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Remediation of soils contaminated with heavy metals has become one of
the major problems in the world. Plant-remediation is one of the most
promising breeding methods that has received attention all over the world
today. Environmental factors also play a role in the degree of purification of
heavy elements by plants and establishment of different types of medicinal
species with different capabilities. In the present study, the independent and
combined effects of the region (R1, R2, R3 and R4) and different
concentrations of copper element (control, 50, 150, 300 and 400 mg/kg) on
length and dry weight, chlorophyll content, the amount of absorption and
distribution of copper element, biological transfer factor (TF) and
bioaccumulation factor (BAF) in roots and shoots of purslane was tested.
Purslane seeds were collected from four regions with concentrations of 50,
150, 300 and 400 mg of copper per kilogram of soil from Askari Raver
copper mine in Kerman province and cultivated under greenhouse
conditions. The present study showed that the critical level of copper
(mg/kg) for reducing morphological traits and chlorophyll content in
purslane compared to optimal growth was 300 for R1 and R2 regions and
400 for R3 and R4 regions. Plants grown from seeds collected from R3 and
R4 regions were able to tolerate higher levels of copper concentration and
showed more morphological traits and chlorophyll content in high copper
concentrations. The biological accumulation factor was in the range of 1.6
to 9.41 in the root and in the range of 1.07 to 6.8 in the shoot and the
biological transfer factor was in the range of 0.56 to 0.73, which made the
results of purslane plant as The title introduces a plant that accumulates and
biostabilizes copper metal in the studied area.

Introduction: Remediation of soils contaminated with heavy metals with
high levels of contamination has become one of the major problems in the
world. Phytoremediation is considered one of the most promising breeding
methods that has received attention all over the world today. Environmental
factors also play a role in the amount of purification of heavy elements by
plants and establishment of different types of medicinal species with
different capabilities. The purpose of this research was to investigate the
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independent and mutual effects of region and copper toxicity on the
morphological characteristics, chlorophyll content and phytoremediation of

purslane (Portulaca oleracea).

Materials and methods: Purslane seeds from four regions (Ri, Rz, Rs and
R4) with concentrations of 50, 150, 300 and 400 mg of copper per kilogram
of soil were collected with randomly classified method from the pastures of
Askari Raver copper mine located in Kerman province. The experiment was
done factorially in a completely randomized design under greenhouse
conditions with 3 replications. Cultivation was carried out in polyethylene
pots with a diameter of 17 and a height of 15 cm and an empty weight of
270 + 10 grams under suitable temperature conditions in the greenhouse.
After 55 days, during harvest, purslane plants were divided into aerial and
root parts, and length and dry weight, chlorophyll content, absorption and
distribution of copper element, biological transfer factor (TF) and bio
concentration factor (BAF) in the aerial parts and roots of purslane were

measured.

Results and Discussion: The present study showed that the critical level of
copper (mg/kg) for reducing morphological traits and chlorophyll content in
purslane compared to optimal growth was 300 for R1 and R2 areas and 400
for R3 and R4 areas. Plants grown from seeds collected from R3 and R4
areas were able to tolerate higher levels of copper concentration and showed
more morphological traits and chlorophyll content at high copper
concentrations. The bioaccumulation factor ranged from 1.6 to 9.41 in roots
and from 1.07 to 6.8 in shoots, and the bio transfer factor ranged from 0.56
to 0.73. Heavy metal contamination of rangelands poses a serious
environmental risk by reducing plant productivity and facilitating metal
entry into the food chain, with copper toxicity markedly impairing growth,
biomass accumulation, and chlorophyll content through disruption of root
integrity and key physiological processes. The present findings demonstrate
that Portulaca oleracea exhibits differential tolerance to copper depending
on ecotype origin, with plants from highly contaminated regions (R3 and
R4) showing greater growth performance and chlorophyll stability at
elevated Cu levels, likely due to long-term adaptive selection. Moreover,
preferential copper accumulation in roots, low translocation factors, and
high bioaccumulation indices indicate that purslane functions primarily as a
metal-excluding, phytostabilizing species, making it a suitable candidate for
the stabilization of copper-contaminated soils.

Conclusion: Purslane is capable of accumulating a high percentage of
copper that can be absorbed from the soil in its various organs, especially
the roots, and can be used as a super accumulator plant to remove copper
pollution in the study area. Also, given that the biological transfer
coefficient in this plant was less than one and the bioaccumulation
coefficient was higher than one, this species can be introduced as a suitable
biological stabilizer in the study area.

Cite this article as: Jahanshahi, H., Ajam Norouzi, H., Dadashi, M.R., Rezaee, M.A. (2025). Independent
and combined effects of region and copper on morphological characteristics, chlorophyll content
and phytoremediation of purslane (Portulaca oleracea) (Case study: Askari Raver copper mine
pastures). Journal of Plant Environmental Physiology,77(1): 146-162.

©The author(s) Publisher: Islamic Azad University, Gorgan branch
uy Doi: https://doi.org/10.71890/iper.2025.1129496

YV



PUS o (559092 340

el Ll

1o Suaig 381 Ll

o PSI

—

T s Sk it
Phycological Society of Iran

FEPP=VEV)
FYAPM=ES AN e ) A
K anly

2Vl oL g Jidg IS lgsn (59590 Sluogas o 3 Ao plgi g Jiiuwo O i1
(591 G ySwme (o yizo &3l g0 35090 axfllao) (Portulaca oleracea) 4 5 olS

v - é - Y é ES) . e .
w\?wsja‘ LSJ“JSLS"J‘G"’fLG"“ °'>|)(5)S"‘"°)J"a""
Ot ol S ‘6;)}L:s@);h;}yhg@z,; Olajle Dlo S nns mlio 5 (5355158 Sliadons S 50 0 5 SR liios [io o gs sk 53
mtashakorizadeh1981@gmail.com :w.tLi,
-.mehrabi@aree0.ac.ir :wabll; (ol ul ol S (355158 s 5 5 Shipel «linhons Olajle Ole S e i 5 ($355L5S Slidkos S 50 Of 5 Sbe i)
narges.hatami5579@gmail.com L1, « Ol Ol «s555LES T sl o lidiss Olesle o 528 Sl s Wi ik rye”

