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Evaluation Ability of Some Crop Species for Remedation of Heavy Metal
Cadmium (Cd) In Contaminated Soils
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* ns, and **: Non significant, Significant at the 5% and 1% Levels of Probability Respectively.
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Table 2. Mean Comparison of Cd, Chlorophyll a, b and a+b Content in Different Levels of Crop Species and Cd Doses.

ath s, )8 b Jos 8 a Jas i p 323 Oljee bt sl)les
Chlorophyll a+b Chlorophyll b Chlorophyll a Cd Content (Exp. Treatments)
(mg/g.Fw) (mg/g.Fw) (mg/g.Fw) (mg/kg.dw) )

(Crop Specie) #5455
7.08° 3.06° 4.02° 19.23 (Hairy vetch) ¢Sale Cy
7.72° 3.96° 3.76° 30.75° (Alfalfa) iy G
7.04% 3.96° 3.08° 34.19° (Canola) 1545 Cs

(Cd Doses) p 50315 5 55
8.37° 4.15° 422° 0.03¢ (mg/kg.dw soil) + D
7720 3.84° 3.88" 31.63° (mg/kg.dw soil) ¥+ D,
7555 3.88° 3.67° 5251° (mg/kg.dw soil) A+ Dj

il ai s gme Sl (laals dim 0 503T olal 5 % 0 chw): T b 5l s &S zie (o9 > @)\Mf;;,;w,a&u@ip ot s
* Difference Means followed by Similar Latters in Each Column are not Significant at the 5% Level of Probability, According to Duncan’s

Multiple Range Test

Table 3. Mean Squares and Significant Levels for Antioxidant Enzyme Superoxide dismutase (SOD) and Biochemical Bio-
marker Malondialdehyde (MDA) Influence of Cd Heavy Metal.

Mean Squares Sl S
dadT (3 0 Jb 3B goms 3 STy g &303T 4y Sl b
(MDA) (SOD) d S.0.V)
3.12™ 524" 2 s
30.26 " 21.57 " 2 © s 65
253.01" 594.08 2 D) g8 552
572" 55.30 4 (©xD) Jiee
291.29 18.26 16 (Error) 2T ol
3.24 6.05 CV. Sl ok s

Y0V 00 gela 53 s Gre D5l )l ae gl e =5 4 ek s #Ns
and **: Non significant, Significant at the 5% and 1% Levels of Probability Respectively. * ns,
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Table 4. Mean Comparison of Antioxidant Enzymes superoxide dismutase (SOD) and and Biochemical Biomarker Malondi-

aldehyde (MDA) Rate in Different Levels of Crop Species and Cd Heavy Metal Doses.

el g2 oL B yo 3 dnSTT g el glasles
mol/kg.fw) .
(v (MD/i) (U/rr(1§g]r)())teln) (Exp. Treatments)
(Crop Specie) sl,5 48
34,30 20,07 (Hairy vetch) ¢Sale C,
13.70° 7y 3° (Alfalfa)  wp Cs
37.13° 69.39° (Canola) 155 G5
(Cd Doses) p 5035 55
28.97°¢ 79.03° (mg/kg.dwsoil) + D
37.44° 6674 (mg/kg.dw soil) ¥+ D,
38.72° 65.11° (mg/kg.dw soil) A+ Dj

il ai s gme Sl (laals dim 0 503T olal 5 % 0 ch.u): T bl s &S zie o9 > @)\Mf;,,;w,a&u@ip ot s
* Difference Means followed by Similar Latters in Each Column are not Significant at the 5% Level of Probability, According to Duncan’s

Multiple Range Test.



e pll p e sls ol
Cd Contentin Shoot

2lar alul pgnesld ol

Cd Content in Shoot

A by A5 e

Chlovophvll (a) content

(mg/kg.dw plant)

(mg/kg.dw plant)

(mg/e.Fw)

A

11 30 Foled h Al (6L 3ol § o sl dloo

30
15
20
15
10
A
[}
Ilairy velch Scla Alfalla fads Canola 1%
(Crop Species) 21,3 sls aigf
8 gl g0 ppuslf G2 o 1) gla g WU Jloge
Fig.1. Effect of Crop Species on Cd Concentration into shoot Parts
[i11]
a0
40
30
20
10
c
0 '
0 40 80
(MgK2.Aw) Sl ;o mgwsld e
2l gl ol o paeell Sl g8) 2 T padld a0 WU (T jlogad
Fig.2. Effect of Cd Doses into Soil on Cd Content in Shoot Parts
4.03
a
4 4
395
3.9 4
385 -
38 -
[
375 1
3_- -
365 4
36 T

