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Abstract 
 
Enhanced phytoextraction is accomplished by the application of chelates for remediation of polluted 
soils. Using pot experiments, the effect of the application of EDTA (3 mmol kg-1), EDDS (3 mmol kg-1), 
and EDTA+EDDS (1.5 mmol kg-1 of each) on the uptake of Zn and Cd by corn (Zea mays) was studied. 
The results of this investigation demonstrated that the induced phytoextraction of Zn by corn was more 
pronounced than Cd. Application of EDDS was more efficient in increasing the concentrations of metals 
studied in corn shoots, especially for Zn. It was thought that the major role of EDDS might be to increase 
the uptake and translocation of Zn from the roots to the shoots of plants. The simultaneous application of 
EDTA+EDDS in general showed superior response, and combined applications in different ratios could 
be as an alternative in induced phytoextraction to minimize unwanted disadvantages. 
 
Introduction 

Heavy metals are considered as a major 
factor of environmental pollution. Plants have a 
natural inclination to take up metals. The use of 
green plants to remove pollutants from the 
environment or to render them harmless is 
called Phytoremediation (Evangelou et al., 
2007; Luo et al., 2006). Some chelates, such as 
EDTA and EDDS have been used to make 
available micronutrients for plants (Evangelou 
et al., 2007; Meers et al., 2005). EDDS is a 
biodegradable structural isomer of EDTA, (S, 
S)-N, N-ethylenediaminedisuc-cinic acid 
(EDDS), which may minimize unwanted 
leaching of the heavy metals into the 
groundwater (e.g., Meers et al., 2005; Komarek 
et al., 2007). 

The aims of this study were (i) to determine 
the effect of EDDS, EDTA on the mobility of 
Cd and Zn in contaminated soil, (ii) their 
effects on Zn and Cd concentration and 
accumulation in Z. maize and (iii) to compare 
the phytoextraction efficiency of corn after the 
applications of EDTA and EDDS. 

Materials and Methods 
The experiment was performed in the 

greenhouse of Ferdowsi University of 
Mashhad, Iran. Soil samples were collected 
from 0-25 cm depth of soil. After being air 
dried, the samples were artificially amended 
with aim metals: Zn (800 mg kg-1) as ZnCl2 and 
Cd (10 mg kg-1) as Cd(NO3)2.4H2O. 

The chelant treatments were as follows (all 
amendments added at the rate of 3 mmol kg-1 
dry soil): (1) without EDTA or EDDS 
(control); (2) EDTA; (3) EDDS; and (4) 

EDTA+EDDS (1.5 mmol kg-1 of each). The 
soils were daily adjusted to 70% water holding 
capacity with deionized water for one month 
and air-dried before being used for pot 
experiments. 
The pot experiment was conducted using <2 
mm air-dried soil. Soil was placed in each pot. 
Six seeds of Zea mays were sown in each pot 
and thinned to one seedling 14 days after 
sowing. Pots were kept in controlled conditions 
and watered each day using deionized water in 
order to maintain water holding capacity. 
Thirty days after sowing, plants were harvested 
and oven dried at 70 °C for 48 h and their dry 
weights recorded. The soil samples were also 
air-dried and all samples were ready to analyses 
heavy metals concentrations. Transport factor 
(TF) of metals on corn and its remediation 
factor (RF) were also calculated.  

Result and Discussion 
Main soil characteristics are given in Table 

1. Phytotoxic effects caused a significant 
decrease of plant biomass production of Z. 
mays for all treatments (Table 2). This is in 
accordance with results reported by Luo et al. 
(2006), Komarek et al. (2007) and 
Neugschwandtner et al. (2008). Plants 
simultaneously receiving 1.5 mmol kg-1 EDTA 
and 1.5 mmol kg-1 EDDS, showed moderate 
damages and decrease in plant production than 
application of 3 mmol kg-1 EDDS lonely. The 
results showed that there was more time 
provided for plants to initiate their adaptation 
mechanisms and to raise their damage 
threshold in several applications.  



None of the chelators had significantly 
affected the available content of Cd in soil 
(p<0.05). However, these chelator agents were 
effective in solublizing Zn in soil (48, 51 and 
56% increase fallowing addition of EDTA, 
EDDS and T & D, respectively, compared to 
the control). However, these agents strongly 
increased the concentration of the metals in 
root and shoot leading to more phytotoxic 
effects on studied plant.  
Table 1. Soil properties. 

As expected the T & D treatment (combined 
application of EDTA and EDDS in lower dose) 
mitigated toxic impact of the application of 
EDTA and EDDS alone. This finding suggests 
that combined application of EDTA and EDDS 
not only can reduce harmful influence of the 
chelates on plant growth, but also may increase 
uptake of heavy metals by plants. 

Table 2. Effect of treatments on studied 
characteristics. 

  0 EDTA EDDS T & D 

DM (g)     
Shoot  1.33a 1.34a 0.53c 0.98b 
Root 1.02a 0.80b 0.20d 0.53c 
Zn (mg kg -1)     
Shoot 439c 599c 1439a 991b 
Root 1354bc 1731a 1041c 1497ab 
soil 94.6b 140.5a 142.9a 148.3a 
Cd (mg kg -1)     
Shoot 25.7a 13.5b 17.9b 22.9a 
Root 195.9a 95.2bc 84.4c 157.6ab 
Soil 2.2a 2.4a 2.1a 2.2a 
TF (%)     
Zn 32.2b 37.7b 95.9a 49.4b 
Cd 26.8a 30.8a 23.3a 23.1a 
RF (%)     
Zn 2.25a 2.16ab 1.37b 1.49ab 
Cd 1.94a 1.39b 0.81c 1.51ab 

 

TF and RF are the most reliable criteria to 
evaluate phytoextraction efficiency of chelates 
(Adel Rabie Ahmed Usman, Hashem M. 
Mohamed, 2009). As calculated in this study, 
only the TF of Zn was affected by the EDDS 
treatment whereas in the case of Cd no 
significant changes were observed.  

The results of data presented in Table 2 
illustrates that the highest amounts of Zn and 
Cd were removed by EDTA treated corn plant 
reaching to 4.1 and 2.5% of the total soil Zn 
and Cd content, respectively. These values 
were 2.8 and 2.8% for T & D and 2.6 and 1.5% 
of total soil Zn and Cd content for EDDS 
treatments, respectively.  

Conclusions 
These results suggest that the amounts of Zn 

and Cd removed by corn in the presence of 
EDTA and EDDS chelates, compared to the 
soil total metal content, were considerably 
high. Moreover, mixed application of chelators 
in different ratio may improve phytoextraction 
potential of them. 
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Soil property  Soil value 
pH 7.72 
Electrical conductivity (dS m_1) 1.019 
Sand >0.05 mm (%) 19.68 
Silt 0.05-0.001 mm (%) 48.56 
Clay <0.001 mm (%) 31.76 
Organic carbon (%) 0.3 
CaCO3 (%) 13.85 
metal content (mg kg_1)  

Control soil  
 Available Cd  0.05 
 Available Zn 0.84 

Polluted soil  
 Available Cd 4.31 
 Available Zn  187.8 