oS>

35 el i 1 S w sl Sa T b S S35 o3 )1 slasS= —
g ol Sla gy 5ol sl 51 S (VL olS sl ol s Ol
Olime 03 3 (lame Jolse ol 4 S 13 4 53 5550 Ol sl 53 05500 45 35 0
Gl callB U sl a6 ,8 il g1l Sl 5 OalS Loy Ko olie SVl
3 (Rs sR3 R2 Ryp) il plos s S Ol Sl aadlls jo o d gl B o glie
(ST e ST Lo 5Y 0 000 00 ald) s jaie Cilite gl lle
Uil 558U (e 2ie x5 5 o Olme (s IS slsmn (S 055 5 b
oS L s eay a3l a0 5 ol plpn ol 5wl 53 e e 58U 5 (S3se
SIS SIS 05 o p Sk frr 5 T0r 00 00 Glachale L adlaw ez 5l 465
aalllae it S LS Ll 3 s (soslen Ol S Olid 3 sls (6, Ke e Cilas
5 SN Pose Dlis S ol (oSS 55 0 S ee) e Gl om e o5 5l OLES Sl
clble 5R2 s Ry Gble gl p Ve Clle g Ao, baslie o w65 3 Lds IS (ol ses
R 5 Rs Gblue 3l edd (s)slmer 5ol 54l As, 0LS 55 Ra 5 Rs gl gl 80
Js S Glsome 5 55058050 Dlio 5 S Jod Al 1) s SRS Sl 6 SV ke
LV a3 gdmes 53« SS58) 5 Eos HySB Ll DL e SV slackle js 1, (g xi
o9t 33 S0 e I 5556 5 alym ol 53 VA B V/AY 03 sdome 53 5 4y 3 4/8)
ghﬁ:;,ﬁ:_;ug:ﬁet_;&_g\ygbafasguw\n\s;ﬁfp VY G +/00

S o e anlllas o) 0 il 53 s b ;oS

Wl g8

g Al

VESY/0 0V il s b
VETIVT s K5l gt
VEY ANy 6
VERE/ il ol

sl sloo s
55 J
s o
ool Olals
WSS O3

305, gl 5 G b 255 e il OEYE) 8 5 il selgll (SASS s tos i co3l3 (6 ST ol

NN OV (LS e (o5 58 ()5 50 035) S (63 Sas 5 (S50 58 0 Slio i

O3 asly oDl a3 ol&ils 1,50
Doi: https://doi.org/10.71890/iper.2025.1129496 B
s 5 ©

YFA


https://orcid.org/0000-0002-2513-6794
https://orcid.org/0000-0003-2608-2123
https://orcid.org/0000-0003-2608-2123
https://orcid.org/0000-0002-5551-7002
https://orcid.org/0000-0002-5551-7002
mailto:f.kazemi@ecu.edu.au
mailto:f.kazemi@ecu.edu.au
mailto:f.kazemi@ecu.edu.au

wSluogas g o g ddlin pl,&'g o <l 51

VS NSY ilomivs | 1FF 5l VY 0 )loud iy JUo ¢ oBLS Lano (o5olen jud

Slass e ol =l el 5 ol e el
(ZN) 535 «(CW) s (CO) o 5105LS (PD) v
Nagajyoti Hg) ¢ 5> 5 (As) K, (Cr) 03,5
3OS o e anw s L (et al, 2010
Ol Ll 4 e L) sl led (i e
L or s (Sl s b Sl L > S
Js 4 K ol3s S5 )1 (Faroog et al., 2020)
3 S b el s dasee 53 Oaledl SN b 0L
S ot S i 2 B8 ol s
Sl alis s cul ol bis Sl Jas
Ll 5 e oK ol 1 a8 Wles S Al Slallas
SIS 5 e G5 e DI bl sl
(o o5 Ol i L(Yang et al., 2021) . 5
e il (Sl 48 el slha gy esle S e
Ll i 53 QLS oS s 5 ol (55 00 OlaLS
s 3le b slajly (S o Ly s 3 graS
Ol G 5 (Sou v 5 L3 Bs ik
Zhang et ) das e OLi 55 5l ol BBL Ll
9 Ay s Ll e e YL RIS Ll (al, 2019
B el 5 3,0 e U oL e s
slpe oda 5 OLalS sl 5 ud;y 3 gl
S 2 S 5 e L R s les (gl
SIS Gl 5l (5 s Shas s 5 350
=L RNA 5DNA daue a5y aile oJ sk
s S 0lalS (Gong et al., 2021) 5,108
S PP W P { P S WPV CWARCH T E
cotbomntse (S5 St 53 s Bk
Ramteke et ) 1S 850 G54, 00 5 ow i
s O K sl esdle (al., 2016
Sls g o dan S o a S OlalS (g,
s o ey o b 3L OlalS ol aS (gleds
05,0 wlinlie 5 X108 o 50 50 S e il s

ol palis ol e s 5 Sl e 5l (5ol

V4

4 s

Portulaca .Y plo L4 = 55l NERY
cul LS Portulacaceae 5| 5L ;loleracea
b b gLl U asyds 0l s oS LSS
sl 001y s S 5 Jime bl 53 5 doy o
Al e S S Ui 5 2255 S s Bl gl
Slos am Jobe ol Slayds Sls 5 J seS 0 500
5l ol olS ol (Cros et al.,, 2006) .|
ESAC slagmlay s s m o gladel
IS o ladul o3 Ve s a8 WSk e
Of o y5 00 350> 5o gLl s OF sy oias
Masoodi ) das o LS5 Y Kl o el L |
s Ol e olS ol ssols ol 5l (et al., 2011
(g Sl s 3 s o el
s S adal (Olgdl S el wliS el
S ol po 5 el ity (S S O
35S oyldl e 5 ot el (S8 ]
.(Zargari, 1997)

A )l OLalS Sl 5 S 5 55 ks
58 cod ol - B alS mali 3
Jelse ol G 53 5 303 413 Jases Lol ye 0
2 mals glaas il plail il o s
oS 5 455 S o il Gblis 5 Lol
S5 pata Jalse nl s 4 DS b
Jsle  ame Lol 4 OLe 51 .(Habibi et al., 2009)
eBlar ST s Ay 1) U i S
Glackle 5 OLS 5oy 5050 o)l glaa S
5 St s S Sl i (s ol il
Slho gt Al e e e b
Habibi et) 5,138 36 OlS pl G555 5 555 50
.@l., 2009

sae b olls gl S oMol G S s

eSS i e S Y (VL )



VESASY ilmis | 1FoF e VY 0)lod cpinns JUo o BLS saars (g5dsn jud

Oy Ko g 00l 6 )i 0 yguai0

Slsde b s ails 4 s sde Ve OIS s s
Sl Lsls OLiS 3 5l oSl oS e s
o BAs adls K Sl e 3l e e
©+) CUSOs ilzses 535 & ¢ ilesl glales Ol sie
(SUs ¢ 85U 5o s oS s f00 5 Y00 0
Cl S sk ws ol O asie i
el_apc).)_»e\_:jkgﬁ_w\l_aub_kf&lﬁ-cla“@
sl 5 S ol 1,8 6 L5 O el S
olals (Talukder et al., 2011) 5,5 & 50 g
il r\_f;.a): LS Cdls 35,00 31 e
A_iﬁ)}@\)_af\bléuwgaﬁdudﬁ
Sl (S5 s Do 5 Kl S B
S BAF S TF (e n o Oy e o35 IS
L5 6, S eIl oS Cilitee glacan
S lso 5 38500 Slie xS0l
Isb 5 il ool gLyl (6,8 3l g 1S
Saks o pe oo BY s b S b 5l Al
Ay bl 5 Sl gl sl
LS it 03 s Sl s 1S e sl
A a5 gl pll 03 S i 5 ey
55D a5 el ot b 53 e sl
s a3 VY Sl s 05T 55 5y L
838 G S5=d Ol S 055 U s i
AlE ek /) i L Laa el S
oo S eslial Uy 55 S 8 IS (5 Sl
g_,.ef.b ¢L>.L}l (Y4AVY) Lichtenthaler
8 S (e s D Dl o
65 oS gy JUB) b 5 S50

plasl 5 adyy 5l S /N (e ShlE s ol
srlasl glaadd 0,5 5 5,5 a5 oL S Ll
r e b A sed pp e e K 4y
el SISyl e V0 510 S i

