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Heavy metal contamination of soils is a widespread global problem. Lead 
(Pb) is a non-essential and toxic element for plants. Sources of Pb 
contamination in soils can be classified into three broad categories: 
industrial activities, agricultural activities and urban activities. Naturally 
Pb-enriched soils occur as well, such as those over calamine ore outcrops. 
Pb is available to plants from soil and aerosol sources. Pb uptake studies 
in plants have demonstrated that roots have an ability to take up 
significant quantities of Pb whilst simultaneously greatly restricting its 
translocation to above ground parts. Despite the adverse effects of toxic 
metal ions in higher plants, certain plant species, called metallophytes, 
have evolved the capacity to grow and reproduce in environments 
contaminated with toxic concentrations of certain heavy metal ions. This 
ability is often called ‘metal tolerance’, or more precisely, ‘metal 
hypertolerance’. Metal hypertolerance is usually highly metal-specific, 
confined to the metals found at toxic concentrations in the soil at the site 
of population origin. Metal hypertolerance in facultative metallophytes is 
usually confined to the metallicolous populations. In general, metal 
hypertolerance is physiologically constitutive and heritable, controlled by 
one or a few major genes.  

A relatively small number of metallophytes, called hyperaccumulators, 
accumulate metals at extra-ordinarily high concentrations in their shoots, 
rather than their roots. Metal hyperaccumulators are found in a large 
number of plant families, but are particularly represented among the 
Brassicaceae. Hyperaccumulation of lead is expected to be rare, if 
existent at all, due to the low solubility of most lead compounds in the 
soil, and the precipitation of lead by sulfate and phosphate within the root 
system. Evidence of Pb hyperaccumulation is entirely based on analysis 
of samples collected from the field. However, all of these samples were 
collected from soils with extremely high Pb concentrations, and the 
associated shoot over soil bioconcentration factors, in so far they can be 
calculated, seem to be well below unity. This implicates that the apparent 
Pb hyperaccumulation phenotype of field collected plant materials might 
in fact result from airborne contamination. Therefore, claims of 
hyperaccumulation require validation through reproduction of the 
phenomenon under controlled, ecologically realistic conditions, while 
excluding potential airborne contamination. 



Matthiola flavida Boiss is a perennial herb of the Brassicacea family. It is 
a novel facultative metallophyte from Iran, which seems to be capable of 
considerable foliar lead accumulation in nature, and thus potentially 
suitable for the phytoremediation of Pb contaminated soils. 

In chapter 2 we compared Pb accumulation and translocation in 
metallicolous and non-metallicolous accessions of the non-
hyperaccumulator Silene vulgaris, the hyperaccumulator Noccaea 
caerulescens, and a novel putative Pb hyperaccumulator from Iran, 
Matthiola flavida. This study showed that 1) Pb hypertolerance is lacking 
in populations from calamine soil with high exchangeable soil Ca, 2) Ca 
counteracts Pb uptake and toxicity, but promotes root-to-shoot Pb 
transport in M. flavida, 3) In N. caerulescens Pb hyperaccumulation is 
population-specific, and Pb hypertolerance is not consistently associated 
with Pb hyperaccumulation, 4) Natural Pb hyperaccumulation in 
metallicolous M. flavida is not reproducible in hydroponics.  

In chapter 3 we compared Pb, Zn and Cd accumulation from two 
calamine soils with different pH and calcium contents among 
metallicolous (M) and non-metallicolous (NM) populations of 
hyperaccumulator and non-hyperaccumulator metallophytes in a 
controlled climate room experiment, using the same accessions. The 
results revealed that 1) Only the native M population of S. vulgaris, and 
no more than one out of four populations of N. caerulescens are able to 
grow in the low-pH/low-Ca soil, whereas both the N and NM populations 
of all the species survive and maintain normal growth in the high-
pH/high-Ca soil, except for a serpentine, Cd-hypersensitive N. 
caerulescens population, 2) N. caerulescens hyperaccumulates Zn from 
the low-pH/low-Ca soil, but not from the high-pH/high-Ca one, 3) The M 
population of M. flavida hyperaccumulates Pb from its native soil, 4) M 
and NM M. flavida are equally tolerant for both Cd and Zn.  

In chapter 4 we investigated the possibilities to induce chelator-assisted 
Pb hyperaccumulation from hydroponics in M. flavida, using the natural 
chelator citrate, and the synthetic but biodegradable chelator EDDS. The 
results demonstrated that 1) M. flavida does not seem to possess 
constitutive mechanisms to take up Pb-citrate or Pb-EDDS complexes, 2) 
M. flavida can hyperaccumulate Pb-EDDS, but only under excessive, 



probably toxic exposure and, 3) although there might be a non-toxic 
concentration window for Pb-EDDS exposure which allows enhanced 
foliar Pb accumulation, EDDS-assisted Pb phytoextraction will probably 
kill the phytoremediator crop.  

In conclusion, the results in this thesis demonstrate that Pb 
hyperaccumulation through root uptake and root-to-shoot translocation 
does exist in nature. Furthermore, the Pb hyperaccumulators that were 
confirmed or identified in this study, N. caerulescens from south-eastern 
France and M. flavida from Iran, like all the other potential Pb 
hyperaccumulators reported in the literature, are both from extremely Pb-
enriched substrates, where phytoextraction is not a viable strategy for 
decontamination. Finally, at low Pb concentrations in the nutrient 
solution, complete chelation, either by citrate or EDDS, completely 
arrests Pb uptake. However, even though EDDS is biodegradable, it 
seems that it can only effectively induce Pb hyperaccumulation when the 
Pb-EDDS concentrations in the soil solution are at least close to lethal. 

 

 

 

 

 

 

 

 

 

 

 

	  


