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ABSTRACT: T7This experiment was conducted to study the phytoremediation by
hyperaccumulator plants (Genotypes) [cowpea (Vigna unguiculata L.), sunflower (Helianthus
annuus L. cv. Miac) and cockscomb (Celosia cristata L.)] in polluted soil by different
concentrations of heavy metal such as lead (Pb) at levels 0, 50, 100, 200, 400, 800 and 1600
mg / 1000 g soil. During the plants accumulate the heavy metals from polluted soil these
aspects were studied: Growth characters, some physiological and biochemical aspects, i.e
photosynthetic pigments, water relations, total carbohydrates, total sugars, proline, activity of
some enzymes, some mineral compositions, the accumulation of heavy metals in different plant
parts, endogenous phytohormones as well as yield and its attributes of all crops. The
accumulation of Pb metal inside the different crops at all levels of Pb led to decreased all
vegetative growth characters, total and relative water content, transpiration rate, photosynthetic
pigments, phenoloxidase activity, N, P, & K concentrations, endogenous phytohormons and
yield and its components of all plants. Meanwhile it increased leaf water deficit, osmotic
pressure, proline, peroxidase activity and concentration of Pb inside different plant organs. It
could be recommended that, the use of hyperaccumulator plants led to decrease the
concentrations of heavy metal Pb. The best crop we can use for this Purpose was cockscomb
followed by sunflower. The extraction oil from sunflower seeds was cleared from any heavy
metals accumulation.
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INTRODUCTION rapidly and any exposure to Pb, even blood

Heavy metal contamination is one of the levels as low as 10 pg/L (0.1 ppm), can
most serious environmental problems cause long-term health problems within
limiting plant productivity and threatening many organ systems and mental and
human health. Amongst the substances that physical impairment (Succuro, 2010). It is
contribute anthropogenic ally to pollution of interesting to examine toxic metal pollution
the biosphere, trace elements are one of the of waters and soils is a major environmental
most toxic. Lead (Pb) is toxic metals of problem, and most conventional remediation

increasing environmental concern as they approaches do not provide acceptable
enter the food chain in increasingly solutions. Metal accumulation and toxicity of
significant amounts (Luptakova et al., 2002 more than one metal in soil as in real
& Verma and Dubey, 2003). Restoration of conditions more metals are usually present

soils contaminated with potentially toxic
metals and metalloids is of major global
concern (Shelmerdine ef al, 2009). As
public awareness of Pb contamination
increases, so have the questions concerning
the safety of areas such as playgrounds,
homes, and gardens. The greatest human
concern  regarding the toxicity or
accumulation of heavy metals is directed
towards small children. Their bodies and
central nervous systems are developing

in contaminated soil. Pb is known to
influence each other's uptake by some
plants when the two metals exist in the soil
in significant amounts. This influence may
be beneficial if it reduces uptake of metal by
plants but may be detrimental if increased
the uptake of the metal (Madyiwa et al.,
2004). The use of specially selected and
engineered metal-accumulating plants for
environmental clean-up is an emerging
technology called phytoremediation. Three
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subsets of this technology are applicable to

toxic metal remediation:

1- Phytoextration: the use of metal
accumulating plants to remove toxic
metals from soil.

2- Rhizofiltration: the use of plant roots to
remove toxic metals from polluted water.

3- Phytostabilization: the use of plants to
eliminate the bioavailability of toxic
metals in soils. Biological mechanisms of
toxic metal uptake, translocation and
resistance as well as strategies for
removing phytoremediation are also
explained (Salt ef al. 1995 and Chaney et
al. 1997).

4- Plant roots can solubilize soil-bound toxic
metals by acidifying their  soil
environmental with protons extruded from
the roots (Crowley et al. 1991).

The aim of this work was study the
uptake of lead from the soil supplemented
with this metal separately, determine metal
translocation between different plant parts.
Moreover, to observe the effects of Pb on
the growth, physiological, biochemical and
yield of some crops during the experimental
period, and select the best
hyperaccumulator plant can be used for
phytoremediation.

MATERIALS AND METHODS

The current investigation was conducted
under controlled conditions of artificial
pollution by heavy metal (Lead), at
experimental farm of the Faculty of
Agriculture, Menoufyia University during the
two summer 2009 and 2010 seasons (the
obtained results in the first season enough
to view the results and the second season
has quite similar) to study the
phytoremediation by some
hyperaccumulating plants [Sunflower
(Helianthus annuus L. cv. Miac), Cowpea
(Vigna unguiculata L. cv. Cream 7) and
Cockscomb (Celosia cristata L.). (Baker et
al., 2000; Mcintyre, 2003 and Kopittke et al,
2007)] in  polluted soil by different
concentrations of heavy metal
aforementioned.

Artificial pollution of the soil was done by
adding lead salts in the form of Pb Cl,.
2H,0O at concentrations of 0, 50, 100, 200,

400, 800 and 1600 mg (Pb) / kg soil (Ernst,
1996).

Plants taxonomy:

Sunflower Cowpea Cockscomb
Order | Asterales Fabales Caryophyllales
Family | Compositae Fa_l_)aceae Amaranthaceae
(Papilionaceae)

The seeds of plants aforementioned were
obtained from the Crops Research Institute
Agriculture Research Center in Cairo. Five
seeds per pot were sown at 13th May in
both seasons in pots 40 cm diameter, each
pot filled with 15 kg of clay loamy soil. After
10 days the seedlings were thinned to one
uniform seedling. The physical and chemical
characteristics of experimental soil are
shown in Table (1) according to Page
(1982).

Weeds and best control as well as other
agriculture practices were used whenever
necessary.