VO

Ramteke et al., 2016; ) A K 5L 5
S Dlle sz Dl 3 EalS (ol .(Negi, 2018
b el 5 Dl s ge Sl esla il ey
DSl SO Ol OLalS 5 LapeilS 515 S
e K ol S Y S ks
Chaney et al., ) 5,15 s )5 1y asusa o S 5 ol
Jsb i e oo 5 ailata f1 anlllas ol s (1997
(e o (Jd s IS (gl e (S22 055
=5 5 (TF) (55T e Jil ls, 5516
oS iy 5 gls pll 53 BAF) (S35t 5e

a8 Ll s s(Portulaca oleracea) 4 ,=

L by g sls
53 e e a0 e 5l 2 olS L
Jsb) osly Ol gl (6 Sws s Sdne adlae
IIVVIVAE (5,0 5 "0 08" T/ALT Lol i
Qt;ﬂ\)scé\}(théa“)'\fﬂﬂ\\ L g CL&S)\
Gl Yo By Gas 5lad L;),T@.? ol S
(dme adlaie jn b OlalS sy Ol bl e )
el s S eIkl e e 5 el St
Rs Ry Ri1) adkaie jlgz 4 gdns adlaie e clale
S e £ Y V00 00 sl lale LRy
a2 oS s s S S 5 e
Codls padlaie Sl el gduarb golad )
SV sl i s sl L i b obolls s
4_5‘¢J_<Y\/~i\~ S 035 5 e Sl Ve CL[L?)\
e by olas JolS = b B s )5S ) 5e
e bl 0 x ddlate £) OIS e s S 1SS
SIS L 0ldS a5 cdls 555 (IS Y x

@gj\y.uﬂéﬁwY&J\pam

b 5 o ol b 5l SLs Gl



il guas o g adbaio plgi 9 Jiumo Ol )i

VS NSY ilomivs | 1FF 5l VY 0 )loud iy JUo ¢ oBLS Lano (o5olen jud

BAF) (S35 5 st pans 55515 sloa s L |
sl el b aly, Ko 055 00 B chle e
Yoonetal, ) SLs i O3 s -6 o ble o
e o TF) i3 Jil o s 5 ((2006
Sl e oS e ol s S s
&~ ((Yoon et al., 2006) oLS 4oy 55 opSiw

A eslizal So T VL cg oS LIS L

LVor slas 53 ot plam b (5lecy o bai sl
SIS GV EVIPRICTR WP PN JC O WIPESST O
3 A K 0 OlS gl d el 53 LS
e S (I e 55 Laa gl O
5edes Gl lo Lels 5 (i b b sl
A 0 an e OF oS ay sl o
o— slds .(Reeves et al., 1999) 4 oil o,
Shimadzu o3l Clor oSaws b bt yas 55 352 50

e 5 ,Se3lul T000AA Joke

OIS s oslizal 5550 Sbt Slasd 5 S5 Sl soast ) Jgud

o Dot b Sl g
Cala ;
S o) ey S o) 8555 T esle > N
3 ‘,4:*’ b eSS é:" A I ) S e o o N
(:SAS 5 (S 4s 0 o) il oy oW
GRe i
WV VY /A 2 V/YE /A s Yo/VY WY /YA

St D3 oYY akyy sk N4 olsn ol gl
23 25 TN iy ;) KL 055 5 1V0 glse el
o ol las g el Cd s Sl Ll Ll s
(Y Jsd=) 555 (PL0.01) Sls s ilises bl s
e @V B L bl 3 ad o s Ol
aiy Sl VA 5 s ¢ sl LYY (Ra 5 Ra)
s Ro 5 R1) e s e U bl 31 2y

0 UK

@l e SSdn i Slie nadan U
U A sl 0L Lamtesls Luills 4 5l ol
f\,\g\ﬁwc,_w;}&_.:,;aﬂ“jjbﬁaw
(Y Js) 55 (P<O.01) s jns 4y 5 als
6))1@2' ook Sl Jeol OlalS cals [l s
che Ry 5 RIS Re 5 Ry Gl Sl el
ol ol L (e Slie S S0l
(Ra 5Ra) e VL Clale L Gbls 3 cDlis o)

(P.oleracea) « = ol ;5 (BAF) G550 me 5 (TF) (G550

Slae 5
chle e ke Six05s
BAF  BAF ) _ S5 N b widl df e e
=3 sl TF 2o (il B 4l f =3} s
o sl sl
WAV yo e AT VV/AYH® YT +/OA™ VAR DAY \7AR WR oy ailaie
TTATAMNR 1 /72 hs AN £ VY/TAR A ST AT R AYAT 8 (CU) e
AAVARNMEES 750 AR VA AR /0% MY AALEE ey er® OA® y/aEE W e x il
s \/Y o /A0 +/v00 VY e e /Y4 \ £ st
0/0 &1 o/t W AV £/0 0/4 AV a/0 A (1) Sl s o

AIA)

_u):oj\JL“;}!C]M);)lAJ”\,_;}:@-:;:-%j-:;:-



VESASY ilmis | 1FoF e VY 0)lod cpinns JUo o BLS saars (g5dsn jud

Oy Ko g 00l 6 )i 0 yguai0

53 Clggo olalé 55 oF Bl 5 (e sle EANY)
laesls s sdalie (e il YY/FE) Ry ailate
e ke L eS Wl 0l anlae I ol
2l (PO.01) (sl e 55 b & 55 4, Jsb
Jsb nadhaie 5 s Sl Jline 50 J5 58 10y
03 by b (Y Jsdar) 555 Dl e i)
P eSS e S e o B slac il
Y b 2l (gl e sl ol b Lajleg ol
o iy Jsb SRl Ol (e hLE 3
for 5V glachle s bl poled 53 o g
PIXN S IV S e 2SS 53 0 S e
Sled o3 atyy dsb S s dala b e lis
53 01 Bl 5 (e sl A/OY) Ry ailaie 3 sl

sdalie (2o Sl £/4Y) Ry ailaie 5> Clago lale

ws)

Y S as
A
50 -
a
3 48 a T
2 L "
3 46 1 1 _?_
C
_‘f‘é 44 ~—
3 42 -
%
40
A
38 . . :
R1 R2 R3 R4
C
304 -
a a :
‘g 0.3 - b b
3
5 02 -
3
W0
0

