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ABSTRACT

A pot experiment was conducted at the farm of Faculty of Agric., Al-Azhar University, Nasr City,
Cairo, Egypt during the summer season of 2010 to evaluate the effect of phytoextraction involves the use
of Sudan grass (Sorghum vulgare var sudanense) plant to remove some heavy metals from the soil.
Surface soil samples (0-30cm) were collected from El-Gable El-Asfer farm located 25km northeast Cairo,
Egypt. The experiment involved 21 pots comprised 7 treatments in three replicates in a completely
randomized design. The soil was mixed with materials, added as amendments, i.e. compost (5 ton fed™),
pure sulfur 98.5(2 ton fed™) and gypsum (3 ton fed™) before planting. The results could be summarized as

follows;

1- Sudan grass has a high ability to accumulate heavy metals specially, Zn, Cu and Pb in harvestable plant
tissues. Also, Sudan grass could be considered as a hyper accumulator plant to these metals. Thus,
Sudan grass may be used successfully to clean soils polluted with heavy metals specially Zn, Cu and
Pb, 2- The important use of compost, sulfur and gypsum to reduce soil reaction (pH) increase the
soluble amount of Zn, Cu, Mn and Pb available to plant and 3-The phytoremediation of the soil could
be recommended as an environmentally safe and cheep method for the remediation of the heavy metal

polluted soil in Egypt.
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1.INTRODUCTION

Heavy metal contamination of soils has
increased significantly in the last years owing to
anthropic action. Several techniques can be used
to pervert or to minimize soil contamination,
although many of these techniques are harmful to
the soil. An alternative is to use a new technique,
called phytoremediation, based on the ability of
plants to take up elements from the soils with
excessive high levels of metals or other potentially
toxic elements that contribute to soil
decontamination (Souza, 2011). Revathi, et al.
(2011) studied Phytoremediation of Chromium
contaminated soil using Sorghum plants. The
results indicated that there was a significant
reduction of biomass of the plant with increased
the dosage of chromium. It is also observed that
Phytoremediation is found to be cost-effective and
highly efficient in remediating the heavy metal
polluted sites. The phytoremediation efficiency of
field crops is rarely high, but their great growth
potential compared with hyper accumulators
should be considered positively, so that they can
establish a dense green canopy in polluted soil
(Vamerali, et al. 2010).

345

Zhuang, et al. (2009) stated that the application
of ammonium nitrate and ammonium sulfate
increased the accumulation of both Zn and Cd in
roots of sorghum plants; suggesting that cropping
of sorghum plants facilitated by agronomic
practices may be a sustainable technique for
partial decontamination of heavy metal
contaminated soils. Also, Jadia and Fulekar (2008)
indicated that, Vermicompost from vegetable
waste has high nutrient contents and therefore, it
can be used as a natural fertilizer to increase
growth of plants that play a role in
phytoremediation. Kalpana and Satyawati (2009)
studied  the effect of Arbuscular Mycorrhizal
(AM) colonization on the uptake of cadmium (Cd)
from artificially contaminated soil. Soil pH was

significantly lower in non-AM than AM
treatments at the highest soil-Cd. The results
indicated  possible  exploitation of AM

colonization for better metal accumulation in plant
for phytoremediation purpose. Hattori, et al.
(2006) showed that the application of low pH
treatment increased Cd uptake in all the studied
plant species and that could be a promising
method for phytoremediation of Cd in
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combination with soil pH adjustment, depending
on the tolerance of the plant species to low pH.
Xu, et al. (2007) showed that lead accumulation in
the shoots of the plants exposed to EDTA-pb at
1:1 ratio was only one-fifth of that exposed to
ionic Pb at the same concentration. Marchiol, et
al. (2007) indicated that, the metal removal was
calculated for the harvestable parts of the crops.
The amelioration of the nutritive status of the
substrate that resulted was highly effective for the
biomass yield. However, fertilization and soil
amendment did not increase the concentration of
metals in the harvestable tissue of the plants
during the crop cycle.

The evaluation of potential of
phytoremediation plants compared to other crops
in terms of metal removal was positive. These
results of metal removal are consistent with the
results other in situ experiments. This study was
undertaken to evaluate the effect of
phytoremediation as a tool for the remediation of
some heavy metals polluted soil using Sudan
grass.

