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ABSTRACT : The present study aimed at evaluating the capacity
of three selected plant species i.e .Luffa aegyptiaca, Brassica napus
and Hibiscus cannabinus, to accumulate and tolerate cadmium. The
three plant species were planted under different treatments of
cadmium (0, 25, 50, 100, 200, 400 and 800 ppm), after 150 days Cd
concentration was determined in roots, stem and leaves of each
species. Soil Cd was also determined in two forms; total and
chemically extractable .The results of this study revealed that:

From the three plant species used ,L. aegyptiaca accumulated
higher amounts of Cd compared to B. napus and H. cannabinus.
Roots accumulated more Cd compared to stem and leaves. The
results recommend the cultivation of L. aegyptiaca in soils
contaminated with cadmium for its phytoremediation.

Key words: Phytoremediation, Luffe aegyptica, Brassica napus,
Hibiscus cannabinus, Cd '

INTRODUCTION aﬁd unlike many other pollutants
Heavy metals are difficult can not be chemically or
to remove from the environment Diologically degraded and are
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ultimately indestructible (Méjare
and Biilow, 2001). '

It is assumed that plants
can be used for decontaminating
waters and soils without any
problems. The use of plants to
accumulate toxic metals from
polluted soils and waters specially
heavy metals, as know as

- phytoremediation (Raskin er al.,
1997 and EPA, 1997).
Phytoremediation offers a low cost
and an environmentally friendly
approach for decontaminating
soils and waters of heavy metals.
{Chaney et al., 1997).

Cadmium is a metallic
element with atomic number of
48; and relative atomic mass of
112.40. It is a widespread heavy
metal, released  into  the
environment by power stations,

systems, metal-warking

industries, waste incinerators,
urban traffic, cement factories and

heating

as a secondary product of
phosphate fertilizers _
The  overexposure to

cadmium may cause fatigue,
headaches,
abdominal cramps, diarrhea, and

nausea, vomiting,
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fever. In addition pro_gressive"
causes many dangerous diseases
(National Organization of Rare
Disorders, USA, report, 1998).
Also , cadmium can cause serious
problems to plants. It exerts
adverse  effects on . most
physiological processes. Under.
most environmental conditions Cd
enters first to the plant roots: In
root tip cells, Cd causes damage to
nucleoli (Liu er al, 1995).
Cadmium - also reduces the
absorption of nitrate and its
transport from roots to shoots,
causes nitrate reductase activity in
the leaves (Hernandez er al,
1996).

Cadmium interacts with
the water balance (Costa and
Morel, 1994) and damages the
photosynthetic ~ apparatus, in
particular the light harvesting
complex II (Krupa, 1988), arid the
photosystem [ and II (Siedlecka
and Baszynsky, 1993).

In Brassica napus plants,
Cd total chlorophyll
content, carotenoid content, and
increased the non-photochemical

lowered
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quenching (Larsson ef -al, 1998).

Furthermore, Cd inhibited the
oxidative mitochondrial
phosphorylation, probably by
increasing the passive
permeability to H' of the
mitochondrial inner membrane

(Kessler and Brand, 1995).The

phytoremediation method is one of

the several methods for cleaning
up heavy metals. However, the
objectives of this study include

evaluating the capacity of three

. selected different plants (Luffa
aegyptiaca, Brassica napus and

Hibiscus cannabinus) to
accumulate cadmium.
MATERIALS AND
METHODS
Plant Species
Three selected different
plants representing the
hyperaccumulating plants were

selected for use in this study.

These
Hibiscus

Brassica napus L. -

The three plants were used
the phytoremediation

experiments that

cannabinus L. and

for
involves

are Luffa aegyptiacal.,
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measures of their capacity to
accumulate cadmium.

The three planis
seeded in pots of (30 cm in
diameter) filled with 8.25 kg soil.
The soil used was a mixture of

Wwere

clay and sandy soils (1:2),
respectively. The sotl
characteristics were determined

according to the ordinary methods
described by Piper (1950), Richard
(1954) and Black et al., (1982). .

The experiment was set up
under green house conditions at
the Agriculture Genetic
Engineering Research Institute
(AGERI) - Agriculture Research
Center (ARC), Giza during
February to July, 2000.

pH, EC and Cd content

were determined in irrigation
water  sample before the
experiment.