Hairy vetch szl Alfalfa 420y Canola 1515

(Crop Species) =1y; sls yF
oyl 316 s i 1) oLa WS Ay 8 ol (1) g0
Fig.3. Chlorophyll (2) Content of Crop Species affected with Cd Metal



At Judy 15 e

Peaodls” pSiw W 4 S FogT Al )0 aly) 4e5 Wiz OleF (b3

54 L
51
£ 8
E
= E 7.8
=3 b
-1 1] -
= 0
ZE
5 w4
s
5 "2
0 40 80
(MZREAW) Sl apdls s
ﬂ"‘hJﬂj,:‘f b‘}‘.'.“’ Sy ﬁl—fu-p’..méw)'!é ‘_-.A-“:{v‘.‘ Jlés.w'
Fig.7. Effect of Cd Dosesinto Soil on Chlorophyll (a+b) Content
80 1 2
]
= 0 4
Lz
5 < 60 1
= -
i‘ S 3 s
LT E
RS e
-
]. £ 2 301
= =
a8 =
E d 4
-
5 @
™ g 10 -
g ol
0 40 80
(mERe.dw) Sl ppwslf la
(SOD g s ] g 4 51 e g2 2 T el g3 A0 (A jliges
Fig.8. Effect of Cd Dosesinto Soil on Superoxid Dismutase (SOD) Content
3
- a
E @
, &
'TE S
e~
JE8E& 3
Y, 2
ER= ]
3T T M4
Bi ) :. a
4 T =
-
5 a
YE o .
=
-
31+

Hairy vetch il Alfalfa azig Canola 1317
(Crop Spedes) 21 gls sy
pyendld 3l U 2l gl wf (MDA w0 edle 5 (3] e
... Fig.9. Malondialdehyde (MDA) Content of Crop Species affected with Cd



11 30 Foled h Al (6L 3ol § o sl dloo

40

§ 3=
i{g 30
Y :
31:“-\4-\ 25
1E ¢

h LR
3 z = 20
=T 2
= = 15 4
5% 2
Iﬁﬁ lu_
L .

=

= 0 -

40 S0

(mg/kg.dw) S5 pawsld )l v

(MDA) sl £ oglle ol 585 3 T pamesld 90 ol (1) jloged
Fig.10. Effect of Cd Doses into Soil on Malondialdehyde (MDA) Content

Ol ¢ (Kozlowska, 1997 5 Stroinski) ;U semss duS
Sl 25 Lo s STt (ST 6 b 5T e o
5 S5 Sy A iS4 (S K
bl Ol 5 sl Jlael Ol (LS (S35 ity
5 Polle, 2002, Tamas 5 Schutzendubel) s,l> .5

(YA O Ses

VY

A5 Sl Lol oS 53 0 el b Tl sl
«(CAT) VB Ll slnS| ST sl 5T Sl
(GR) 514 5 0,556 585 5 (APX) 1S 5 3 oy 55T

(Pollec 2001) >4 oo
sz SIS (BT 0 5T Sl Ole 55 2alS Yiea|
e 1 oS D136 GV Sl 5 56 ey LS
W5 b5 o 5T 2l 08 b b 235 o0 psmeslS
oA L jas s (ROS) O3S Jlab sl & o 51 i
03555 Ng b (Y2 A 018 sFilek) o 5T mnass 2
s 25T Joe S b oKl 4 (555 5 b S I



f%.oélfwf&m}ﬁ43G_Tlék;éyTgﬁhlf)éhscb)’&sfu\agglssdb“j)‘

Reference &b
Arnon, D.I. 1949. Copper enzyme in isolated chloroplasts, polyphenol oxidase in betavulgaris. Plant Physiology.
24: 1-15.

Baker, A.J.M. and Brooks, R.R. 1989. Terrestrial higher plants which hyperaccumulate metalic elements. A
review of their distribution, ecology and phytochemistry.Biorecovery. 1: 81-126.

Baker, A.J.M., McGrath, S.P., Sidoli, C.D.M. and Reeves, R.D. 1994, The possibility of in situ heavy metal
decontamination of polluted soils using crops of metal accumulating plants. Resour. Conserv. Recyc. 11: 41-49.
Bonaventure, C. and Johnson, F.M. 1997. Healthy environments for healthy people. Bioremediation today and
tomorrow. Environ. Health Perspect. 105: 5-20.

Bowler, C., Van Montagu, M., Inze, D. 1992. Superoxide dismutase and stress tolerance. Annu. Plant Physoil.
Plant Mol. Biol. 43:83-116.

