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ABSTRACT: A pot experiment was performed in a greenhouse to 
study the remediation of soil polluted with Cd and Pb using some 
chemical and organic soil amendments such as gypsum, lime, organic 
compost, Fe and Zn chelates. Also, phytorem~diation by growing 
some crops, i.e., kenaf plants as a fibre crop and comparing with red 
radish plants as an edible crop was taken into consideration. The soil 
was collected from EI-Cabal EI-Asfar farm, EI-Qalyobiya 
Governorate which irrigated with sewage effluent for long time. 

The treatments of soil amendments were mixed thoroughly with 
the experimental soil. Gypsum treatments were added at rates of 0, 
5, 10 and 20 ton/fed; lime at rates of 0, 1, 2 and 4 ton/fed; compost at 
rates of 0, 7, 14 and 21 ton/fed. For Fe-EDDHA and Zn-EDTA, the 
treatments were added at rates 0, 1, 2 and 4 kg/fed. Red radish 
(Raphanus sativus, L.) and kenaf (Hibiscus cannabinus, L.) were 
planted and harvested after 56 and 60 days, respectively. 

Data showed that the values of the dry matter yields of shoots, 
roots and whole plants for both two species increased graduaUy with 
increasing applied rates of different soil amendments, being compost 
treatment was most effective. Generally, application of the used soil 
amcndments at different rates decreased Cd and Pb concentrations 
and uptake by shoots and roots of red radish and kenaf plants as 
compared with the control, the decrease was progressive and 
significant with increasing rate. The compost treatment under 
different rates was the most efficient amendment in decreasing Cd 
and Pb concentrations and uptake by shoots and roots. 
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Most of Cd and Ph taken up hy red radish plants were retained in 
the roots and consequently less amount of Cd and Ph were 
translocated to shoots. On the contrary, most of Cd and Ph taken up 
hy kenaf plants wen' accumulated in the ahove ground parts. 

Availahle and availahility index of Cd and Ph in the soil after 
cultivation with both plants were reduced under different sources of 
soil amendments. The highest reduction of available and availability 
index of Cd and Ph was obtained under application of compost at a 
rate of 21 ton/fed. Accordingly, these soil amendments (gypsum, 
liming, compost, Fe-EDDHA and Zn-EDTA) have ability to 
minimize the immediate risk of thl' presented heavy metals through 
decreasing its mobility, hel1l~e reducing phytoavailability. 

Keywords:	 Remediation, cadmium, lead, soil amendments, .wl 
radish, kenaf. 

INTRODUCTION	 immobile form,,; and (2) usmg 
certain species of higher plants

Soil pollution with heavy having the ability to live in highly
metals, particularly Cd and Ph. is polluted soils or to absorb high
widespread on a large scalf due to amounts oj' the metals. These two 
the human activities, i.e., industrial methods were being developed to 
mining, industries. fuel hurnlf1g. trcat such as immohili7atiol! and 
fuel production and sewage sludge rhytoremcdiation (Yangronsvcld
(i\.'h:Grath cf al.. 1995; Reeves	 and and Cunningham, 1999).
Baker. 20()(): Yang ('/ aI., 20(2). 

Remediation of polluted soils is Application 0 r some materials 
essential f()r sustainable use of to contaminated soils were studied 
agricultural land. however. if no by many investigators such as 
rell1ediation action is undertaken, Escrig and Morell (199~) who 

the availability of arable land will sludied the effect or applied 

decrease due to stricter ealci um on the soil adsorption 0 l' 

environmental laws limiting lood Cd in some Spanish sandy soils. 

produclion on eon1aminated lands. They found that a tentllld increase 
111 ('8 concentration reduced the CdIn this concern, two methods were 

Llsed: (I) some chemical treatments adsorption capacity approximately 

such as addition of immobilizing by one third. Ostc c:f a1. (200 I) 

agenls 10 fix the metal pollutants in showed that the addition of lime 
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(pH increase) could decrease the 
tree Cd conc~ntration in soil pore 
water. Scherer ct ul, (1997) found 
that Cd conccntration of the plant 
material was mainly reduced after 
compost application. Geebclen et 
al. (2003) mentioned that the 
uptake of Pb by plants is often 
decreased with liming. 

Lombi ct at. (200 [) mentioned 
that. in the contaminated soils 
used, virtually all EDTA added 
l(lImed complexes with metals of 
high stability constants, and this 
may contribute to the slow 
degradation and the pcrsistent 
mobility of metals. 

Morcover, some plants were 
able to take up largc amounts or 
toxic clements without ::my visible 
toxicity effect, I.e" 
hypcraccurnu lators (Baker and 
Brooks, \(89), Tolcrance to heavy 
metals in plants may be defined as 
the ability to survive in a soil that 
is toxic to other plants, and is 
mani fcsted by an interaction 
betwvcn gcnotype and its 
environmcnt (Macnair cl at.. 

2(00). Ghosh and Singh (2005) 
reported that plants like sunt10wer 
ancl rnai/.e have been studied for 
their abi lity to remove Pb tt'Olll 
eftluent with sunflower having the 
greatest abilitv. 