The  mechanical and

chemical analysis of the study soil
and chemical analysis of irrigation
water are show in Table ( | and 2),
respectively.
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Table (1): Mechanical and chemical characteristics of the soil before

planting.
Particle size distribution %
, EC | caco3 | OM -
PH o
dS/m * Yo Sand Silt Clay [Texture grade
76 {L16} 1677 | 024 | 7414 8.06 17.8 Sandy toam

Table (2): Chemical analysis of water used for irrigation before the

experiment.
pH EC Cdmg/l
7.35 0.51 0.001

Seeds of each of the three
plants- were germinated, but only
five  seedlings of equal size were
grown, for one month, in each pot.
The number of plants was then
reduced to two in each pot. Pots
were watered with tap water for
one week and then were regularly
irrigated with  six different
concentrations of cadmium nitrate
Cd (NO;)24H,0 (25,50,100,200,
400, 800 ppm) at 70% of the field
capacity.Control  plants  were
simultaneously irrigated with tap
water. Each pot received a
constant amount of the mineral

fertilizer Crystalon at | g/liter after -

two and four months from the start
of the experiment.

The experiment involved
105 pots arranged in a completely
randomized pattern. These pots
comprised 2] treatments in five
replicates each.

After150 days samples of
leaves, stem and roots were
collected, washed, dried at 70°C,
and the dry yield weight of each
sample was recorded. Soil samples
were collected from each pot after
2 days of plant harvesting. The
soil and plant powdered materials
were prepared and kept for
analysis.

Total content of Cd in soil
and plant samples was determined
by digesting 0.5 g sample using
(10 mi) a mixture of 1 ml
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60% perchloric acid, 5 ml conc.
nitric acid and 0.5 ml conc.
sulfuric acid according to Stewart
(1989) and chemically extractable
Cd was. determined according to
Lindsay and Norvell (1978). The
concentration of Cd was measured
by atomic absorption
spectrophotometer (AA-Scan |
Thermo Jarrell Ash, USA).

RESULTS

Effect of Different Cadmium
Concentrations in Irrigation
- Water on Dry Yield of Tested
Plants

The effect of different
concentrations of Cd in irrigation
water on the mean value of dry
yield of Luffa aegyptiaca
Brassica napus and Hibiscus
cannabinus is shown in Table (3).

In L aegyptiaca dry yield
was gradually decreased as the Cd
concentration increased. The dry
yield of root plants exposed to
highest Cd concentration (800

ppm) was reduced from a control

value of 396 g to. 206 g,
respectively. Similar magnitudes of
reduction in dry weight of stem and
leaves were also recorded as dry
weight decreased from 14.66 gin
control plants to 9.90 g at the 800
ppin treatment. Dry weight of

T omore
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leaves decreased from 21.14 gin
control plants to 12.70 g in plants
exposed to the highest Cd
concentration used, an abrupt
reduction in root leaves dry weight
was induced by the lowest
concentration of Cd (25ppm).

The other two test plants B.
napus and. H. cannabinus were
sensitive to  high
concentration of Cd. The highest
Cd concentration used (800 ppm)
was_lethal to both plants. Plants of
these two species failed to survive
at this concentration of Cd.

‘Data given in Table (3)
show the effect of the applied
treatments of Cd on the dry weight
of the Brassica napus. An evident
reduction in stem amd root dry
weight by the lowest the
concentration of Cd (25ppm). The
root dry weight of Brassica plants
treated with (400 ppm) was
reduced to 042 g compared to
control values of 1.08 g. Similar
results were recorded in stem and
leaves of B. napus, where dry
weight of . stem decreased from
3.24 g, in control plants to 1.56 g
in plants treated with the highest
Cd concentration (400 ppm). Alse,
dry weight of leaves decreased
from 3.00 g, in control plantsto
1.36 g, of plants exposed to
highest cadmium concentration.
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Table (3): Effect of cadmium concentrations in irrigation water on mean* dry. weight of the studied

*Mean is average of five replicates
* * Dec. = Decrease % = ((control weight — treatment weight)/ control weight) X 100

plants.

