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The present study was devoted to investigate the concentration of lead (Pb) in the tailings of
Tang-e Douzan lead-zinc mine then determine the growth factors and the lead accumulation
in metallicolous and non-metallicolous populations of Marrubium cuneatum in 2018 at the
university of Isfahan. The both plant populations were transferred to hydroponic mediums and
after proper vegetative growth, they were exposed different treatments of lead for 14 days. The
results showed the highest Pb concentration in the tailings of mine (1968 mg/kg) was more
than 72-fold the global average and by increasing lead concentration, the growth factors
decreased, but this reduction in growth was always greater in the non-metallicolous
population, so that at the 200 mg/L treatment of lead, relative water content and shoot weight
loss of the metallicolous population was 66.8 and 32.2%, respectively but they were 58.9 and
84.9% in non-metallicolous population in comparison with their control. With increasing the
concentration of Pb in the medium, the accumulation of Pb in the roots and shoots of both
populations are enhanced and lead accumulation was constantly more in the metallicolous
population. The highest concentration levels of Pb were in the roots and shoots of the
metallicolous population (15.2 and 0.9 mg per plant) which were 3.1- and 3.6-fold
accumulation Pb in the non metallicolous population. The accumulation of lead in the roots
was 15-folds more than the one in the shoots in both populations. The metallicolous population
had an efficient antioxidant system which can grow with more accumulation of Pb and enhance
the ratio of shoot to root, therefore, it can be used for phytoremediation.

Cite this article: Salehi-Eskandari, B., & Hesami, R. (2024) A comparison of lead accumulation and growth factors of metallicolous
and non- metallicolous populations of Marrubium cuneatum in hydroponic conditions, Iranian Journal of Soil and
Water Research, 54 (11), 1681-1695. https://doi.org/10.22059/ijswr.2023.364127.669557

© The Author(s).
DOI: https://doi.org/10.22059/ijswr.2023.364127.669557

Publisher: The University of Tehran Press.
BY NC



https://ijswr.ut.ac.ir/issue_10582_11076.html
mailto:Behsalehi@Pnu.ac.ir
mailto:reza.hesami243@gmail.com
https://doi.org/10.22059/ijswr.2023.364127.669557
https://doi.org/10.22059/ijswr.2023.364127.669557
https://www.orcid.org/0000-0002-8434-3873
https://www.orcid.org/0000-0002-4068-2582
https://creativecommons.org/licenses/by-nc/4.0/

YAYY-YFYY Ll
Homepage: http://ijswr.ut.ac.ir

33 Marrubium cuneatum Cwsgd 38 pf g Cowgd 38 Curod 93 dudy )l 3w0 9 O g JoB3 (S o

Siga g, oyl pus

. X . .

11 0,50 BF 0490 oyl 1 S g 0T Wliixns dloro

Behsalehi@Pnu.ac.ir : Juesl <yl 5l ¢85 95 ply oKl cpgle 0uSisly ¢ wlidCunss 5 09,5 ¢ Jgiumo 0Aiam g5 .Y
reza.hesami243@gmail.com. 1yl ¢ ool (LKin 3 oSy ¢pole 0uSuisly ¢ pwlidscuns j 69,5 .Y

oS>

4

Ao OlNb!