2. MATERIALS AND METHODS

A pot experiment was conducted at the farm of
the Faculty of Agric., Al-Azhar University, Nasr
City, Cairo, Egypt during the summer season of
2010. Surface soil samples (0-30cm)were
collected from El-Gable El-Asfer farm located at
25km northeast Cairo, Egypt, This soil is irrigated
continuously with sewage effluent for about 80
years, to study the effect of phytoextraction
involves the use of Sudan grass (Sorghum vulgare
var sudanense) to remove some heavy metals
from the contaminated soil. The experiment
involved 21 pots comprised 7 treatments in three
replicates in distributed completely randomized
design (Snedecor and Cochram, 1972). The soil
was mixed with three materials added as
amendments, i.e. compost (5 ton/fed), pure sulfur
98.5 ELAHRAM COMPANY production (2
ton/fed) and Gypsum (3 ton/fed) before planting.
Seven treatments were used as follows;

1- Polluted soil (Control).

2- Polluted soil + Compost

3- Polluted soil + Sulfur

4- Polluted soil + Gypsum

5- Polluted soil + Compost + Sulfur

6- Polluted soil + Compost + Gypsum

7- Polluted soil + Compost + Sulfur + Gypsum

The NPK fertilizers were applied according to
the recommended rates, ammonium sulfate
(100kg/Fed), super phosphate (150 kg/Fed) and
K- sulfate (50 kg/Fed). A pot of 30 cm diameter

and 35 cm depth was filled by 10kg of sandy loam
soil. Three seedlings of Sudan grass were planted
in each pot. The moisture content of soil was kept
at field capacity along the period of experiment.
Three cuts were collected from the plants in a
period of four months from planting. The first one
was collected after 8 weeks from planting, the
second one after 13 weeks from seedling and the
third one after 18 weeks from seedling. The plants
were cut 1 cm above the soil surface. At the end of
the experiment the plants were harvested and
prepared for analysis. The characteristics of the
investigated soil (particle size distribution, was
determined according to Klute, 1986) and
chemical properties(i.e. EC, pH, organic matter,
soluble cations, and soluble anions according to
Page et al., 1982) to detect the changes that might
take place in soil characteristics. The plant
samples were ground and wet digested with acids
mixture (HNO; and HC10,) according to Jackson
(1973). Heavy metals under investigation (Zn, Cu,
Mn and Pb) in clear digested solutions were
determined using Perkin Elmer Inductively
Coupled Spectrophotometer Plasma 400 (ICP). At

Table (1): Some physical and chemical properties of

the studied soil.

Parameters | Value

Particle size distribution

Coarse sand 54.21
Fine sand 20.43
Silt 11.67
Clay 13.69
Textural Sandy loam
class
Soil chemical properties
OM % 2.63
pH soil past 7.83
(extract)
ECdSm* 1.61
Soluble ions (me q L ™)
Ca"”" 5.52
Mg** 3.90
Na* 4.10
K" 2.14
CO;5” ND
SO, 7.47
Cr 4.49
HCO3 3.71
Plant available heavy metals (mg kg™*)
Elements Critical limits of heavy Studied
metals in soil ** polluted soil
Zn >1.50 61.31
Cu >0.50 13.32
Mn >1.80 23.43
Pb >0.50 11.30

** Hammissa et al .(1993).
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Table: (2a) Some chemical properties of the compost

ECdSm? | pH(1:10) | C/Nratio | OM % 0OC% N% P% K%
1.6 6.6 18:1 58.61 25.2 14 0.6 0.79
Table: (2b) Some chemical properties of Gypsum
ECdSm™ pH( 1:10) Ca% S% S0,%
2.3 6.11 16.43 23.56 55.68
the same time, DTPA extractable contents of the Data in Table (3) and Figs. (1 and 2)

studied heavy metals were determined, as
mentioned before, at harvest to evaluate the
response of their potential mobility and biological
uptake by grown plants to the applied chemical
amendments. The results of soil and materials
analysis before the experiments are presented in
Tables 1 and 2.

