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Abstract: The success of phytoextraction depends upon the identification of suitable plant species that can
tolerate and accumulate heavy metals and produce large amounts of plant martial. Field crops like corn
(Zea mays), wheat (Triticum asaetivum), sunflower (Helianthus annuus), barley (Hordeum vulgaris), cotton
(Gossypium barbadense) and faba bean (Vicia faba) were used in many researches for phytoremediation. Two
pot experiments were conducted out to study the possibility of using these plants in phytoextraction. The first
experiment was conducted using cadmium (Cd) at levels (control, 10 and 20 mg/kg), nickel (Ni) at levels (control,
150 and 300 mg/kg) and lead (Pb) at levels (control, 150 and 300 mg/kg). The second experiment was
accomplished to study the effect of ethylene diamine tetra acetic acid (EDTA) on plants growth and heavy
metals uptake. Roots and shoots growth of the studied plants decreased significantly (P<0.05) as affected by
heavy metal and EDTA applied to soil. The roots of the studied plants were more sensitive to heavy metals
stress and EDTA than the shoots, where the high levels of the studied heavy metals reduced the growth of
roots by 44-47% and shoots by 35-37 %. Although the application of EDTA to soil increased the heavy metals
uptake by the studied plants, the roots and shoots weights decreased by more than 25% as a result of EDTA
treatment. Based on our results, it may be stated that the studied field crops had low ability to tolerate and
accumulate heavy metals from contaminated soils even though the using of EDTA, therefore they not

recommended to use in phytoextraction of heavy metals from contaminated agricultural soils.
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INTRODUCTION

Heavy metal pollution of soil is a significant
environmental problem. It has negative impact on
human health and agriculture. The clean up of
metal-contaminated soils by traditional physicochemical
methods is both very costly and destructive to the normal
properties of the soil [1]. In contrast, phytoremediation,
that use of green plants to decontaminate the metals out
the soil is an emerging technique with advantages of
being in situ, cost effective and environmentally
sustainable [2, 3]. However, the success of
phytoextraction depends upon the identification of
suitable plant species that tolerate and accumulate heavy
metals and produce large amounts of biomass using
established  agricultural techniques. Plants for
phytoextraction, i.e. metal removal from the soil, should
have the following characteristics: (i) tolerant to high
levels of the metal, (ii) accumulate reasonably high levels

of the metal, (iii) rapid growth rate, (iv) produce
reasonably high biomass in the field and (v) profuse root
system [4].

The sensitivity of plants to heavy metals depends on
an interrelated network of physiological and molecular
mechanisms such as (i) uptake and accumulation of metals
through binding to extracellular exudates and cell wall
constituents; (ii) efflux of heavy metals from cytoplasm
to extranuclear compartments including vacuoles; (iii)
complexation of heavy metal ions inside the cell by
various substances, for example, organic acids, amino
acids, phytochelatins and metallothioneins; (iv)
accumulation of osmolytes and osmoprotectants and
induction of antioxidative enzymes (v) activation or
modification of plant metabolism to allow adequate
functioning of metabolic pathways and rapid repair of
damaged cell structures [5]. The major problem hindering
plant remediation efficiency is that some of the metals are
immobile in soils and their availability and phytoextraction
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rates are limited by solubility and diffusion to the root
surface. Ethylene diaminetetraacetic acid (EDTA) is often
found to be the most effective chelating agent [6, 7],
which considerably enhances the accumulation of metals
in the above ground parts of plants because it develops
a metalchelate complex which enhances its mobility within
the plant by increasing its transport from roots to aerial
parts [8, 9].

This study aims to: i) study the growth of some field
crops (corn (Zea mays), wheat (Triticum asaetivum),
sunflower (Helianthus annuus), barley (Hordeum
vulgaris), cotton (Gossypium barbadense) and faba bean
(Vicia faba )) in contaminated soils ii) show the ability of
these plants to accumulate heavy metals in the shoot. iii)
explore the role of EDTA in plant growth and heavy
metals uptake.

