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Supplementary Fig. 1 Factors involved in the choice of the remediation technology 
Supplementary Table 1 Composting conditions required to ensure waste hygienization. 
According to US Environmental Protection Agency regulations (EPA, 2002), maintaining a minimum temperature of the composting mass of 55° C for 3 days (aerated static pile or in-vessel) or 15 days with 5 turns is recommended to meet the regulatory requirements of class A fertilizers, and a minimum of 40° C for 5 days - during which temperature should exceed 55° C for at least 4 h - to meet class B fertilizer requirements.
	Method of composting
	Temperaturę          [oC]
	Turn number of composting mass
	Holding time         (weeks)

	Composting in pile
	55
	2
	5

	Composting in pile
	65-70
	1
	2

	Composting in reactors
	60
	1
	-


Essential factors: 

Among factors influencing the composting process, the more important are (a) the C/N ratio - this relationship depends on the dynamics of microbial processes. The optimal ratio is 25-30. High C/N ratios make this process very slow as there is an excess of degradable substrate for the microorganisms. In the low C/N ratios microbiological processes stop, which may lead to leaching nitrogen from composting mass; (b) pH: optimum values are between 5.5 and 8.0. Usually pH is not important for composting. However it becomes relevant in controlling N-losses by ammonia volatilization, especially at high pH, e.g. >7.5; (c) aeration is an important factor for composting, with the optimum O2 concentration between 15% and 20%. Turning the compost pile provides air circulation, temperature maintenance and proper development of aerobic micro​organisms which determine the speed of the composting process; and (d) moisture: The optimum water content for composting varies between 50–60%. Moisture contents higher than 60% inhibit the composting process due to low oxygen concentration, on the other hand, if moisture is too low, the composting process will be hampered.
Supplementary Table 2: Examples of field trials to demonstrate the phytomanagement of trace element contaminated soils 

	Plant species
	Trace element
	Remediation type
	Reference

	Berkheya coddii
	Ni, Co
	Phytoextraction
	Keeling et al., 2003 

	Alyssum murale
	
	
	Bani et al., 2017

	Geissois pruinosa Brongn. & Gris
	Ni
	Hyperaccumulators

Phytoextraction
	Losfeld et al., 2015

	Psychotria douarrei
	Ni
	
	Grison et al., 2013

	Grevillea exul Lindl.
	Mn
	Hyperaccumulator

Phytoextraction
	Losfeld et al., 2015, Escande et al., 2015

	Betula celtiberica

	As
	Bioaugmented phytoextraction
	Mesa et al., 2017

	Pityrogramma calo​melanos var. Austro​americana, Pteris vittata
	As
	Hyperaccumulators, phytoextraction
	Niazi et al., 2012

	Rosa multiflora Thunb. ex Murray, Sida hermaphrodita Rusby
	Cr, Ni, Cu, Zn, and Cd
	phytoextraction
	Antonkiewicz et al., 2017

	Iberis intermedia
	Tl
	Hyperaccumulator

Phytoextraction
	Grison et al., 2015b

	Anthyllis vulneraria subsp. carpatica
	Zn
	Hyperaccumulator

Phytoextraction
	Frérot et al., 2006; Mahieu et al., 2013 ; Grison, 2015; 
Grison et al., 2015a

	Noccaea caerulescens
	Zn
	Hyperaccumulator

Phytoextraction
	Losfeld et al., 2012; Grison, 2015

	Noccaea caerulescens, Noccaea praecox, Arabidopsis halleri
	Zn, Cd, Pb
	Hyperaccumulators

Phytoextraction
	Tlustoš et al., 2016

	Sedum plumbizincicola
	Zn, Cd
	Hyperaccumulator intercropping with maize, phytoextraction
	Deng et al., 2016

	Sedum plumbizincicola intercropped with Medicago sativa
	PCB, Cd, Cu
	Hyperaccumulator intercropping with alfalfa, phytoextraction, rhizodegradation
	Wu et al., 2012