Sampling: Plants were collected at 60
days from sowing, to determine the following
data:

Studied characteristics:

1. Growth characters: Plant height (cm),
Leaf area per plant (sz)_ (Fladung and
Ritter, 1991), Relative growth rate (RGR),
Net assimilation rate (NAR) (data
collected in 40 and 60 and days from
sowing to determine these parameters),
dry weight of roots, shoots and totals dry
weight / plant.

2. Water relations: Total water content
(TWC) (Gosev, 1960 and Kreeb, 1990),
Relative water content determination
(RWC) (Barrs and Weatherley, 1962),
Leaf water deficit (LWD), Osmotic
pressure (Gosev, 1960) and
Transpiration rate (Kreeb, 1990) were
determined in fresh leaves.

3. Photosynthetic pigments: The
pigment concentrations (chl.a, chl.b and
carotenoids) were estimated using
Wettestein's, 1957 formula cited in
A.O.A.C., 1995 then calculated asmg / g
D.wt.
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Table (1): Some physical and chemical properties of experimental soil:

Properties Value
Physical analysis

Sand % 32.11
Sit % 35.43
Clay % 32.46

Texture clay loamy

Chemical analysis
PH 7.85
O.M. % 0.77
CaCOs; 1.49
Ec (mmhos/cm) 2.3
Soluble ions (meqg/100 g soil)
HCO3; Cr 0.59
S0,4? Na* 0.47
K" Ca? + 0.77
Mg*? Total N (100) 0.53
Avail. P(Mg.g™) 0.48
0.82
0.26
0.52
Heavy metals (mg/1000 g soil)
Lead 1.02
Chemical analysis: Total sodium (%) in leaves, stems and roots

carbohydrates and total sugars were
measure in dry samples and determined
spectro-calorimetrically using the phenol
sulfuric acid method as described by
Dubois et al. (1956) cited in A.O.A.C.
(1995). All estimations were expressed
as (mg/g D.wt). Proline concentration
was measured in fresh leaves using
colorimeter according the method of
Bates ef al. (1973). Antioxidant enzymes
activity: peroxidase and phenoloxidase
activity in optical density/g (O.D./g fresh
weight after 2 and 45 min), respectively
were measured in the fresh leaves at 60
days from sowing using the methods
described by Fehrman and Dimond
(1967) and Broesh (1954),respectively.
Nitrogen, phosphorus, potassium and

were determined in the acid digest which
was prepared by using a mixture of 5:1
sulphuric acid (H,SO,) : perchloric acid
(HCIC,) respectively as a described by
A.O.AC. (1995). Extraction of heavy
metals: Pb contents in plant roots,
stems, leaves and seeds (at harvesting
time only) at 60 and after harvesting time
were determined by atomic absorption
spectrophotometer (Model Perkin Elmer)
and expressed as pg/g'1 dry weight
according to Cottenie et al, (1982).
Form of Pb was extracted from the soil
samples after harvesting time by
sequential extraction (Walter and
Cuevas, 1999)
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5. Determination of endogenous
phytohormones: Plant
phytohormones in fresh shoots of
sunflower, cowpea and cockscomb
plants at 40 days from sowing and only
grown under medium and high
concentration of heavy metals were
extracted and determined according to
Wasfy et al. (1974)

6. Yield and its components:
Sunflower: seed vyield (g/plant), 1000
seeds weight, percentage of oil
concentration in the seeds (oil
percentage in the seeds was determined
by Soxhlet extraction apparatus as
described by A.O.A.C., 1995), total
carbohydrates and protein contents in
seeds were determined and heavy metal
concentration in oil was determined.
Cowpea: number of pods per plant, seed
yield (g/plant), 1000 seeds weight, total
carbohydrates and protein contents in
seeds. Cockscomb: inflorescence length,
inflorescence  weight, seed Yyield
(g/plant), 1000 seeds weight, total
carbohydrates and protein contents in
seeds.

All data collected were subjected to the
standard statistical analysis following the
proceeding described by Gomez and
Gomez (1984) using the computer program
of Costat Software (1985). The analyzed
data then presented in tables.

RESULTS AND DISCUSSION

Growth characters:

Data recorded in Table (2), cleared that,
the Pb concentrations from 50 to 1600 mg /
kg soil caused a significant decrease in plant
hight, leaf area, RGR, NAR and root, shoot
dry weight of the treated plants. The highest
reduction in these characters was recorded
at the concentration 1600 mg / kg soil Pb at
60 days from sowing, as compared with the
control. Similar observations have also been
reported by Ruley et al. (2006) on Sesbania
and Kovalchuk ef al. (2005) on Arabidopsis
thaliana, who found that, the analysis of the
root length showed a dose dependent
decrease in plants exposed to Pb (0 to 250

uM).

The inhibitory effect of increased Pb
concentrations on plants growth may be
attributed to under severe lead toxicity
stress, plants displayed obvious symptoms
of growth inhibition, with fewer, smaller, and
more brittle leaves having dark purplish
abaxial surfaces (Islam et al., 2007; Gupta
et al, 2009). Moreover, plant growth
retardation as a result of lead exposure may
be attributed to nutrient metabolic
disturbances (Kopittke ef al., 2007) and
disturbed photosynthesis (Islam et al,
2008). Generally, heavy metals impede
growth of plants, leading to smaller leaves
that tend to be chlorotic (Kovacevic et al.,
1999; Sayed, 1999). These effects can be
explained physiologically and biochemically
as follow: The treatment with heavy metals
can lead to the interruption of activities of
several essential enzymes, various aspects
of  photosynthetic processes, uptake of
essential nutrients, and the ultrastructure
and water usage of cells (Sayed, 1999).