R1 R2 R3 R4

Slivo  adlais g s plod 5 Jie S5
Jol b A S80S lsoee 5 S5 5805
Dol L a8 sls 0L Laesls uiliyls 4 |
Sl sme ssb o alsa il s b e B
A s (Y Jsda) 55 1y iels (P<0.01)
slsa el dsb o adlen 5 e c Bl il
e o LB e sy (PSO.0) ls_en
OLalS olsm ol dsb sl (o S 5hS 55 0 S )
Ri 5Rs 510+ iRy Ry Gblis ;s 3l es,s At
plalsw el g LB als 00) Yoo b
53 lsm ol Jsb 2alS Ol o s b i
537Y4 57N 35 4 Clano 5 Cliago slalale
55/ ¥ Ol 4 Cllago dale 3 5 Rz 5 Ry bl
Sl (Y Ji_:) s dald 4 cai Ry 3R blo
Ro aile 4> Clsy <okilé 5 oly s pliil U5 b

9 -
4 851 2 a
3 8 b
3 C
R, 75
CEEEE
6.5
R1 R2 R3 R4
o 011
3 a a
4 0.08 |
4 b
> 0.06 c
j
G, 0.04
0.02 -
0 ; : .
R1 R2 R3 R4



wloogas y o 5 dilaie ploi § Fiws ol S VS NSY ilomivs | 1FF 5l VY 0 )loud iy JUo ¢ oBLS Lano (o5olen jud

E F
1:} 5 104 - 4 5 20 A a
’13 jf 102 - a :i :‘: b
L b 3 “ 15 A C c

2o 104 ¢ I
?1: & 9.8 d 7 3‘ 10 -
= & 96 1 =]

9.4 4

9-2 T T 1 0 T T T

RIT R2 R3 R4 RIT R2 R3 R4

Pl 3 e wlale (D) aty; 5 (©) alss ol Sist 055 «(B) a5 (A) g ol b adlae 360 Ko
il bl o0 (p< 0.05) Lls e Sl edas OLAS Cilise g > .(P.oleracea) 45 > oS (F) wisy 5 (B) LY

4 aile Ra 5 Y aidaie Rs ¥ adlews R2 ) adke Ritzes SE £ . Sle)

A Cul(mgkg) =CuS0(mgkg) =Culs50(mgkg) =Cu300(mgkg) =Cuddl(mgkg)
60 -
aaa ata aaa
-5, I I I a d4ag a
= b b I &
3 40 ¢ . b b
i)
Y
3 20 A
i)
:_‘5
0 T T T
R1 R2 R3 R4
B ' Cub{mgke) ©Cusdimgkg) mCuls0(mgkg) ®WCu300(mgkg) ®Cud00(mgke)
10

(e l) azyy Job
Lh

a
iIa i%a aa, aa,
b TL T &
b |b |
C c c b
c
R1 R2 R3 R4

Rz ) il iRy .(P.oleracea) s > LS (B) aiu, 5 (A) iy Pl Jsb  adlate 5 e 25 Jolize I 1Y ISS

J.))‘Ju (PEOOS) )bLf“"" Q)Lﬂ gugb Q}A)I LY 4:-}: L: gQLM.gi ;2))9- J.>b 6‘&5};? K3 aalaie ‘Ra ¥ aalaie ‘R3 (¥ aalais

sl plsl Kt 055 e SBlE 5 ailaie Ol Laesls il sls a2 31 ol (slaesls

e Sl (Y Jsa) 55 (P0.05) Sls oxe 5o Lol o plsa il SCis 035 tals aS sl
Sist 035 Sl (S AS 53 0 S ) Jams G Jsd) 55 (PO.01) Sls s o chale 2053l
Rz s R1 Gbls j5ds 3les S ai, OLLS Llsa plusl Sl 09 boled aen 55 e e 5l L (Y
g Job palS 05 Yt GRy 5R3 500 b Sz adaly (7 SK8) 5 S g talS plse el

)oY



VESASY ilmis | 1FoF e VY 0)lod cpinns JUo o BLS saars (g5dsn jud

Oy Ko g 00l 6 )i 0 yguai0

slacbls s gble aen ;5 b j5b 4 Jals
IV e p SAS 53 e S e bee
St O (7 JK8) 55 dala b anslie )5 784
eSS e S haton s gachle s el
el Slas L alie bl 8 51 bl aan 3 s

Yoo

52 Cuso ol s i) S 055 S oy
cble s of Blas (¢85 +/*0) Re 5 Ry ailaws
dd sdalia (S +/+¥) Ry 5 Rs ailass ;3 Clago
O3 = il 5 e cble Bline 36 (V7 JSK2)

L K20 3 a2 gl o (aaLe 4y
el P St 055 e Bl 3 )5
L Gblis 55 il ol Ja o 45 sl ials
4z Cugoo 5 Cuzoo ;3 (R2 s R1) o ol i bale
o YL hle b bl s 5780 3TN s s
St 035 I 35 T Claso 53 (Ra 5 Ra)
(¢, /") Ry ailazs s el
*/\V) Ry aikie ;3 Cligoo obale 55 OF Bl 4

).) CUSO A_JQLP )J

L oS sls 0L ol (1 JSC2) A edalis (p 5
o=l A &S s Sy Jals (P<0.01) (syls sme

A Culimglkg) =CuS0imgkg) wCulslmgkg) mCuI0lmgkg) =Cuddlmgkg)

0.4 ~

a a
."."\ I I a
\_(j’ 0.3 - Eb a
3 0.2 A
i)
501 A
2
0

B Culimglkg) =CuS0imgkg) =Culslmgkg) mCuI0lmgks) =Cuddlmgkg)

0.15 1
_‘,3 014 b a b b a
\«l I dc a

"™ ¢ I by a
> kg I 1 Ic b I
3 005 - d e I
: Il II
0 T T
R1 R2

Rz ) «ilas Ry (P.oleracea) « = oLS (B) aiy, 5 (A) lsa ru;\ St O3y poadkie 5 e 55 Jlame S ISS

1 (P20.05) ls me ol (o SSls O ge 4 a5

Ls\)"”"jﬁgr"‘ﬁul’"‘ JJWU@\)W
@L:.} (Y Jsax) 550 (P<O.01) Sls e Jd5 IS
Suls man palS IS L35 JS (gl groee oS sls OLLS

VOF

LgQL....ga_ d)ﬁ J.?-b L5L°°J_)§-i' aakie R4 ¥ ailas (R3 (¥ azkes

aS ol GLAS bl 4 5l Jeel slaesls
55,5 lay (P<0.01) (g ls —ne JalS Lajlag



il guas o g adbaio plei 9 Jhiwo Ol 1

VS NSY ilomivs | 1FF 5l VY 0 )loud iy JUo ¢ oBLS Lano (o5olen jud

)JQTJEU‘_;-‘}(J_}' "Ujrffjé (’del:.a\'"/ﬂ'\)Rl
¢Jj)3 fﬁwV/i\>R4&b)JCU400Qﬁl§
(¢ JKJ)MeML;'m (JJ Ol