Theref()re, the CUlTent work is a 
trial towards heavy metals, 
especially Cd and Pb, immobilization 
in the contaminated soil by using 
chemical techniques, i.e., application 
of chemical and organic amendments 
such as f,1JPsum (CaS04.2H20), lime 
(CaC03), organic compost, 
chelatillg agents (Zn-EDTA and 
Fe-EDDIIA) for their ability to 
immobilize such metals, and in 
turn reducing their uptake and 
accumulation by di fferent plant 
species. Moreover, this work 
involved phytoremediation 
technology by growing some 
crops, i.e., kenaf plants as a fibre 
crop and comparing with red 
radish plants as an edible crop, 

MATERIALS AND
 
METHODS
 

A pot experiment was perfonned 
under greenhouse conditions at 
January 1()r red radish and June 
2005 for kenaI' to study the 
remediation of soil polluted with 
hcavy metals especially Cd and Ph 
by USl11g some chemical and organic 
soil amendments such as g)1)SU111, 
lime, organic compost, Fe and Zn 
chclates. Also, phytorcmediation by 
growing some crops, i.e., kenaf 
plants as a fibre crop and 
comparing With red radish plants as 
an edible crop was taken into 
consideration in this study. For this 
purpose, surface soil sample (0--30 
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em) was selected from EI-Gabal 
EI-Astar t~U111, EI-Qalyohiya 
CJovel11orate which irrigated with 
sewage cftlucnt for long time. Soil 
sample was air--dlied, crushed and 
sieved to pass through a 2 mm sievc 
and preserve for some physical and 
chcmical analyses. thcir results 
given in Tahle (1-a). The soil 
analyses were dctelmined according 
to the ordinary mcthods descrihed 
hy: particle size distribution using 
the international pipette method 
(Piper, I (50); calcium carhonate 
was estimated volumctrically llsing 
Collin's calcimeter (Nelson and 
sommers, 19R2); organic matter hy 
Walkley and Black (Black et al., 
19(5); cation exchange capacity 
(eEe) using ammonium acetate 
(Richards. 1(54); electrical 
C()]1ductivity (E.e.. JSm- I

), soil pH, 
soluble cations and anions, (J ackson. 
107:~); available nitrogen, 
phosphorus and potassium (.I ackson. 
[(73). Availahle micronutrients and 
heavy mctals wcre extracted by 
ammoni um bicarhonatc-DTPA 
(;\B-DTPA) according to 
Soltanpour and Schwab (1977); total 
('d and Pb were extracted llsing 
aqua regia. as desclihed by Cottenie 
t'I Ill. (19R2), and determined hy 
using plasma emission spectrometry 
(I(,P400 Perkin Elmer). The used 
compost was obtained hom Ismailia 
Agric. Res. Station and its analySIS 
1S shown in Table ( I-b) 

Polyethylene pots of 20 em 
diameter and 18 em depth \vere 
filled with 6 kg of soil sample (fine 
earth). Before ti \ling the pots, the 
treatments of soil amendments were 
mixed thoroughly with the 
experimental soil. Gypsum 
treatments were added at rates or 0, 
5. 10 and 20 tons/fed; lime at rates 
of 0, 1, 2 and 4 tons/fed; compost at 
rates of 0, 7, 14 and 21 tons/ted. For 
Fe-EDDHA and Zn-EDTA the 
treatments were added at rates 0, 1, 
2 and 4 kg/fed. The pots were 
aITangc'(! in a randomized complete 
bloek design, with three replicates. 

All the pots rcceived the 
recommended doses of nitrogen and 
potassium, which were dissolved in 
ilTigation water at rates of 0.60 g 
ammonium sulphate/pot (20.60 % 
N), 0.30 g potassium sulphate/pot 
(48°;;, K2 0) and 0.60 11, 

superphosphate/pot (151% P2 0 5) and 
added before planting. Ten seeds 
hom each of red radish tl~aphillJ~ 

5i!tivus, L.) and kenaI" (Hibiscus 
(,:(llmabinus, L.) were planted in each 
pot and thinned after complete 
germination to 5 plants per pot. The 
moisture content was always kept 
about 70 % !i·om water holding 
capacity through growth period 
using tap water. After 56 and 60 
days [l'0111 planting for red radish 
and kcnaL respectively, the plants 
were harvested. thcn rinsed with 
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Tahle t -a. Some physical and chemical properties of EI- Gabal 
EI-Asfar soil 

Properties Value 
Partide size distrihution (%) 

Coarse sand 
Fine sand 
Silt 
Clay 

Textural class
 
pI! (I :2.5, soil:water suspension)
 
EC (dSm- J 

, Sat. cxtr.)
 
Soluble cations (mq/L)
 

CaH
 

Mg 2+
 

Na '
 
K+ 

Soluble anions (mq/L)
C0 -­

1 
HC01­

er 
S04-­

CEC (cmole kg-I) 
Organic matter (%) 
Organic carbon (01«.)
 
Total-N (lYc.)
 
C1N ratio
 
CaCOd%)
 
Available N (/lg g-I)
 

NH4~ 

NO.,­
Total 

Available P (/lg g-I~ 
Available K (/lg g- ) 
Total Ileavy metals (~lg g I) 

Cd 
Pb 

DTPA-extractable trace elements (~lg g-I) 
Fe 
Mn 
Zn
 
Cu
 
Cd
 
Ph
 

3.56
 
48.73
 
35.36
 
12.35
 

Sandy loam
 
6.60
 
0.83
 

1.36 
0.82 
5.97 
0.35 

0.00 
1.47 
3.92 
3.11 
12.98 
5.87 
3.41 
0.21 
17.0 
1.20 

17.00 
49.00 
66.00 
14.00 
134.55 

3,36 
164.87 

134.30 
7.90 
6.40 
4.60 
0.41 
21.82 
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Table I-b. Some chemical analysis of the used compost 