Water relations:

Data presented in Table (3) showed that,
there was a remarkable gradual decrease in
TWC, RWC and transpiration rate in leaves
of sunflower, cowpea and cockscomb plants
with increasing Pb levels from 50 to 1600
mg / kg soil. Meanwhile LWD and osmotic
pressure were increased under the same
contaminated levels of Pb at 60 days from
sowing, respectively if compared with their
control treatment (0 Pb). These results are
in agreement with those obtained by El-
Gamal and Hammad (2003) on tomato
plants who reported that, lead (250 and 500
mg/l) negatively affected on water relations.
In this respect, the plants are arranged
according to the less affected as follows,
cockscomb, sunflower then cowpea.

It can be concluded that, Pb have
negative effects on some plant water
relationships in the different plants under
study. The pronounced negative effect was
observed under the higher levels of lead
treatment. It can be explained that as
follows: According to Burzynski (1987) the
inhibitory effect of heavy metals on some
water relations may be attributed to their
effects on transpiration and water content as
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a consequence of the harmful effect on
transpiration system and stomatal structure.
Heavy metals are thought to be one of the
most dangerous stressors that occur in the
environment (Shigeoka ef al, 2002). There
have been numerous studies on the toxicity

of heavy metals, including lead and
cadmium. Lead exerts adverse effects on
water imbalance and alterations in
membrane permeability (Singh et al., 1997;
Sharma and Dubey, 2005).

Table (2): Growth characters of the hyperaccumulating plants: sunflower, cowpea and
cockscomb, grown in Pb-contaminated soil at 60 days from sowing during the

growing summer season 2009.

haracter Plant Leaf RGR NAR Dry weight (q)
Pb Height are? (mg/g/d | (mg/m2/
(markg SO (cm) (cm?) ay) day) root stem leaves
Sunflower
0 139.0 202.13 1.85 0.33 0.81 15.27 16.08
50 137.5 201.01 1.83 0.31 0.72 14.76 15.48
100 132.5 196.12 1.79 0.29 0.71 13.99 14.70
200 131.1 193.74 1.71 0.29 0.63 12.30 12.93
400 128.5 188.63 1.65 0.28 0.60 11.45 12.05
800 111.3 182.33 1.53 0.26 0.47 10.14 10.61
1600 103.7 171.55 1.46 0.24 0.41 9.19 9.60
Mean 124 .1 190.79 1.69 0.29 0.62 12.44 13.06
LSD 5% 3.001 0.902 0.024 0.003 0.071 0.875 0.099
Cowpea
0 110.2 184.55 1.22 0.35 0.72 8.89 9.61
50 104.5 182.24 1.18 0.34 0.65 8.55 9.20
100 100.4 181.44 1.16 0.31 0.55 8.22 8.77
200 96.3 178.66 1.04 0.30 0.46 7.09 7.55
400 91.3 177.33 1.02 0.29 0.39 7.29 7.68
800 73.4 170.11 0.88 0.29 0.24 6.96 7.20
1600 62.6 161.12 0.68 0.27 0.19 5.92 6.11
Mean 91.10 176.49 1.03 0.31 0.46 7.56 8.02
LSD 5% 3.102 0.954 0.034 0.008 0.085 0.037 0.044
Cockscomb
0 109.1 163.00 1.57 0.39 1.03 15.62 16.65
50 107.6 162.89 1.54 0.38 0.96 15.00 15.96
100 105.6 162.05 1.51 0.37 0.93 14.05 14.98
200 104.2 161.11 1.48 0.33 0.90 13.73 14.63
400 99.7 159.17 1.47 0.32 0.74 13.67 14.41
800 95.6 158.33 1.42 0.29 0.67 12.80 13.47
1600 91.4 155.33 1.33 0.27 0.59 12.05 12.64
Mean 100.7 160.27 1.47 0.34 0.83 13.85 14.68
LSD 5% 4.010 1.007 0.009 0.005 0.020 0.078 0.316

-38 -



Phytoremediation of lead from polluted soil by hyperaccumulator plants

Table (3): Water relations of the hyperaccumulating plants: sunflower, cowpea and
cockscomb, grown in Pb-contaminated soil at 60 days from sowing during the

growing summer season 2009.

o aracter TWe LWD RWC F())r::;cl)jt:g Tranf:;(;atlon
0, 0, 0,
(mg/kg soil) (%) (%) (%) (bar) (ml / cm®.h)
Sunflower
0 85.99 15.36 79.85 8.44 0.28
50 84.17 16.82 78.12 8.94 0.28
100 84.06 18.75 75.45 9.19 0.25
200 83.89 18.48 74.65 9.78 0.25
400 83.53 20.61 72.85 10.64 0.24
800 82.49 24 .57 70.79 12.01 0.24
1600 81.12 27.92 68.55 12.73 0.23
Mean 83.61 20.36 74.32 10.25 0.25
LSD 5% 0.104 0.235 0.699 0.248 0.002
Cowpea
0 84.12 14.11 82.69 8.06 0.29
50 83.98 14.34 81.51 8.27 0.29
100 83.82 15.20 81.41 8.86 0.28
200 82.99 16.61 77.49 9.06 0.26
400 81.56 18.54 75.13 11.29 0.25
800 79.88 21.56 74.01 11.46 0.25
1600 79.09 26.33 67.95 12.92 0.23
Mean 82.21 18.10 7717 9.99 0.26
LSD 5% 0.139 0.207 1.094 0.202 0.007
Cockscomb
0 86.94 14.65 81.85 7.52 0.29
50 86.75 16.07 80.90 7.90 0.28
100 86.57 18.10 79.84 8.62 0.28
200 86.09 18.90 78.30 9.13 0.27
400 85.73 20.14 77.01 9.72 0.25
800 85.26 21.16 76.40 1017 0.24
1600 84.04 22.34 74.50 11.25 0.24
Mean 85.91 18.77 78.40 9.19 0.26
LSD 5% 0.175 0.797 0.601 0.341 0.001