Culimglkg) ©Cus0imgke)
5 -
al, aaa
11 Iz T el o

3 4

Y4 5 Y)Y 5 5 a) Cugoo 5 Cusoo > (P<0.01)
(42,5 YY) Cuaoo ;3 s R2 s R1 3blw ;3 (Lo s
sls 0l aalis U acslie 53 Ry 5 Rs gbloe s
aibis 3 Cuso wbale s |ds IS (gl sime ST

Cul50(mgkg) ®Cu300(mgkg) ®Cu400(mgkg)

a

(A asspS 00 p S ) Jeis S gl gima
o

b
Ii bbC
0 T II T
R1 R2

ada
b
IEz? aa
R3

a
I
R4

X 4l Rs (Y agkis Re ) aidlie Ri(P.oleracea) 45 = olS |5 IS (slymme o adlaio 5 s (i Jline Jlif JSS

16 (P20.05) s pre oslis (SSls 053] @ a5 L 0SS g drls (glaes S8 adlaie (R4

JS2) 55 (P<O.01) Sls sme golel i 5l sl &
23 glsm el s s BLE L158 Ol (0
4« Rs sRs 3blow ;5 Cuago s Cusgo slac_Lle
Wt G i Ry 5 Ry bls 5l 2 7YY Ol
Clale i, Vo bals 5o e Sl SRl s
oSty sYee N0 glajles o e
Rl Lasles pled o ald 4 s p SSLS
S 63,8 i, 0lalS cils (P<0.01) (5l jme
o odr pUlS (Ra 5 Re) VL bl 5l
(7. 14) Cusoo (/. Y) Cliasoslacale s 15 s 5V
> (R2 5R1) 5ol Gble 4 e (£Y8) Clago

(0 JS5) axdls ety il

V00

oS ciliiee gloa s 55 e s 5 e
e S 5 il gl bl ik s
A el Sl Al b S Ol
O P PN RE PR ot
(P<0.01) g 13 ms H5b amy ¢ s ke 51530
o e i (Y ) el sl
she oble s sty o (pSHS s e S L)
plas 3 dals Jlasd 55 olpa pluil O cp S
Solal Sl ma lsn ol 53 5 Gl
oS et s clasles i (gl e
woMUMMugwdb)L@gﬁfﬁjlﬁS
slbackle ;s ol eIl 55 e Slgme il Ll
S (0SS 53 p S e brr 570 0) w VL



VESASY ilmis | 1FoF e VY 0)lod cpinns JUo o BLS saars (g5dsn jud

Ol g 08155 S 0 yguaso

A Cu0(mglkg)
600 A

4 3 400 -

Lo

3 v 200 1

5%

15 ~

Cu50(mg/kg) = Cul50(mg/kg) = Cu300(mg/kg) = Cud00(mg/kg)

B Cu0(mg/kg)

800 -

a a
b b
ccC cc®
0 T
R1 R2

Cu50(mg/kg) = Cul50(mg/kg) = Cu300(mg/kg) = Cu400(mg/kg)

a a
a a b b
b b c
c c ¢
ddul ddul | |
0 T T T
R1 R2 R3 R4

ailis Rz ) aidas Ri(Pooleracea) & = oS (B) win; 5 (A) alsn ol 5 o Clile pailate 5 e 25 5100 K3

L1 (P20.05) s e sl SSls Oga3l 0 4> 55

23 e ol el 4 s U e b adl
5 Cugo slacble ;3 Lol aas s S
e 3 YL o ble Re 5 Rs gblie Cliaoo
3 sl gleldll R s Ry bl o
AV i) 38 e 555 swad 5
e JUE bl 6l TF 556 candlan ol s
sl ol il a4 > Al ) e dlats
0L by 4y Sl Lol s (7 J s )
Il 55815 5 s cbale oy alaly S sl
JUasl 5518 (Y Jsdsr) 355l pome (S5 s
55 Cuso wbale ;3 v/0T s mee 53 S5 50
R3 aakie ;3> Cusge el 5 +/VY U R3 5 Ry aikws
058U s Julite 50V ) A s

Sl pme 3 Jlaml

VOF

L OlSS Gog o drly slaos S8 adleie Ra o adlate :R3 Y

tad oS (S5 e 5 JUS) gla, SG
T 03 (S e 558U bl 4
L el ools OLES Y U 5 e il
b LS 4SS A edaliv by e slaesly 4 oax g
3l Glaphl s e (S 5 o L
LV dsda) ol oYL cd oy e 05
5ty 3 b S e e Rl 15
03 W ez gdeme o 5 L talS lsa rL,Ul BEg
VoV o3 sdmes 53 5 acioy 53 CUp 55 4/8Y U Claoo
Se e glea (:\.ul 53 Cuo 4> VA U Cugoo s
ailae 5 s clle Jlie U bl 5s (V ISS)
22058 ol e b sdalie (SO s e
3 Cuiso 5 Cuso slachale ;5 lga elbl 5 4ty
B S Bl (s e sl il bl

)L@.ﬁ)bbﬁﬁdﬁb%d@\dﬁ‘@“é



wSluogas g o g ddlin pl,&'g o <l 51

VS NSY ilomivs | 1FF 5l VY 0 )loud iy JUo ¢ oBLS Lano (o5olen jud

uﬁegfug)}&lﬂf\h\ (BAF) 5550 ,:Ax,"}(TF)duz\éu)j:stéﬂ@‘ o g e S S Jod>
(or SOl Sl am 5 L Oy Gy Al glaes S 6 dilaie (R4 X wileis R3 (Y ailais Rz o) ailais R1.(P.0leracea)

«-,, BAF ls» olul BAF -
R4 Rs Rz R1 Ra Rs3 Rz R1 R4 Rs3 R2 R1 (mg/kg)
YAV IVAV-LEVA VL IRYA L VAL q/¢A2 q/¢ Y2 /812 /88 VR QYA /AR bz
AT YA YA LA\ O IR VA ord 18ab QAU /10 £/14P §/\6D £/\YD 0r
Jove  wen® v/en vyeve /3¢ v/41¢ Y/Ave Y/AYe V/00° \/0YC V/0¢ V/0¢ V0o
VYR o umqd eb | yagd ¥ /vy y/Ave 1148 y/AAd y/47d y/yve V/+q8 T
ALY\ L YA UL R Y/AYd yvd 1/0A% Yak v/ved y/ard V/+ A % goo
S ol 5 ol pde Lol 5 Ll e Eou

s e (Lothe et al., 2016) 545 o LS
bt ed s e Ol ey o
(i (o 5 (5 g o Al S5 5
ol odd atlis Joho glis Ol 5 05 Ol
adllae > (144Y) Tu .(Alaoui-Sossé et al., 2004)
BLSIL | s Shes (503 10 (2alS
53 e p S ke MY 5V 0 A Ol 4 e O
5B Sl LS s 4 S S LS
3l Sl adlas & b3S il Sal
5 AS wyas i e 4,5 4 55 CUSOy
o5 a aes (ALS 0055 s 45 LS sdalis
Ren & White, ) &S o s & = slaas S S35
ot Sl e 45 505 0LE S5l anllias (2019
b 30 Slas [alS sl (o SAS 3 p 8 L)
SR Gbls sl Toe ChlE g 435 b anglia 5
L S Ll 5l .cerl Ra 5 R3 gble gl s 800 5Re
S ol kS e e i )8l
Sl sy ol pli ) 5 S 03 ey K
> e SBlE 4 2 ol S s e 0L S
o— sRa sR1 Gblus j3p SUS 530 S JuNon
L Re s Rs blos 5o 0 SkS 5o e S Joa e 2

th}vﬁx‘fjf@c;ybebj Cmu)J.:J);

