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ABSTRACT 

 

 

Although several conditions must be met for the adequate effectiveness of phytoextraction to be 

achieved, the bioavailability of metals to the plant root is considered to be a critical requirement 

for metal uptake to occur (Kayser et al., 2000). The addition of chelating agents can increase 

metal availability: the chelating agent complexes the free metal ion in solution, allowing further 

dissolution of the sorbed phase until an equilibrium between the free metal and the insoluble 

phases occurs (Norwell, 1991). 



30
th

May – 1
st
 June, Vilnius (Lithuania)   Page 2 

Biotic factors also affect metal uptake by the plants. The contribution of arbuscular mycorrhizal 

fungi (AMF) to enhanced metal uptake and accumulation by plants in heavy metal contaminated 

sites has been reported (Weissehnorn and Leyval, 1995; Joner and Leyval, 1997). 

S. nigrum is an indigenous plant species to a metal polluted site in an industrialised area of 

Northern Portugal containing sediments with levels of metals above the limits established by EC 

Directive 86/278/EC, the main occurring metal in those sediments being zinc (Atkins, 1999; 

Oliveira et al., 2001). Despite this contamination scenario, S. nigrum is abundant on the site 

(Marques et al., 2003). 

In the present study, the influence of the addition of two different chelating agents (EDDS and 

EDTA) on the bioavailability of Zn in contaminated soils and on Zn tissue accumulation in 

Solanum nigrum L. grown in a naturally contaminated soil (L) and the same soi spiked with extra 

Zn (L+Zn) was assessed. Under those conditions, the response of the plant to the inoculation with 

two different isolates of arbuscular mycorrhizal fungi (AMF) (Glomus claroideum and Glomus 

intraradices) was also studied. 

The soils used in this study were slightly acidic and presented Zn levels of about 433 mg Zn kg
-1

 

dry soil, for the local soil, and 964 mg Zn kg
-1

 dry soil, after spiking with Zn, levels similar or 

higher than those established as toxic to plants,according to Kabata-Pendias and Pendias (1984).- 

a total fraction of 400 mg kg
-1

 Zn in the soil would already be considered as phytotoxic.  

The increase in the Zn level in the soil (from L to L+Zn) promoted a reduction in the colonisation 

by AMF. In addition, tissues of plants grown in the soil with higher Zn levels (L+Zn) always 

presented higher Zn levels, showing an influence of the Zn levels in the matrix in the plant 

uptake and accumulation: S. nigrum plants grown in the local soil (L) accumulated up to 1191 

mg kg
-1

 of Zn in the roots, 3747 mg kg
-1

 in the stems and 3409 mg kg
-1

 in the leaves; plants 

grown in the extra-Zn spiked local soil (L+Zn) accumulated up to 4735, 8267 and 7948 mg Zn 

kg
-1

 in the leaves, stems and roots, respectively, with the higher uptakes being registered for 

chelating agents treated plants.  

It seems that the AMF protected the plant of excessive Zn, which is translated in a decrease in 

metal accumulation in AMF inoculated plants (Göhre and Paszkowski, 2006). On the other hand, 

the increase in the metal accumulation when Zn levels in the growing matrix were lower suggests 

that this plant-AMF association can be useful for phytoremediation purposes, namely 

phytoextraction, as it will enhance the accumulation abilities demonstrated by the plant alone.  

For both Zn contaminated soils, the addition of EDTA promoted a decrease in the root 

colonisation of S. nigrum by both G. claroideum and G. intraradices, reducing the colonisation 

to significantly lower levels than the ones registered for plants growing in the EDDS or in the 



30
th

May – 1
st
 June, Vilnius (Lithuania)   Page 3 

non-treated soils. The soil treatment with EDTA also led to an increase in the water extractable 

fraction of Zn and consequently S. nigrum uptake and accumulation of Zn was increased when 

EDTA was added to the growing matrix.  

As for the application of EDTA, the addition of EDDS to the contaminated soils also promoted a 

reduction in the root colonisation of S. nigrum by both G. claroideum and G. intraradices. 

However, EDDS addition induced significantly lower reductions in the colonisation by both 

AMF, than EDTA addition. The application of EDDS resulted in lower Zn availability in the 

water extracts, suggesting that the addition of EDDS appears as a less dangerous solution than 

applying EDTA. However, the addition of EDDS enhanced Zn uptake and accumulation in a 

similar way to EDTA.  

The background levels for agricultural soils, should not be higher than 150 to 300 mg Zn kg
-1

 dry 

soil, for soils with pH ranging from 6 to 7 (EC Directive 86/278/CEE from June 12
th

) – the 

studied soils are clearly above the established limits and fall within the range of contamination 

seen as potential for the application of phytoremediation based clean-up strategies, as one of the 

disadvantages of the technique is the possible toxicity of high levels of metals present in the soil 

to plants (Glass, 2000). Despite the enhancement of Zn uptake by S. nigrum shoots (stem+leaves) 

in the EDTA and EDDS treatments, no effect of the chelating agents was translated in enhanced 

translocation of the metals, and maximum Zn uptakes were of 1.6 and 1.4%, of the soil total Zn 

present in the extra Zn spiked soil after EDTA and EDDS addition, respectively. For the local 

soil, the uptakes were of 2.2 and 1.5%, for EDTA and EDDS addition. These offtakes of Zn will 

imply a sequence of 20 to 46 crops to achieve soil cleanup, corresponding to a time spam of ca. 

10 to 23 years, depending on the degree of soil contamination. If no chelating treatment was 

added, 23 to 38 crops would be needed to reduce the Zn levels in the soil to the maximum 

background level. It appears that the chemical enhancement of the phytoextraction abilities of S. 

nigrum promoted by either EDDS or EDTA is quite low. Thus, when balancing the advantages 

and disadvantages brought by the addition of chelating agents in establishing a remediation 

strategy using S. nigrum and AMF, the chelate-enhanced phytoextraction seems to be a 

disregardable option.  

 