Property Value 

Organic matter ('Yo) 23.20 
Organic carbon (%) 13.50 
Total-N (%) 0.92 
C/N ratio 15.0 

e.Ke. (mq/lOOg) 44.00 
pH (I: 10, compost: water suspension) 6.40 
EC. dSm- 1 (1:10) 4.32 
Total P (%) 0.34 
Total K (ly<,) 0.73 
Availahle N (p.tg g-I) 

NH-t 
i 99.96 

NO."!­ 1085.28 
Total 1185.24 

Available P (p.tg g-l) 273.00 
Availahle K (p.tg g-I) 5382.00 
Total trace clements (p.tg ~,f') 

Fe 1800.00 
Mn 300.00 
Zn 4000.00 
Cu 80.00 
Cd O.SO 
Ph 3.20 

DTPA-Extractable trace clements (/lg g-I) 
Fc 2a.OO 
Mn 25.40 
Zn 4.00 
eu 2.00 
Cd 0.07 
Pb 0.44 
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distilled water and separated into 
shoots and roots. The plant samples 
were oven dried at 70 CO for 24 
hours to calculate the dry weight 
then ground in a willy mill and kept 
in plastic bags for chemical analysis. 
The plant samples of red radish and 
kenaf were digested using HCI04 

and IbS04 acids (Jackson, 1973). 
The Cd and Pb concentrations were 
determined using the Inductivity-­
Coupled Plasma emission 
spectrometry (ICr 400 Perkin 
Elmer). Also, soil samples for each 
treatment at the same period 
(harvest) werc collected and air 
dt1ed, crushed and sicvcd to pass 
through a 2 mm screen to be finally 
used lor detcn11ination of Cd and Pb 
concentrations in the soil. 

The data obtained from this 
study were statistically analyzed 
through analysis of variance 
(ANOYA) and least significant 
differcnce (LSD) at 0.05, which 
applied to make comparison among 
treatments according to Snedecor 
and Cochran (1980). 

RESULTS AND 
DISCUSSION 

Dry Matter Yield 

The dry matter yields of shoots, 
roots and whole plants of red 
radish and kcnaf grown on El-

Gabal EI-Asfar soil as affected bv 
different sources and rates of so;1 
amendments (gypsum, lime, 
organic compost, Fc-EDDHA ancl 
Zn-EDTA) are presented in Table 
2. Data showed that the yields of 
dry matter of shoots, roots and 
whole plants for both the two 
species increased gradually with 
increasing applied rates of 
different soil amendments 
compared to the control treatment, 
except liming. Where. increasing 
the rate of applied lime heyond the 
rate 2 ton/fed slightly decreased 
the dry matter yields of shoots, roots 
and whole plants for both studied 
species. 

Data also revealed that the 
compost treatments showed the 
greatest values of the yields of 
shoots, roots and whole plants for 
both two species, while Zn-EDTA 
showed the lowest one. The 
l:orresponding relative values at 
the high rate of compost were 56, 
27 and 38% for shoot, root and 
whole plants of red radish and 73, 
22 and 62% for kenaf plants, 
respectively. The cOlTcsponding 
relative values for Zn-EDTA were 
15, 17 and JMia for red radish and 
18, 6 and 16% for kenaf plants in 
the same order. This increase may 
be due to the role of compost 
treatment for stabilizing the Cd 
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('able 2. Effect of applied soil amendments on the dry matter yield 
(g porI) of" plant species 

Red radish Kcnaf 

Treatments Whole Whole
Shoot Root Shoot Root

plant plant 

Control 
4.06 6.68 1n.74 17.03 4.66 21.69 

Gypsum 
5 ton I fed. 5.30 8.15 13.45 23.06 4.88 27.94 
J" ton I fNJ. 5.7<) 8.20 13.99 25.07 5.14 30.21 
20 tOll I fed. 5.R8 8.37 14.25 25.82 5.23 31.05 

Liming 
I tOil I f(~d. 5.02 7.85 i2.R7 21.50 4.73 26.n 
2 ton I fed. 5.28 8.10 13.38 23.84 5.10 28.94 
4 ton I fed. 5.15 8.03 13.18 22.41 5.02 27.43 

Compost 
7 toni fed. 5.76 ~UO 14.06 25.54 5.13 30.67 
14 toni fed. 6.21l 8.41 14.61 28.98 5.36 34.34 
2 I toni fed. 6.33 8.47 14.80 29.39 5.n8 :15.07 

Fe-EDDHA 
1 kg I fed. 4.72 7.56 12.28 19.89 4.85 24.74 
2 kg I fed. )Jl4 7.90 12.94 20.98 4.92 25.90 
4 kg I fed. 5.10 8.01 LUI 21.19 4.97 26. J () 

Zn-EDTA 
I kg / fed. 4.25 7.40 i [.65 18.48 4.8\ 23.29 
2 kg / fed. 4.58 7.70 12.28 19.90 4.IN 24.79 
4 Iq~ I fed. 4.(}8 7.79 \2.47 20.t7 4.93 25.10 

L.S.D at 5% 
Amendment 0.27 0.25 0.49 1.30 0.34 1.59 
Rate 0.21 0.19 0.38 1.() 1 0.26 1.23 
Amendment x Rate n.s n.s n.s n.s n.s n.s 
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:md Ph as repcH1ed by Abd-El­
\ Lliak, (2007) \\110 cleared lhat 
:lddition or drg<lnie matter to tile 
--01 1 gencrali y decreased the 
:ldwrse effect 0 r C'd and Ph on 
plant growth probably due to its 
role of active organic substances in 
chclat1l1g Cd and Pb as legands. In 
addition, the rule of compost tiJr 
Increasing the productivity of soil 
a,,; a "esult of soil improvement 
(Kandi!, 20(5). The beneticlal 

crfect of using different soil 
amendmcnts on the gwwth may be 
attributed to reducing 
phytotoxicity of the studied heavy 
metals. enhanced the yield of 
~ho()ts. roots and whol e plants and 
decreased the hannful effect of 
l11t:lal cOllcentrations. 

