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1- Phytoremediation
2- Hyperaccumulator
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Table 1. Selected physical and chemical characteristics of the studied soil.
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Table 2. Results of variance analysis of effect of treatment on measured parameters in shoot and root of
studied plants.
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Cd concentration Dry weight  Fresh weight Dry weight Fresh weight D N A e
egree o i
froedom Source of variation
iy sl s 4y sl e
Root Shoot Root Shoot
1741.29 1432.96 6.27 46.51 3243 1083.36 2
Plant varieties
32700447 131878.62 1221 91.51 131.877  1287.36 5 pedls e
Cd levels
ok ok * * Q * blj 5 ls
359.37 1094.05 0.27 1.48 0.73™ 94.55 10 S CAa CJJQM
Plant varieties x Cd levels
Lo
33.15 86.11 0.20 1.023 5.20 1.004 36
Error
Ol s 5 Ao
83 6.9 8.5 5.4 35 7.6 - S s e

Coefficient of variation (%)

W Sl e M e ™ 5 I e 10 57N e s e
** and * Significant difference at P < 0.01 and P < 0.05, respectively and, ™ no-Significant difference.
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Figure 1. The effect of different levels of soil Cd on fresh and dry weights of shoot.
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Similar letters indicate no significant difference at 5% probability level.
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Figure 2. The effect of different levels of soil Cd on fresh and dry weight of root.
Al g a3 gy el el 53 ls iae SN pte Kily 4lie Dy
Similar letters indicate no significant difference at 5% probability level.
A3 el G s ad p sl B S N RP L OLLE alea i 5 ady, paesls
fﬁ&”‘ VeV/Y )L‘":t; BE axdlas )90 °L:§ A )Mﬁ)cﬂJSW¢Jbr}@JSMCﬁ.~
53 Ol e o 530S 5 S SHhS 5 pseeslS Sl R gl siba oSl s
C).:AJLSQ}GJ.G‘LS&)}J&M el S ddy dals )L“‘:'.’. cble B 390 oL_fMJA): (Y d)n{\})

Yoy



Ol SeR g (> o g

S s BB L € el
Loy oSS 2 e Sk DA 5Sike b s
2 esedlS oS Je VYT ls s Jlpadaes IS
DA o) S 0 S 5y S Sk
JUsl 5 Sl Lo Lleaden 5 50 LUl «
OLS ol baslie 53 olsn Glaisn 4 psmeslS
(‘)':"Ls chle l5sl sl Cund ey s)se
Sl 3 S ppasls chile 5151 L Ll

e ) YY) Cleds 55158 ks

[ L H

e

Y

o A0 Marigold,ly tn A
3 &5 400 4

E“l 1-T|:| -
b= Wb alad B
g 0 i'i‘
‘L B 250 A

f=]
L8 1304 c_ b
:']'I E 1007 Dd
L 09 g5 Ee
23

o

22

122 522 772 10112
[P S W L. P P L 1 CE I A

Different levels of soil Cd (mg kg™

272

s

L

VWY Sl o3 Jlpadaes 8 ales e 5 4,
SVHE P pe S e SHS e pels S ks
3 VUM G e mselS oS sl YA/AA
£V 5 YENS e el s s e YINVO
Lo (7 JSE) s el Sl S S5 R
o gl ol s ekl e il bl
S s e paeedlS SBle LI S
eSS 2 psedlS e S e 1YY Llas 53 alse
il 81 5 FEND) wald las 4 Cows St

@3&0 Omamental Cabbage =; .5 A
wn 250 1

g WLl

2 200 A Aty B

2 .
= 150 -

= 50

1 c b

g 100 -

§

2 50

=

=

o 0

59 a7 5
122 272 522

o
LA

1022

L]
s

(A o ) Sl S il o L
Different levels of zoil Cd (mg kg

_li -’-l:b"-mﬂ' 1 Amaranthus ., = = A
IR
R E.bSJD
'% 2300 4  W3hoot il el
-] 2
-._; _g 250 Root, .
= 8 0 E
3 8 b
v 2 150 4 C
W, 8 c
b VY
g S
*‘1: 'E 04
&
- 22 122 272 52 T2 1022
(Sl op & L) poenls o ilede C—'“IQ

Different levels of soil Cd (mg kg™)

'Q‘-‘J’“ e 9 Ay c_rcé‘s cble 2 S c_y_wé‘f s C"h.w ,_fl:—\‘ JS.&
Figure 3. Effect of different levels of soil Cd on Cd concentration of root and shoot.
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Abstract

Background and Objectives: Soil contamination by heavy metals is a serious environmental
challenge and can cause problems for human and animal health globally. Most of remediation
techniques to eliminate contamination from soils are very costly and deteriorate soil physical
and chemical properties. The use of ornamental plants with high biomass and uptake is an
innovative, economical and environmentally friendly way to remediate urban and industrial
sites polluted by heavy metals. The purpose of this study was to investigate the ability of the
marigold, ornamental cabbage and amaranthus to remediate cadmium contaminated soils in
Zanjan province under greenhouse conditions.

Materials and Methods: The present study was conducted as a factorial experiment in a
completely randomized design. Experimental treatments included three types of plant (marigold
(Calendula officinalis), ornamental cabbage (Brassica oleracea) and amaranthus (Amaranthus
cockscomb) and soil cadmium levels (2.2, 12.2,27.2, 57.2, 77.2 and 102.2 mg Cd/kg soil) which
were used in triplicate.

Results: The results indicate that high concentrations of cadmium in soil were toxic to plants
and decreased the fresh and dry weight of the shoot and root. The highest level of soil cadmium
(102.2 mg Cd/kg soil) decreased the fresh weight of the shoot in the marigold, ornamental
cabbage and amaranthus by 77, 69 and 62%, respectively, when compared to the control (zero
cadmium) treatment. Also, the concentration of cadmium of the shoot in the marigold,
ornamental cabbage and amaranthus, when the soil cadmium level was 102.2 mg Cd/kg soil,
increased by 39.88, 21.75 and 46 times, respectively, compared to the control (zero cadmium)
treatment. The maximum amount of cadmium uptake for whole plant biomass was measured
for marigold and ornamental cabbage when soil cadmium level was 77.2 mg Cd/kg soil,
but the highest uptake for amaranthus was calculated in treatment with 102.2 mg Cd/kg
soil. The lowest cadmium uptake was also observed in the control treatment. Translocation
factors for cadmium in studying plants were higher than one and at the highest soil cadmium
level (102.2 mg cadmium per kg soil), the calculated translocation factors of plants were
in the order of marigold > amaranthus > ornamental cabbage respectively. The shoot
bioaccumulation factor at the soil cadmium concentration of 102.2 mg Cd/kg soil was in the
order of marigold > amaranthus > ornamental cabbage. The order of bioaccumulation factor for
root at the soil cadmium concentration of 102.2 mg Cd/kg soil was amaranthus > ornamental
cabbage > marigold.
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Conclusion: The results showed that the translocation factor in the studied plants (marigold,
ornamental cabbage and amaranthus) was more than one and the concentration of cadmium in
dried tissues of aerial parts was more than 100 mg/kg. Therefore, these plants can be classified
as metal accumulator plants in terms of cadmium uptake and translocation and are suitable for
remediation of cadmium contaminated soils.

Keywords: Bioaccumulation factor, Heavy metal, Soil pollution, Translocation factor
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