MATERIALS AND METHODS

Soil Characterization: Soil samples were collected from
Ellwan, Assiut, Egypt where the soils have been irrigated
with sewage waste water for more than 50 years.
The samples were air-dried and sieved with a 2-mm
diameter sieve for further analysis. Particles-size
distribution of the soils was performed using the pipette
method that was described by Jackson [10]. Soil pH was
measured using a digital pH meter in a 1:1 suspension of
soil-to-water ratio. Organic matter content of the soil was
determined using the dichromate oxidation method
described by Wakley and Black [10]. Total carbonates in
the soil were estimated gasometrically using calcimeter
method and calculated as CaCO, [11].The electrical
conductivity (EC) was estimated in 1:1 soil to water extract
using the salt bridge method [ 12]. DTPA-extractable metal:
Cd, Ni and Pb were extracted from the studied soil samples
using a 0.005M DTPA (diethylen triamine penta acetic
acid) solution buffered at pH 7.3 as described by Lindsay
and Norvell [13]. For determination of total heavy metals:
The method of Baker and Amacher [14], which involved
the digestion of samples in a mixture of HF-HNO;-HCIO,-
H,SO, in Teflon beakers placed on a hot plate, was also
employed to analyze the total contents of Cd, Cr, Cu, Ni,
Pb and Zn.

Greenhouse Experiments: The soil was spiked with Cd,
Ni and Pb in the form of sulphate.The soil was allowed to
undergo tow cycles of saturation with de-ionized water
and air drying process, each lasting one week. Tow pots
experiment were conducted out, The first to study the
effect of levels of heavy metals (Cd, Pb and Ni) on plant

growth and concentration of these elements in the studied
plants (corn, sunflower, cotton, wheat, barely and
bean).The levels of Cd were 0, 10 and 20, Pb were 0,150
and 300 and Ni were 0,150 and 300 mg/kg soil. The second
excrement was conducted to study the effect of EDTA on
plant growth and heavy metals uptake. The soil in the
second experiment was spiked with a mixture of Cd, Pb
and Ni then the total heavy metals content was
determined. Cd concentration after spiking was 20, Pb was
300 and Ni was 300 mg/kg soil. For EDTA treatment, 100
mL of 120 mM EDTA (as Na,-EDTA salt) were applied to
the surface of the soil in the pots of this treatment. Plastic
pots were filled with 5 kg of the studied soil samples. Four
plants of wheat and barely and tow plants of corn, cotton
and bean were left in each pot. Pots were carefully
watered as needed and fertilized as need with NPK fertilize
mixture (0.5 g/pot) containing N: P: K=1:0.4: 0.8.

Plant Analysis: Plants were left in the pots for 70 day
after the sewing. At the end of the experiment the plant
sample were collected, washed with tap water twice and
rinse with distilled water before being separated into
shoot and root and oven-dried (70° C) to a constant
weight. Dried roots and shoots were ground and
submitted to the acid-digestion using a 2:1 HNO,:HCIO,
acid mixture. The digests were analyzed for heavy metals
(Ni, Pb and Cd) by atomic absorption spectrophotometer
(AAS).

Statistical Analysis: The experimental design of this
experiment was Randomized Complete Blocks Design
(RCBD) with three replicates. The collected data were
statically analyzed using MSTAT computer program as
described by Michigan State University [15]. Means were
compared by using least significant difference (LSD) at
5% level of probability as described by Gomez and Gomez
[16].

RESULTS AND DISCUSSION

Properties for the Studied Soil: Table 1: Some chemical
and physical properties of the studied soil The physical
and chemical characteristics as well as the concentrations
of available and total heavy metals of the soils under the
study are presented in Table 1. These soils were classified
as a Typic Torripsamments. The DTPA-extractable Pb, Ni
and Cd in the collected soil samples were 3.24, 3.78 and
0.09.The total metal content of the collected soil samples
were 115, 123 and 1.05 mg/kg Pb, Ni and Cd respectively.
The permissible limits of the heavy metals in the soil are
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Table 1: Some chemical and physical properties of the

Property

Particle size distribution

Clay (%) 10
Silt (%) 23
Sand (%) 67
Texture Sand Loam
CaCO3 (%) 7.8
pH (1:1) 7.25
Organic matter (%) 2.55
EC (1:1 dS/m) 1.8
DTPA-extractable metals (mg/kg)

Pb 3.24
Ni 3.78
Cd 0.09
Total metals (mg/kg)

Pb 115
Ni 123
Cd 1. 05

100 mg Pb/kg and 100 mg Ni /kg, (as reported by
Kabata-Pendias and Pendias [17] and (0.1-0.5 mg Cd/kg)
(as reported by Scheffer and Schachtschabel [18].

