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Abstract
A pot experiment was conducted to evaluate the effects of EDTA and citric acid application on the uptake of lead by using
high biomass plants (Brachiaria decumbens; signalgrass and Paspalum atratum; atratum). Application levels (0, 1.5, 2.5,
5 and 10 mmol kg–1 soil) of EDTA and citric acid were added to 150 mg kg–1 of lead contaminated soil one week before
harvesting. The experimental period was 45 days. The results showed that signalgrass was able to grow in the presence of
EDTA and citric acid showing no visible symptoms of phytotoxicity and could have the ability of metal tolerance. EDTA
(1.5, 2.5 and 5 mmol kg–1) treated soil significantly increased the concentrations of lead in the shoots of signalgrass by 1.4,
1.5 and 1.3-fold, respectively, in comparison with the control and were clearly more effective in stimulating the
translocation of lead from roots to shoots. In atratum, the control plants were more efficient in the uptake and translocation
of lead than when EDTA and citric acid were added. Two investigated grass species did not show the same results to the
applied chelates. It is imperative to note that the plant species, chelator source and level will make a difference in uptake
and translocation of lead. Both EDTA and citric acid were ineffective as an amendment to enhance the lead
phytoextraction by atratum. Signalgrass showed comparative high dry matter while accumulating high concentrations of
lead in their shoots and then could be suggested as a suitable candidate for chelate-induced phytoextraction of lead.
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1. Introduction
Phytoextraction of heavy-metal contaminated soils is defined as the use of green plants to transport and
concentrate metals from the soils into the above-ground shoots, which are harvested with conventional
agricultural methods (Baker et al., 1994; Raskin et al., 1994; Kumar et al., 1995). Application of plants is
much less expensive and less invasive for the environment (Cunningham and Berti, 2000). Unfortunately,
phytoremediation techniques are very time-consuming and their effects are visible only after several years.
Plants for phytoextraction should have the following characteristics: (1) be tolerant to high levels of the metal,
(2) accumulating reasonably high levels of the metal in their above-ground tissues, (3) rapid growth rates, (4)
producing reasonably high biomass, and (5) having profuse root system (Clemens, 2002; Alkorta et al., 2004).
Based on these facts, more recent research projects on phytoextraction have focused on high biomass plant
species, such as maize (Zea mays), peas (Pisum sativum), oats (Avena sativa), barley (Hordeum vulgare) and
Indian mustard (Brassica juncea), and on relevant plant husbandry and soil management practices to enhance
the metal uptake of these species (Blaylock et al., 1997; Huang et al., 1997; Ebbs and Kochian, 1998; Shen et
al., 2002; Chen et al., 2004). Although several conditions must be met in order to achieve this technique, the
lower metal bioavailability in the soil and poor metal translocation from roots to shoots are major limiting
factors for phytoextraction of metals from polluted-soils (Huang et al., 1997; Epstein et al., 1999).
For example, lead (Pb), one of the most important environmental pollutants, has limited the solubility in
soils and availability for plant uptake due to complexation with organic matter, sorption on oxides and clays,
and precipitation as carbonates, hydroxides and phosphates (McBride, 1994). Many plants retain lead in their
roots with only minimal transport to the above-ground harvestable portions (Salt et al., 1995). Increased
solubility can be achieved by adding chelates to the soil. Chelate-induced phytoextraction can be used for
enhancing the uptake and translocation of metals in plants (Huang et al., 1997; Turgut et al., 2004).
Ethylenediamine tetraacetic acid (EDTA) is probably the most efficient chelate in increasing the
concentration of various metals in above-ground plant tissues (Cunningham and Ow, 1996; Blaylock et al.,
1997; Huang et al., 1997; Vassil et al., 1998). EDTA increases not only the amount of soil lead taken up by
plants but also metal transport through the xylem and lead translocation from roots to shoots and leaves
(Huang et al., 1997; Epstein et al., 1999). Although EDTA is very effective in mobilizing metals in soils,
EDTA and metal-EDTA complexes can be toxic to plants and soil microorganisms and they can also be
persistent in the environment due to their low biodegradability.
The use of natural compounds such as low molecular weight organic acids (LMWOA) which are easily
biodegradable sounds better than synthetic chelate application to the public acceptance of phytoextraction
technology. Application of LMWOAs like citric acid has been well documented for mobilizing heavy metals
in soils and increasing their uptake by plants (Huang et al., 1998). But many authors have found lower
effectiveness of aliphatic LMOWA such as citric acid in inducing metals accumulation in plants compared to
synthetic chelates (Kos and Lestan, 2004; Lombi et al., 2001; Wu et al., 2004).
Therefore, it has been recognized that the selection of appropriate plant materials and chemical
amendments is still very important even today for promoting phytoremediation efficiency. The present study
focused on determining the effects of chelates (EDTA and citric acid) on the uptake of lead by Brachiaria