Moreover. the ertectivl~ness of 
the applied soil amendments on the 
studied plant parametcrs was in the 
foll(l\vlI1g descendi ng urder. 
compost' gypsum> liming /' Fe­
I·:DDHA· Zn-EDT/\.. 

Content and llptake of Cd and 
Ph in Plants 

Data in Tables J and 4 show the 
erred (If soil <lmCIHII1H:nts applied 
:\t dilYerent rates on Cd and Ph 
concentrations in shoots and roots 
\II' red radish and kenaI' plants 
cultivated on El-Gabal El-Asfar 
polluted sot!. Generally. 

application of thc used soil 
amendments at different rates 
decreased hoth Cd and Pb 
concentrations in shoals and roots 
or rcd radish and kenaI' plants as 
compared with the control. The 
decrease was proglTSSIVC and 
sigl1l ficant with increasing the rate 
of applleation. The concentrations 
of Cd and Pb in the shoots and 
roots llr red radish plants were 
higher than those of kcnai' plants 
probably due to plnnt spcl:ies and 
the used sol! amendments. Also. 
results showed that red radish 
plants accumulated morc Cd and 
Pb in roots lhan in shoots. Thcse 
results are in good agreement with 
those obtained by Eissa and E!­
Kassas (1999) and Badawy and E!­
Motaium (2003), who found that 
concentrations of Cd in roots arc 
always higher than those of shoots, 
or Cruits am! grains. 

On the other hand, kenaI' plants 
accumulated more Cd and Ph in 
shoots than in roots. l!1dicating the 
ability of kenaI' plants to 
translol:atc morc Cel and Pb to the 
shoots to decrease the adverse 
effect of Cd or Ph on root growth. 
In this connection. Lasat. (2002), 
reported that phytocxtrdction is the 
usc of higher pbnts to removc 
inorganIC contaminants from 
polluted soil and translocate to 
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Table 3. Effect of applied soil amendments on Cd content (~lg g-I) in 
plant species 

Cd concentration (p.g g-I) 
Treatments Red radish Kenaf 

Shoot Root Shoot Root 
Control 

22.00 27.00 4.39 1.77 
Gypsum 

5 ton/fed. 15.00 18.00 2.40 1.45 
1() ton/fed 13.00 16.00 2.11 1.13 
20 ton/fed 12.00 15.00 1.90 0.96 

Liming 
I ton/fed. 17.00 20.00 2.76 1.72 
2 ton/fed. 15.00 18.00 2.41 1.30 
4 ton/fed. 14.00 17.00 2.30 1.16 

Compost 
7 ton/fed. 12.00 16.00 1.70 1.15 

14 ton/fed. 10.00 14.00 1.30 0.88 

21 ton/fed. 9.00 13.00 1.19 0.73 
J;~e-EDDHA 

1 kg/fed. 11.00 22.00 3.50 0.98 
2 kg/fed. 9.00 20.00 3.10 0.70 

4 kg/fed. 8.00 19.00 2.90 0.62 
Zn-EDTA 

I kg/fed. 9.00 24.00 3.90 0.75 

2 kg/fed. 7.00 22.00 3.50 0.51 

4 kg/fed. 6.00 21.00 3.30 0.43 
L.S.n at 5°;(, 

Amendment 1.00 1.00 0.18 0.10 

Rate 1.00 1.00 0.14 0.17 

Amendment x Rate 3.00 3.00 n.s n.s 
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Table 4. Effect of applied soil amendments on Pb content (J.lg g.l) in 
plant species 

Pb concentration (Il-g gO') 

Treatments Red radish Kenaf 

Shoot Root Shoot Root 

5 ton/feet. 
1(I ton/fed. 
ZO ton/fed. 

1 ton/fed. 
2 ton/fed. 
4 tOil/fed. 

7 ton/fed. 
14 ton/fed. 
21 ton/fed. 

I kglred. 
2 kg/fed. 
4 kg/fed. 

I kg/fed. 
2 kg/fed. 
4 Ii.g/fed. 

;\mendment 
Rate 
Amendment x Rate 

Control 
193.00 242.00 

Gypsum 
145.00 165.00 
125.00 158.00 
120.00 152.00 

Liming 
155.00 177.00 
146.00 16X.OO 
142.00 164.00 

Compost 
130.00 143.00 
114.00 136.00
 
106.00 IJO.OO
 

Fe-EDDHA
 
119.00 1%.00
 
110.00 184.00
 
104.00 179.00
 

Zn-EDTA
 
95.00 218.00 
82.00 205.00 
n.ao \98.00 

L.S.D at 5°1., 
2.00 2.00 
2.00 2.00 
4.00 D.S 

19.10 

11.70 
10.59 
9.40 

13.10 
11.45 
10 10 

10.11 
8.25 
7.95 

15.32 
l4.\5 
13.7\ 

17.21 
15.35 
\4.91 

0.84 
0.65 
n.s 

IUS 

9.2\ 
7.52 
6.81 

J0.38 
8.62 
7.91 

7.65 
6.36 
5.32 

6.53 
5.41 
4.71 

5.29 
4.::n 
3.70 

0.28 
0.22 
n.s 
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above ground parts. Baker and 
Whiting (2002) found that high 
tissue concentrations of metal 
(loid)s were m above-ground 
tissues. 