Effect of Heavy Metals Stress on the Growth of the
Studied Field Crops: The data presented in Table 2, 3
and 4 show the growth of the studied plants as affected
by different Cd, Pb and Ni treatments. There are
significant differences between the studied plants in their
tolerance to Cd, Pb and Ni treatments.

Added Cd to soil significantly affected the weight of
roots and shoots of all the studied plants. Increasing the
level of Cd in soil decreased the dry matter of roots and
shoots of all the studied plants. Comparison the growth
of the studied plants in control and those in the soil with
the high level of Cd, it is clear that there is a decrease in
growth of roots and shoots by 44% and 35%respictivilly.
Muramoto et al. [19] reported that root and shoot weights
of rice were reduced by 32% and 21% when 100 mg Cd kg’
"added to soil. It is known that cadmium reduced the dry
mater production [20, 21]. Cadmium (Cd), being a highly
toxic metal pollutant of soils, inhibits root and shoot
growth and yield production, affects nutrient uptake and
homeostasis and is frequently accumulated by
agriculturally important crops and then enters the food
chain with a significant potential to impair animal and
human health [22].

Table 3 showed that there are significant effects for
Pb treatments in the roots and shoots of the studied
plants. Pb treatments reduced the growth of all the
studied plants. The growth of roots and shoots in the
high level of Pb decreased by 45 and 37% respectively

compared with control. Decreasing dry mater as affected
by Pb treatment was observed by Liu et al[23]. For
plants, although Pb is not considered as an essential
element, its absorption and accumulation in different parts
takes place frequently and its accumulation increases with
increase in exogenous Pb levels [24, 25]. Once entered in
plant, it detrimentally influences plant growth resulting in
reduced leaf area and it also inhibits activities of many
enzymes [26, 27].

Data presented in Table 4 showed a significant effect
for Ni treatments in the growth of all the studied plants.
Increasing the level of Ni in soil decreased the growth of
all the plants. The root and shoot of the plants grown in
the high level of Ni decreased by 47 and 35 % respectively
compared with the control. In general, heavy metals
severely inhibit root growth [28] and this is in the case of
Ni [29].

Increased Ni in the soil increased its concentration in
plants and reduced dry mater production [30, 31]. The
seed germination, root and shoot growth were found
significantly affected by these metals at higher
concentration, [31]. Nickel is an essential micronutrient for
higher plants [32]. However, Ni at sufficiently high levels
may be toxic to plants [33]. Excess Ni can affect
physiological/biochemical process like decreasing leaf
chlorophyll contents [34] and leaf photosynthetic and
transpiration activities [35] and impairing membrane
permeability associated with enhanced extracellular
peroxidase activity [36]. And reduced translocation of
nutrient from root to shoot [37].

Concentrations of Heavy Metals in the Roots and Shoots
of the Studied Field Crops: Table 2, 3 and 4 shows the
effect of Cd, Pb and Ni treatments in the concentration of
Cd, Pb and Ni in root and shoot of the studied plants.
Shoots of the studied plants had the lowest values of Cd
and the roots had the highest values. The highest value
of Cd in the root and shoot was found in sunflower and
corn. Comparisons of the Cd concentration in the studied
plants show that there is a clear effect for the Cd
treatments on its concentration in the root and shoot.
Increased the level of Cd in soil increased the Cd
concentration in the roots and shoots. Treatments of
cadmium increased concentration of this element in plant
[20-21]. Most of Cd in the plants stored in the root and
similar results were found by Chaturvedi [38] and Zadeh
[20]

As shown in table 3 increased the level of Pb in soil
increased the concentration of Pb in the roots and shoots.
The roots of all studied plants contained higher Pb

1047



Table 2: Effect of Cd treatments on dry mater production (g/pots) and Cd concentration in plants (mg/kg)

