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Abstract: Assisted phytoextraction involves the participation of plant species and supplementary agents (chemical 

or biological amendments) to increase the contaminant bioavailability and accumulation. The employment of many 
synthetic chelators, increase the mobility and bioavility of the heavy metal uptake by plants and favoring their 

accumulation in aerial parts of phytoextracting plants.  The present work evaluates the effect of two chemical 

amendments: ethylenediamine tetraacetic acid (EDTA) and oxalic acid, as combine assisted phytoextraction of 

arsenic and cadmium and their effect on ionome of some nutrients of Sedum prealtum plants. At the concentrations 

tested for As and Cd; the nutrient elements: Ca and Mn accumulated in leaves, Fe, Cu and Mo accumulated in roots 

and for Mg and Zn concentrations these were almost equally distributed in leaves, stems and roots of this plant 

species. Even there was a diminished growth of them in presence of both heavy metals; ionomic profiles obtained as 

response of exogenous addition of As and Cd and both chelating agents were efficiently, increasing the 

bioavailability of some elements, showing a synergistic effect. 
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INTRODUCTION 

According to Marschner (2011), Pii et al. (2015a) 

reported that inorganic elements for plants are 

classified as macronutrients (nitrogen (N), sulphur 

(S), phosphorous (P), calcium (Ca), magnesium 

(Mg), potassium (K)), micronutrients (nickel (Ni), 

molybdenum (Mo), cupper (Cu), zinc (Zn), 

manganese (Mn), boron (B), iron (Fe), chloride (Cl)) 

and beneficial elements (sodium (Na), cobalt (Co), 

aluminum (Al), selenium (Se), silicon (Si)). Park et 

al. (2011) defined another term „heavy metal(loid)s‟ 
that in general includes elements (both metals and 

metalloids) with an atomic density greater tan 

6g/cm3, with the exception of arsenic (As), B and Se. 

This group includes both biologically essential like 

Co, Cu, chromium (Cr), Mn and Zn and the non-

essential elements cadmium (Cd), lead (Pb) and 

mercury (Hg). Williams and Salt (2009) noted that a 

balanced supply of these elements ensures an optimal 

plant growth and development, regulating their 

homeostasis. It is know that mineral elements interact 

with one another, according to their similarities in 

chemical properties and interrelated metabolic 

pathways (Patterson 1971; Feng, et al. 2017). The 

development of ionomics contributes to explore 

interactions between them (Salt 2004; Lyubenova, et 

al. 2013; Chu, et al. 2015) and this strategy evaluates 

their adsorption and accumulation in plants by an 

elemental analysis (Salt 2004). Baxter, et al. (2012) 

and Chen, et al. (2014) proposed that studying these 
interactions via ionomics; it allows the knowledge of 

migration rules for heavy metals and regulating their 

accumulation by the correlation of elements in plants, 

giving significant differences in the obtained ionomes 

from different parts of the plant.  Salt, et al. (2008) 

defined the ionome as: “the mineral nutrient and trace 

element composition of an organism, representing the 

inorganic component of cellular and organismal 
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systems; giving a dynamic network that complete the 

physiology and biochemistry of plants”. According to 
Mimmo, et al. (2014) and Pii, et al. (2015b), for this 

strategy, the availability and consequently plant 

uptake, translocation and allocation of any element 

are affected by the type of nutrient source and also 

the physical, chemical and biological soil 

characteristics. Guerrero and Rodríguez (2013) 

mention that the bulk of soil heavy metal 

concentrations present in contaminated soils are 

commonly found as insoluble compounds and are 

unavailable for been absorbed and transported into 

roots, but the employment of many synthetic 
chelators like ethylenediamine tetraacetic acid 

(EDTA), diethylene triamine penta-acetic acid 

(DTPA),  ethylenediamine disuccinic acid (EDDS) 

and nitrilotriacetic acid (NTA), increase the mobility 

and bioavailability of the heavy metal uptake by 

plants, favoring their translocation from roots to 

shoots (Blaylock, et al. 1997; Huang, et al. 1997; 

Cooper, et al. 1999; Wu, et al. 1999; Shen, et al. 

