomanagement ï Sustainable management to quench pollutant 

linkages and restore or provide ecosystem services 

 

Phytomanagement under-utilised as practical remediation strategies in the 

European contaminated land sector. 

 



BIOMASS  

ECONOMICAL BENEFITS  

ECOSYSTEM SERVICES  

Social  and environmental  benefits  

PHYTOMINING  

Metal -enriched  ash   

òBio -oreó 

Ni phytomining  

PHYTOMANAGEMENT 

ÅAu phytomining 
 
 
 

 



PhytoSUDOE consortium: Multidisciplinary 

Complex ecosystem 

Soil ïwaters- plants- animals- microorganisms -  

humans -  animals 

ÅPlant ecophysiology 
ÅPlant health 
ÅPlant communities 

ÅSoil science 
ÅMetal biogeochemistry 
ÅSoil amendments 

ÅMicrobial ecology 
ÅMicrobial activity 
ÅBioinoculants 

ÅDissemination 



GT1: Risk 
assessment  

GT2: Soil 
biodiversity 

GT4: Soil 
processes 

GT3: 
Optimisation 

Phytosudoe 

GT1 

ÅNetwork of field sites of 

contaminated/degraded soils 

(1) Risk assessment  

(2) Option appraisal  

(3) Remediation strategy 

 

ÅGuide of best practices for the 

phytomanagement of contaminated 

sites 



GT1: Risk 
assessment  

GT2: Soil 
biodiversity 

GT4: Soil 
processes 

GT3: 
Optimisation 

Phytosudoe 

GT2 

ÅTaxonomic diversity 

ÅFunctional diversity 

ÅNext generation sequencing 

ÅConventional methods: soil enzymatic 

activities, community level physiological 

profiling 

ÅGuide of Best Phytomanagement 

Practices for Biodiversity Restoration in 

Degraded and Contaminated Sites 



GT1: Risk 
assessment  

GT2: Soil 
biodiversity 

GT4: Soil 
processes 

GT3: 
Optimisation 

Phytosudoe 

GT3 

ÅCropping patterns  

ÅBioinoculants  

ÅSoil amendments (biostimulants) 

 

ÅBioinocula formulations for improving 

growth of energy crops and woody trees 

for phytomanagement  



OPTIMISATION  

Å Soil  metal availability  

Å Soil  fertility  

Å Soil  structure  

Å Plant  health , tolerance  

Plant  cropping  

patterns  

Soil  amendments  

Bioaugmentation  

 

Plant  selection  

Crops with economic 

value (e.g. energy 

crops)  

 



GT1: Risk 
assessment  

GT2: Soil 
biodiversity 

GT4: Soil 
processes 

GT3: 
Optimisation 

Phytosudoe 

GT4 

ÅGeneral physicochemical properties  

ÅDynamics of soil organic matter 

ÅSoil fertility and nutrient cycling  

ÅTotal and available soil contaminant 

fractions 

ÅHarmonized methodology guide for 

assessing and monitoring key soil 

processes in phytomanaged sites 



PhytoSUDOE network of field sites  

(9 principal sites) 

Å Climate / Soil types 

 

Å Site characteristics 

- Contaminant type (trace metals, 

organic pollutants) 

- Land type (urban/peri-urban areas, 

- Industrial zones, mining areas) 

 

Å Phytomanagement option 

- Rhizoremediation 

- Phytostabilization 

- Phytoextraction 

 

Å Plant species 

- Woody perennials (short rotation 

coppice) 

- High-biomass annual 

- Perennial grasses 

 



TOURO (Galicia, Spain) 

Available P (olsens), water-extract: DOC, TN, anions 
(NO3

-, NH4
+, K+, Ca2+, Mg2+)   

pH, texture, CEC, C, N, pseudo-total [metal], organo- 
and Fe/Al (hydro)oxides 

H2O-, NH4NO3-extractable [metal], BCR fractionation 

Soil biological properties 

Structural diversity (Bacteria, 
Archaea, Fungi) 

Functional diversity (enzyme 

activities, respiration, Biolog 

Ecoplate); NGS shotgun 

Plant growth 

Nutrition, metal accumulation 

Biomass production, health 

General properties  

Metal availability 

Nutrient availability 

Soil physico-chemical properties 

Plant-microbial-soil system 



      ST MÉDARD DôEYRANS (Gironde, France) 

  

Wood preservation site (10 ha) 

P6 

P1- 4 

P7 
P9 

P8 

P10 

Biogeco Phytomanagement Platform 

ST M£DARD DôEYRANS (Gironde, FR)  

ïIndustrial zone (Cu/PAH) 

- Cu main contaminant  
- Spatial variation in soil contamination 
and their ecotoxicity 
- Contamination localized in the topsoil 
(Fluviosol, Eutric Gleysol) 
- pH 6.1 ς 8.2 

 

 

Total soil 

Cu  (0-10) 584 

(10-30) 16 

 

 

(70) 17 

(100) 7 

Site P3 P4 P5 P6 P7 P8 P9 P10 

As 
mg/kg 

9.8 
 

12.1 20.2 14.4 26.3 52.8 12.6 11.6 

Cr 
mg/kg 

23 24 26 22 31 87 20 28 

Cu 
mg/kg 

1460 260 65 536 2600 185 2390 118 



2006        2012  

 2nd Cut: Feb. 2013 

Short Rotation Coppice 

ÅPopulus 

ÅSalix 

Mycorrhizal inocula 

(Willow/poplar SRC) 