Luffa aegyptiaca lBrassica napus Hibiscus cannabinus :
f& _ Dry weight
E Root Stem 'Llcavw Root Stem Leaves Root Stem Leaves
:E | Value | Dec.** | Value | Dec. | Value | Dec. | Value | Dec. | Value | Dec. | Value | Dec. | Value | Dec. | Value | Dec. | Value | Dec.
i 4 % g % | g | % | 8 % g | % g | % | g | % 4 % | g | % |
0 | 39 14.66 21.14 1.08 3.24 3.00 8.62 3050 1 .. (2440
‘ 25 1354 0 106 | 1288 12,1 (1568|258 | 088 | 185 | 248 | 235 | 284 | 53 § 794 | 7.9 | 2486 185 | 1712|298
50 [ 298 | 247 [1222)166 (1516283 | 084 | 222 2.i8 | 327 | 2.66 | 11.3 |6.40 | 257 | 2452 | 196 | 13.02 | 46.6
100} 258 | 348 ;10.88] 25.8 { 14.78 ‘30. 11068 370! 1.76 | 45.7 | 2.08 { 30.7 ( 528 ] 387 | 21.68 | 289 | 12.86 1473
2001 254 | 359 11016307 ;1390342 | 0.54 | 500 | 1.74 | 463 | 1.98 | 34.0 | 526 | 39.0 | 1830 1 40.0 | 12.00 | 50.8
400 | 242 | 389 [ 1006|314 | 1342365042 [61.1} 156 | 51.7) 1.36 | 547 502 | 418 | 1552 {491 | 11.70| 520
800 | 206 1 480 { 990 { 325 [ 1270( 399
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. Also, the "effect of the
treatments applied of Cd on the

dry weight of H cannabinus s
shown in Table (3). An abrupt.

" reduction, in leaves and stem dry

weight was recorded by the lowest. .

concentration of Cd (25ppm). - .
The root dry weight of
Hibiscus plants treated with 400
ppm were reduced to 5.02 g
compared to control values of 8.62
g. Also dry weight of stem were
reduced from 30.50 g in control
plants to 15.52 g in plants treated
with the  highest cadmium
treatment (400 ppm). Also, dry
“weight of leaves was gradually
decreased to  11.70 g in plants
treated with 400 ppm compared to
control values of 24.20g.
Effect of Cd Concentrations
_in Trrigation Water on Soil Cd
Content '

Data given in Table (4)
show the amount of chemically
extractable and total Cd in the soil
that was used to support the three
test plants L. aegyptiaca, B. napus
and H. cannabinus.

These data reveals that the
increase in chemically extractable
and iotal Cd in the soil samples
was associated  with Cd
concentration in irrigation water.
However, the amount  of
chemically extractable Cd and
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totak Cd was also substantially
affected by the type of plant
species cultivated in the soil. The
mean amount of the chemically
extractable Cd varied widely from
0.2 mgkg in control soil,
cultivated with L. aegyptiaca, to
55.0 mg/kg in the treated soil with
400 ppm Cd and cultivated with

- H cannabinus.

The amount of total Cd in
the soil also varied widely. The
lowest value (0.8 mgkg) was
recorded in the soil cultivated with
Luffa and the highest amount was
recorded in the soil treated with to
400 ppm Cd and cultivated with
Hibiscus. These data may indicate
that L. aegyptiaca absorb more Cd
from soil than the other two test

plants.
Cadmium Content of Plants
Treated with Different

Cadmium Concentrations in
Irrigation Water

Data given in Table (5)
show that mean values of Cd
content {ug- per g dw) of the
investigated plants, L. aegyptiaca,
B. napus and H. cannabinus. The
amount of Cd in root samples
increased from (4.9 to 2670 ug/g),
(3.9 to 436 ng/g)and (1.6 to 355
ug/g) for L aegyptiaca, B. napus
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Tabié (4): Means of chemically extractable and.total cadmium
(mg/kg) in the investigated soil samples

1 Soil Cd Cd concentration
Cultivate i .
- . Status T35 1750 | 1007 | 200 | 400 | 800
Chem.
Lufl Exactable | 02| 11 1100 | 160 | 300 | 410 | 530
aegyphiaca Toal | 08 720 | 880 | 1180 [ 141.0{ 2360 | 397.0
, Chem.
Brassica Exirnctable | 05 | 21 | 123 | 183 | 425 | 539
napus Total 12 | 83.0 | 1200 | 1460 ] 300.0 | 390.0
Hii;.;‘;us Evananie | 07| 22 | 140 ] 201 | 450 | 550
cannasinis Total 2.2 | 1060 | 1280 ] 241.0 | 3060 | 4220