Photosynthetic pigments:

From the obtained results in Table (4)
showed that, Pb at 50, 100, 200, 400, 800
and 1600 mg / kg soil significantly
decreased the concentrations of
photosynthetic pigments (i. e. chlorophyll a,
b, a + b and carotenoids) in leaves of
sunflower, cowpea and cockscomb,
meanwhile the ratios of a/b and a + b /

carotenoids significantly increased with
increasing of Pb levels. The decrease in
chl. a, b, a + b and carotenoids at Pb level
1600 mg / kg soil was about -32.4, -41.3, -
35.7 and 58.5% in sunflower, -38.5, -46.5, -
41.4 and -67.1% in cowpea and -32.8, -
35.2, -33.7 and -36.2% in cockscomb at 60
days from sowing respectively, if compared
with their control plants. It is clearly that the
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decrease in photosynthetic pigments in
these plants was nearly similar. These
results are in agreement with those
obtained by Selim (2000) on carrot plants
who indicated that, a sharp decrease and
degradation of chl.a and chl.b as well as
total chlorophyll contents in plants grown in
lead chloride and lead nitrate polluted soil
(2000 and 4000 ug P/kg soil), Muhammad

et al. (2008) on mung bean cultivars and
Abdul Ghani (2010) on maize varieties
came to the same results as well as Xiao
Shu, et al. (2012) on Jatropha curcas who
found that, Pb treatment had adverse effect
on chlorophyll content, carotenoid content
and Pb caused inhibition of leaf growth and
photosynthesis.

Table (4): Photosynthetic pigments of the hyperaccumulating plants: sunflower, cowpea
and cockscomb, grown in Pb-contaminated soil at 60 days from sowing during

the growing summer season 2009.

haracter 60 Days

Chl. a Chl. b Chl. a+b Carote. Chl. Chl.

Pb o ol (mg /g dwt) | (mg /g dwt) [(mg /g dwt)| (mg /g dwt)| a/b a+b /
(mg/kg soil) carot.

Sunflower

0 2.87 1.72 4.59 2.60 1.67 1.77

50 2.85 1.67 452 2.52 1.71 1.79

100 2.81 1.60 4.41 2.44 1.76 1.81

200 2.74 1.47 4.21 2.31 1.86 1.82

400 2.63 1.40 4.03 1.86 1.88 217

800 2.29 1.19 3.48 1.56 1.92 2.23

1600 1.94 1.01 2.95 1.08 1.92 2.73

Mean 2.59 1.44 4.03 2.05 1.82 2.05
LSD 5% 0.011 0.010 0.027 0.131 0.009 0.017

Cowpea

0 3.51 1.98 5.49 2.70 1.77 2.03

50 3.31 1.81 512 2.51 1.83 2.04

100 3.27 1.79 5.06 2.48 1.83 2.04

200 3.12 1.57 4.69 1.83 1.99 2.56

400 2.79 1.40 419 1.61 1.99 2.60

800 2.61 1.29 3.90 1.08 2.02 3.61

1600 2.16 1.06 3.22 0.89 2.04 3.62

Mean 2.97 1.56 452 1.87 1.92 2.64

LSD 5% 0.005 0.003 0.002 0.034 0.007 0.074

Cockscomb

0 2.59 1.48 4.07 2.32 1.75 1.75

50 2.56 1.45 4.01 2.28 1.77 1.76

100 2.53 1.43 3.96 2.24 1.77 1.77

200 2.42 1.35 3.77 213 1.79 1.77

400 2.09 1.16 3.25 1.82 1.80 1.79

800 2.05 1.14 3.19 1.75 1.80 1.82

1600 1.74 0.96 2.70 1.48 1.81 1.82

Mean 2.28 1.28 3.56 2.00 1.78 1.78

LSD 5% 0.032 0.030 0.069 0.008 0.005 0.021
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As shown from our results, the
concentration of photosynthetic pigments in
the leaves of Pb-stressed plants under study
significantly were decreased. The gradual
decline in chlorophyll contents may be
attributed to the gradual degradation of
photosynthetic pigments (Muhammad et al.,
2008). Moreover, high Pb and Cu
concentrations inside the leaf might have
been high enough to directly inhibit
chlorophyll synthesis (Sengar & Pandey,
1996). Lead accumulation in different organs
is considered a general protoplasmic poison
(Johnson & Eaton, 1980). Moreover, the key
enzyme of chlorophyll biosynthesis §-amino
laevulinate  dehydrogenase has been
reported to be strongly inhibited by Pb
(Prassad & Prassad, 1987).

Chemical composition:

The obtained results presented in Table
) indicated that increasing Pb
concentration in soil, decreased the total
carbohydrates, total sugars and
phenoloxidase activity in leaves of
sunflower, cowpea and cockscomb plants at
60 days, meanwhile increased the proline
concentration and peroxidase activity. The
maximum reduction in total carbohydrates,
total sugars and phenoloxidase activity was
recorded at the level of Pb 1600 mg / kg soil.
The observed results had similar trends like
those obtained by Hamid et a/ (2010) on
Phaseolus vulgaris plants found that,
increasing lead acetate levels (25, 50 and
100 ppm) lead to several disruptions of
Phaseolus vulgaris plants, which are
reflected by reductions of carbohydrate
content.