Casano, L.M., Gomez, L.D., Lascano, H.R., Gonzales, C.A. and Trippi, V.S. 1997. Inactivation and degrada-
tion of CuZn-SOD by active oxygen species in wheat chloroplasts exposed to photo-oxidative stress. Plant Cell
Physiology. 38: 433-440.

Chaudhry, T.M., Hayes, W. J., Khan, A.G. and Khoo, C.S. 1998. Phytoremediation focusing on accumulator
plants that remediate metal contaminated soils. Australasian J. Ecotoxicol. (in press).

Filek, M., Keskinen, R., Hartikainen, H., Szarejko, L., Janiak, A., Miszalski, Z. and Golda A. 2008. The pro-
tective role of selenium in rape seedlings subjected to cadmium stress. Plant Physiol. 165: 833-844.

Halliwell, B. and Cutteridge, J.M.C. 1990. Free redicals and Catalytic metalion. Method Enzymes. 189:1-16.
Hegde, R.S. and Fletcher, J.S. 1996. Influence of plant growth stage and season on the release of root phenolics
by mulberry as related to development of phytoremediation technology. Chemosphere. 32: 2471-2479.

Khan, A.G., Kuek, C., Chaudhry, T.M., Khoo, C.S. and Hay, W.J. 2000. Role of plants, mycorrhizae and phy-
tochelators in heavy contaminated land remediation. Chemosphere. 21:197-207.

Kling, J. 1997. Phytoremediation of organics moving rapidly into field trials. Environ. Sci. Technol. 31, A129.
Kono, Y. and Fridovich, I. 1982. Superoxide radical inhibits catalase. J. Biological Chemistry. 257: 5751-5754.
Kramer, U., Smith, R.D., Wenzel, W.W., Raskin, L. and Salt, D.E. 1997. The role of metal transport and toler-
ance in nickel hyperaccumulation by Thelapsi geosingense Halacsy. Plant Physiol. 115: 1641-1650.

Kiipper, H., Kiipper, F. and Spiller, M. 1998. In situ detection of heavy metal substituted chlorophylls in water
plants. Photosynthsis Res. 58: 123-133.

Lowry, O.H., N.J., Rosebrough, A.L. Farr and Randall, R.J. 1951. Protein measurement with the Folin-Phenol
reagents. J. Biol. Chem.:193 265-275.

Malik, D., Sheoran, L.S. and Singh, R. 1992. Carbon metabolism in leaves of cadmium treated wheat seedlings.

Plant Physiol. Biochem. 30: 223-229.

'Y



A

1R 30 Fosled d ale (6L =Mool § ol dloxe

Maysa, M. Hatata and E. Adel Abdel-Aal. 2008. Oxidative Stress and Antioxidant Defense Mechanisms in Re-
sponse to Cadmium Treatments. American-Eurasian J. Agric. & Environ. Sci. 4: 655-669.

McEldowney, S., Hardman, D.J. and Waite, S. 1993. Treatment Technologies. In Pollution Ecology and Bi-
otreatment Technologies (Edited by S. McEldowney J. Hardman, and S. Waite). Longman Singapore Publishers,
Singapore.

Misra, H.P. and Fridovich, 1..1972 The generation of superoxide radical during auto oxidation. J. Biol. Chem.
247: 6960-6966

Pais, I.J. and Benton Jones, J.R. 1997. The hand book of trace elements. Publishing by: St. Luice Press Boca
Raton Florida.

Polle, A. 2001. Dissection of the superoxide dismutase-ascorbate-glutathione pathway by metabolic modeling:
computer analysis as a step towards flux analysis. Plant Physiol. 126: 445-462.

Schutzendubel, A. and Polle, A. 2002. Plant responses to abiotic stress: heavy metal-induced oxidative stress and
protection by mycorrhization. J. Exp. Botany. 53: 1351-1365.

Stroinski A. and Kozlowska, M. 1997. Cadmium induced oxidative stress in potato tuber. Acta. Soc. Bot. Pol.
66: 189-195.

Tamas, L., Dudikova, J., Duréekova, K., Huttova, J., Mistrik, L. and Zelinova, V. 2008. The impact of heavy
metals on the activity of some enzymes along the barley root. Environ. Exp. Bot. 62: 86- 91.

Timothy, P. 2001. Glutation-related enzymes and Selenium Status: Implications for Oxidative Stress.Biochem.
Pharm. 62: 237-281.

Weast, R.C. 1984. CRC Handbook of chemistry and physics, 64th edn. Boca Raton, CRC Press.

Yamamoto, Y. , Hachia, A. and Matsumoto, H. 1997. Oxidative damage to membranes by a combination of

aluminum and iron in suspension-cultured tobacco cells. Plant Cell Physiology. 38: 1333-1339.