Table (5): Mean values of cadmium content (ug/g) of root, stem
and leaves samples of the investigated plants

) Cd concentration {(ug/g)

5
35 Luffa aegyptiaca Brassica napus Hibiscus cannabinus

E

E Root | Stem {Leaves| Root | Stem {Leaves|] Root | Stem [Leaves
0 49 09 { 07 | 39 | 13 | L1 1.6 0.4 0.5
25 4300 | 53.0 | 5601 730 [ 55.0 | 650 | 104.0 | 140 | 16.0
50 700.0 | 56.0 | 72,0 1100.0; 73.0 | 88.0 | 132.0 | 20,0 | 390
100 ] 10200 { 79.0 1 112.01207.0] 115.0]120.0] 161.0 | 37.0 | 49.0
200 | 1120.0 1 101.0]|247.01278.0| 1500 [ 181.0] 1620 ! 470 ] 77.0
400 { 11900 | 147.0[415.0]1436.0] 250013200 3550 1 56.0 | 103.0
800 |2670.0 1570|4430 FS| FS | FS | FS | FS | FS

* Failed to survive
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and H cannabinus; respectively.
The highest mean value of Cd in
root samples was found in Luffa
aegyptiaca while, the lowest mean
value was determined in Hibiscus
cannabinus roots. ‘

The concentration (mean
values) of Cd in stem samples
increased from (0.9 to 157 ug/g),
(1.3 to 250 pg/g) and {0.4to 56
ug/g) for L. aegyptiaca, B. napus
and H. cannabinus, respectively.
The highest mean value of Cd in
stem samples was found in B.
napus while, the lowest mean
value was observed in H
cannabinus stem samples.

The amount of Cdin leaf
samples increased from (0.7 to 443
ug/g), (1.1 to 320 pg/g) and (0.5 to
103 ugfg) for L. aegyptiaca, B.
napus and H  cannabinus,
respectively, The highest mean
value of Cd in leaf samples was
found in L. aegyptiaca leaf
samples while, the lowest mean
value was found in H. cannabinus
leaf samples.

From the above-mentioned
data it can be concluded that total
Cd content in L. aegyptiaca was
higher than that of the other two
plants. The amount~of Cd inthe
roots and leaves of this plant is
also much higher than its amount
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in co}responding organs of the
other two tested plants.
These results  demonstrate

“that L. aegyptiaca has higher ability

to take up Cd from Cd-polluted
soils. However, it appears that Cd
taken ‘up by the investigated plants
is accumnulated in the roots.

DISCUSSION

In this study, three plant
species known to accumulate
heavy metals (L. aegyptiaca;, B.
napus and H. cannabinus) were
grown for five months in soils
supplied with different levels of
cadmium in the irrigation water.

The biomass of the three
plants, estimated as dry weight of
roots, stem and leaves was
decreased with the increase in the
concentration of Cd. Plants of B.
napus and H cannabinus did not
survive in soils supplied with 800
ppm cadmium.

The response of the metal
accumulator Brassica juncea to
cadmium and other metals was

* studied by Jiang et al., (2000).

Root biomass was significantly
decreased in plants exposed to Cd
compared to Zn, Cu and pb.
Reduction of biomass of
plants exposed to Cd stress has
been also recorded in many plants.
For example in maize plants
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grown in hydroponics cultures
(Root et al., 1975). Growth of
radish cv. - Spring White Tip
seedlings grown for 30 days in
plastic planters in a silt loam soil
containing Cd (0-1000 ppm) was
also inhibited. The degree of
inhibition  varied with Cd
concentration. In one experiment,
plants treated with Cd at 500 or
1000 ppm did not survive (Zaman
and Zereen, 1998).

The accumulation of Cd in
the roots of the plants used in this
‘study is congruent with the finding
of Whiting e al. (2000) on Thiaspi
caerulescens. The plants of this
species from a population that
.accumulated Cd showed higher
root biomass and root length

allocation into the Cd-enriched
soil. Plants from the population
that did not accumulate Cd

showed no such.