VoV

3358 3 oS Db a3 e 515l (S

et i SO gl S
Nagajyoti ) coul odd |ids Ol uil e 53 (5
sk s S ol s VL bl (et al., 2010
3 5es 5 oLS (sos0 g S sl e s LG
osla.! .(Nagajyoti et al., 2010) 55 & o J suas
Ll e 5w Sl & faseie LS slaw S 5
asb eIl slasls (5Last 6l s ol
33 e &l s S (Chaney et al., 1997)
Cble 5 g ALS i S p 4 i LS
Cml gl SLEpH O s S 5 s
= = YU cLle (Nagajyoti et al., 2010)
adlae 53l o Sl OLALS b A,
(¢ 5548 53 o, 8 ) slackile 55 s o>
s ber cble s sRy Ry gbLis j3fee 5T
SYer Sble sy alse ol () Ry 5 R bl
Sl g iy gl GbLos plad ja Ee
Hd a2 oS A Slis e 5B sl
23 =l ST S ALS o35 Gy SRalS
S s 3l G s 2 3 &S Sl SlalS
sl 5,155 (Thounaojam et al., 2012) .l
silst e 5 iy Isb sl e 3l &S
Col L 5ty o Jsho 4 03138 e



VESASY ilmis | 1FoF e VY 0)lod cpinns JUo o BLS saars (g5dsn jud

Oy Ko g 00l 6 )i 0 yguai0

LS s e e sl gl ble
.(Tashakorizadeh et al., 2022)
Slaale) 3 e Sl s ol aalllas s
il lgz 53 plsn plU L aglie 55 45 olS
s 4558 ) s sdias Ol 45 A el
a3l Sl OS  Cusgdoee Canl s K
pelSe Olsme 4 Ol oo |y baatls o 4
S8 3 358 e ool QLS Ja 5 S s
B e B .(Verkleij and Schat, 1990)
3l Sl s 4 0T 208 2S5 aly
e 3l it OlalS L lidss 5l oyl
« (Alaoui-Sossé et al., 2004) Cucumis sativus
{Sheldon and Menzies, 2005) Chloris gayana
al.,

« (Thounaojam et 2012) Oryza sativa

« (Elleuch et al., 2013) Amaranthus spinosus

(Shahriar Mahmud et al., 2013) Triticum
Chen et ) Phyllostachys pubescens aestivium

el ol 5158 (al., 2015
ol 5 1 0lLE (Ya)Y) o, 5 Sekabira
Pl 5 Kl S i 05 3l 4 BAF L2l
/*) 31 S BAF 5l a8 OlalS S Kles S
e bl i lawgie /Y B /e &ﬁj),uluiﬁvs
Sekabira ) &l V I i 3kl e Bgp 9\ B r/)
5hedel s w0 glaesls bl L (et al., 2010
sadyy ey S 3ledd O e Lo s BAF
Sl 53 e e lackls s les ¢l
G CUgoo o V7V easde 3 bugie j4b 4 ddbie
CuUsgo 5> V/*V 6350w 55 5 aduy 55 CUp 4o 4/8)
el pl oS s e alsa plal 53 Clo 53 VAL
03 5kl i B OLLS ensdsee 3 |y ab 3 olS
e S pimes AS e gy aib adles o
sla S Olge o S5l S S TR L a8
s bl S Jb s ks sS Gl

VOA

sl sl= e L So b ls ckls
o=l o> (Pinheiro et al., 2013) cul LS i
D3P a e e s 4 35S (sl s canlllas
5CUz00) o VL slac ble )5 g5 |10
oalS (Re 3 R3 51, Cuaoo 5 R2 yR1 sl 5 Clago
o S s IS (gl 53 ialS )il
Forgm b o e lan 3T el Sl glacJlas L
—] (Aggarwal et al., 2011) J3L |3,
Sl IS Ul e OLALS s K Dl
Ll s Do s Ol il ]
LSS5 Gt ok 5 Jbs IS (slsmme ials
ol,Lea 5 Tang .(Aggarwal et al., 2011) 555 .
S 2 L5 s IS Sl sme JRal S (Y00 0)
o e A6 55 5 1, Boehmeria nivea
slaslllas 55 (Tang et al., 2015) s S )15 S
oS Lol s S Sl e eSS0
S5 e 3 VL Sl (5 o o al
.(Tashakorizadeh et al., 2022) ..
BUERE d)ﬂ@“-? ssda el as) olalS
e BBl 51 VL sk Ry 5 R3 3bLs
Slse 5 S35 58050 Dlio 5 LS Jamd Al 5
Ol e YL glachle o 1) g i by IS
Fumaria) o zals olS (55 » S ool wlie sl
Ol,LSen 5 Tashakorizadeh L. ;5 (parviflora
OlalS 5, s 5 iy ol 0ds 55158 (Y2YY)
g i lie Jalse 50 S lnptan ST )
Sl Cnige 5 S b it 31855
sl 45 Ll 5l 5 (Habibi et al., 2006) s,ls | 3
e 3y cdale U sbls 5IRs 5 Rs sble 0lalS
o3 aS el HUnl Ol e 1 Wileds L;”I@,T
SRy 3Rs Gblu js 05,5 i, 0LLS Ol Jsb
OLLS sl w5y o Sl Ldls (6 2aS Cuoslis

Mlﬁﬁd@\e)b&&.ﬁgf—;;‘&ﬁrj\_b



wSluogas g o g ddlin P'B‘b’.ﬁ o <l 51

VS NSY ilomivs | 1FF 5l VY 0 )loud iy JUo ¢ oBLS Lano (o5olen jud

Azizietal, ) Ls 5 xs oS 031 glaSlE s
.(2016

26§ S
e BB e 51 YL ds s ol 5B @ 5 olS
o rat a3y il gkl s 1, Sl
o e oS S Ul 4 a8 Ul by
aibie 53 e 3l 2L (_;LA;UJT il (gl edims
Sl 4 ar s b pmen 50 eolital aallls 5 4
5SSl S el ol s S JWEl o
R I e S N el St
adaie )3 ol s oS S Olge a |y 45
ol szl Jl gl b s S b anlllas 3y
@&jbw\ﬁwﬁwo\}uc@dﬁw\
LS e B S b S S e
) oo DI e 15 535 anlllas cnl b
oLl (S5 a8 gl ss Gy olS
ool sads 3 asl A, SLalS spd s ao s
£ 536 Ry 5 Ra) s VL Clalel sbla i e
5 A QS Mg sl el b s
Aol Gble 4 cd al)y 5 VL s e
plpls sy e YL slackle 55 (R2 5 Ri)
G 3 45 oS TS S a5d e oS
L Bl b bl 1 a5 olS Ly (e 4 03]