	Sedum alfredii co-planted with Alocasia marorrhiza
	Metals, PAH
	Hyperaccumulator co-planting with elephant ear, phytoextraction, rhizodegradation
	Qiu et al., 2014

	poplar cultivar ‘SKADO’ (Populus maximowiczii x P. trichocarpa)
	Zn, Cd
	Phytoextraction
	Bert et al., 2017

	Salix ‘Tora’
	Cd, Zn
	Phytoextraction
	Delplanque et al., 2013

	Salix viminalis and Salix alba x alba clones
	Zn, Cd
	Phytoextraction
	Janssen et al., 2015

	Willows, poplars
	Zn, Cd
	Phytoextraction
	Kidd et al., 2015

	Willows, poplars
	Zn, Cd, Pb
	Phytoextraction
	Kacalkova et al., 2015; Kubatova et al., 2016

	Salix schwerinii x Salix viminalis x S. viminalis, Salix x smithiana clone S-218, Populus maximowiczii x Populus nigra
	Zn, Cd, Pb
	Phytoextraction
	Zarubova et al., 2015

	Populus deltoides Dvina, Populus x canadensis Orion, Pteris vittata (Chinese brake fern)
	As, Al, Fe, Cu, Co, Cr, Pb
	co-planting system
phytoextraction
	Ciurli et al., 2014

	Industrial hemp and white lupin rotation
	Zn, Cd, Ni, Cu
	Winter crop/summer crop, phytoextraction
	Fumagalli et al., 2014

	Rapeseed and rice rotation
	Cd
	
	Yu Lingling et al., 2014

	Sunflower
	
	Secondary metal accumulator, phytoextraction
	Kolbas et al., 2011

	Sunflower
	
	Secondary metal accumulator, phytoextraction
	Kidd et al., 2015

	maize (Zea mays L.), sunflower (Helianthus annuus L.), willow (Salix x smithiana Willd.), and poplar (Popuus nigra L. x P. maximowiezii)
	Ni, Pb, Cd, Cr
	phytoextraction
	Kacalkova et al., 2014

	Maize, Vetiver
	Pb
	Phytoextraction aided by citric acid
	Freitas et al., 2013

	Pelargonium
	Pb, Cd, Zn, Cu, As 
	Phytoextraction
	Shahid et al., 2012

	Nicotiana tabacum
	Zn, Cd, Cu
	Secondary metal accumulators, phytoextraction
	Kidd et al., 2015; Gonsalvesh et al., 2016

	Brassica juncea
	Cd
	phytoextraction
	Parisien et al., 2015

	Festuca arvernensis
	Zn, Cd
	Phytostabilisation 
	Frérot et al., 2006

	Miscanthus
	Zn, Pb, Cd, etc.
	Phytostabilisation
	Nsanganwimana et al., 2014a, 2015, 2016; Kidd et al., 2015

	Arundo donax
	Zn, Pb, Cd, etc.
	Phytostabilisation
	Nsanganwimana et al., 2014b

	
	
	
	

	Holcus lanatus L.
	Cd, Pb, Zn, As
	
	Friesl-Hanl et al., 2009

	Salix spp., Populus nigra L., Agrostis capillaris L.
	Cu
	(aided) phytostabilisation
	Touceda-Gonzales et al., 2017a

	Andropogon schirensis, Eragrostis racemosa, Loudetia simplex
	Cu 
	phytostabilisation
	Boisson et al., 2016