The decrease in dry weight
of the three studied plants (Luffa
aegyptiaca, Brassica napus and
Hibiscus cannabinus) may be
attributed to adverse effects of
cadmium that involve actions on
several metabolic processes in the
plants exposed to Cd stress.
Cadmium was reported to reduce
the absorption of nitrate and its
transport from roots to shoots,
reducing nitrate reductase activity

El-Kassas
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in the leaves (Hernandez ‘et al.,
1996). Cadmium was also reported
to inhibit root Fe (III) reductase
induced by Cd leading to Fe (II)
deficiency, - and seriously affects
photosynthesis (Alcantara ef al.,
1994). In addition, Cd in plants
causes leaf roll and chlorosis, and
reduces cell growth, both in roots
and stems. This last effect is partly
due to the suppression of
elongation, especially in the stem,
because” of an irreversible
inhibition ‘exerted by Cd on the
proton pump responsible for this
process (Aidid and Okamoto,
1992).

Cadmium interacts with
the water balance (Costa and
Morel, 1994) and damages the
photosynthetic  apparatus, in
particular the light harvesting
complex II (Krupa, 1988), and the
photosystem I and II (Siedlecka
and Baszynsky, 1993). Cadmium
has been also inhibit reported to
the stomatal opening, but how it
does so has yet to be established.
Probably the stomatal movements

“are not directly affected by Cd, but

is rather influenced by strong
interference of Cd with
movements of K, Ca®* and
abscisic acid in the guard cells
(Barcel6 et al., 1986, Barcelé and
Poschenrieder, 1990).
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In the three plants L.
aegyptiaca, B. napus and H.
cannabinus, cadmium  was
concentrated in roots than leaves
and was lowest in stems.
Generally the total cadmium

~concentration in Luffa was higher

than Brassica and Hibiscus. Also
Brassica and Hibiscus did not
survive at the highest Cd
concentration used (800 ppm).

Results obtained go with
all available reference that insure
the presence of some plants that
are able to accumulate heavy
metals. For example accumulation
-of certain heavy metals in some
desert plants species was 2-260
times higher than the available
heavy metal content of the soil.
(Golan et al., 2000).

Ambrosia  artemisiifolia
var. elatior, Ambrosia trifida and

Rumex  crispus, which were
reported 10 have good
phytoremediation  qualities in

different concentrations of Cu and
Cd, were evaluated for growth
responses in different heavy metal
concentrations. Good growth rate
for A. trifida and A. artemisiifolia
var. elatior in Cu and Cd
treatments and poor growth for R,
crispus in Cd treatment were
found. Although growth was
retarded in all tested weeds up to
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200 ppm for Cu and 50 ppm for
Cd, the high. amount of heavy
metals uptake indicated that these
weeds could be used for
phytoremediation (Kang er al.,
1998). '

- Metal-accumulating plants
is most needed in four areas: first,

~as a function of soil metal
..concentrations,  physical and
chemical soil properties,

‘physiological state of the plant;

second, the specificity of metal
uptake, transport and accumula-tion;

 third, the physiological, biochemical

and molecular mechan-isms of

accumulation and
hyperaccumulation; and fourth, the
_biological and  evolutionary

significance of metal accumulation
(Raskin et al., 1994). On the other
hand, plants respond to heavy
metals toxicity in a variety of
different ways. Such responses
include immobilization, exclusion,
compartmentalization and/or
synthesis of metallothioneins, as

-well as the expression of more

general stress response substances
such as éthylene and stress
proteins ~ (Sanitd di Toppi and
Gabbrielli, 1999). On the other
nand, the total cadmium
concentration and the chemically
extractable Cd in the soil of Luffa
were lower than in Brassica and
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the Hibiscus. This indicates that

the capacity of Luffa to
accumulate cadmium is more than
the other two plants.

The result of chemically-
extractable Cd in soil has (more or
less) a similar trend of variations
as plant cadmium concentration,
so the chemically-extractable Cd
in soil of Luffa lower than
Brassica and Hibiscus because the
Luffa plant accumulate Cd from
soil more than Brassica and
_Hibiscus. It may be concluded that
of the three plants used in this
study, L. aegyptiaca showed the
highest capacity to accumulate
.cadmium. This species also has
higher biomass and can survive
with higher Cd concentration both
in the soil and in its tissues.