2002). EDTA has been the most widely used 

chelating agent in studies of phytoremediation 

because of its high efficiency in extracting many 

metals and also organic acids play an important 
physiological role in conferring metal tolerance, 

involved in a number of mechanisms that implies 

metal translocation or accumulation (Wang, et al. 

2007). The aim of this study was to evaluate the 

effect of two chemical amendments: ethylenediamine 

tetraacetic acid (EDTA) and oxalic acid, as combine 

assisted phytoextraction of arsenic and cadmium and 

their effect on ionome of some nutrients of Sedum 

prealtum plants.   

 

MATERIALS AND METHODS 

Hydroponic culture of Sedum praealtum plants 
Branches from a shrub of Sedum prealtum A. DC. 

were collected from the gardens of the Escuela 

Nacional de Ciencias Biológicas and  cutting buds of 

4.5cm were obtained, washed with tap water and 

surface sterilized with 10% sodium hypochlorite  for 

3minutes, rinsed with sterile distilled water and 

placed separately in sterile baby food flasks with 

Magenta SIGMA caps with 100mL of diluted (1/4) of 

concentrate mineral medium (0.20 M NH4H2PO4, 

1.15 M Ca(NO3)2, MgSO47H2O, 1.2 M KNO3, 1.2 × 
10-2 M H3BO3, 1.2 × 10-4 M CuCl2·H2O, 2.3 × 10-3 M 

ZnCl2, 4.4 × 10-4 M MnCl2·4H2O, 6 × 10-6 M 

Na2MoO4·H2O, Fe-EDTA (7.1 X 10-3M FeSO4·7H2O 

+ 7.2 X 10-3M EDTA-Na2), pH = + 6.0). Indole 

butyric acid (IBA) was added to this mineral medium 

at 0.1mg/L to induce roots formation in each cutting 

buds and maintained under greenhouse conditions for 

35 days. After this time, rooted plantlets were 

deposited in concentrate mineral medium and 

maintained again under greenhouse conditions for 

another 25 days, for their final exposition to As and 

Cd supplemented with the chemical amendments.    

 

Sedum praealtum plants exposed to arsenic and 

cadmium supplemented with chemical 

amendments 
The rooted plantlets were root surface sterilized with 

96% ethanol and 10% sodium hypochlorite for one 

minute, respectively, rinsed with sterile distilled 

water and transfer again to baby flasks according to 

the following experimental conditions: control (C) 

with plants grown only in mineral medium, plants 

grown in mineral medium with arsenic (As) (1mM 

Na2HAsO4·7·H2O), plants grown in mineral medium 
with cadmium (Cd) (3CdSO4·8·H2O), plants grown 

with mineral medium supplemented with oxalic acid 

(5mM OX) and experimental conditions with the 

corresponding amendment and heavy metal: As+OX, 

Cd+OX, As+EDTA and Cd+EDTA (5mM EDTA-

Na2). All the experiments were performed with six 

replicates and maintained under greenhouse 

conditions for 10 days. At the end of this time, plants 

were harvest; leaves, stems and roots were cut and 

keep separately obtaining their fresh weight and after 

dried at 70°C for 24 hours to obtain their dry 

biomass. 
 

Ionic profiles determination in Sedum praealtum 

plants  

Ionic profiles of  S. paraealtum plants were obtained 

by Inductively Coupled Plasma-Optical Emission 

Spectrometry (ICP-OES) technique. 1g of dry 

biomass from leaves, stems and roots were finely 

ground and digested with and acid mixture (2mL of 

H2SO4 + 1mL of H2O2 + 3mL of HNO3  + 2mL of 

HCl), in a microwave (CEM, MARSX press). The 

contents of As, Ca, Cd, Cu, Fe, Mg, Mn, Mo and Zn, 
were determined by employing a ICP-OES 

spectrometer, 4600DV-Perkin Elmer, USA, taking 

three lectures of each sample (nine total samples), 

expressing their final concentration as mg /Kg dry 

weight (DW).  All the plastic containers employed 

for the analysis were 24 hours previously treated with 

2% HNO3.  

