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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

SliS il ) § (3l 98 Alal ya aseulS S (5 S0 il

D18 Gugaalis 4o 0 Ve slos Lo, Hu g Gan (Saa 85508 5 alS 90 GO0 sad Sia oS G

BY oaets ol b ad swiliny o gendis da 50 00 @ cielas g0 (350 5o 5 e 05K (slos i suly
S LSS Gad KA Sl e wad pHa s S Sl las ) 5 S 5 Ghigela 65 S da 50 00 sles o el VY
el SIS g puan Sl e Ve lalle el g Jla las o 5wl susld gy celo wdind b 5 wa S pud o

CsLAJlA'.":)fJJ‘L)“J:""‘J‘""“%JJA. L;Lod_)duﬁmad‘dj‘ﬁgiem)duabjﬁw..A.A.Z&JJ}‘JYJAY

VY-


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

[ Downloaded from journal-irshs.ir on 2026-01-29 |

[ DOR: 20.1001.1.16807154.1397.19.2.10.2 ]

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

Gla i e Voo 8353 Ol Jalo 0\ solat ity ils 320 31 63508 bisine sk oold s
OBlsa (sl sud aags soliae S ad swilin; aaa 40355 Olb Slisiae 8558 (sedied Bl w5 WS
Cla OIS oo ¢l (V) ad saliind (AA-B70 5 50lerd Jas) (o) Ll sy i gt aaealS clile
S JES) pedls wd a0 pand pedls o JEBI Gadls wile sl pedls sad il LS 5o aseslS
2ot Al 5o aseslS Chle cad 3 pand edld 5wl oo ol clile 4 s alwil o aeslS cble s
AVF ) Wl o crnts gl S Lo o] S wlale o
DS 5 gudiy slagadl

Saa 05y cduy 0ds B SEA Oy S 5 0oy B ok S olaad Jold gud; slageals
GoSeolil sl sad,y so90 oblk B GlalS a8 oSeslal dajlas Jleel 51 555 A 51 e i,
o Job (JS i omias K dlu Sl ddan 51 (ad glagadls o wad Lia A€ L Lad e slagadls
B (55805l K il gl 5 K
S g IS g JS Jud g ,ls

sheo Yo oohie Cuas s S (55Ke 3l (8) AMNON (hs) a0 oLS (Lo, w935 5,1S 5 JS Jad g K
G0 Jeals sule ad el osah 5 w8 sus)8l 8L S o3l wal B a8 /0 LA el S
Jolae oia w0 S 550 00 B8 Ve Guets 5 Fove a0 b (BAL7TRY G, gyl Jae) 5sai stk olSiuy
3595 5518 (5l SRl ¥Ve 5 D Ui g, (sl Sie U FYO 58 Ui 5K (sl Sie il FEY £ ge Uk Lo (25
IS Jsd 5, as sl A (LK) eal 1td T8O+ UV/VIS; PG Instruments Jae) sie 53 5 5iSal b 53
123955 (558 8511 535 dasl g alaeuss 5 (MY G PW™) 53 055 008 5a S slee ulal s 48 555,18 5
(VA/Y Aspr =< N Ases) VIV - W =a Lid KK
(VA/Y Agey =+ /AP Agse) VIV -« W=D L K
Voo (A ) =TIV (@85l p S lae) =V - ¥ (D Jid g5 o S e /YYY a5,
b s s, +a s g I =S Jad 5,8
Vil oo e b ¥V 52T 5 Y0 slagse b 5o s oin w5 0 Ar Assr 9 Apra YU Ll g, 5o «S

sl 0 S a5 gl 5 058 W sud ils sjliac aaa
S S 9 S b gin]

Gl ol B By ol o9 S sslial PH o culs (i 3OS ol sl goSeslal gl
Gaad a S /0 51 el s lime gkl (gl Hobie Cpas S sslill ¥/0 5V PH gu Lo (5550 538 5 530!
3 e Pl VY. 50V oo Jsb g0 5o Cla s S suliin] (Sow K wl caan 7Y (s5la) sl J e )
SR Y Cpasban S o aSle Gulealys il T oloae 5 o awilpd e 585 30l dlis s
(FY) ad ols (449.2gmol™ tse 055 5 26,900 L moltem™ s gala o)

(9 Sl
o 5kl 4 850 GlaSiny 5w S (golu e sad S sae O GlaK A Bl S cudd aus e Guaad (gl
41'°-333\93L5‘JJ°3‘%’TJ:‘:‘JL;‘:“\’ EYVPRPINVRVL ) KRR @&:Eujguuy,; dae & olaal 4 g yie e
cale 4010 Yo o Jae) g EC s&iis 5 soliind b (EC1) basse ) (S5l colan celis VY