www.ijrp.org

Win Mi Htwe / International Journal of Research Publications (IJRP.ORG)

W.M. Htwe / International Journal of Research Publications (IJRP.ORG)

3

decumbens c.v Basilisk (signalgrass) and Paspalum atratum Swallen (atratum) from lead contaminated acidic
soils.

2. Materials and methods
A pot culture experiment was conducted in the greenhouse at the Subtropical Field Science Centre of the
University of the Ryukyus, Okinawa, Japan during the period from 16 May 2016 to 30 June 2016.
2.1. Preparation for soil and experimental design
Red yellow soil (Kunigami-maji; KM) was used in this study. The air-dried soils were sieved to 4 mm and
added 500 g of soil into each Neubauer’s pot (with an area of the base of 100 cm 2). The subsets of pots for
each species were treated with EDTA and citric acid in a single application to the surface of the soil at the
rates of 0, 1.5, 2.5, 5.0 and 10 mmol chelate kg–1 soil one week before harvesting. The treatments were
replicated three times. The pots were arranged randomly while maintaining a constant irradiated condition for
each pot. In each pot soil, lead as analytical chemical grade of Pb(NO 3)2 was added at the rate of 150 mg Pb
kg–1, then mixed thoroughly with the soil. Lead was added once prior to the experiment. The soil pH was
determined in the ratio of soil to distilled water of 1:2.5 using a digital pH meter (Navi F 51, Horiba Ltd.,
Kyoto, Japan). The total lead contents in soil were analyzed by an inductively coupled plasma atomic
emission spectroscopy (ICP-AES) (ICPE-9000, Shimadzu Co.Ltd., Kyoto, Japan), following digestion with
concentrated nitric acid. The water soluble lead content in soil was measured after extraction of 4 g of dry soil
with 40 ml of deionized water in an orbital shaker for 6 hours, and then was allowed for 10 minutes to settle.
The water extracts were filtered through 0.45µm sieve (Advantec, Tokyo, Japan) into 15 ml polyethylene tube,
and were analyzed by using ICP-AES.
Twenty-five seeds each of signalgrass and atratum were sown separately to each pot. After germination,
young seedlings were fertilized at the rate of 10 g N m–2, 5.6 g P2O5 m–2 and 7.8 g K2O m–2, respectively. All
pots were watered daily to keep the soil moisture at 60–70% of the field capacity throughout the experiment.

2.2. Plant harvest and analysis
Forty-five days after planting, plant samples were gently removed from the pots, and then separated into
roots and shoots. The roots were washed firstly with tap water, followed by washing with deionized water,
blotted dry on filter paper, and then dried at 70°C for 2 days to determine plant dry matter.
The dried plant samples at 0.5 g, ground to pass through the 0.5 mm sieve, were digested in concentrated
nitric acid using a microwave laboratory system (Start D, Milestone General K.K. Co.Ltd., Kawasaki, Japan).
All laboratory equipment (plastic and glass wares) were washed with distilled water, soaked in 1 mole of
nitric acid (60%) overnight, rinsed with deionized water and air-dried before use. The digested solution was
filled up to 100 ml final volume with deionized water, and filtered through 0.45 µm sieve (Advantec, Tokyo,
Japan). Then, concentrations of lead were analyzed using an ICP-AES, and lead accumulated amounts (mg
plant–1) of each experimental grass species were calculated by multiplying lead concentration in roots and
shoots and respective plant dry matter weight. Additionally, translocation factor (TF) as the ratio of lead
concentration in the shoot to that in the root can be used to evaluate the capacity of a plant to translocate lead
from roots to shoots (Santos et al., 2006).
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2.3. Statistical analysis
One-way analysis of variance (ANOVA) was used for statistical analysis (SPSS version 16.0; Chicago,
U.S.A). Least significant difference (LSD) test was performed to define significant differences between
specific mean pairs at a probability level of 0.05.
3. Results
The experimental lead contaminated soil characteristics were as follows: soil pH of 4.65, total lead content
of 178.61 mg kg–1 and water soluble lead content of 7.10 mg kg–1. Soil pH values after the harvest of tropical
grass species in soils treated with different amounts of chelates were presented in Table 1. The soil pH was
significantly decreased from 4.65 to 3.52 and from 4.65 to 4.50 by the addition of both EDTA and citric acid,
respectively.
Table 1. Soil pH after the harvest of pasture grasses in soils treated with different amounts of chelates
Treatment