 

The translocation factor (TF) proposed by Cabello-

Conejo et al. (2014) was calculated to analyze the 

translocation of each element tested, considering the 
total quantity of them in leaves and roots, for each 

experimental condition expressed as leaves/roots 

index. 

 

Satistical Analysis 

All data obtained were analyzed by one-way analysis 

of variance and the mean differences were compared 

applying a Tukey-Kramer Method using the statistics 

program Graph Pad Instat Ver. 2.03.  
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RESULTS AND DISCUSSION 

Content and behavior of As and Cd in Sedum 

praealtum plants 

Figure 1a shows that the addition of EDTA do not 

favored the absorption of As and finally diminished 

its concentration. Plants grown only with arsenic, 

accumulated the highest concentration of it 

(778mg/Kg DW) and plants grown in experimental 

condition of As+OX, diminished the As 

concentration accumulated in plants (289 mg/Kg 

DW). Arsenic was not mobilized to the leaves of S. 

praealtum plants; it concentrated in roots, particularly 

only in the presence of this element and 
supplemented with EDTA as a chemical amendment. 

In Figure 1b, contrary to the behavior in S. praealtum 

plants, Cd increased its concentration in roots and 

stems of this plant species and the supplement of both 

chemical amendments increase it compared with the 

experimental conditions where only Cd was present. 

 

Distribution in Sedum praealtum plants of 

analyzed elements with or without the chemical 

amendments 

Calcium bioavailability and mobility were present 

and the total concentration of this element was 
obtained in plants tested with As+EDTA (26,456mg 

/Kg DW), followed by the experimental conditions of 

OX > As > C > Cd+EDTA > As+OX > Cd+OX > 

Cd. It was evident that the mobility of this 

macroelement was favored and its quantity in leaves, 

following the next order according to its 

accumulation for both heavy metals and chemical 

amendments tested: As+EDTA > C > OX > 

Cd+EDTA > Cd+OX > As+OX > As > Cd, showed 

in Figures 2a and 2b. 

 
The same behavior according to calcium mobility‟s 

of an element inside S. praealtum plants, was for Mn, 

(Figures 3a and 3b), where not only the presence of 

As and Cd favored its mobility from roots to leaves; 

the chemical amendments supplied also increased it, 

following the next order: C > As+EDTA > As+OX > 

Cd > Cd+EDTA > OX > As > Cd+OX.  

 

Fe, Mo and Cu (Figures 4, 5 and 6) showed the same 

behavior according to their distribution inside S. 

praealtum plants; where in all the experimental 
conditions, these elements were accumulated and 

immobilized in roots of this plant species. Total Fe 

content, showed in Figures 4a and 4b that the highest 

concentration accumulated in plants was in presence 

of As in the experimental conditions with the 

following order: As > OX > Cd > C > As+OX > 

Cd+OX > As+EDTA > Cd+EDTA. In Figures 5a and 

5b, the accumulation of Mo inside roots of S. 

praealtum plants showed again that the presence only 

of As and Cd plus the supply of both chemical 

amendments increase it according to the next order:  

As > As+ OX > OX > C > Cd > Cd+ OX > Cd+ 

EDTA > As + EDTA. 
Even Cu mobility was less but according to the 

pattern showed by Fe and Mo; this element increased 

its accumulation in leaves and stems, compared to 

those elements and the total Cu quantified in this 

plant species followed the next experimental order: 

OX > As > C > Cd+OX > Cd > As+OX > Cd+EDTA 

> As+EDTA (Figures 6a and 6b). 

 

Particular response was obtained for Mg and Zn 

elements; where the concentration quantified in each 

part of S. praealtum plants, was distributed almost 
equal in leaves, stems and roots. For Mg element, 

according to Figures 7a and 7b, the highest mobility 

to leaves was present in OX and Cd+OX 

experimental conditions, but the highest 

concentration of Mg quantified in plants followed the 

next order: C > Cd+EDTA > Cd > As > As+OX > 

OX > Cd+OX. 