Data also, indicated that the 
efficiency of applied soil 
amendments on decreasing 
concentrations of Cd and Pb in the 
different parts of red radish and 
kenaf plants (shoots and roots) 
grown on El-Gabal EI-Asfar 
polluted soil was observed, where 
the compost treatment, under 
different rates, was the most 
efficient amendment in decreasing 
Cd and Pb concenlrations in shoots 
and roots of red radish and kenaf 
plants as compared with the 
control plants, especially at the rate 
of 21 ton/fed. In this concern, 
Scherer et af. (1997) found that Cd 
and Pb concentrations of the plant 
material were mainly reduced after 
compost application. Abd EI­
Malak (2007) reported that organic 
manure played an effective role for 
immobilizing Pb, and in tum 
reflected on reducing its content in 
second phases of its uptake by 
lettuce plants and accumulate in 
root and shoot tissues. 

However, liming amendment 
was the lowest efficiency for 
decreasing Cd and Pb 
concentrations. especially in the 
shoots. These results are m 

agreement with that obtained in 
case of the dry matter yield. 
Hegazy et al. (1996) found that Cd 
concentration seemed to be 
inversely to be related to the soil 
content of CaC03. Hardiman et al. 
(1984) observed a reduction of Pb 
in plant tissues grown on soil 
amended with limestone or 
calci um carbonates. 

Data concerning the inlluence 
of various soil amendments 
applied at different rates on the 
uptake of Cd and Pb by shoots. 
roots and whole plants of red 
radish and kenaf plants grown on 
El-Gabal EI-Asfar soil are given in 
Tables 5 and 6. Addition of soil 
amendments with different rates 
gradually decreased Cd and Pb 
taken up by shoots, roots and 
whole plants of rcd radish and 
kenaf in comparison with the 
control treatment. Most of Cd and 
Pb taken up by red radish plants 
\vere retained in the roots and 
consequently less amount of Cd 
and Pb were translocated to shoots, 
indicating the ability of roots to 
accumulate high amounts of Cd 
and Pb. Kabata-Pendias and 
Pendias (1993) and lnouhe el al. 
(1994) stated that the increase in 
the uptake of cadmium mostly 
accumulates in the roots. The 
cadmiu/ll blockage in the roots 
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Tahle 5. Effect of applied soil amendmcnts on Cd uptake (l1g pori) 
by p.lant species 

Cd uptake(l1g pori) 
Red radish KenafTreatments 

'Whole	 Whole
Shoot Root Shoot Root

plant plant 
Control 

89.32	 I~O.36 269.68 74.76 8.25 ~3.01 

Gypsum 
5 ton/fed. 79.50 146.70 226.20 55.34 7.08 62.42 
10 ton/fed. 75.27 1:1 1.20 206.47 52.90 5.81 58.71 
20 ton/fed. 70.56 125.55 196.\1 49.06 5.02 54.08 

Liming 
1 ton/fed. R5.34 157.00 242.34 59.34 8.14 67.48 
2 ton/fed. 79.20 145.80 225.00 57.45 6.63 64.m~ 

4 ton/fed. 72.10 136.51 208.61 5\.54 5.82 57.36 
Compost 

i ton/fed. (,t).12 I32.tW 201.112 43.42 5.90 49.:12 
14 ton/fed. 62.0() 117.74 179.74 37.67 4.72 42.39 
21 ton/fed. 56.97 110.\ I 167.80 34.97 4.15 39.12 

Fe-EDDHA 
1 kg/fed. 51.92 \66.32 218.24 69.62 4.75 74.37 
2 kg/fed. 45.36 15i.{.OO 203.36 65.04 3.44 68.48 
4 I(g/fed. 40.80 152.19 192.99 61.45 3.08 64.53 

Zn-EDTA 
1 kg/fed. 38.25 In.60 215.85 72.07 3.61 75.68 
2 kg/fed. 32.06 169.40 201.46 69.65 2.49 72.14 
4 kg/fed. 2S.0S 1()3.59 191.67 66,56 2.12 68.68 

L.S.D at 5% 
Amcndmcnt 1.65 3.31 3.29 6.82 0.33 1.82 

Rate 1.28 2.56 2.55 5.28 0.26 \.41 
Amendment x Rate 2.85 n.s n.s n.s n.s n.s 
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Table 6.	 Effect of applied soil amendments on Ph uptake (ftg porI) 
by plant species 

Red radish	 KenafTreatments 
Root Whole Shoot Root WholeShoot 

plant	 plant 

5 ton/fed. 
10 ton/fed 
20 ton/fed 

1 ton/fed. 
2 ton/fed. 
4 ton/fed. 

7 ton/fed. 
14 ton/fed. 
21 ton/fed. 

1 kg/fed. 
2 kg/fed. 
4 kg/fed. 

1 kg/fed. 
2 kg/fed. 
4 kg/fed. 