Soil pH

(mmol kg–1 soil)

EDTA

Citric acid

0

4.65a

4.65a

1.5

4.54b

4.54ab

2.5

4.50b

4.54ab

5

4.35c

4.56ab

10

3.52d

4.50b

Data with different letters in the same chelate treatments indicate a significant difference P<0.05 according to LSD test.

The dry matter of signalgrass and atratum grown on lead contaminated soils with chelate treatments was
shown in Table 2. When no chelates were added to the soil, both grasses showed the highest shoot dry matter
without visual symptoms of metal toxicity. EDTA concentrations gradually inhibited the shoot dry matter of
the two plant species. In signalgrass, the root dry matter increased at some EDTA and citric acid
concentrations. The citric acid treatments ranging from 2.5 to 10 mmol kg –1 soil significantly affected root
and shoot dry matter in atratum. The citric acid treated atratum pots with 10 mmol kg–1 soil were strongly
chlorotic at the end of the experiment. The addition of EDTA appeared to be less toxic to both species of
grasses compared to that of citric acid.
The lead concentration in roots and shoots of signalgrass and atratum with chelate treatments was shown in
Table 3. The EDTA treatments ranging from 1.5 to 5 mmol kg –1 soil significantly increased the lead
concentration in the shoots of signalgrass. On the other hand, EDTA treatments significantly decreased shoot
lead concentrations in atratum. In signalgrass, increasing citric acid doses made an increase in lead uptake,
however, 1.5 mmol kg–1 citric acid showed the highest shoot lead concentrations (156.57 mg kg –1) among the
treatments. In atratum, the lead concentration was lowered from 245.39 to 161.69 mg kg –1 in the shoot, and
from 456.44 to 377.33 mg kg–1 in the root with citric acid treatments.
Although all EDTA treatments led to higher values of the TF in the signalgrass, 1.5 and 2.5 mmol kg –1
EDTA soil were clearly more effective in stimulating the translocation of metals from roots to shoots (Figure
1). In atratum, TFs were not much different in the presence of EDTA. Citric acid treatments led to lower
values of the TF in the signalgrass and atratum (except in 1.5 mmol kg–1 soil for signalgrass) (Figure 2).
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Table 2. Dry matter (g pot–1) in roots and shoots of signalgrass and atratum grown on lead contaminated soils with chelate treatments

Treatment
(mmol kg–1 soil)

Signalgrass

Atratum

Root

Shoot

Root

Shoot

0

1.43 cd

6.77 a

1.42 a

3.39 a

1.5

2.49 a

5.94 a

1.22 ab

2.68 a

2.5

2.10 ab

5.37 a

1.36 ab

2.74 a

5

1.77 bc

6.35 a

1.23 ab

2.70 a

10

1.25 d

6.69 a

0.83 b

2.34 a

0

1.43 b

6.77 a

1.42 a

3.39 a

1.5

1.13 b

5.57 b

1.51 a

3.18 ab

2.5

2.01 a

6.09 ab

0.95 b

2.08 c

5

1.15 b

5.62 b

0.93 b

2.53 bc

10

2.07 a

5.51 b

0.66 b

1.73 c

EDTA

Citric acid

Data with different letters in the same species and chelate treatments within a column indicate a significant difference P<0.05 according
to LSD test.