Jenway - Eppendorf Centrifuged -\

YN


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

[ Downloaded from journal-irshs.ir on 2026-01-29 |

[ DOR: 20.1001.1.16807154.1397.19.2.10.2 ]

obKas 5 spua

B owad swildga 4880 Vo e Gusseals daje Vor glos 5o L sad Gup ol (5585l (LS
Si3 ol 4,0 Y0 (oo B Lt sad Gapee 35t o037 Lol s3SI 4an 5 i g 403S Lacdls JolS | sty
ECL iy wum o Gulalys S onds aimyu AT Ho g ad s,:Se3lal (EC2) Ll (S iSI colaa 5 wak
(YY) o e s EC2 4
JS W5

Sl e o saliie Col (sl wu S soSesll puas (Sl b (YA) SOMOQYT (i, pulead 5o JS 38
plan o8 5 wasS sa 308 S 5l s gloatal sobae il (e oo sola Gnle)dT slad gl & us Sl g
e 3l il e 59 Gupes 058 e g G 08 Gupee 5 23S (65165 Go el dasu Vs sl b ST
Sl Fee pge Jsb o oda Qa5 ad 385 Shlhe Ve B Juala Jslae 5 0308 83538 Soand g giend
L SO i sad s wololial ade Gell 5 US a8 LG o ad sdil A T 5385 il iy 4
a9 ol (MG G FW) ol 53 055 208 5o pSslee o 5m

Sl a Sl Yoo sliie cnl (shs (A) o soliinal o)) )Kan s BaAES (255 51 Gl e soSe )l (1
23508 70+ el Sabcalln gil gow 53l e /0 T 0 5 wn S Ol e Ak Lo mle 55550 dl s
Uslan 31 53adlin | 40 e 1008 3 ilew 4BiBa Vo Stm 53 VYoo g0 L 5 g siilen olS5uas s
Salhie Yo aaal Sl Sl (e Yo 5o Gasaaa b a SV (sola) Gusaaa (b e Sl e N (s
won Ve a S ol alen o celn S et 5w S 80558 wd Sataal Sl Lo ¥ 5 (DY 50 # el K580
Gl 4 Bl Sulhe Dley el B8ge m JAl RIS LGSy ad sl cola G el
OV+ e ok 5o (290 SB S 308 Jslae (558 Cia il S5, 4B Y B0 et 5 wa S syl
oo slachle Qi fale g5 O s @l Cnlony cble ad swilsa e 18,55l b yie 50
2395 ol (MMOl GHFW) ol 53 0,55 a8 59 JsessSes Lolaslis 5 b dnalae 5ol sla slas
(s T B

=) i g9 V=) o] YISl (SaiS (BA cwald sl 51 SO s olS a5 Ha (Sl T sl
Job oo e gad Cla (4) wa S Gaad (so%e 538 9 5Saeal (o, 51 saliid b 5 (DPPH) Uosloasa i Se ¥
Gaslae DPPH (S0 lasls s s o sots Lasjlae SlaseSt BT il 5 o swil g 51 63U OV £ 50

ol
sokel slsly
> Lasols Sl dimlie il & ypem 4\ i SAS o LT Lisdla s 51 soliind b s5bT 5lS1;

paouls Sia

wa&gu;ﬁ&&dﬁgguoﬁﬁz‘,a OB s olS lga (as g ddu )y oo psealS wlile (5,86 5l
dline slajlas o JEB Gedld 5 pesd Gedld cpinas ol Glas (0 mhw Ho) ol ol
A Json) 3.8 dslie 5 5 S5

1,1-Diphenyl-2-picrylhydrazyl -\

\YY


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

[ Downloaded from journal-irshs.ir on 2026-01-29 |

[ DOR: 20.1001.1.16807154.1397.19.2.10.2 ]

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

oble Gl L 5 us oglite dliae glajled o SO s sl olsa alwil 5 <o) 5o areal€ B8 Lia
aroalS i 53eS ol LES il ol e ahSl sl i B s iy 5o aeolS Lia susll S Ly aweulS
Yo MG KG™ Slas 5o Cin st 5 asSelS s a8l #/F+ L sslos 50 MO KG™ Hlass Lo ol s 5o
Ol S, e LS lsm alil s aweulS (5580 31) (sladasis g aSHLS L a8l WIS L by
29 oaleh Al 5u aneulS e oS il il i WS s asealS bl (il L LS ol L oS ol
L else 5 YO MG K™ [las 59 pueslS Gda cpsitis 5 a,S5LS 5o 0 Sl VF Ll 50 MIKG™ Slas
ik swss a SIS 5o a S L Y/YY