REFERENCES

Aidid, S. B. and H. Okamoto.
(1992). Effect of lead,
cadmium and zinc on the
electric membrane potential at
the xylem/ symplast
interface and cell elongation
of Impatiens balsamina.
Environ. Exp. Bot. 32:439-
448.

Alcantara, E.; F.J. Romera; M.
Canete and M. D. De La
Guardia. (1994). Effects of
heavy metals on both
induction and function of
root Fe (III) reductase in

Fe-deficient cucumber
(Cucumis  sativus  L.)
plants. J. Exp. Bot. 45:
1893-1898.

Barcelo, - . and C.

Poschenrieder. (1990). Plant
water relations as affected
by heavy metal stress: a
review. J. Plant Nutr. 13: 1-
37

Barceld, J.; C.Poschenrieder; L.

Andreu and B. Gunsé.
(1986). Cadmium-induced
decrease of water stress
resistance in bush bean
plants (Phaseolus vulgaris
L. cv. Contender). I. Effects
of Cd on water potential,
relative water content and
cell wall elasticity. Plant
Physiol. 125: 17-25.

Black, C. A.; D.D.Evans;J. L

White; L. E. Ensminger and
F. E. Clark. (1982).
Methods of Soil Analysis.
Amer. Soc. Agron. Inc
Madison, Wisconsion,
USA.

Chaney; R. L.; M. Malik,

M.Y.Li; S.L. Brown; E.P.
Brewer; J.S. Angle and A.J.
Baker (1997)., . Phyto-
remediation of soil metals.
Curr Opin Biotechnology 3:
279-84.

Costa, G. and J. L. Morel

(1994). Water relations, gas
exchange and amino acid
content in  Cd-treated
lettuce.  Plant  Physiol.
Biochem. 32: 561-570.



Zagazig J. Agric. Res., Vol . 29 No.(4) 2002

EPA (1997). Cleaning up the
Nation’s  Waste - Sites:
Markets and Technology
Trends, EPA 542. R.96 -
005. ‘s

Golan, G. A,; E. H.Lugasi; P.
Sathlyamoorthy, Y.
Pollack; J. Gopas and O.
Verdonck. (2000).
Biotechnology potential of
Israeli desert plants of the
Negev. Acta Horticulture.
523:29-35.

Hernandez, L. E.; R. Carpena-
Ruize and , A. Garate.
(1996). Alterations .in the
mineral nutrition of pea
seedling  exposed to
cadmium. Plant Nutr. 19:
1581-1598.

Jiang, X. J; Y. M. Luo; Q. G
Zhao; S. V. Wu; L. H. W,
X. L. Qiao and J. Song.
{2000). Phytoremediation of
heavy metal-contaminated
soils. I. Response of metal
accumulator plant Brassica
Jjuncea to soil contamination
of copper, zinc, cadmium
and lead. Soils. 32: 71-74.

Kang, B. H.; S. I. Shim;S.G.

Lee; XK. H. Kim and. M.

Chung. (1998). Evaluation
of Ambrosia artemisiifolia
var. elatior, Ambrosia
trifida, Rumex crispus for
phytoremediation of Cu and
Cd contaminated  soil.

Korean Journal of Weed
Science. 18: 262-267.

. 1211

Kessler, A. and M. D. Brand.
(1995). The mechanism of
the stimulation of state 4
respiration by cadmium in
potato  tuber  (Solanum
tuberosum) mitochondria.
Plant Physiol. Blochem 3,3
519-528.

Krupa, Z. (1988). Cadmium-
induced changes in the
composition and structure
of the light-harvesting
complex II in radish
cotyledons. Physiol. Plant
73:518-524.

Larsson, E. H.; J. F Bornman
and H. Asp.  (1998).
Influence of UV-B radiation
and Cd** on chlorophyll
fluorescnce,  growth and
nutrient content in Brassica
napus. J. Exp. Bot. 49:
1031-1039. .

Lindsay, W. L. and W. A.
Norvell. (1978).
Development of DTPA soil
test for zinc, iron,

manganese and copper. Soil
Soc. Am. J. 42: 421-428. -

Liu, D.; W. Jiang; W. Wang and
L. Zhai. (1995). Evaluation
of metal ion toxicity on root
tip cells by the Allium test.
Plant Sci. 43: 125-133

Méjare, M. and L. Biilow.
(2001). Metal-binding
proteins and peptides in

bioremediation and
phytoremediation of heavy
metals. Review. Trends in



1212 . ..El:Kassas, et . al.