3.RESULTS AND DISCUSSION

3.1. Impact of different treatments on dry weight

of three cuts of Sudan grass

Table (3) and Figs. (1and2) refer to the effect

of different treatments on dry weight, content and
uptake of Zn, Cu, Mn, and Pb by Sudan grass.
Generally, the obtained results showed that the
increases in both content and uptake are followed
by gradual decrease in the dry weight compared
with the control. The data in Table (3) show that
the dry weight of shoot was increased in (polluted
soil + compost) then decreased gradually until
reached (polluted soil + compost + gypsum) and
(polluted soil + compost + sulfur + gypsum),
respectively. This may be due to the ability role of
the added materials particularly those of
treatments of polluted soil + compost + gypsum
and polluted soil + compost + sulfur + gypsum, to
decrease the dry weight production in the polluted
soil. The other treatments showed significantly
negative influence on dry weight production of the
studied plants. The results confirmed the
important role (reduce soil reaction pH) of the
tested treatment (compost, sulfur and gypsum) on
polluted soil. Reduction of dry weight of the
plants exposed to Zn, Cu, Mn and pb stress was
also recorded in many plants (Revathi et al.,
2011).These results agree with the findings of
Zancheta, et al. (2011), who reported that the
EDTA treatment, decreased the pH, thus increased
the risk of which could be toxic to plant which
could reduce the biomass production. This
reduction could be due to their interference with
metabolic process associated with normal
development ( Lidon, and Henriques 1992).
3.2. Impact of different treatments on Zn, Cu,

Mn and Pb uptake after three cuts of

Sudan grass
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show a positive effect of different materials in
increasing the content and uptake of the studied
nutrients by Sudan grass. Concerning the effect of
adopted treatments on Zn, Cu, Mn and Pb content
and uptake, data in Table (3) showed that Zn, Cu,
Mn and Pb contents and uptake are affected by
application of materials to polluted soil compared
with the other treatments and the control. The dry
weight of the plants was reduced with the
increases in the concentration and uptake of Zn,
Cu, Mn and Pb. The dry weight reflected the high
content and uptake of heavy metals found in
(polluted soil + compost + sulfur + gypsum)
followed by treatment (polluted soil + Compost +
gypsum) more than other treatments compared
with the control(the three cuts of plants grown on
the contaminated soil samples). Also, the values
obtained from the other treatments were found to
be in between. The total uptake of Zn, Cu and Pb
of the three cuts increased gradually (polluted soil
+ compost), followed by (polluted + compost +
sulfur + gypsum) particularly, (polluted soil +
compost + gypsum) and (polluted soil + compost
+ sulfur + gypsum). On the contrary, total Mn
uptake was not affected with the different
treatments. This remark could be due to Sudan
grass which has high ability to accumulate heavy
metals specially, Zn, Cu and Pb in harvestable
plant tissue. Also, Sudan grass could be
considered as a hyper accumulator plant to Zn,
Cu, and Pb. Thus, Sudan grass may be used
successfully to clean soils contaminated with
heavy metals specially Zn, Cu and Pb. These
results are in good harmony with Vamerali, et al.
(2010) who stated that the phytoremediation
efficiency of field crops was rarely high, but their
greater growth potentialy compared with hyper
accumulators should be considered positively, so
that they could establish a dense green canopy in
polluted soil. These results are also in good
agreement with Zancheta et al. (2011) who
indicated that Cu accumulation in plant tissues
was well related to the metal concentration in the
nutrient solution, as well as accumulation and
transport of Cu to the shoot. Thus, these plant
species had potential growth to be employed
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Table (3): Impact of different treatments on Zn, Cu, Mn and Pb uptake by three cuts of Sudan grass.