 

For Zn element, according to the highest total 

concentration quantified in plants, the order of it was 

as follows: C > As > Cd > As+OX > As+EDTA > 

OX > Cd+EDTA > Cd+OX (Figures 8a and 8b). 
For Mg and Zn elements, almost the highest quantity 

of them was determined in stems; particularly for Mg 

in presence of As and Cd and As+EDTA and 

Cd+EDTA; EDTA was the convenient chemical 

amendment for it. Regarding to Zn, the experimental 

conditions: As, Cd, As+OX and Cd+OX , showed 

that the oxalic acid favored its accumulation. 

 

DISCUSSION 

Eide, et al. (2005) mention that it is well known that 

the mechanisms underlying the homeostatic control 
of ions in an organism are strongly interrelated; 

Baxter (2015) and Baxter, et al. (2012) resume the 

ionome is not a simply collection of elements, 

because it allows a clear relationship between 

elements tested. Regarding to the interspecific 

relationships between elements in this work As and 

Cd were closely related to Cu, Fe and Mo. Regarding 

to their mobility, it was agree with the results 

reported by Feng, et al. (2017), where Cd transport 

mechanisms also favored Cu, Zn and Mg 

translocations. According to Turgut, et al. (2005), the 
FT is employed to evaluate the capacity of heavy-

metal transport from roots to shoots; in this study 

there was a particular association between elements 

with FT > 1, for Mn, Mg, Ca and Zn. And a FT < 1, 

between the elements: Cu, Fe and Mo, with the 

inclusion of As and Cd in this group, according to 

Table 1. It is important to note that the presence of As 

and Cd favored the translocation of Cu Fe and Mo, 

with the less values obtained; also for the 

immobilized elements Mn, Ca, Mg and Zn,  

accumulated in the roots of S. prealtum plants.     
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Berndnowack and Robinson (2006) showed in their 
results a simplified schematic accumulation of Cu 

and Zn in shoots or translocation from roots to shoots 

in the absence and presence of chelating agents based 

on pot and hydroponic experiments (Tandy, et al.; 

2006a, 2006b) based on hydroponic data on Cu and 

Zn uptake, it mostly shows a decrease in metal uptake 

in the presence of chelants (Tandy, et al. 2006b; 

Wenger, et al. 2003). In the present study for Zn, the 

accumulation of this metal was equally distributed, 

thus the variability in uptake of chelants by different 

plant species needs to be considered. 
 

Lou, et al. (2004) mention that metals are 

accumulated at first in roots of plants and after 

transferred to the rest of the parts by a disruption of 

the metabolism, which regulates the transport of 

metal to shoots; these authors founded large amounts 

of Cu absorbed and accumulated in roots of plants. In 

this study, it occurs in S. praealtum plants. 

Verbruggen, et al. (2009) noted that the metalloid 

arsenic and the heavy metal cadmium are often 

considered to be biologically nonessential. Essential 

or beneficial functions for Cd or As have not been 
reported in higher plants. However, the possibility 

cannot be excluded, give a growth promoting effects 

of Cd as an indirect effect of interference with the 

plant-internal availability of nutritional elements. 

These authors remark the fact that Cd and As are 

potentially toxic for the plant cells because they tend 

to substitute for Zn and P, respectively. Particularly, 

it is known that P is present as phosphate in cells and 

cellular As can be present as arsenate, As (V), 

probably as a phosphate chemical analog, but also 

this could be found as arsenite, As (III), which 
behaves as a sulphur-seeking heavy metal ion, rather 

like Cd2+. As(V) is easily incorporated into plant cells 

through the high-affinity Pi transport system and the 

uptake of Cd from the soil seems to occur mainly via 

Ca2+, Fe2+, Mn2+ and Zn2+ transporters (Clemens 

2006). 

 

Schaider, et al. (2006) resume that a number of 

hydroponic and soil experiments have demonstrated a 

strong correlation between free-ion activity and plant 

uptake of metals (Pavan and Bingham 1982; 
Bingham, et al. 1983; Checkai, et al.1987; Cabrera, et 

al. 1988; Sauvé, et al. 1996); particularly in 

hydroponic experiments, metal uptake has been 

found to increase with increasing total metal 

concentrations even when constant free-ion activities 

were maintained (Bell, et al. 1991; McLaughlin, et al. 

