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Highlights 

 

 We hypothesized that Cd, Pb and Zn can be accumulated in all plant organs 

 We evaluated published data on Cd, Pb, and Zn accumulation in different plant 

parts 

 Roots of willows have great potential for remediating Pb-contaminated soils 

 The accumulated amount of Pb in willows is independent of exposure time 

 Accumulation of Cd in leaves and twigs, and Zn in twigs are intensive for 3 years 

 

Abstract 

 

Previous studies on phytoremediation reported contradictory or inconsistent results on the Cd, 

Pb, and Zn accumulation in and among plant parts of willow (Salix) species. We hypothesized 

that metals could accumulate in all plant organs in different concentrations and the metal 

accumulation in tissues would be increased with exposure time. Furthermore, we analysed the 

effect of soil pH on metal accumulation, and the correlation between metals. We evaluated 

published information on Cd, Pb, and Zn accumulation in root, stem, twig, and leaf of willow 

species using meta-analysis. Results showed that all parts of willow species accumulated 

significantly more Cd, Pb, and Zn in contaminated soils than in uncontaminated soils. 

However, the metal accumulation was significantly different among plant parts. We 

concluded that willow species were proven to be prosperous accumulators of Cd (twigs and 

leaves), Pb (roots and twigs) and Zn (twigs). We found that Cd accumulation rate in stems is 

higher in soils with lower pH. Significant positive correlation was found between the 

accumulations of Cd and Zn in stems. Accumulation rates of Cd (both in leaves and twigs) 

and Zn (in twigs) were increased significantly with exposure time and the accumulation was 

successful for at least 3 years. 
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1. Introduction 

 

Global environmental problems are among the main challenges of the 21st century [1]. 

Frequent irresponsible and inadequate land use (e.g. managing former and current industrial 

and mining sites) or demands claimed by population growth (e.g. food supply, urbanization) 

cause soil pollution, which is one of the most urgent worldwide problems to eliminate [2-5]. 

Cleaning up contaminated sites with traditional remediation methods places a huge 

financial strain on stakeholders [6-7]. During the last few decades, researchers found that 
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