Supplement Tab.2 Phytomanagement experiments at field scale established before 2015, including phytoextraction, phytostabilisation and in situ stabilization/phytoexclusion options, were reviewed by Vangronsveld et al., (2009), Mench et al., (2010) and Kidd et al., (2015). Precautions for use are needed with invasive plant species (Che-Castaldo and Inouye, 2015; Losfeld et al., 2015). White lupin as winter crop in sequence with a metal-accumulator summer crop such as industrial hemp can improve the recovery of soil quality during the phytoextraction period, i.e. green manure avoiding the application of chemical amendments, increase in soil bacteria and metal bioavailability (Fumagalli et al., 2014). Planting oilseed rape increased the uptake of Cd by the successive rice crop compared with a previous fallow treatment (Yu Lingling et al., 2014). The beneficial effect of compost incorporation into Cu-contaminated soils, alone and in combination with other amendments, and crop rotation is generally marked on both plant biomass and microbial communities (Kolbas et al., 2011; Touceda-Gonzales et al., 2017a). Hyperaccumulators are currently developed for Ni phytomining and producing biosourced Cu-, Mn, and Co-ecocatalysts for the green chemistry (Losfeld et al., 2015). Biocatalysis, based on use of metal(loid) species originating from plant biomasses with high metal(loid) concentrations (unusual oxidation levels, new associated chemical species, and effects of synergy) is an emerging technique (Grison et al., 2015a). Intercropping with Fabaceae is relevant in case of mixed soil contamination. For example, liming with Sedum plumbizincicola intercropped with Medicago sativa enhanced soil PCB degradation by 25% and removal rates of Cd and Cu (Wu et al., 2012). Co-planting system, i.e. As-hyperaccumulator fern Pteris vittata and poplar clones, was suitable for phytoextracting As and metals at a contaminated dumping site, albeit the efficiency depended on irrigation, soil tillage and soil amendments for enhancing plant growth (Ciurli et al., 2014). Co-planting S. alfredii and Alocasia marorrhiza decreased the DTPA-extractable Zn, Cd, and Cu and benzo[a]pyrene in a sludge as compared with the unplanted sludge (Qiu et al., 2014). In a pot experiment, remediation of a spiked Cd and PAH co-contaminated soil by S. alfredii was enhanced by application of pig manure vermicompost (Wang et al., 2012). 
Supplementary Table 3. Selected indicators and measurements to assist smart intensification of crop production. The table also indicates clearly that intensification will have an influence on social and socioeconomic indicators. Both, driving forces and responses from stakeholders, policy makers and the local population are strong.
	Indicator
	Trigger type
D,P,S,I,R
	Related soil measurements
	Related meteorological measurements
	Other related assessments

	Ecological indicators

	Carbon cycling
	D, R
	Soil org matter, microbial biomass, microbial community composition
	Soil temperature, precipitation
	

	Soil fertility
	S
	Nutrient analyses, microbial activity, organic matter, rooting depth, pH etc
	Soil temperature, precipitation
	

	Soil resilience
	S
	Soil erosion, soil compaction, organic carbon, pH, N and other nutrients,
	Soil temperature, precipitation
	Nutrient contents, water retention

	Biodiversity
	P, R
	Plant species, soil fauna, microbial biomass, microbial commu​nity composition;  fungal/bacterial community biomass ratio,
	
	

	Biogeophysical indicators

	Carbon footprint
	D, R
	Soil GHG emissions, C/N-ratio, DOM
	Temp., precipitation, solar radiation
	

	Water quality
	S
	Concentration of N, P, pesticides etc in water
	Rainfall frequency, surface runoff
	

	Soil physical properties
	S
	Bulk density, texture, electrical conductivity, infiltration rate, soil aggregates
	Soil temp., conductivity
	Infiltration, oxygen levels, texture composition

	Economic indicators

	Yield quantity and quality
	D, I
	Crop yield, nutritive value and contamination
	Temp., precipitation, solar radiation
	

	Profitability
	D, R
	
	
	annual income from farm

	Land value / ownership
	D, R
	
	
	farm real estate data, rent data

	Health of population
	D
	
	
	

	Economic growth
	D, R
	
	
	market price of harvests

	Social indicators

	Status of infrastructure
	D, R
	
	
	public/private transport

	Sustainable human activity
	D, R
	
	
	

	Job opportunities
	D, I, R
	
	
	unemployment rate

	Local interest (locally important speciality crops) 
	D, I, R
	
	
	tourism?
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