From the abetments results, it can be
concluded that, the negative effect of Pb on
carbohydrates levels of treated plants may
be attributed to their deleterious effects on
the photosynthetic process and water
relation parameters inside plant tissues
(Poskuta et al., 1988 and Burzynski, 1987).
proline concentrations increased with those
of lead in the growth medium, and this
increase is more relevant in roots than in
coleoptiles (Saradhi, 1991). A detailed
account has been studied about the

production of the stress proteins (proline)
whose synthesis and degradation is a very
guarded phenomenon, regulated by a set of
enzymes. Plants usually experience
oxidative stress when they are exposed to
Pb and other heavy metals (Dixit et al, 2001
— MacFarlane, 2003). A tissue Pb
concentration greater than 30 ppm is toxic to
most plant species (Xiong, 1997). The
reactive oxygen species produced as a
result of oxidative stress causes a variety of
harmful effects in plant cells including lipid
peroxidation. An increase in the H,O, and
MDA contents reflects that ROS caused lipid
peroxidation in both ecotypes, which was
more severe in the NME at 200uM (Islam et
al, 2008). Increased level of H,O, is
produced either due to action of SOD
(superoxide dismutase) on superoxide
radicals or by direct formation in biochemical
pathways viz., photorespiration. Lipid
peroxides are formed by direct action of
redox-active metals or indirectly by
lipoxygenase-mediated lipid peroxidation by
non-redox active metals (Mishra ef al, 2006).

Mineral composition:

The concentrations of N, P and K in
different plant organs of sunflower, cowpea
and cockscomb plants (Table, 6) showed a
decrease at the Pb levels from 50 to 1600
mg / kg soil. The decrease in N, P and K
concentrations as a result of Pb
contamination was more observed in roots
than that in stems and leaves at all levels of
Pb. The lowest N, P and K concentrations
were recorded at the highest level of Pb
(1600 mg / kg soil) if compared with their
control plants. The obtained results are in
agreement with those obtained by El-
Ghinbihi (2000) on common bean, Wang et
al., (2011) on Vallisneria natans and
Lamhamdi ef al.,, (2013) on wheat and
spinach, who found that, Lead (Pb(NO3), at
concentrations 1.5, 3, and 15 mM) is
accumulated in a dose dependent manner in
both plant species, which results in reduced
growth and lower up take of all mineral ions
tested, total amounts and concentrations of
most mineral ions (Na, K, Ca, P, Mg, Fe, Cu
and Zn) are reduced.
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Table (5): Some chemical concentrations (total carbohydrates, total sugars, proline and
enzymes activity) in leaves of the hyperaccumulating plants: sunflower,
cowpea and cockscomb, grown in Pb-contaminated soil during the growing
summer season2009.

haracter 60 Days Enzymes activity
F;r(c))rl:ge Per- Phenol-
Fb carbc-)rr?;?ilrates Total sugars| Mg |UCi;16 oxidase oxidase
(mg/kg soi (Ma/g d. wt) jgmdwt | O-D/gFwt. | O.D.JgFwt
after 2 min. after 45 min.
Sunflower

0 144 .55 17.67 245 46 0.73 0.95

50 140.47 16.47 289.17 0.80 0.87
100 140.15 15.64 464 .50 0.87 0.82
200 132.07 12.85 518.90 0.96 0.79
400 128.85 12.31 682.43 0.99 0.75
800 97.97 11.91 861.92 1.01 0.68
1600 82.30 11.75 928.83 1.03 0.57
Mean 123.77 13.94 57017 0.91 0.73
LSD 5% 3.887 0.154 37.756 0.018 0.019

Cowpea

0 146.55 18.26 227.33 0.64 3.34

50 132.37 16.82 386.15 0.67 3.29
100 11715 15.76 576.25 0.73 3.19
200 94.34 1513 783.66 0.79 2.95
400 79.54 12.46 791.13 0.88 2.71
800 75.08 12.09 829.79 0.98 2.18
1600 70.22 11.73 935.18 1.06 1.94
Mean 102.18 14 .61 647.07 0.82 2.80
LSD 5% 3.056 0.352 44 678 0.027 0.020

Cockscomb

0 124.94 15.42 202.91 1.75 2.52

50 11710 14.29 289.84 1.76 2.52
100 110.43 13.48 446 .67 1.77 2.48
200 101.53 12.55 584.11 1.77 2.29
400 93.45 11.11 660.79 1.79 1.91
800 77.60 10.76 758.61 1.82 1.84
1600 68.39 10.53 835.88 1.82 1.64
Mean 99.06 12.59 539.83 1.78 217
LSD 5% 3.048 1.331 25.991 0.011 0.036
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Table (6): Nitrogen, phosphorus and Potassium concentration (%) in root, stem and
leaves of the hyperaccumulating plants: sunflower, cowpea and cockscomb,
grown in Pb-contaminated soil at 60 days from sowing during the growing
summer season 2009.