SLaals) 5o aaslS 35 5Tann U5 S5 e oL € uls (L) pead edls cuslie sladass
sss (+IVF 5 - IVY a3 ) V0 5\ MO KG™ [lasi 5o susTpan e i 5ls 15 553 58 5 s
BB U1 oL ol € i€ ole olinan Ll il (2al€ SYL slackle i paad edls Sl s
sl Lo ) el g Seolul sladasss ol GLas (+/50) Yo MY KGT cbile B aweslS sl gy 58
(-1 5 \A oS534) V- MIKG? Slas 5 walis Hlass o JESI padl o sidu 4o ) ol las JSHA s
w1 1 s Al & iy 3l arenlS JESH U1 aa YL bl b slaslad 5o obS cpl Lol it sus

5 it SBIE B 1y e alil o araslS pand Jueilly 45 o b o 46S SALS 4 ouiiS Lialys olalS
902 OIS prealS Lda (pl b g Busad Gl Babs 1) 8LS gl 4 SIL(YY) wipla 1) a S6lS soa S lie V-
A 523 oLl [0 sud wil g8 a0 B )y YL DlEe L e B by S andien st Lialé olals
S 5 s Lt JEBI (el als plis S 5 aeaslS YL oLS (gl oYU ey oLS ol asonlS
o @ude Gl adl YL edls Gl dasa 5wl (oo usa (olsa plil 4 el 51 S B8 S YD) o oLS
e Bon O soid (i 518 GLSIA (g55T pea 5 GalD s 5 (2lop pll B3a b oS wles e olaol
09 Sos slagiagsy b olsie 15 (/= VYY) Glaladl cnl 5o JSOA s ol JE0I padls sa S3a
5 i Ldaly GlalS plgie 4 (/Y ) SiS) Tglas ale o (+/--V0/YF) Ll aduas GlalS L LIS
G S (YF A ) wols clllas susla (e sly olS ) Juola sladanis b € o gad cewlie aranlS 4 5lie
Sl 155 waal g0 Oll Gao8) wile ol slagi g, dhy 0 GLALS Lo 1, JEI padls ol S
(VF) aetiis 5 sage S 6 S 5 sl

olia arealS ol sads GBI O 8SE KA s ol b 8 aaeal€ Oda 5 (2L GBS (5 Se 5l
ol o Lasul siuel 5 oS «SOIS) slanunl b pud S5 day 4 5 GEST slaws gl ol 51 Wil 5o sui
lalae (AT 4 sate 5l aalad Ol 1) pans sl L3 areslS LaS s (5,8 5o s JER) ol a
WIS sladS peas il (V) Siluga 5 (pamms (Y+) sl po SThn 38 5l soSsla 5 B3 slas) dawd S3s
sael sty pand Gedls 5l i oS Wi gad GEOIR /TY A geeul€ (Ko il mhais 0a 3YL o 15 G855 5 Y
peadlS Gia Jansilly sl (V) ol1San 5 LiU Gaa g5y 5o s GiasSe ool 5o (+/VF) JS51a pun slS sl
solhe Gl ¥ gand (adlin b sles e ol aq 81 oy LA les e 5 lia aid ST oLS 4 oo
pSY LY YL ou s cowl Judo ) paad peald b 50 o8 oLS (g o)l panealS YL sla wlile 6l
L Lol 5o pagd ool latan® b 4S el gelS € sugll S G2V sl Gl gl S (K Lo
03 -l san (ol sa Al 5 ko S 05 psans) G Ha Ho 8 8w Bl s 8 oy b KOG
9 ot lasS dale (Auy oS i U cwn b (YF) obKea 5 RUNgrUang oo iags
Jaeailiy (a oSS o p Slie Frv ) S auanlS clale 0 330 B (s 8an oL 45 SIS s Ol Gla Sols]

Ethylenediaminetetraacetic acid (EDTA) -v Panicum maximum -y Hyperaccumul ator -\

\YY


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

[ Downloaded from journal-irshs.ir on 2026-01-29 |

[ DOR: 20.1001.1.16807154.1397.19.2.10.2 ]

obKas 5 spua

AS paad adli bl Cile (YL su gl ) 4 a8 b Ll iondls SIA 51 Y paaS padla b)) Gia
O3 (nl slatan® b oS wd (35108 arenl€ RVl g sllae (514038 oLS gl /Y JIE) il oY )

BL) Jl:\:u‘ OA‘ALA.::JJ CAA: UAALA.Z: 4.4.‘.%‘:4.4: 9 UT-“JA {.\‘m‘ “LA.:Z‘:»‘) ‘bJJjT S| o9 “.\:LQJ‘S C,Jé.u‘_ ‘La.uil:\.a—Y JJJA
.LKJ‘A‘).A.H élﬂg L;;\,.\TJJSA.AL;LAJLQS
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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