1997). Uptake of metal-EDTA complexes has been 

observed in a variety of plant species including 

Brassica juncea (Vassil, et al. 1998), Phaseolus 

vulgaris (Sarret, et al. 2001), Hordeum vulgare 

(Collins, et al. 2001) and Solanum tuberosum 

(Collins, et al. 2002), where these studies 

demonstrate that EDTA-bound metals can be 
transported to the shoots of plants. Liu, et al. (2008) 

mention that synthetic chelators and low molecular 

weight organic acids (LMWOA) are the most 

common chemical amendments used in chemical 

assisted phytoextraction of heavy metals; because 

such substances are capable of forming chemical 

complexes with metal ions modifying the 

bioavailability of them (Wu, et al. 2004; Quartacci, et 

al. 2006).  

 

Two particularly works done by Liu, et al. (2008) and 
Yang, et al. (2004) with Sedum alfredii Hance plants, 

reported interesting results. Liu, et al. (2008) 

compared the performance of the synthetic chelators: 

EDTA, DTPA and EDDS with citric, oxalic and 

tartaric acid, in the metal solubility and enhancing 

phytoextraction of Zn, Cu and Cd; showing that 

synthetic chelators were more effective than 

LMWOA on increasing the solubility of Zn, Cu and 

Cd, which were consistent with earlier studies 

(Chaney 1988; Evangelou, et al. 2006; do 

Nascimento, et al. 2006). The results of this study 

final showed that although LMWOA had mild effects 
on the heavy metals removal when compared with 

synthetic chelators, their advantages of being cheaper 

and safe in phytoremediation practices, could be tried 

in further studies. 

 

Yang, et al. (2004) analyze the growth response and 

Cd uptake, distribution, and accumulation at varied 

Cd supply levels in S. alfredii in nutrient solution; 

these authors found that concentrations of other 

essential mineral nutrients in the leaves, stems and 

roots of this plant species significantly influenced by 
Cd treatments. Particularly, Mn concentration 

decrease when plants grown at Cd concentrations ≤ 

0.4mM/L. for Ca, its concentration in leaves 

increased as Cd supply was up to 0.4mM/L. 

Concentrations of Mg decreased in the roots, but was 

not affected in leaves and stems of S. alfredii; with 

increasing concentration of Cd up to 0.4 mM/L. 

Concentration of Cu dramatically raised in the roots 

while decreased in the leaves at the external Cd 

higher than 0.5 mM/L. In this plant species, the root 

Fe concentration increased over 2-fold with 
increasing Cd levels. Zinc concentrations increased in 

the leaves but decreased in the roots by more than 

two times with increasing Cd supply levels up to 0.4 

mM/L; whereas stem Zn concentrations remained 

unchanged for different Cd levels. The authors also 

report a remarkable decrease for Ca in the leaves and 

those of Mg, Cu, and Mn in the roots only at high Cd 

concentrations as 0.8 mM/L and conclude that 

tolerance of S. alfredii is closely associated with its 

exceptional ability of maintaining balanced nutrition 

of essential elements in the plant. It is known by 
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experimental reports that Cd is highly toxic to plants, 

where the critical concentration of Cd in nutrient 
solution for conventional crop plants are reported to 

be 0.8 mM/L for white clover and maize, 0.014 

mM/L for cabbage and 0.28 mM/L for ryegrass 

(Yang, et al. 1995). For S. alfredii, there were no 

visible symptoms in plants regarding to some kind of 

metal-induced toxicity, because the authors founded 

no reduced shoot and root dry matter yields in plants 

grown at concentration of Cd up to 0.2 mM/L. Figure 

9 shows that the growth of S. praealtum plants in this 

study presented a particularly response regarding to 

the promotion of development in plants, according to 
each experimental conditions the effect of Cd and the 

amendments significantly reduce the growth of leaves 

in 6% for Cd, 8% and 14% for Cd+OX and 

Cd+EDTA, respectively and OX condition with 

136%, compared to control plants. For stems of this 

plant species their growth diminished in experimental 

conditions of As, plus amendments employed with 

56% for this metal, 54% for As+OX and 40% for 

As+EDTA. There was a promotion of root growth of 

this plant species with an increase from 3 to 9-fold in 

experiments with the presence of Cd as follows: 

Cd+EDTA (882%) > Cd+OX (587%) > Cd (343%), 
all the experimental conditions compared to the 

control plants. 