Character N (%) P (%) K (%)
Pb
root stem leaves root stem leaves | root | stem |leaves
(mg/kg
s0il)
Sunflower
0 2.04 3.38 3.66 0.24 0.34 0.49 2.40 | 3.03 | 3.30
50 1.85 3.02 3.22 0.22 0.33 0.43 235 | 299 | 3.20
100 1.44 2.82 2.94 0.22 0.29 0.40 2.30 | 2.88 | 3.09
200 1.28 2.54 2.76 0.17 0.26 0.39 221 | 282 | 3.03
400 117 2.41 2.68 0.15 0.25 0.38 2.16 | 2.80 | 3.00
800 1.10 2.05 2.21 0.13 0.25 0.33 209 | 275 | 2.91
1600 1.00 1.89 2.04 0.12 0.24 0.31 203 | 268 | 2.84
Mean 1.41 2.59 2.79 0.18 0.28 0.39 222 | 285 | 3.05
LSD 5% 0.065 0.129 0.077 0.009 0.008 0.010 | 0.045(0.019]0.025
Cowpea
0 1.94 2.89 3.12 0.21 0.31 0.43 2.58 | 3.21 | 3.42
50 1.67 2.43 2.58 0.20 0.30 0.36 253 | 315 | 3.30
100 1.31 2.23 2.31 0.20 0.28 0.33 249 | 3.09 | 3.22
200 1.06 1.81 1.95 0.17 0.26 0.29 240 | 3.02 | 3.14
400 0.96 1.52 1.68 0.14 0.25 0.26 228 | 291 | 2.98
800 0.89 1.31 1.50 0.12 0.21 0.25 224 | 285 | 2.93
1600 0.73 1.27 1.42 0.10 0.20 0.22 216 | 279 | 2.83
Mean 1.21 1.92 2.08 0.16 0.26 0.31 2.38 | 3.00 | 3.12
LSD 5% 0.067 0.040 0.078 0.007 0.009 0.010 | 0.039(0.058|0.047
Cockscomb
0 1.99 3.18 3.53 0.21 0.35 0.48 225 | 295 | 3.18
50 1.77 2.93 3.04 0.20 0.34 0.42 222 | 291 | 3.11
100 1.49 2.76 2.96 0.18 0.30 0.41 220 | 285 | 3.09
200 1.35 2.51 2.80 0.17 0.27 0.40 215 | 2.78 | 3.01
400 1.19 2.28 2.62 0.16 0.26 0.38 208 | 271 | 2.92
800 0.99 2.03 2.09 0.15 0.25 0.36 203 | 267 | 2.86
1600 0.87 1.84 2.06 0.14 0.24 0.34 199 | 263 | 2.82
Mean 1.41 2.51 2.73 0.17 0.29 0.40 213 | 279 | 3.00

LSD 5% 0.118 0.166 0.028 0.006 | 0.005 | 0.009 |0.019|0.038(0.039
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Results from multiple studies
demonstrate that, nutrient content in plants
is significantly affected by the presence of
lead (Chatterjee ef al. 2004 and Sharma and
Dubey, 2005). Many studies indicated that
lead exposure decreases the concentration
of divalent cations (Zn**, Mn**, Mg®*, Ca*",
and Fe2+) in leaves of O. safiva (Chatterjee
et al. 2004), Medicago sativa (Lopez et al.
2007) and V. unguiculata (Kopittke et al.
2007).

Accumulation of heavy metals in

root, stem, leaf and seed:

From the obtained results in Tables (7
and 8) showed that, the accumulation of
lead by root, stem, leaves and seeds of
sunflower, cowpea and cockscomb plants
increased with increasing the concentration
of Pb from 50 to 1600mg / kg soil. On the
other hand, the residual concentration of
lead in soil after the harvest crop increased
with increasing the level of Pb. The root in
all crops under studying was recorded the
main part in the accumulation. The highest
accumulation in root, stem, leaves and
seeds of crops under studying was recorded
at the Pb level of 1600mg / kg soil. In this
respect, the crops were arranged at the
highest accumulated as follows, cockscomb
> sunflower > cowpea These results are in
agreement with those obtained by Sharma
et al. (2006) on Sesbania, Islam et al. (2007)
on Elsholtzia argyi, Liu et al. (2009) on
wheat plants, Fazal et al. (2010) on maize
plants and Yongsheng et al. (2011) showed
that, the ability of Pb accumulation of tea
plant, having a positive correlation with Pb
(800, 1100, 1400, 1700 and 2100 mg/kg soil
and in the sequence of root>stem>shoot.
Root was the main part of tea plant to fix Pb.

Roots, which account for 20 — 50% of
plant biomass, extract from the soil and
deliver to the shoots most of the elements
composing plant tissues, large proportion of
Pb, Cd, Cu, Zn and Sr metals remains
sorbet to solid soil constituents. To acquire
these "soil-bound" metals, phytoextracting
plants have to mobilize them into the soil
solution. This so-called mobilization of "soil-
bound" metal can be accomplished in a
number of ways: 1- Metal-chelating
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molecules can be secreted into the
rizosphere to chelate and solubilize "soil-
bound" metal. 2- Roots can reduced "soil-
bound" metals ions by specific plasma
membrane bound metals reductases, which
may increase metal availability Pea plants
deficient in Fe or Cu have an increased
ability to reduced Fe' and Cu*® wich is
coupled with an increased uptake of Cu, Mn,
Fe and Mg (Welch ef al, 1993).

Endogenous phytohormones:
It can be noticed from data presented in

Table (9) showed that, phytohormones
concentrations in shoots of sunflower,
cowpea and cockscomb plants was

decreased at the medium level of Pb 100
mg / kg soil and the higher level of Pb 1600
mg / kg soil. The highest decrease in GA3;,
IAA and kinetin concentrations was
observed at 1600 mg / kg soil of Pb which
reached about -57.4, -32.9 and -32.3% in
sunflower, -67.1, -63.7 and -27.8% in
cowpea and -45.40, -18.01 and -22.96% in
cockscomb at 40 days from sowing,
respectively. Meanwhile the same levels of
Pb increased the content of ABA. The
highest increase was recorded at the higher
level of Pb by about 230.8% in sunflower,
213.3% in cowpea and 209.1% in
cockscomb, respectively, if compared with
their control plants. These results are in
agreement with those findings reported by
Chun-xia et al. (2010) on two species of
Ammopiptanthus seedlings who indicated
that, with the increase in Pb?* concentration
(20-1500 mg-L'1), the IAA decreased
significantly; and only under the high density
(more than 1000 mg-L-1) of Pb*, the
GA; was affected by it; the ABA did not
change regularly.