'J‘}“::’LSJJI@'?'M

References

Yinetal, ) Ll G 5l S50 TF b Sealoh
55 S5 Ul 58U ol adles s (2015
S S S VY B 0/0T 63 gdoee s ab 5 olS
S gdows s lasOlis b = olS 3 TF 035 G
5ol ol s il a1 e JE U5
aigy 53 S Sledd Ol s jale 2l s
ladin; 53 e Sa3lil s = olS 5 Al o olS
s S L olS S Ol w5 AL Ll e 0
o yde Gy kb s e adlis
Pl 4 OF a8 JUisl 5 olS alyy 55 e il
33 85 sls e @by OLLS 4 Ol 1l
ARGV R R COVCH F E RN P G S W PSP
o ol Ul s adls o s slaaty, 5 )
(Salehi, 2019) LS o 5, S sl olen sla is
5 Sl S e WY S S ki
iy gbdsbe & Sl ol Jlal 1 oS
oS Jomd el 25 Ll e a5 dilazasls
ollS b 5l .(Peng et al., 2015) 558 o gus
3 S B adas s (S8 S e e
P s Gy K S s JEl st
LS . (Zacchini et al., 2009) Liwa ol
ailaie 3 e oS Sl oS S Ul 4 w2
A aalllae > ol ol alie AL o anlllas 3 50
YAV 0L es 5 AZIZI v g a6 5= LS ¢35

S s oS S Ol w oS ol 5 Al 5158

Aggarwal, A., Sharma, I., Tripathi, B. N., Munjal, A. K., Baunthiyal, M. and Sharma, V.
(2012). Metal toxicity and photosynthesis. Photosynthesis: Overviews on recent progress and
future Perspectives. 229-236. https://doi.org/10.1007/978-3-030-45975-8_17

Alaoui-Sossé, B., Genet, P., Vinit-Dunand, F., Toussaint, M. L., Epron, D. and Badot, P. M.
(2004). Effect of copper on growth in cucumber plants (Cucumis sativus) and its
relationships with carbohydrate accumulation and changes in ion contents. Plant Science.
166(5): 1213-1218. https://doi.org/10.1016/j.plantsci.2003.12.032

Azizi, E., Rahbarian, R. and Mirbolook, A. (2016). Phytoremediation of Cr+ 6 in contaminated

soil using Portulaca oleracea.

Iranian Journal
https://doi.org/10.22092/ijsr.2016.106718

104

of Soil Research. 30(2): 161-172.


https://doi.org/10.1016/j.plantsci.2003.12.032

VFP-1PY iolxio [ 1FF Hleg VY o,)lods cpiunn Jlw ¢ 2L Jaumo (55909 3ud Oy Ko g 00l 6 )i 0 yguai0

Chaney, R. L., Malik, M., Li, Y. M., Brown, S. L., Brewer, E. P., Angle, J. S. and Baker, A. J.
(1997). Phytoremediation of soil metals. Current opinion in Biotechnology. 8(3): 279-284.
https://doi.org/10.1016/s0958-1669 (97)80004-3

Chen, J., Shafi, M., Li, S., Wang, Y., Wu, J,, Ye, Z. ... and Liu, D. (2015). Copper induced
oxidative stresses, antioxidant responses and phytoremediation potential of Moso bamboo
(Phyllostachys pubescens). Scientific Reports. 5(1): 13554.
https://doi.org/10.3390/su15065238

Cros, V., Martinez-Sanchez, J. J., Fernandez, J. A., Conesa, E., Vicente, M. J., Franco, J. A. and
Carreno, S. (2006, February). Salinity effects on germination and yield of purslane
(Portulaca oleracea L.) in a hydroponic floating system. In VIII International Symposium
on Protected Cultivation in Mild Winter Climates: Advances in Soil and Soilless Cultivation.
747: 571-579. https://doi.org/10.17660/ActaHortic.2007.747.74

Elleuch, A., Chadbene, Z., Grubb, D. C., Drira, N., Mejdoub, H. and Khemakhem, B. (2013).
Morphological and biochemical behavior of fenugreek (Trigonella foenum-graecum) under
copper  stress. Ecotoxicology and  environmental safety. 98: 46-53.
https://doi.org/10.1016/j.ecoenv.2013.09.028

Faroog, A., Nadeem, M., Abbas, G., Shabbir, A., Khalid, M. S., Javeed, H. M. R. ... and Akhtar,
G. (2020). Cadmium partitioning, physiological and oxidative stress responses in marigold
(Calendula calypso) grown on contaminated soil: Implications for phytoremediation.
Bulletin of Environmental Contamination and Toxicology. 105: 270-276. Doi:
10.1007/s00128-020-02934-6

Gong, Q., Li, Z. H., Wang, L., Zhou, J. Y., Kang, Q. and Niu, D. D. (2021). Gibberellic acid
application on biomass, oxidative stress response, and photosynthesis in spinach (Spinacia
oleracea L.) seedlings under copper stress. Environmental Science and Pollution Research.
28(38): 53594-53604. https://doi.org/10.1007/s11356-021-13745-5

Habibi, H.; Mazaheri, D.; Majnoon Hosseini, N.; Chai Chi, M.R.; Fakhr Tabatabai, M. and
Bigdley, M. (2006). Effect of altitude on essential oil and medicinal compounds of wild
thyme (Thymus kotschyanus Boiss.) Taleghan region. Itanian Journal of Research and
Construction in Agriculture and Horticulture. 73: 2-10.

Lichtenthaler, H. K. and Wellburn, A. R. (1983). Determinations of total carotenoids and
chlorophylls a and b of leaf extracts in different solvents. Biochemical Society Transaction.
11 (5): 591-592. https://doi.org/10.1042/bst0110591

Lothe, A. G., Hansda, A. and Kumar, V. (2016). Phytoremediation of Copper-Contaminated
Soil Using Helianthus annuus, Brassica nigra, and Lycopersicon esculentum Mill. A Pot
Scale Study. Environmental Quality Management. 25(4): 63-70.
https://doi.org/10.1002/tgem.21463

Masoodi, M. H., Ahmad, B., Mir, S. R., Zargar, B. A. and Tabasum, N. (2011). Portulaca
oleracea L. a review. Journal of Pharmacy Research. 4(9): 3044-3048.
https://doi.org/10.3390/agriculture10080353

Nagajyoti, P. C., Lee, K. D. and Sreekanth, T. V. M. (2010). Heavy metals, occurrence and
toxicity for plants: a review. Environmental chemistry letters. 8: 199-216.
http://dx.doi.org/10.1007/s10311-010-0297-8

