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Table 1. The chemica and physical characteristics of the soil before contaminated with

cadmium.
ol
Parameter
g 8.3
pH
S S culaa culls 2.28
EC (dS. m?Y)
2l Sl

Chemical analyses
OS5 0.03
N (%)
b 10.9
P(mgkg™)
sy 155
K (mg kg™)
ol 6.7
Fe (mg kg™
X 0.9
Zn (mg kg™)
5 5.9
Mn (mg kg™)
e 0.3
Cu (mg kg™)
CaCos (%)
RS 0.16
Organic Carbon (%)

sSaiss s5K0

Physical anayses
i 62
Sand (%)
ol 20
Silt (%)
o 18
Clay (%)
S =il b ol
Soil texture
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Table 2. Comparison of cadmium concentration in contaminated soil, root, aerial parts and

comparison of bioconcentration factor (BCF) and translocation factor (TF) in different
pollution treatments of E. purpurea.

JL‘%: ﬁ“ts
Treatment Cadmium
Cd(NOs): mg kg™
(mg kgl) Sk 4 wls ‘;Lm ] oaald JEn) jeal
Sail Root Shoot Bioconcentration  Trandocation
(mg kg?) (mg kg?) (mg kg?) factor factor
5.20f 2.70f 0.51e 0.62d 0.18a
5 12.29% 6.40e 1.06d 0.60d 0.16b
10 15.79d 9.75d 1.75¢ 0.72b 0.17a
15 21.66¢ 14.73c 1.96b 0.76a 0.12c
20 28.00b 15.66b 1.96b 0.62d 0.12c
25 29.81a 17.30a 2.23a 0.65c 0.12c

T Means followed by the same letters in each column are not significantly different at P < 0.05 using Duncan
test.
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Table 3. Changes in growth indices of E. purpurea in different levels of cadmium
contaminated soil.

olass Spalas oS ok Al 505y SaA 05y ades S5 00y i, SEA (5
Treatment L eaf Plant salsa &lsa alsl Root wet Root
(mg kg?) number height Shoot Shoot weight dry

(cm) weight dry (9 weight

(9 weight(q) ©

0 7.33a 36.00b  10.16a 3.31a 13.74d 2.40c
5 7.00a 37.00a 9.76b 2.71b 14.61c 2.51c
10 5.66c 34.66ab  8.47d 2.28c 13.11d 2.15d
15 5.66C 35.00c  9.00bc 2.36¢ 14.80bc 2.49c
20 5.33c 34.33c 8.87c 2.27c 17.64a 3.16a
25 6.33b 30.33d 8.20d 2.06d 16.74b 2.76b

T Means followed by the same letters in each column are not significantly different at P < 0.05 using Duncan
test.
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Table 4. Changes in flowering indices of E. purpurea in different levels of cadmium
contaminated soil.

slas K Gl Yo K s e Jsb Olaen 501
Treatment Flower Flower XK XK
(mg kg™ stem diameter Flower longevity Flower

length (cm) (day) anthocyanin

(cm) (mg L—l)
0 50.00d 8.06a 35.00a 27.67a
5 50.33d 7.66C 34.33a 23.05b
10 48.33d 7.46¢C 36.33a 21.71c
15 57.00c 7.63c 30.66b 20.38d
20 64.00b 8.00ab 27.00c 21.38dc
25 67.66a 7.73bc 24.66d 20.88dc

T Means followed by the same letters in each column are not significantly different at P < 0.05 using Duncan
test.
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Table 5. Changes in leaf pigments of E. purpurea in different levels of cadmium
contaminated soil.

sl Olaen g JS b K 4 55,8

Treatment KW Chasp Carotenoid
(mg kg_l) Leaf anthocyanin (mg |_'1) (mg g_lFW_l) (mg g_lF\N_l)

0 3.50f 1.95a 0.833d

5 4.67e 1.81b 0.916¢

10 5.40d 1.75¢c 0.909c

15 5.73c 1.71d 0.963b

20 6.45b 1.70d 0.967ab

25 7.96a 1.6le 0.997a

T Means followed by the same letters in each column are not significantly different at P < 0.05 using Duncan
test.
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Table 6. Changes in biochemical indices of E. purpurea in different levels of cadmium
contaminated soil.

oleas o Sl JS i Ol S BT ek
Treatment Electrolyte Total Proline Antioxidant
(mg kg?) leakage (%) sugars (umol gtFwW?) capacity
(mg g*FW™) (%)

0 11.00d 2.22d 4.29d 71.17a

5 12.00c 3.30b 4.96¢ 51.46¢

10 14.00b 3.32b 6.78b 57.04b

15 14.66b 2.98c 6.79b 52.88c

20 15.00b 3.28b 9.95a 42.45d

25 22.00a 3.82a 10.01a 28.87e

T Means followed by the same letters in each column are not significantly different at P < 0.05 using Duncan
test.
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I nvestigation of Physiological Response and Phytoremediation ability of
Echinacea purpureain Cadmium Contaminated Soil

S. Heidari, R. Fotouhi Ghazvini*, M. Zavareh and M. K afi?!

Cadmium is a heavy meta that contaminates water and soil. In order to study on soil
cadmium tolerance and remediation ability of Echinacea purpurea, a greenhouse experiment
in a completely randomized design was conducted by pots filled with soil and cadmium
nitrate [Cd(NOs)2] in concentrations of 0, 5, 10, 15, 20, 25 mg kg. The results showed that
with the addition of cadmium in the soil, cadmium uptake by roots and aerial parts
(bioconcentration factor) was increased while the ability of cadmium transfer from root to
shoot (translocation factor) was decreased. Increasing the concentration of cadmium resulted
in 13, 15, 37 and 19 percent reduction in leaf number, plant length, shoot fresh and dry
weight, but with an increase of 18 and 22 percent root fresh and dry weight, high resistance to
cadmium was observed. Flowering indices exhibited flowering ability of E. purpurea in
different concentration of cadmium. Total chlorophyll content declined by increasing
cadmium concentration, while anthocyanin, carotenoid and some tolerance indicators such as
total sugars and proline elevated significantly (P<0.05). In addition, higher concentrations of
soil cadmium caused 11 percent increment in electrolyte leakage and 43 percent decrement in
antioxidant capacity. Overall, E. purpurea with high resistance to cadmium had an ability to
remediate cadmium-contaminated soil with concentration up to 25 mg kg™.

Keywords: Coneflower, Heavy metals, Phytoremediation, Bioremediation, Bioconcentration
factor, Translocation factor.
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