Abiotic stresses can also impede auxin
transport by altering the pH in the plant
apoplast (Murphy, 1998), or by altering the
concentrations of phenolics such as
quercetin and kaempferol, which can act as
endogenous auxin transport inhibitors
(Taylor and Grotewold, 2005). Alternatively,
stress can impact on auxin stability.
Peroxidases  catalyse the oxidative
degradation of IAA with the help of H,O,
(Gazaryan, 1998). Auxin plays a key role in
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shaping plant architecture, and it mediates contains numerous examples of other
responses to a broad range of external hormones involved in the response to
signals (Van Den Bussche and Van Der specific stress conditions.

Straeten, 2004). However, the literature

Table (7): Accumulation of heavy metal (pg/g'1 dry wt.) by root, stem and leaves of the
hyperaccumulating plants: sunflower, cowpea and cockscomb grown in Cd-
contaminated soil at 60 days from sowing and after harvesting during the
growing summer seasons 2009.

haracter 60 Days After harvesting
Cd root stem leaves Root Stem Leaves Seeds
(mg/kg soil)
Sunflower
0 0.07 0.01 0.03 0.07 0.02 0.05 0.01
10 0.92 0.09 0.33 1.92 0.17 0.68 0.61
20 1.87 0.23 0.32 2.70 0.37 1.21 0.77
40 3.46 0.66 1.26 4.83 1.00 214 1.24
80 9.07 1.73 3.31 14.82 2.83 5.41 1.51
160 22.36 4.26 8.16 33.32 6.35 1217 2.18
320 65.13 17.06 22.92 68.94 21.99 28.57 3.82
Mean 14.70 3.43 519 18.09 4.68 7.18 1.45
Cowpea
0 0.05 0.01 0.02 0.10 0.03 0.05 0.00
10 0.27 0.05 0.10 0.54 0.09 0.19 0.51
20 0.51 0.14 0.32 1.20 0.24 0.55 0.64
40 1.85 0.31 0.87 3.05 0.40 1.28 1.05
80 7.80 1.08 2.46 10.56 1.91 4.1 1.27
160 15.62 3.45 4.09 16.47 5.65 10.02 1.87
320 25.23 9.01 18.05 45.89 12.77 24 .45 3.29
Mean 7.33 2.01 3.70 11.12 3.01 5.81 1.23
Cockscomb

0 0.08 0.03 0.04 0.08 0.03 0.05 0.01
10 1.08 0.17 0.23 2.26 0.35 0.46 0.62
20 1.92 0.44 1.16 3.58 0.71 2.16 0.82
40 3.76 1.04 2.04 7.75 2.22 4.64 1.35
80 17.62 4.00 6.26 14.25 7.18 10.68 1.62
160 30.49 10.09 11.39 36.94 11.27 19.56 2.50
320 67.98 16.98 33.16 74.76 23.74 40.78 4.41
Mean 17.56 4.68 7.75 19.95 6.50 11.19 1.62
LSD 5% 1.802 0.548 3.921 1.462 0.337 1.448 0.010
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Table (8): Accumulation of heavy metal (pg/g'1 dry wt. and %) by the hyperaccumulating
plants: sunflower, cowpea and cockscomb grown in Pb-contaminated soil and
the residual of heavy metals in soil after harvesting during the summer season

2009.
haracter Season 2009
Total amount per | Total amount | Residual conc. in [Residual conc. in
Pb plant (ug) per plant (%) | soil per pot (ug) | soil per pot (%)
(mg/kg soil)
Sunflower
0 14.72 0.00 0.21 0.00
50 410.87 54.78 320.13 42.68
100 1140.33 76.02 299.67 19.98
200 1755.49 58.52 1178.24 39.27
400 3611.20 60.19 2298.41 38.31
800 5862.48 48.85 6074.61 50.62
1600 9909.77 41.29 13995.48 58.31
Mean 3243.55 48.52 3452.39 35.60
Cowpea
0 11.50 0.00 0.33 0.00
50 563.41 75.12 179.97 24.00
100 925.54 61.70 562.27 37.48
200 1559.15 51.97 1399.49 46.65
400 2216.86 36.95 3709.56 61.83
800 2882.04 24.02 9101.33 75.84
1600 5158.61 21.49 18822.32 78.43
Mean 1902.44 38.75 4825.04 46.32
Cockscomb
0 13.94 0.00 0.14 0.00
50 716.86 95.58 11.65 1.55
100 1407.78 93.85 64.15 428
200 2851.93 95.06 129.42 4.31
400 5761.29 96.02 219.87 3.66
800 11260.28 93.84 697.48 5.81
1600 22922.80 95.51 1003.26 418
Mean 6419.27 81.41 303.71 3.40
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Table (9): Endogenous phytohormones content (ug / 100 g F.W.) in shoots of the
hyperaccumulating plants: sunflower, cowpea and cockscomb grown in Pb-
contaminated soil at 40 days from sowing during the growing summer season

2009.
Character
Pb GA;3 IAA Kinetin ABA
(mg/kg soil)
Sunflower
0 18435 1155 2653 13
100 13691 1002 2271 27
1600 7864 775 1795 43
Cowpea
0 17233 1070 3108 15
100 11452 713 2572 34
1600 5679 388 2244 47
Cockscomb
0 18818 1216 3157 11
100 15586 1159 2951 19
1600 10277 997 2432 34

Yield and its components:

Sunflower:

Data presented in Table (10) showed that
seed yield, 1000 seeds weight, percentage
of oil in the seeds, total carbohydrates and
protein contents in seeds were decreased at
all treatments of Pb, and the extraction seed
oil was clean from Pb contamination. Similar
findings have been demonstrated by Singh
and Agrawal (2007) on Beta vulgaris who
found that, increase in heavy metal (Ni, Cd,
Cu, Cr, Pb and Zn) concentration in foliage
of plants grown in sewage sludge-amended
soil caused unfavorable changes in
physiological and biochemical
characteristics of plants leading to
reductions in yield and Adewole ef al. (2010)
on sunflower found that, better yield of
plants was obtained under non-polluted soil
condition compared with grown under Pb-
contaminated soil (0, 250, 500, 750, 1000

mg kg™').