 

Thus, in this plant species compared to S. alfredii 

reports, the effect of both metals showed an increase 

in plants growth, particularly in the stems and roots 

development.    

         

Welch and Norvell (1999) mention that it is generally 

knowing that Cd uptake by non-accumulator plants 

may through the same carrier as for other divalent 
cations such as Zn2+, Cu2+ or Fe2+, or via cation 

channels of Ca2+ and Mg2+ and inhibitory effects of 

Cd on the uptake and accumulation of Zn, Cu, Mn, 

and Ca were noted in conventional crop plants as 

Wong, et al. (1984) and Yang, et al. (1996) noted. 

Finally, Yang, et al. (2004) reported as a conclusion, 

that according to the Cd concentration tested; at ≤ 0.4 

mM/L of Cd concentration in mineral medium, the 

concentrations of Mn and Cu in leaves and Mg and 

Zn in roots considerably decreased; while 

concentrations of Ca and Zn in leaves and Fe and Cu 
in roots significantly increased as Cd concentration 

increase.  

 

In this study, S. praealtum plants at the 

concentrations tested for As and Cd; the nutrient 

elements: Ca and Mn accumulated in leaves, Fe, Cu 

and Mo accumulated in roots and for Mg and Zn 

concentrations these were almost equally distributed 

in leaves, stems and roots of this plant species. Some 

of these results were similar to those obtained by Liu, 

et al. (2008) and Yang, et al. (2004) for this species 

of the Sedum genera tested, showing that this plant 

species at these concentrations of the metals tested 
demonstrate a particularly response regarding to the 

ionomic interactions between nutrient elements. 

 

CONCLUSIONS 
Finally, in this study, even S. praealtum plants 

diminished their growth in presence of both heavy 

metals; ionomic profiles obtained as response of 

exogenous addition of As and Cd and the addition of 

both chelating agents was efficiently, increasing the 

bioavailability of some elements, showing a 

synergistic activity with Mo, Cu, Fe and Zn. 
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Figure 1: 1a) Arsenic and 1b) Cadmium concentrations in Sedum praealtum plants. Mean values + S.D. 

from six replicates. Asterisks showed the significant differences between treatments (p < 0.05). 

Figures 2 and 3: 2a and 2b) Calcium and 3a and 3b) Manganese concentrations in Sedum praealtum plants. 

Mean values + S.D. from six replicates. Asterisks showed the significant differences between treatments  

(p < 0.05). 
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Figures 4, 5 and 6: 4a and 4b) Iron, 5a and 5b) Molibdenum and 6a and 6b) Cupper concentrations in Sedum 

praealtum plants. Mean values + S.D. from six replicates. No significant differences were found between plant species 

treatments (p > 0.05). 
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Figure 9: Growth of Sedum praealtum plants regarding to gain of fresh biomass in leaves, stems and roots.  

Mean values + S.D. from six replicates. No significant differences were found between plant species treatments (p > 

0.05). 

Figures 7 and 8: 7a and 7b) Magnesium and 8a and 8b) Zinc concentrations in Sedum praealtum plants. Mean values 

+ S.D. from six replicates. No significant differences were found between plant species treatments (p > 0.05). 
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Table 1. Factor of Translocation (FT) of tested elements in Sedum praealtum  plants in all the experimental conditions

Element C OX As As + EDTA As + OX Cd Cd + EDTA Cd + OX

Mn 12.41 4.34 0.59 195.86 43.08

Ca 3.05 2.18 0.96 3.29 2.28 2.7 4 3.69

Mg 1.63 4.31 3.23 4.7 2.62 1.91 3.3 8.08

Zn 2.19 2.54 0.55 4.31 0.88 0.49 1.24 1.59

Cu 0.32 0.12 0.11 0.51 0.26 1.36 0.3

Fe 0.12 0.067 0.027 0.52 0.1 0.062 0.35 0.11

Mo 0.049 0.051 0.026 0.082 0.032 0.031 0.05 0.024

As 0.079 0.14 0.14

Cd 0.013 0.17 0.05
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