Negi, S. (2018). Heavy metal accumulation in Portulaca oleracea Linn. Journal of
Pharmacognosy and Phytochemistry. 7(3): 2978-2982. DOI: 10.15832/ankuthd.1346861

Peng, D., Shafi, M., Wang, Y., Li, S., Yan, W., Chen, J. and Ye, Liu. (2015). Effect of Zn
stresses on physiology, growth, Zn accumulation, and chlorophyll of Phyllostachys
pubescents. Environmental Science and Pollution Research International. 22(19): 14983—
14992. https://doi.org/10.1007/s11356-015-4692-3 4692-3

Pinheiro, J. C., Marques, C. R., Pinto, G., Bouguerra, S., Mendo, S., Gomes, N. C. ... and
Pereira, R. (2013). The performance of Fraxinus angustifolia as a helper for metal
phytoremediation programs and its relation to the endophytic bacterial communities.
Geoderma. 202: 171-182. https://doi.org/10.1016/j.geoderma.2013.03.014

V5o



il guas o g adbaio plgi 9 Jiumo Ol )i VEE-1PY iOlxio [ 1FF 5lea YV o)lods cpinan Jo «(2LS anxo (59899 jud

Ramteke, S., Sahu, B. L., Dahariya, N. S., Patel, K. S., Blazhev, B. and Matini, L. (2016).
Heavy metal contamination of vegetables. Journal of Environmental Protection. 7(7): 996-
1004. http://dx.doi.org/10.4236/jep.2016.77088

Reeves, R. D., Baker, A. J. M., Borhidi, A. and Berazain, R. (1999). Nickel hyperaccumulation
in the serpentine flora of Cuba. Annals of Botany. 83(1): 29-38.
https://doi.org/10.1006/anb0.1998.0786

Ren, S. and White, L. (2019). Genetic variation of copper stress tolerance and shoot copper
accumulation in Purslane (Portulaca oleracea). Journal of Biotech Research. 10: 213-222.
DOI: 10.15832/ankutbd.1346861

Salehi, A. (2019). Phytoremediation: A remediation technology of heavy metal contaminated
soils. Iranian Journal of Human and Environment. 49: 27-42.

Sekabira, K., Oryem-Origa, H., Mutumba, G. B. and Basamba, T. A. (2011). Heavy metal
phytoremediation by Commelina benghalensis (L) and Cynodon dactylon (L) growing in
urban stream sediments. International Journal of Plant Physiology and Biochemistry. 3(8):
133-142. http://hdl.handle.net/20.500.12306/375

Shahriar Mahmud, S. M., Hassan, M. M., Moniruzzaman, M., Nirupam Biswas, N. B., Rahman,
M. M. and Haque, M. E. (2013). Study on the accumulation of copper from soil by shoots
and roots of some selective plant species. International Journal of Biosciences. 3(6): 68-75.
http://dx.doi.org/10.12692/ijb/3.6.68-75

Sheldon, A. R. and Menzies, N. W. (2005). The effect of copper toxicity on the growth and root
morphology of Rhodes grass (Chloris gayana Knuth.) in resin buffered solution culture.
Plant and Soil. 278: 341-349. https://doi.org/10.1007/s11104-005-8815-3

Talukder, K. H., Ahmed, I. U,, Islam, M. S., Asaduzzaman, M. and Hossain, M. D. (2011).
Incubation Studies on Exchangable Z n for Varying Levels of added Z n Under Aerobic and
Anaerobic Conditions in Grey Terrace Soils, Non Calcarious Floodplain Soils and
Calcarious Floodplain  Soils. Journal of science Foundation. 9(1-2): 9-15.
https://doi.org/10.3329/JSF.VV911-2.14643

Tang, H., Liu, Y., Gong, X., Zeng, G., Zheng, B., Wang, D. ... and Zeng, X. (2015). Effects of
selenium and silicon on enhancing antioxidative capacity in ramie (Boehmeria nivea L.
Gaud.) Under cadmium stress. Environmental Science and Pollution Research. 22: 9999-
10008. Doi: 10.1007/s11356-015-4187-2

Tashakorizadeh, M., Vahabi, M. R., Golkar, P. and Mahdavian, K. (2022). The singular and
combined effects of drought and copper stresses on the morphological traits, photosynthetic
pigments, essential oils yield and copper concentration of Fumaria parviflora Lam. Industrial
Crops and Products. 177: 114517. https://doi.org/10.1016/j.indcrop.2021.114517

Thounaojam, T. C., Panda, P., Mazumdar, P., Kumar, D., Sharma, G. D., Sahoo, L. and Sanjib,
P. (2012). Excess copper induced oxidative stress and response of antioxidants in rice. Plant
Physiology and Biochemistry. 53: 33-39. https://doi.org/10.1016/j.plaphy.2012.01.006

Tu, C. (1992). Copper forms in purple soils and their toxicity to rice. Cabidigitallibrary. 33: 54-
31

Verkleij, J. A. C. and Schat, H. (1990). Mechanisms of metal tolerance in higher plants. Heavy
Metal Tolerance in Plants: Evolutionary Aspects. 2: 179-194.

Yang, S., Zhang, J. and Chen, L. (2021). Growth and physiological responses of Pennisetum sp.
to cadmium stress under three different soils. Environmental Science and Pollution Research.
28: 14867-14881. https://doi.org/10.1007/s11356-020-11701-3

Yin, Y., Wang, Y., Liu, Y., Zeng, G., Hu, X., Hu, X. and Li, J. (2015). Cadmium accumulation
and apoplastic and symplastic transport in Boehmeria nivea L. Gaudich on cadmium-
contaminated soil with the addition of EDTA or NTA. RSC Advances. 5(59): 47584-47591.

Yoon, J., Cao, X., Zhou, Q. and Ma, L. Q. (2006). Accumulation of Pb, Cu, and Zn in native
plants growing on a contaminated Florida site. Science of the Total Environment. 368(2-3):
456-464. https://doi.org/10.1016/j.scitotenv.2006.01.016

V&Y



VFP-1PY iolxio [ 1FF Hleg VY o,)lods cpiunn Jlw ¢ 2L Jaumo (55909 3ud Oy Ko g 00l 6 )i 0 yguai0

Zacchini, M., Pietrini, F., Scarascia Mugnozza, G., lori, V., Pietrosanti, L. and Massacci, A.
(2009). Metal tolerance, accumulation and translocation in poplar and willow clones treated
with cadmium in hydroponics. Water Air and Soil Pollution. 197(1-4): 23-34.

Zargari, A. (1997). Medicinal Plants University of Tehran Press. Tehran. 3: 80-8. (In Persian).

Zhang, D., Liu, X., Ma, J., Yang, H., Zhang, W. and Li, C. (2019). Genotypic differences and
glutathione metabolism response in wheat exposed to copper. Environmental and
Experimental Botany. 157: 250-259. https://doi.org/10.1016/j.envexpbot.2018.06.032

VEY