   2007                     2011  

   2015  

First Harvest: 1.5 ï 9.8 t DW /ha/yr 

Second Harvest:  10 -50 t DW /ha/yr 

      ST MÉDARD DôEYRANS (Gironde, France) 

Soil amendments 
ÅCompost (OM) 
ÅDolomitic 

limestone (DL) 
ÅOMDL 

 



Extractable soil Cu (NH4NO3) 
 
 

10 years monitoring 

Unt: untreated 
OM: 5% w/w compost 
DL: 0.02% dolomitic 
limestone 
OMDL: OM (5%) +DL 
(0.02%) 
 
Reduction in Cu 
availability in 
OMDL/OM cf. Unt/DL 
 



10 years monitoring 

21 

Topsoil organic C  Unt: untreated 
OM: 5% w/w compost 
DL: 0.02% dolomitic 
limestone 
OMDL: OM (5%) +DL 
(0.02%) 



Soil cation exchange capacity (CEC) 
 
 

10 years monitoring 

Unt: untreated 
OM: 5% w/w compost 
DL: 0.02% dolomitic 
limestone 
OMDL: OM (5%) +DL 
(0.02%) 
 
 
Increase in CEC in 
ONDL/OM cf. Unt/DL 



Rotation high-biomass 

Annual plants 

ÅSunflower 

ÅTobacco 

(Willow/poplar SRC) 

Unt: untreated 

OM: green waste compost (5%, 2013) 

OMDL: compost (5%)+ dolomitic limestone 0.2%) 

OM2DL: Repeated compost (5%) in 2013 

 

CAR: basic slags (1%, Carmeuse) 

PLC: basic slags (1%, P-spiked, Industeel) 

Winter crop 

ST MÉDARD DôEYRANS (Gironde, France) 



Urban/ Peri-urban 
areas 

Changes in extractable Cu concentrations 
Å9 years monitoring 
ÅExtractable Cu :  OMDL << Unt  

    OMDL         OM2DL 

ÅRepeated compost 
addition (OM2DL) 
no additional effect 

 
ÅSunflower 2.6- 9% 

/ yr of extractable 
soil Cu  

ST MÉDARD DôEYRANS (Gironde, France) 



TOURO (Galicia, Spain) 

Å Active from 1974 ς 1988 

Å Mine tailings 550 ha 

Å Geological substrate is amphibolite, metal sulphides (pyrite, pyrrhotite, 
and chalcopyrite).  

Å Spolic Technosols (Episkeletic) 

Å Sulphide oxidation: hyperacidic (pH 2-3) and hyperoxidising (>500 mvol) 
soils and waters, high EC, sulphates, Fe, Al, Cu (308 ς 1155 mg/kg) 



TOURO (Galicia, Spain) 

3 experimental blocks  - 500 m2 

 

Å 3 soil amendments:  PC (compost), PT1 & PT2 
(sewages sludges, paper sludge, biomass ashes, 
ferrihydrate-type oxides etc. 
Å Block: Divided sub-plots 5 x 5m  

 

Agrostis capillaris cv. Highland 

Short rotation coppice 
Å Salix viminalis 
Å Populus nigra 

Grassy cover 
Å Agrostis capillaris cv. 

Highland 



6 years of monitoring 

2017 
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PC PT1 PT2 PC PT1 PT2 PC PT1 PT2

1 YEAR 3 YEARS 6 YEARS

pHH2O 

Å PT1/PT2> PC      

Å Durable pH effect 

Å 6 yrs: >pH under plant cover 

Å Increase soil fertility 
(OM, P, K, Ca)  



Reduction in Cu availability 
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1 YEAR 3 YEARS 6 YEARS

NH4NO3-extractable Cu 

0%

10%

20%
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40%
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100%

UNT Agrostis Agrostis Agrostis

PC PT1 PT2

Cu-Fe/Al amor. oxides

Organo-Cu

Cu labile

Immobilization 

Compost-amended 

block: organo Cu 

complexes 



Soil enzyme activities 

 
 
 

Å Enzyme activities reduced or null 

in untreated tailings 

 

Å C, N, P cycling 

 

Å Amendment and plant-induced 

positive effects 



BORRALHA (Montalegre, Portugal) 

New field sites ï Mining areas (Portugal) 

SÃO DOMINGOS (Mértola, Portugal) 

ÅAs, Cd, Cu, Cr, 
Pb, Sb, Zn,  



New field sites ï Mining areas (Portugal) 

POPLAR 
 

POPLAR + ALFALFA 
 

SUNFLOWER + CLOVER 
 

SUNFLOWER ----- 
CLOVER (Winter) 

 

Monoculture and Intercropping 

Winter cropping and Intercropping 

SUNFLOWER 

MF 

PGPR 

POPLAR 

MF 

PGPR 

Microbial Inoculation 



BORRALHA (Montalegre, Portugal) 

Experimental surface area 700 m2 



SÃO DOMINGOS (Mértola, Portugal) 

Control PGPB AMF PGPB  

+ AMF 

Aromatic plant: 
Rosemary 



ARIÑEZ (Alava, Spain) 

SITES S5a, S5by S6 



Site 5b 
ÅDegraded soils 
ÅMetal(loid)s: As, Pb  
ÅOrganics: HCH, PCB, PAH 

Unplanted 
 

Populus 
 

Populus (inoculated) 
 

Populus + Alfalfa 
 

Populus (inoc) + Alfalfa 
 

Alfalfa 

ARIÑEZ (Alava, Spain) 