Amendment 
Rate 
Amendment x Rate 

783.58 

768.50 
723.75 
705.60 

77~U() 

770.88 
731.30 

748.80 
706.80 
670.98 

561.68 
554.40 
530.40 

403.75 
375.56 
360.36 

1.65 
1.28 
2.85 

Control 
1617.00 2400.58 325.27 

Gypsum 
1345.00 2113.50 269.80 
1296.00 2019.75 265.49 
1272.00 1977.60 242.71 

Liming 
1389.00 2167.10 281.65 
l36l.00 2131.88 272.97 
1317.00 2048.30 248,75 

Compost 
1187.00 1935.80 258.21 
1144.00 1850.80 239.09 
1101.00 1771.98 233.65 

Fe-EDDHA 
1482.00 2043.68 304.71 
1454.00 2008.40 296.86 
1434.00 1964040 290.51 

Zn-EDTA 
[6n.00 2016.75 318.04 
J579.00 1954.56 305.47 
1542.00 1902.36 300.73 

L.S.D at 5% 
2.00 3.30 11.07 
1.00 2.55 8.57 
3.00 5.71 n.s 

52.10 377.37 

44.94 314.74 
38.65 304. \4 
35.62 278.33 

49.10 330.75 
43.96 316.93 
39.71 288.46 

39.24 297.45 
34.09 273.18 
30.22 263.87 

31.67 336.38 
26.62 323048 
23 Al 313.92 

25.44 343.48 
21.17 326,(,4 
18.24 318.97 

1.02 1.62 
0.79 1.26 
n.s 2.81 
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probably involves formation of this 
metal honding with sultllydrol and 
with proteins forming so called 
phytuchelatins. Also. Gondek and 
I:ilipek-Ma/llf (2003) observed 
that heavy metals accumulation 
was primarily in the root systems. 
Abu El-!'vlalak (2007) showed that 
most of Cd and Pb uptake by plant 
organs of lettuce were rctained in 
the roots. and consequently less Cd 
and Pb contents were transpolied 
to the shoots. 

On the contrary. must of Cd and 
Ph taken up by kcnaf plants were 
translocated to shoots and 
accllllJulated in the above ground 
paIis. presumably due to decrease 
the adverse cf'iect of Cd or Ph on 
plant growth. Chancy et al. (1997) 
reported that phyioextradioll rekrs 
to the uptake and translocation of 
meta] conl<lminants in the soil by 
plant roots into the above-ground 
portions or the plants. Robinson et 
([1. (2000) mentioned that thc 
technology of phytoextraetion 
rcl ics on plants that translocatc 
heavy metals into their 
aboveground parts. Deng et ([1. 
(20l)4) reported that species able to 
:lccLllllulate rciativcly high mdal 
concentration;; in the abovcground 
tissues could be good candldates 
((11' phytoextraction. 

The variation 111 Cd and Ph 
uptake between red radish and 
kenai' is mainly attributed to crop 
spccies as reported by (Tiller, 
1989, and Tlustos ct al.. 19(7) 
who stated that the accumulation 
of cadmium in plant biomass was 
not only affected by the soil 
properties, hut by thc crop species 
planted on the soil as well. The 
uptake of Cd and Ph by red radish 
plants was higher \vhcn compared 
with the kcnaf plants. indicating 
tlwt rcd radish plants were more 
sensitivc to Cd and Pb than kenaf 
plants. The compost treatl11ent was 
the most efficient amendment to 
reduce Cd and Ph uptake, while 
liming treatment was the lowest 
ct1icient. The ctllciency of 
decreasing Cd and Ph uptake by 
whole plant of red radish and kcnaf 
cou let be ,1lTanged in the 
descending order: compost :> Zn­
EDT/\. > Fe-EDDH/\. > gypsum> 
liming. This exhihit the function of 
compost to reduce the hazardous 
effect of Cd or Pb to accumulate in 
edible parts of plants. In this 
concern, GorJach and Gambus 
( It}92) t()Und that addition of peat 
and manure reduced the uptake of 
Pb. Chancy et al (2000) declared 
that addition of organic terti Iizcrs, 
can inhibit thc uptake ot' somc 
major metal contaminants, such as 
Pb, due to metal precipitation as 
pyromorphite and chlropyromorphite. 
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GeneraJ]y, the results showed 
that red radish plants absorb and 
accumulate higher amounts of Cd 
and Pb than kenaf plants. Since. 
Cd contents in red radish plants 
exceeded the nonnal range in 
comparison with the concentration 
of Cd reported by Bergman and 
Cumakov, (1977) and Davis et aI., 
(1978) who found that the 
recommended levels of Cd were 
0.05-0.2 mg kg l

, while toxic 
limit for this element ranging from 
5 to 30 mg Cd kg-1 plant (Kabata­
Pendias and Pendias, 2001). Also. 
the concentration of Pb in all the 
plant organs of red radish were 
higher than the normal range (5-9 
mg kg-I) and (2-14 mg kg-1

) as 
reported by Chapman (1966) and 
Cottenie et al. (1982), respectively. 
On the other hand, Kabata-Pendias 
and Pendias (2001) stated that the 
nonnal Pb concentration in plants 

;::,vrown in uncontaminated and 
unmineralized areas appears to be 
quite constant, ranging from 0.1-10 
mg kg- J and averaging 10 mg kg-I, 
while toxic range of Pb according 
to Smith, (1996) was 30 to 300 mg 
kg-I. Whereas, kenaf plants absorb 
and accumulate lower amounts of 
Cd and Pb than red radish plants. 
So, it could be concluded that 
using red radish plants growing on 
polluted soil may increase the 

concentrations of Cd and Pb in 
plants .sTfown thereon, potentially 
affecting plant growth, soil 
fertility, animal and human health_ 
when used as a food source. 