Zn
Cut No.1 Cut No.2 Cut No.3 Total
Treatments DW Con Uptake DW Con Uptake DW Con Uptake uptake
@pot’) | (mg |M9POtY | (gpott) | (mgkg-1) | (HOPOTI| (gpot?) |(mgkg-1)| (HOPOLY) (HY
kg-1) pot™)
1 2205 | 036 | 793 | 18.11 0.31 5.68 17.46 028 | 488 | 1849
2 2136 | 1.81 | 38.66 | 18.00 1.76 3168 | 17.19 161 | 2767 | 98.01
3 2085 | 1.90 | 39.61 | 17.91 1.73 3098 | 16.56 165 | 2732 | 97.01
4 2070 | 197 | 477 | 17.73 1.81 3209 | 16.02 172 | 2755 | 100.41
5 19.36 | 212 | 41.02 | 15.99 2.10 3357 | 15.39 191 | 29.39 | 103.98
6 1893 | 322 | 6095 | 1554 3.11 48.32 | 14.94 290 | 43.32 | 15259
7 18.45 | 334 | 6162 | 1536 3.21 49.30 | 14.85 295 | 43.80 | 154.72
LSDat5% | 019 | 1.6 | 134 | 0.143 17 1.9 0.14 0001 | 18 1.8
Cu
1 2205 | 022 | 485 | 1811 | 020 | 362 | 1746 | 020 | 3.49 11.96
2 2136 | 1.86 | 39.72 | 18.00 | 1.70 | 30.60 | 17.19 | 161 | 27.67 97.99
3 2085 | 181 | 3743 | 1791 | 1.72 | 30.80 | 1656 | 1.69 | 27.98 96.08
4 2070 | 1.91 | 3953 | 17.73 | 1.81 | 32.09 | 1602 | 1.72 | 27.55 99.17
5 1935 | 241 | 46.63 | 1599 | 2.13 | 34.05 | 1539 | 2.00 | 30.78 113.46
6 1893 | 255 | 4827 | 1554 | 220 | 3418 | 1494 | 212 | 31.67 114.12
7 1845 | 270 | 49.81 | 1536 | 2.29 | 3517 | 14.85 | 215 | 34.07 119.05
LSDat5% | 019 | 15 | 173 | 0143 | 16 67 | 014 | 016 | .035 1.9
Mn
1 2205 | 013 | 286 | 1811 | 010 | 1.81 | 1746 | 010 | 1.74 6.45
2 2136 | 0.60 | 12.81 | 18.00 | 051 | 9.18 | 17.19 | 049 | 8.42 30.41
3 2085 | 0.75 | 1563 | 17.91 | 056 | 10.02 | 1656 | 051 | 8.44 34.09
4 2070 | 085 | 1759 | 17.73 | 0.75 | 13.29 | 16.02 | 063 | 10.09 40.97
5 1935 | 091 | 17.60 | 1599 | 0.81 | 1295 | 1539 | 071 | 10.92 41.47
6 1893 | 096 | 1817 | 1554 | 0.83 | 12.89 | 1494 | 073 | 10.90 41.96
7 1845 | 097 | 17.89 | 1536 | 0.85 | 13.05 | 14.85 | 074 | 10.98 41.92
LSDat5% | 019 | 0.001 | 1.7 | 0143|0005 | 1.6 | 014 | 0018 | 1.67 1.8
Pb
1 2205 | 013 | 286 | 1811 | 011 | 1.99 | 1746 | 011 | 1.92 6.77
2 2136 | 1.95 | 4165 | 18.00 | 1.81 | 3258 | 17.19 | 152 | 26.12 100.35
3 2085 | 2.81 | 5858 | 17.91 | 213 | 38.14 | 1656 | 1.92 | 31.79 128.51
4 2070 | 2.90 | 60.03 | 17.73 | 231 | 4095 | 16.02 | 213 | 34.12 135.1
5 1935 | 321 | 6211 | 1599 | 2.97 | 47.49 | 1539 | 271 | 41.70 151.3
6 1893 | 3.30 | 6246 | 1554 | 3.10 | 48.17 | 1499 | 292 | 43.62 154.25
7 1845 | 3.37 | 3217 | 1536 | 3.30 | 50.68 | 14.85 | 2.97 | 44.10 156.95
LSDat5% | 019 | 1.39 | 1.78 | 0.143 | 0.67 | 064 | 014 | 067 | 066 0.012
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Fig.(1): Impact of different treatments on, Zn,CU,Mn and Pb Uptake in
three cuts of Sudan grass.
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Fia.(2): Impact of different treatments on pH values.
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in programs of Cu phytoremediation. The
results obtained from this study suggest that
shoots of Sudan grass facilitated by agronomic
practices may be a sustainable technique for
partial decontamination of heavy metals from
contaminated soils. The application of compost,
sulfur and gypsum and consequently the decrease
in pH values led to increase the amount of Zn, Cu,
Mn and Pb available to the plant. In this regard,
Hattori et al. (2006) pointed out that lowering pH
values led to increasing of Cd uptake in all plant
species studied, and concluded that it could be a
promising method for phytoremediation of Cd in
combination with soil pH adjustments, depending
on the tolerance of the plant species to lower pH
value.
3.3. Impact of different treatments on
availability of Zn, Cu, Mn and Pb to
Sudan grass

Data in Table (4) show available Zn, Cu and
Pb reduced from the different treatments
particularly, treatments No.6 and 7. On the
contrary, available Mn was not affected with the
different treatments. On the other hand, the data
revealed that the highest increase of reduction (%)
were 51.12 and 52.12% for Pb, 48.07 and 50.07
for Cu, 43.53 and 45.19 for Zn,14.16 and 16.34
for Mn at No.6 and No.7 treatments, respectively,
compared with the other treatments and the
control. This reflected the high concentration of
heavy metals found in the three cuts of Sudan
grass grown on the contaminated soil. The
reduction of Zn, Cu, Mn and Pb in the soil after
three cuts were found in the following descending
order Pb > Cu > Zn > Mn. The phytoremediation
of soil could be recommended as an
environmentally safe and cheep method for the