Treatments of signalgrass with EDTA concentrations ranging from 1.5 to 5.0 mmol kg –1 to soil caused an
enhanced shoot lead accumulation (Table 4). At 1.5 mmol kg –1 citric acid treatment, shoot lead accumulation
increased up to 0.86 mg plant–1 in signalgrass. In atratum, the control (the absence of chelate treatments)
showed the highest lead accumulated amounts in the shoots while, EDTA and citric acid treatments caused a
significant reduction in shoot lead accumulation compared to the control.

4. Discussion
Although both grasses grew apparently healthy on EDTA treated soils, at the end of the experiment, their
dry matter was much lower than the control. On the other hand, citric acid treated soils significantly affected
the shoot dry matter of both grasses. Higher concentrations of citric acid resulted in dry matter decrease,
probably due to the destruction of the physiological barrier by citric acid in roots which controls the uptake of
solutes (Vassil et al., 1998). However, the root dry matter of signalgrass was higher in some EDTA and citric
acid concentrations. Piechalak et al., (2003) explained that only lead nitrate addition caused the inhibition of
root elongation growth and browning of roots, however, the addition of EDTA eliminated to a great degree
the inhibition of root elongation growth, lower roots browning and resulted in a growing number of side roots.
This result proved that the exogenous EDTA enhanced the endurance of root under lead stress and EDTA
might act as a protective role against lead toxicity.
Though both EDTA and citric acid treatments generally increased the shoot lead concentrations in
signalgrass, EDTA (1.5, 2.5 and 5 mmol kg–1) treated soil significantly increased the concentrations of lead in
the shoots of signalgrass by 1.4, 1.5 and 1.3-fold, respectively, in comparison with the control (Table 3). The
increase in lead concentration of signalgrass by the addition of EDTA was not as high as stated by Santos et
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al., (2006). Citric acid at the dose of 1.5 mmol kg –1 soil indicated the highest lead concentration in signalgrass
among the citric acid treatments, and caused a 1.8-fold increase in shoot lead concentration, as compared to
the control. Most of the increased uptake of lead after the chelate treatments could be explained as an effect of
enhanced lead solubility (Wu et al., 1999). It was reported that the concentration of lead in plant shoots
correlated with the formation of lead-EDTA complex, either in solution or in a contaminated soil, suggesting
that lead-EDTA was the major form of lead absorbed and translocated by the plant (Vassil et al., 1998;
Epstein et al., 1999). EDTA and citric acid had no enhancing effect in the uptake of lead into the atratum,
even they showed the decreasing effect of lead contents in roots and shoots (Table 3). Although EDTA is an
efficient chelator of lead, the present results revealed that atratum roots did not possess a system for
transporting EDTA metal complexes. Xu et al., (2007) reported that the roots of sorghum were inefficient in
uptake of lead-EDTA complex. Athalye et al., (1995) explained that the stable lead-EDTA complexes in the
soils were not in a plant-available form, even they decrease lead uptake. The lowering of lead concentration in
roots treated with citric acid was probably related to the forms of lead in the solution, which is in agreement
with the results of Chen et al., (2003), who also reported that citric acid could alleviate lead toxicity in radish,
and decrease the lead uptake by the roots. Based on the presented data, atratum could uptake lead even
without application of chelates. Interestingly, this effect was different between the two investigated plant
species. This was probably due to differential degradation of roots and associated release of labile metal
fractions in the soil. This study indicated that the effectiveness in increasing the lead uptake by the application
of chelating agents depends not only on the chelating agent but also on the plant species.
Fig 1. Effects of EDTA on translocation factor in signalgrass and atratum

Different letters in the same species indicate a significant difference at P<0.05 according to the LSD test.
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Fig 2. Effects of citric acid on translocation factor in signalgrass and atratum.

Different letters in the same species indicate a significant difference at P<0.05 according to the LSD test.
Table 3. Lead concentration (mg kg–1) in roots and shoots of signalgrass and atratum grown on lead contaminated soils with chelate
treatments

Treatment
(mmol kg–1 soil)