World Appl. Sci. J., 32 (6): 1045-1052, 2014

Roots Shoots

Crop Cdo Cd 10 Cd 20 Cdo Cd 10 Cd 20
dry mater production (g/pots)
corn 3.77 3.10 2.27 2233 16.00 13.00
sunflower 3.77 3.10 2.17 21.67 18.33 13.00
cotton 2.27 1.43 1.20 14.00 11.00 11.33
wheat 3.53 2.80 2.13 17.67 17.00 10.67
barley 3.60 3.80 2.10 14.00 14.00 12.67
bean 3.70 2.20 1.60 17.33 14.00 8.00
mean 3.44 2.74 1.91 17.83 15.06 11.44
LSD ¢ 0.19 1.93
LSD 0.13 1.36
Cd concentration in plants (mg/kg)

corn 0.60 16.01 22.52 0.05 8.00 9.35
sunflower 0.60 10.83 23.88 0.04 8.69 9.23
cotton 0.60 16.75 19.22 0.05 7.15 7.08
wheat 0.70 16.75 21.08 0.04 6.83 8.52
barley 0.73 14.42 16.19 0.06 5.50 7.07
bean 0.67 16.59 19.30 0.08 7.17 8.11
mean 0.65 15.23 20.37 0.05 7.22 8.23
LSD ¢ ns 0.96
LSD 2.31 0.68
LSD is least significant difference at 5% and C refers to crops, L is the Cd levels
Table 3: Effect of Pb treatments on dry mater production (g/pot) and Pb concentrations in plants (mg/kg)

Roots Shoots
Crop Pb0 Pb150 Pb300 Pb0 Pb150 Pb300
dry mater production ( g/ pots)
corn 3.67 3.07 2.73 2233 19.00 13.67
sunflower 3.60 2.67 1.90 21.67 16.67 12.67
cotton 2.47 1.23 1.43 15.33 12.00 10.33
wheat 3.57 2.80 1.77 17.67 15.00 13.33
barley 3.70 3.00 1.80 18.00 13.67 10.67
bean 3.43 2.20 1.60 17.00 12.67 9.33
mean 3.41 2.49 1.87 18.67 14.83 11.67
LSD ¢ 0.26 1.83
LSD 0.18 1.29

Pb concentrations in plants (mg/kg)

corn 14.07 33.73 50.07 6.29 9.91 14.41
sunflower 26.17 40.13 47.34 6.26 11.08 15.81
cotton 12.74 19.41 33.00 7.03 10.02 13.71
wheat 16.08 3241 42.40 6.03 8.08 14.01
barley 19.06 35.03 41.33 7.00 11.02 13.36
bean 15.52 34.11 47.10 6.05 8.01 15.01
mean 17.27 32.47 43.55 6.44 9.69 14.38
LSD ¢ 4.92 ns
LSD 3.48 0.93

LSD is least significant difference at 5% and C refers to crops, L is the Pb levels

1048



World Appl. Sci. J., 32 (6): 1045-1052, 2014

Table 4: Effect of Ni treatments on dry mater production (g/pot) and Ni concentrations in plants (mg/kg)

Roots Shoots
Crop Ni 0 Nil50 Ni 300 Ni 0 Ni 150 Ni 300
dry mater production (g/pots)
corn 3.80 3.10 2.23 21.00 15.00 12.33
sunflower 3.67 2.80 1.90 22.00 17.00 11.00
cotton 2.73 2.43 1.33 14.33 12.67 12.33
wheat 3.87 2.80 1.90 18.33 14.33 13.00
barley 3.87 2.80 2.07 18.00 12.00 10.67
bean 3.43 2.20 1.83 17.33 16.00 12.33
mean 3.56 2.69 1.88 18.50 14.50 11.94
LSD ¢ 0.23 1.59
LSD, 0.17 1.12
Ni concentration in plants (mg/kg)
corn 22.04 35.04 51.37 9.07 12.10 14.85
sunflower 16.04 27.04 55.04 7.02 10.52 14.22
cotton 21.85 3537 46.04 8.29 11.71 16.08
wheat 13.70 33.80 47.97 9.04 8.00 15.77
barley 20.63 35.17 46.02 5.00 9.07 13.70
bean 19.04 35.71 46.04 8.03 11.70 16.04
mean 18.88 33.67 48.75 7.74 10.52 15.11
LSD ¢ 3.13 1.07
LSD, 222 0.77

LSD is least significant difference at 5% and C refers to crops, L is the Ni levels

concentrations compared with the shoots. Pb
concentration in plants increased by increasing Pb level
in soil and most of Pb accumulated in the root and this
result also was found by John ef a/.[21] and Liu et a/ [23].

Concentration of Ni in the studied plants affected
significant by the Ni treatment as shown in table 4.
Increasing the level of Ni in soil increased the
concentration of Ni in the roots and shoots of the plants.
The roots contained more Ni than shoots. Similar results
were found by Giordan et al.[30].