Cowpea:
Concerning the effect of the Pb
treatments on vyield components, data

presented in Table (11) showed that, all Pb
levels 50, 100, 200, 400, 800 and 1600 mg /
kg soil caused a decrease in number of
pods per plant, seed vyield, 1000 seeds
weight, total carbohydrates and protein
contents in seeds when compared with their
control. The obtained results are similar to
those recorded by Georgieva et al. (1997)
on radish, pea and pepper plants found that,
at higher levels of Pb (3000 ppm), growth
and yield of radish, pea and pepper plants
are reduced parallel to the enhancement of
Pb concentrations, and EI-Ghinbihi (2000),
who showed that, the yield of common bean
varieties, as represented by number and
weight of pods per plant as well as number
and weight of seeds per pod was
significantly decreased by heavy metal
treatments (lead at 0.1, 0.5 and 1mM).

Cockscomb:

Data presented in Table (12), cleared
that, all levels of Pb caused a significant
decrease in inflorescence length,
inflorescence dry weight, seed yield, straw
yield, 1000 seeds weight, total
carbohydrates and protein contents in
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seeds. The reduction in these characters at
the levels of 1600 mg / kg soil was the
highest reduction compared the other levels
of Pb as compared with the control. The
obtained results are accordance with those
reported by Selim (2000) on carrot plants

found that, the root and top as well as total
yield were negatively affected by Pb
treatments and were severely in the polluted
soil with lead chloride and lead nitrate at
rates 2000 and 4000 pg P/kg soil.

Table (10): Yield and its components of the hyperaccumulating plant: sunflower grown in
Pb-contaminated soil after harvesting during the growing summer season

20009.
Character Season 2009
oilin | Heavy Total i
Seed yield 1000 metal in | carbohydr. in tot_al protein
Pb seeds wt. | seeds : -1 in seed
(g/plant) 5 oil (ug/g seed .

(mg/kg soil) © (%) dry wt.) (%) (%)
0 5.82 48.18 42.46 0.00 28.91 26.33
50 5.15 37.45 41.92 0.00 28.56 25.45
100 4.21 35.65 41.52 0.00 27.84 25.15
200 2.71 33.28 39.54 0.00 2717 24.80
400 2.40 29.78 39.24 0.00 27.03 24 .44
800 1.56 17.98 39.07 0.01 26.48 24.26
1600 1.37 14.21 38.25 0.02 26.25 2410
Mean 3.32 30.93 40.37 0.004 27.46 24.93
LSD 5% 0.167 2.574 0.792 ns 0.193 0.148

Table (11): Yield and its components of the hyperaccumulating plant: cowpea grown in
Pb-contaminated soil after harvesting during the growing summer seasons

2009.
haracter Season 2009
Total bohydr.|total tein i
Pb Pods number/| Seed yield [1000 seeds Wt.| i aged | weed
0 12.66 25.08 218.00 54.95 29.86
50 10.00 23.51 207.65 54.27 29.81
100 9.66 20.62 194.74 53.99 29.73
200 9.33 17.57 190.12 53.91 29.65
400 8.33 9.84 183.85 53.75 29.49
800 7.66 6.55 172.91 53.28 29.25
1600 7.00 594 166.58 53.10 28.96
Mean 9.23 15.59 190.55 53.89 29.54
LSD 5% 0.289 0.556 3.757 0.079 0.048
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Table (12): Yield and its components of the hyperaccumulating plant: cowpea grown in
Pb-contaminated soil after harvesting during the growing summer seasons

2009.
Character Season 2009
Total Total
Pb inflorescenc-¢ Infloresc |seed yield| 1000 seeds [carbohydr. inl  protein
(mg/kg SO (cri) nee 2/;;9!9 (o/plant) | wt. (@) seed in seed
(%) (%)
0 14.45 1.93 0.81 0.735 59.11 32.53
50 14.33 1.77 0.71 0.693 59.09 3247
100 13.57 1.68 0.66 0.669 59.07 3245
200 11.56 1.49 0.56 0.634 59.03 32.37
400 10.82 1.32 0.47 0.556 59.00 32.35
800 9.75 0.98 0.41 0.482 58.96 32.33
1600 7.94 0.96 0.38 0.415 58.87 32.29
Mean 11.77 1.45 0.57 0.598 59.02 32.40
LSD 5% 0.118 0.026 0.027 0.038 0.017 0.015

It could be concluded that, yield and its
components of sunflower, cowpea and
cockscomb plants were reduced as a result
of application Pb. This reduction may be
attributed to as shown from our results, the
Pb not only have been inhibited plant
growth, water uptake, disruption in chemical
compositions, but also increased their
concentration in roots, stem and leaves
leading to negative effect on yield and its
components. In addition, 1AA, GA; and
Kinetin were decreased, whereas ABA was
increased under Pb-contaminated conditions
in sunflower, cowpea and cockscomb plants
as shown from our results, thus the plant
growth as well as the yield decreased. In
this respect, Singh and Agrawal, (2007)
indicated that increasing heavy metal (Ni,
Cd, Cu, Cr, Pb and Zn) concentration in
foliage of plants grown in sewage sludge-
amended soil caused unfavorable changes
in physiological and biochemical
characteristics of plants leading to reduction
in yield .
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