Signalgrass

Atratum

Root

Shoot

Root

Shoot

0

228.54 ab

87.79 b

456.44 a

245.39 a

1.5

195.43 c

122.48 a

298.98 ab

180.75 b

2.5

206.94 bc

131.58 a

386.51 ab

183.75 b

5

237.09 a

113.25 a

371.99 ab

102.24 c

10

192.58 c

84.34 b

251.99 b

134.89 c

0

228.54 a

87.79 b

456.44 abc

245.39 ab

1.5

362.33 a

156.57 a

545.62 a

190.13 ab

2.5

292.38 a

96.00 b

377.33 c

180.45 ab

5

367.10 a

110.48 ab

397.55 bc

161.69 b

10

380.13 a

90.40 b

520.83 ab

251.96 a

EDTA

Citric acid

Data with different letters in the same species and chelate treatments within a column indicate a significant difference P<0.05 according
to LSD test.
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The effect of EDTA on the TF was higher than that of citric acid in both grasses. Luo et al., (2005) has
proved that the application of EDTA significantly increased the shoot to root ratios of the concentrations of
Cu, Pb, Zn, and Cd in corn (Zea mays L. cv. Nongda 108) and bean (Phaseolus vulgaris L. white bean). In the
addition of citric acid, the decreased values of TF showed that plants stored higher amounts of lead in their
roots, and this fact might have a negative effect on metal translocation from the roots to the shoots.
Phytoextraction potential relies not only on the high metal concentration in shoots but also on the shoot dry
matter (Nascimento and Xing, 2006). Thus, higher dry matter can sometimes compensate for lower metalconcentrated shoots. Although increasing doses of EDTA resulted in increasing shoot lead concentrations and
accumulated amounts in signalgrass (Tables 3 and 4), there was not significantly different because of slightly
reduction of plant shoot dry matter (Table 2). Similarly, a dose of 1.5 mmol kg –1 citric acid leading to a
maximum amount of lead accumulation could not be significantly determined in signalgrass. A significant
decrease in lead accumulated amount of atratum was noted when soil was treated with increasing amounts of
EDTA and citric acid. These results indicated that both EDTA and citric acid were ineffective as an
amendment to enhance the lead phytoextraction by atratum. In any case, signalgrass was more effective than
atratum regarding to the additions of EDTA and citric acid.
Table 4. Lead accumulated amounts (mg plant–1) in roots and shoots of signalgrass and atratum grown on lead contaminated soils with
chelate treatments

Treatment
(mmol kg–1 soil)

Signalgrass

Atratum

Root

Shoot

Root

Shoot

0

0.33 b

0.60 a

0.65 a

0.83 a

1.5

0.49 a

0.72 a

0.37 ab

0.49 b

2.5

0.43 a

0.70 a

0.56 ab

0.51 b

5

0.42 a

0.72 a

0.45 ab

0.27 b

10

0.24 b

0.56 a

0.21 b

0.31 b

0

0.33 bc

0.60 ab

0.65 a

0.83 a

1.5

0.36 b

0.86 a

0.82 a

0.58 b

2.5

0.59 ab

0.58 ab

0.36 b

0.37 b

5

0.42 b

0.63 ab

0.37 b

0.42 b

10

0.77 a

0.50 b

0.34 b

0.43 b

EDTA

Citric acid

Data with different letters in the same species and chelate treatments within a column indicate a significant difference P<0.05 according
to LSD test.

In conclusion, the high persistence of lead-EDTA complexes in the soil, the toxicity of free EDTA on
plants and their leaching into the groundwater poses a great environmental risk (Meers et al., 2005).
Environmental concerns will require that the chelate addition be minimized. The present study, signalgrass
was able to grow in the presence of EDTA and citric acid without showing phytotoxicity and could have the
ability of metal tolerance. Addition of chelates in the range of 1.5 to 5 mmol kg –1 EDTA and 1.5 mmol kg–1

www.ijrp.org

Win Mi Htwe / International Journal of Research Publications (IJRP.ORG)

W.M. Htwe / International Journal of Research Publications (IJRP.ORG)

9

citric acid was capable of increasing the lead uptake in the shoots of signalgrass. Conversely, the lower
amounts of chelates yielded better results to lessen the leaching of metals in soils. In atratum, the control
plants were more efficient in the uptake and translocation of lead than when EDTA and citric acid were added.
The effectiveness of lead phytoextraction could be enhanced by the right combination of plant species and
chelates. Signalgrass might be metal tolerant, showed comparative high dry matter while accumulating high
concentrations of lead in their shoots and then could be suggested as a suitable candidate for chelate-induced
phytoextraction of lead.
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