Table (4): Impact of different treatments on available and reduction of Zn, Cu, Mn and Pb in soil

after three cuts of Sudan grass.

remediation of heavy metal contaminated soil in
Egypt. Revathi, et al. (2011) indicated that
phytoremediation is found to be cost-effective and
highly efficient in remediation heavy metal
polluted soils. Also, Souza (2011) indicated that
phytoremediation based on the ability of the plants
to take up elements from soils with excessive high
levels of metals or of other potentially toxic
elements and thus contribute to soil
decontamination.

3.4. Impact of different treatments on some soil
chemical properties after three cuts of
Sudan grass

Data in Table (5) show that most of the soil

chemical properties after Sudan grass cultivation
are nearly the same comparing with those
recorded before Sudan grass cultivation.
Nevertheless, the most important factor that could
be affected by the different treatments is the soil
reaction (pH) which was affected by the
application of materials like compost, sulfur and
Gypsum at all treatments. Data reveal that the
lowest value of soil reaction (pH) was recorded
for treatments No.7 and No.6 followed by No.5
and No.4 respectively, while the highest value was
obtained for control. Also, the values which
obtained from the other treatments were found to
be in between. This remark emphasized that the
soil reaction (pH) played an important role in the
chemical behavior of heavy metals in soil. Low
pH-values increased the amounts of heavy metals
available to plants. Thus, solubility and
availability of the micro elements increase as (pH)
decrease. Hattori, et al. (2006) showed that
phytoremediation of heavy metals in combination
with soil pH adjustment, depending on the
tolerance of the plant species to low pH.

. Zn Cu Mn Pb

§ Available | Reduction | Available | Reduction | Available | Reduction | Available | Reduction
£ | (mgkg? % (mg kg™) % (mg kg™) % (mg kg™) %
S

|_

1 59.93 2.25 13.10 1.65 23.18 1.06 11.22 0.70
2 47.81 22.01 8.12 39.03 21.52 8.15 9.60 15.04
3 42.61 30.50 7.92 40.54 21.48 8.32 9.61 14.95
4 40.11 34.57 7.65 42.56 20.37 13.06 8.11 28.23
5 38.32 37.49 7.10 46.69 20.28 13.44 6.62 41.41
6 34.60 43.53 6.90 48.19 20.11 14.16 5.50 51.32
I 33.60 45,19 6.65 50.07 19.60 16.34 5.41 52.12
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Table(5): Impact of different treatments on some soil chemical properties after three cuts of Sudan

grass.

" Cations meq L™ Anions meq L™

€ _pH EC 1

E | soilpast | dSm™ | ) o | Nat | K* | cor | SO~ | of | Hcor

@ extract

|_

1 7.45 152 5.49 3.86 4.10 2.19 | 0.00 7.44 443 3.67

2 7.32 1.49 547 | 3.90 398 | 213 | 0.00 | 741 4.39 3.64

3 7.37 1.49 448 | 3.78 397 | 212 | 0.00 | 7.40 4.39 3.63

4 7.26 1.48 5.43 3.80 3.96 2.12 | 0.00 7.41 4.40 3.61

5 7.19 1.47 4.41 3.81 3.95 211 | 0.00 7.40 4.42 3.63

6 7.17 1.46 540 | 3.79 392 | 210 | 0.00 | 7.38 4.35 3.62

7 7.11 1.45 5.39 3.80 3.91 2.10 | 0.00 7.39 4.36 3.61
Conclusion Phytotoxicity and remediation of heavy

This study was undertaken to evaluate the
effect of phytoremediation as a tool for the
remediation of some heavy metals polluted soil
using Sudan grass. From the obtained results the
following could be concluded;
1-Sudan grass has a high ability to accumulate

heavy metals specially, Zn, Cu and Pb in

harvestable plant tissue. Also, Sudan grass
could be considered as a hyper accumulator
plant to these metals. Thus, Sudan grass may
be used successfully to clean soils polluted

with heavy metals specially Zn, Cu and Pb, 2-

The important use of compost, sulfur and

Gypsum to reduce soil reaction (pH) increased

the soluble amount of Zn, Cu, Mn and Pb

available to plant, and 3-The phytoremediation
of the soil could be recommended as an
environmentally safe and cheep method for the
remediation of the heavy metal polluted soil in

Egypt.
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