Biotechnology. 19: 67-73.

National Orgamzatlon of Rare’

Disorders, Inc. (1998)
Heavy metal poisoning.
- USA, report. C. E http
CwWww, T
. medica. com/kbase/nord/»—
nord 669.htm. ;.4

Piper, C. S. (1950). Soil and
- Plant Analysis. Interscience
Pub. , Inc., New York, -

Raskin, I; P. N. Kumar S.
Dushenkov and D.'E. Salt.
(1994). Bioconcentration of
heavy metals “by plants
(Review article). Current
Opinion in Blotechnology
5:285-290. '

Raskin, I.; R. D. Smlth“a.nd
D, E.- Salt. - (1997).
Phytoremediation of metals:
using plants to remove
pollutants from ¢ the
environment. Current-
Opinion in Biotechnology.
8:221-226.

Richard, L. A. (1954). Diagnosis
and Improvement of Saline
and Alkaline Soils.
Handbook No.. 60, UL.S.
Dept. Agriculture.

Root, R. A R.J. Millerand D.
E. Koeppe. (1975). Uptake
of cadmium - its toxicity
and effect on the iron ratio
in hydroponically grown
corn. J. Environ. Qual. 4:
473-476.

Sanita di Toppi, L. and R.
Gabbrielli. (1999).Response

1

to cadmium in higher
plants. Enyironmental and
Experiméntal Botany. 41:
105-130;

Siedlecka, A. and T Baszynsky.

(1993).  Inhibition  of
electron - flow around
photosystem | in

chloroplasts of cadmium-
treated maize plants is due
to cadmium-induced iron
deficiency. Plant Physiol.
87:199-202.

Stewart;E.A.. (1989). Chemical

Analysis of Ecological

‘Materials. Ed%. Blackwell
Scientific Publications,
Oxford, London,
Edinburgh.

Whiting, S. N.; J. R. Leake; S. P.
McGrath and A. J. M.
Baker. (2000). Positive
response to Zn and Cd by
roots of the Zn and Cd
hyperaccumulator -~ Thiaspi
caerulescens. New
Phytologist. 145: 199

Zaman, M. S. and F.
Zereen. (1998). Growth
responses of  radish
plants to soil cadmium
and lead contamination.
Bulletin of Environmental
Contamination and
Toxicology. 61:44-50



Zagazig J.Agric. Res., Vol . 29 No.(4) 2002 1213

aladiady p gradlslly 40 glal) 4y il Liladd dalladl
PS)!\ dA Adlia. clils

LE 2}

A Ay daaa ¢ L U a6 o Qakuall) sl alda

u-wu‘-m‘-ﬁ Upd Sigadly Syl sgas = 40 50 p glad) pud
Unih dadly ~ pglall 4408 — bl pudh **
Al e duigh & gay dgra *0

fadl ¥ G Al (s L ] ity (AT Ll (e ALK pualialt
Gt ALl puabiall A3 (850 335l pay autand o HgaSh sl
SN g phadiud (e Ugis plal) dabu o 4 La Lliadl 081y sl g 4y 0
“—!‘-‘-‘n'-“—'wa—‘f"--‘“J“—U‘ntﬁ—)&u—h b il Lt
.(phytoremediation)

b AR e s £ g SDE 5 b i A el 230 Clagidt o QU3
Vg A gball Ay 0 Chumms pgpadST uaic 41310 aand o i g parlly gl

o) paradkSh S 5 (e Al cBlabaa Ciad il A8 ) o3 S fhaily
dmin pi ;g Arad g (Ogalall dpspAergbos, Yoo, Ve, 00, Yo
L o LS L 310y lhasall g, Jgdadl JAIS pgaadlSh pale 385 iy il

MEMJW‘MM@mJ%ﬂ@PinﬂJﬂ#E
Libass

1o Al ol 030 S gl g
A gl Ay 58 Ga pgpadls) puaie A5\ e-.vw o Bl il il il
NP PPRIRERRTTS
Bl sy qu paaadSh (pa il Agag jgdal B o) i
p il M'L..JM A b A alaad Ciglh byl AaDlay 4l e ¥
‘é.m.u.u Aadlaally