The comparison between the 
two tested plants showed that 
kenaf plants were more effective 
as tolerant for stabilization of 
available Cd and Pb, whereas red 
radish plants were absorbed 
available amounts of these heavy 
metals. The superiority of kenaf 
plants over red radish plants might 
be attributed to the lower 
absorbing area of roots of the 
forn1er plants. In this concern, 
Robinson et al. (2000) stated that 
metal-tolerant plants have lower 
heavy metal concentrations in their 
tissues, yet contribute to metal 
extraction by high biomass yields 
(Baker and Brooks, 1989). 

Chemical Behaviour of Cd 
and Pb in Polluted Soil as 
Affected by Soil Amendments 

Results in Tables 7 and 8 show 
the effect of soil amendments 
applied at different rates on total, 
available and availabi lity index of 
Cd and Pb in EI-Gabal EI-Asfar 
soil after cultivation with red 
radish and kenaf plants. 
Application of the used soil 
amendments at different rates 
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increascd progressively total Cel 
and Ph. Thc. highest increase in 
total Cd and Pb was obtained with 
compost application at a rate of 21 
Ions/fed. Thc corresponding 
relative values of increase were 
250 and 64 ~'O after rcd radish and 
1'fI,7 and 5X % after kenaf plants for 
Cd and Pb, respectively. Thc 
superiority of the orga11lC compost 
over the other used amendmcnts 
has also been documented by 
[(andil (2005) who found that 
compost matcrials signi tieantly 
increased the total Cd and Ph in 
the polluted soil of EI-Gabal EI­
Asf31' altcr spinach plantion. 
However, this incrcase was not 
sign ifieant. 

On the contrary, available and 
availability index llf Cd amI Pb in 
the slliJ after cultivation with bllth 
plants were reduccd undcr difterent 
sources of soil amendments, The 
highest reduction of available and 
availabil ity index of Cd and Pb 
was obtained also. under 
application of compost at a rale of 
21 ton/fed. The conesponding 
relutive values for Cd were 65 and 
00 °0 f(1r red radish plants, and 66 
and X8% i()r kenaf plants in the 
same order, respectively. While, 
the corresponding relative 
decreases for Pb were 64 and 
n.5oAl for red radish plants and 68 

and 80 % for kenaf plants in the 
same order. These results arc in 
agreement with those reported by 
kandil (2005) who found that 
addition of banana and cotton 
composts to EI-Gabal EI-Ashlr soil 
significantly decreascd the 
extactable Cd and Pb. The positivc 
effect of compost on dcereasing 
available Cd and Pb in soil may be 
duc to thc f-ixation, precipitation or 
formation of complex compounds 
between the compost as an organic 
material and these mctals (lie and 
Singh, 1993). Abdel Sahour ct (if. 
(1996) reported that the lower 
availability ratio could be 
explained by thc possible 
precipitation reactions or the high 
affinity to t(mn organic 
complexcs. Hundal et ([f. (2003) 
((lund that. availability of heavy 
mctals could be decreased by 
organic matter additions to soil by 
f0TI11ation of insoluble metal 
organic complexes with humic 
acids. thereby lessening risk of 
mctal toxicity of plants, Theretorc, 
some bencficial effects to heavy 
metal concentrations in soils could 
he achieve by applying compost to 
agricultural land. Asgier ('f of. 
(2000) showed that added organic 
mattcr contributed to 
immobilization of Cd. This may be 
also due to activc organic acids 
(humic and fulvie acids) that fonn 
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relatively stahle complexes with 
Cd. Badavv'y (I 91'7) reported that 
the low mobility of Pb may he due 
to the f(Hlnation of strongly hound 
insoluble chelate·; by reaction with 
organic matter or the precipitation 
of Ph ions as insoluble compounds. 
Also, results showed that there 
were signi [jcant differences 
hetween the different rates of 
application and among the 
different used amendments. The 
concentrations of heavy metals in 
plants were significantly related to 
total and DTPA extractable of 
heavy metals. In this concern, 
Lund c{ al. (1981) reported that Cd 
concentrations in radish, Swiss 
chard, and pepper were 
significantly related to both total 
soil Cd and DTPA extractablc Cd. 
1!0\oveVCL the increase in soil pH 
due to application of CaC03 as 
compared with initial pH v'llue 
might he considered an additional 
reason for reducing extractable 
content of the studied heavy 
metals. Ihls may indicate that 
fixation and/or precipitation of the 
tested metals due to reaction with 
('aC01 might aceount f()r such 
reduction (Stred, c! al.. 1977). Xu 
and Schwartz (1994) mentioned 
that precipitation as metal 
c<lt"htll1ates is considered to be one 
or tile mechanisms tCl!' Ii mc­
induced immobilization of heavy 

metals. Alloway e! al. (l9S1\) 
showed that soils containing free 
caeol could sorb Cd and reduce 
its bioavailability. Oste e! (// 
(2001) said that the addition uf 
lime (pH increase) could decrease 
the free Cd concentration in soil 
pore water. Taclross (2004) 
reported that fixation or 
precipitation of Pb due to reaction 
with CaeO l or adsorption on its 
surface may account for such 
decrease in availahility ofPb. 

