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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.

5088 ol Pae &gl V0 sl mlacs Hu (Sl O3 puleslys (Sotde slacia gl slaSilie o siew 5o Hu T

ehardonw) slageals

L}‘lsJ‘Jumg‘ﬁ‘aggmﬁ)ﬁaﬁu@\jwu&uSﬂ&‘y@@\xaﬁhm‘)d&)ﬁb‘}]m‘
(F Jsan) ad swss (Z01) wals SLad 5o S cudid wum yu 0 55eS 5 (7 YY) Yo mg kg™

Vigna radiata -v Photosystem Il -y Triticum durum -\

YV


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.2.10.2
https://journal-irshs.ir/article-1-260-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-17 ]

[ DOR: 20.1001.1.16807154.1397.19.2.10.2 ]

obKas 5 spua

chans Lo it bulyd 586 ) QlalS laal glae uyas glagadla 5 (S lsieds S cudd
O el dy olanl by Gals 0SS 5 056088 cula slaiaBsn © ab) Jae paealS (F) adl e
paodlS 31 (s (YY) wsdipe LABal 5) (S il 5 (550 LAJUIS cusas 4 sae L slagis
o odd Gl 5 laal slae cusas Gllbsl swiasplas 50 (1S slagiags oo S odd
o D dam 58 5 axeulS 3 ey b (VF) lLaa s GONCAIVES i 55y S0 adil oo (LS slawialy
o Park Gua g3y 5o S cuii 5 aneslS 51 ais gad (3,18 oL gl o 1) (Sas et wim o (Bl LA LS
ol o) dolas slada® L oS el sud (3,15 5o (Camelina sativa) LulelS oL 5, (YY) LK
s o Hlas cdille Giole)]

Gl 5 0 W8 jLi gead @ et S o asealS wlale (a1 S als Glas sLS 5o S 18 (5588 )l
ol st (88 53 005 a8 59 puSiskee YAY) YO MO KG? Slas 5o 088 05 (a3 53 Cons 908 oo olS
(P dsun) b 0w (S 5 505 p 8 L9 p S(kee YITY) 8l jlass 5o olS JS 8 0 58

Lol 4 o ol Jaad (il 5 ol (el Jolad 4 salie oS Lo o Jslae slanis pans
S olsie o Laas o Slae il b ye G50 oS 5o WS pead 4 € (K00 pge I s S
a5y o9 () ol olS ladaly (Olwsan il 5 Glaias LIS b (oobiss o9 JiSaw J S
SIS areulS Ciline slaslass 53 oS @ sladgalS Hu Jslae slanid 5 ,Ke5lwl L (Y4) Dubey s Verma
pend 5 ol b O Gaa Lo DA 4 st S o aseol€ clile G5l oS widls ol Wy 468 S
Coaw 525 ol Gia (RS @ s olS GESIy 4 1) 08 pasd Gl LapT b aalsa slS 5o Jslas (slans
TSI Ly aveulS

S aly olas o ol oo age pliardonn) (S S Gl 4 galosy Gl wl g oSe)lal
Slass 5o ol ol Hlale 0 YL Sisssbts v sdioe LS 59 Galgiy Ol 4 sake S Hu aeslS il 33!
355 poalS gy SIA oS aal Hlass 5o Galgny oS 5 (8LS 53 05 auS Lo JsesSas V o/ V) Yo mg kgt
(5 Jsaa) (LS 53 500 pS 9 JsesoSee F/VA) wol connes

Jeanl (YF) w3l g awaslS 31 ot Sl 25 Julie o oLS slaganls 31 (S onls s 4inel sucal paa3
oo Lagnis 5 SLeSs o Calooy Oninpd adbige Galgoy Cuel wacl (BB 0 iage oS o (shanl
el 53 silannS) GRS dauls o oS O3l Jlad gl S alilins da Ul Gdls (i sailaas) gla i
BI85 Saa slagia iy 5o S a usa e areulS sgay O AU Gl ol (F) wola 1) W el e
G onlain 5 aslie s 53 555 S araslS 31 as i b (V7) olylas 5 SChal otia s3s 5o ol su
Ol oon el wail pea 4 Hate areulS clale (il 331 S Wi S saaline (Slene vulgaris) lic sLS 51 asealS
5ol sals s ol algs walsis € ol o cnl g (il 8 da S s S peslS 4 uliss Hamp 52 53 85250
W arealS 4 i 8LS e glie sias Las

L «S ula oLas DPPH o131 JISsul, o seealancaS!) (6 5885000 b sl Sl 55T cud )l w0 (5580 5!
ol s 58 G i K55 sbds il (RIS oL SlarcSI BT b sl wis s (S 9 peulS clale ol
(ZYAAY) Yo MY K Slass 5o laeSI 5T cud )l wem o G i 5 (4 VI/VY) aald Slas Lo Slawes)
(P Jsaa) a8 saalie

A 5 05aeS] Jlad slads S suiiS wal 5 s (LA 5ol o GLALS e glie 5o SlasSI BT sl
clle (nal38l oS ol Glas ol a1 BT cndsh 5 aneal€ 31 s (VA F) ol 18 Lag T il

Ecotype -y

YA


https://dor.isc.ac/dor/20.1001.1.16807154.1397.19.2.10.2
https://journal-irshs.ir/article-1-260-fa.html

[ Downloaded from journal-irshs.ir on 2025-07-17 ]

[ DOR: 20.1001.1.16807154.1397.19.2.10.2 ]

o BB s (YLolsS L5 5 S5 sl a8 prealy et

C%é_)]ébl:SJ.aa:;:)l_):\n.}L;LAC_J&.LE‘._)JJ%J;&‘M‘éT@ﬁ&‘}é‘@PégMAau{.\:mdls
s slagis @ ol e slie o SlannI BT e jh dn Sha; (oo 55 4 il GRalS olS s ]
.(\/\) Qs oo u:u.uT Sl u_f}!JJa 5w glamns 51 50 a\:S Ls"“‘\f""'s‘L;’"T ey Lol ol e Oudd

‘;:m;lS a_\l..g}ﬂ C\}Ja.t.u O ﬁJJjT S L CA:\.a.u:s Ji‘)lA_,.‘.u ﬁl:\§ Lﬁs‘:\Af.ﬁl "u.u.l*:) CsLAUA.;L‘i' 6[_& ’J..‘i.; -5 LJJ‘-\.A

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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