The highest value of Pb concentration was found in
the roots of corn plants. Comparison the Pb concentration
in the shoot of studied plants showed that sunflower had
the highest value of Pb. The highest value of Ni
concentration observed in the root of sunflower followed
by corn. These tow plants were used for
phytoremediation in many research due to their high
biomass production [39-41].

Effect of EDTA on Dry Mater Production of the Studied
Plants: Treated the soil with EDTA affected significantly
in decreasing the weight of root and shoot of al the
studied plants. There are significant differences in dry
mater production of the studied plants as shown in
Table 5. Treated the soil with EDTA decreased the weight
of root and shoot compared with control. In general the

root weight decreased by 25% as a result of EDTA
treatment. The root of corn was more tolerate than the
other crops.

The shoot weight decreased by 23%  after
adding EDTA to the soil. It is known that EDTA
decreased the dry mater production. Reduction of
yield production as affected by EDTA was observed
by Chen and Cutright [39]. The root and shoot of
sunflower reduced as a result of treated the soil with
EDTA [41-42].

Possibility of Using Field Crops for Phytoremediation:
The success of phytoextraction process depends upon
both shoot biomass and shoots metal concentration. The
remediation factor (RF) was calculated to asses the ability
of studied plants in phytiextraction. This parameter shows
the real ability of the plant in remediation soils from the
contaminated. the remediation factor (RF) was calculated
as the percentage of the element removed by the plant dry
above ground biomass from the total metal content in the
soil [43]. RF value of the studied plants ranged between
(0.01- 0.38). The lowest values of RF were observed in
control treatment but the added EDTA increased the RF
for all studied plants as shown in Table 6. The ability of all
the studied plants in heavy metals removal was very low.
If any of these plants was used for phytoremediation the
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Table 5: Effect of EDTA on dry mater production of the plants (g/pot)

Root Shoot

Control EDTA Control EDTA
corn 2.93 2.43 14.30 10.67
sunflower 3.03 2.40 13.93 10.40
cotton 2.23 1.57 10.63 8.17
wheat 2.53 1.60 13.45 10.63
barley 2.17 1.53 14.23 9.733
bean 2.43 1.93 14.03 12.11
mean 2.56 1.91 13.43 10.28
LSD¢ 0.27 2.10
LSD 0.16 1.21

LSD is least significant difference at 5% and C refers to crops, T is the
EDTA treatment

Table 6: Remediation factor of the tested plants

Cd Pb Ni
Crop Control EDTA Control EDTA Control EDTA
corn 0.19 0.38 0.02 0.03 0.02 0.04
sunflower  0.18 0.35 0.01 0.03 0.02 0.03
cotton 0.13 0.24 0.01 0.02 0.01 0.02
wheat 0.17 0.28 0.01 0.03 0.02 0.03
barley 0.16 0.34 0.01 0.02 0.01 0.03
bean 0.20 0.33 0.02 0.03 0.02 0.03

remediation processes will need a very long time. Similar
results were found by (Chen and Cutright [39], Meers
et al. [40] Usman and Mohamed [41].

These results suggest that negligible amounts of
these heavy metals could be removed in comparison to
the total metal in the soil. Therefore, under our
experimental conditions, overall extraction of heavy metals
from contaminated soil was considered too low for these
plants to consider for practical application of
phytoextraction.

CONCLUSIONS

In general the growth of the studied plants decreased
significantly by increasing the levels of heavy metals in
soils. Under the stress of heavy metal the biomass
production of all the studied plants was decreased. But
the reduction in dry mater production was less than 50%.
The roots of the studied plants were more sensitive to the
heavy metal compared to the shoots. The ability of these
plants to tolerate the high levels of heavy metals in the
soil is very low as well as their ability for heavy metal
accumulation in the shoots and roots. The highest values
of the studied heavy metals were observed in corn and

sunflower tissues. Using these plants in phytoremediation
depend on their highly ability to produce large
amount of the dry matter in short time, but when they
grown on contaminated soils they will be lost that
advantage. The using of chelating agent to enhance
the accumulation of heavy metals resulted in reduction
of dry mater production of all the studied plants. The
ability of all the studied plants in heavy metals removal
was very low. If any of these plants was used for
phytoremediation the remediation processes will need a
very long time. The researches in the field of
phytoremediation should be concentrated in the other
plants that have a real ability to tolerate and accumulate
heavy metals.
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