Generally. the soil amendments 
could be arranged descendingly 
according 10 their dccreasing 
available Cd and Pb as foilows: 
compost> gypsum> liming:> Fe-
EDDHA :> Zn-EDTA. 
Accordinglly, these soil 
amendments (gypsum, liming, 
compost, Fe-EDDHA and 711­
EDTA) have the ability to 
minimize the immediate risk 0 t'the 
presented heavy metals through 
decreasing its mobility, hence 
reducing phytoavailability. Also, 
data indicated that the extractable 
heavy metals in soil of El-Gabal 
EI-Asfar alter cultivated with red 
radish were higher than those 
cultivated with kenaf plants under 
all the used amendments 
treatments. Moreover, the highest 
values of extractable Cd and Pb ill 
the soil after cultivation with red 
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Table 7.	 Effect of applied soil amendments on total, available and 
availability index of Cd in soil after cultivation 

Red radish Kenaf 
Cd (!lg g -I)Treatments	 Cd (!lg g. i) A.1. %A.I. % 

Total Available Total AvaIlable 
Control 

0.80 0037 46.25 I. 15 0.32 27.83 

Gypsum 

::; ton/fed. 1.70 0.25 14.71 2.10 0.22 10A8 

10 ton/fed. 1.90 0.19 10.00 2AO 0.16 6.25 

20 ton/fed. 2.00 0.17 8.50 2.60 0.13 5.00 

Limin~ 

I ton/fed. lAO 0.28 20.00 1.80 0.25 13.89 

2 ton/fed. 1.60 o.n 14.38 2.20 0.19 8A6 

4 ton/fed. 1.70 0.21 12.35 2.35 0.16 6.81 
Compost 

7 ton/fed. 2.20 0.21 9.55 2.70 0.17 6.30 

14 ton/fed. 2.60 0.16 Cd5 3.10 0.13 4.19 

21 ton/fed. 2.80 0.13 4.64 3.30 0.11 3.33 

Fe-EDDHA 

1 kg/fed. 1.20 0.32 26.67 lAO 0.27 )9.29 

2 I(g/fed. lAO 0.28 20.00 1.70 o.n 13.53 

4 kg/fed. 1.50 0.25 16.67 1.90 0.19 10.00 

Zn-EDTA 
I kg/fed. 1.05 0.35 33.33 1.24 0.29 23.20 
2 I{g/fed. 1.20 0.30 25.00 1.55 0.25 1().13 

4 kg/fed. 1.30 0.28 21.54 1.63 0.22 13.94 

LSD at 5% 
Amendment 0.09 0.02 0.09 0.02 

Rate	 0.07 0.02 0.07 0.02 

Amendment x Rate n.s n.s n.s n.s 

A.1. o'{) '-- DTP;\ extractable conlcntlTota1contcnt x )00 (Ahbas, 2(07) 
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Table X. ~ffect of applied soil amendments on total, available and 
availability index of Pb in soil after cultivation 

Red radish Kenaf 
Pb (p.tg g -I) Ph (p.tg ~ -I)Tn'atmellts	 A.I.A.1. % 11/0Total Available Total Available 

Control 

75.60	 19.84 26.24 86.73 17.56 20.25 

Gypsum 

5 ton/fed. 103,40 14.02 13.56 1\5.83 1\.23 9.70 

10 tun/fed. 110.50 12.94 11.71 121.50 9.38 7.72 

20 ton/fed. I 12.65 J 1.31 10.04 132.37 8.55 6.93 

Liming 

1 ton/fecI. 98.15 16.75 1707 110.55 12.8() 11,()3 

2 ton/fed. 104.29 14.36 13.77 114.82 IO,() 1 9.24 

4 ton/fed. 107,44 11.23 12.31 116.67 9.74 835 

Compost 

7 ton/fed. 112.66 11.62 10.31 125,46 8.S6 7.06 

14 ton/fed. 120.50 8.17 ().76 D4.80 6.61 4.90 

21 lon/fed. 123.80 7.09 5.73 LH.40 5.70 4.] 5 

Ii'e-EDDHA 

1 kg/fecI. 92.69 17.91 19.32 101.75 14.89 14.63 

2 kg/fed. 97.18 15.56 16.01 105.40 12.68 12.03 

4 lq~/fcd. 100.15 14.25 14.23 107.20 11.26 10.50 
Zn-EDTA 

I kg/fed. 85.57 \8.45 21.56 95.38 15.96 16.73 

2 kg/fl'd. 89.7.'1 17.22 10.. 19 100.77 13.81 13.70 

4 kg/fed. 91.60 16.'15 17.()(, 102.58 12.77 12.45 
LSD at 5% 

Amendment I.Y) 0.56 0.83 0.38 
Rate 1.07 0.43 0.64 0.29 
·\uwudnH'l1( x Rate n.s 0.97 1,43 n.s 

/\.1. 0/0 InPA cxtl'lclablc contcnl/Total content x 100 (Abbas. 2007) 
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radish and kenaI' plants were 
obtall1ed hy lIsing metal chclates at 
Ihe applicati'on rate of 4 kg/fed, 
while the ](1\vest values were 
attaincd by application of org8nic 
compost nt the ratc of 21 ton/fed. 
The cfficicncy of studied materials 
un hcavy metal concentrations was 
varied in accordance to sourccs 
and rates of application and/or the 
p~lrt of the grown plant 

From the ahove mentioned 
discussion, it was concluded that 
application oC somc chemical and 
orgal1lc amendmcnts such as 
gypsum. lime urganic compost and 
cheldting agcnts to soil polluted with 
Cd and Pb reduced and immobilized 
such metals, bcing organic compost 
was most el1icient. I\lso, 
phytoremediation technology hy 
growing some crops. i.e., kenaf 
plants as a liber crop \vas most 
eflieicnt to reduce such mctals trom 
polluted soil. especially Cd and Ph. 
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