(rlagy Slio dumllo 5 (593555 olRdg) 9 oy ine GSTE )3 Lo e oy pslaiods p2l> img
Ol oKl (> VYAV Jlu > Marrubium cuneatum Cusgdlé e g Cawgd s Caumos oy Cuilil g
Syloss (2ym0 53 59) VW Sty g B0d Jite Siggyid slalae 4y Cumex 3 2 lalS .l plodl
P ke VPA) Gne ST SaSB 13 39290 Cpo (e 05V 0l (L5 ol 4385 5118 o p Ciliee
OBl Cumen 93 1 53 0y SIS I gy Slao sl (Sl Sk Rl VY1 e e S ol 5
oy 3 S e Vo e )3 &S5k 390 yieS Cuwgd i Cumen p3 (S nl i o)lgen Ll Ly
Camaz ) g 20,0 VIV 5 VWA Cangdild Comon )3 iy 2lsn slopliil 5 (jg 5 ol o Slgions
lon claplil 13 Gy meos il Jials Curen pp 4nld 09)5 4 Cuns 1o 3 AF/A § YAV Cawgajlé
ol e o)lgen Cop (VL (slajlosd 53 g culs ialjdl baoms )3 o poo IS GBIFEIL Cumo 93 2 ady)
o 02V 5 o g sloplil g ady) 53 p Clle &S (g ygboty 3y by Cungdflh Cunax 5 o2
A VIE gV (i pd oS 35 p)5 o /2 9 VOIY Cuvgd3ld Cunes olS o ploa (slaplil 5 ddyy )5 Coju
2 ol @ e W0 51 Gl lnlesd plod )3 Camox 93 5 adn) )3 oy 2038 (e 51 Casgilh el Cme
90,5 Ay Klg¥ o Oy it il Laylyd 50 el IS el piw (il b Cowgd b Cuman Canl a8l

Sy oy 2VbelS (o5l g cnlplis ams GIEI L) ade) & 2lsn (slaplul cos

g5y Alie 1o £od

VEV/OITY 2Bl s g ,U
VYA 16,5050 & B
AR TAVARERW PR T
VYN 3l g,

fgMlS sleojly
sl

A3
RRWRPINE (I
(Yl oS

! s

Lylys 5> Marrubium cuneatum cusgsjls 8 5 Cavsd 38 Cuma 9 Ady (lise 5 oy @2e25 sduolio (V) sy ¢ oluo (joyb0 £ gyuiSnl (dlo bl

https://doi.org/10.22059/ijswr.2023.364127.669557 NFAV-1FA8 (V) OF o5/ S 5 f cliio dlixo « Sigygyid

DOI: https://doi.org/10.22059/ijswr.2023.364127.669557

ol ol&isly ol L] duwho 1yl



mailto:Behsalehi@Pnu.ac.ir
mailto:reza.hesami243@gmail.com
https://doi.org/10.22059/ijswr.2023.364127.669557
https://doi.org/10.22059/ijswr.2023.364127.669557
https://www.orcid.org/0000-0002-8434-3873
https://www.orcid.org/0000-0002-4068-2582
https://creativecommons.org/licenses/by-nc/4.0/

VUAY e aly ) 540 9 2 pw &o39 (G o 1 ol g (50wl Il (i3 — (sole)

-

400
Sl al ey a5be o (Bl S35 (Vobo Skl g N 4155 B (S b (Gt peslSn 95 59 Lags St 30
Luetal., 2021;) ams o JuSiis |y o) diwgs 5l o yd o/++Y oww puaie opl D95 o ] 5 & lgly ol 4 yomio a8 ]
S (ol o ol & Jo > 0 ;S5 p,SolS 30,5 Juo ¥ d9d 13 ol (gly oy ailiwl o (ZUlfiqar et al., 2019
(Zulfigar et al., 2019) cul p,55LS 15 p,5 Juo Be=Y++ (55,4liS
Guptaetal., ) jy0lis sbadgS da yiSo i 5l odliiwl copw (g9 Sy (MBS § Camino | Juobs slay>d (al., 2021
b i oy slaoay YT Ko 5l (Ghosh et al., 2023) mbo ¢ dls ©lols 50540 (2013; Salehi-Eskandari et al., 2022
o lajlo (SB g (il [ G)lp 5 (Sl iluliz) (Saj slagis) G e (o)) Sl ool
ol g ausmy b, oyl a5 (Tangahu et al., 2011) 5,8 Gk o039l clacSB 5l 1) pKiw @l 4lg5 o olonidg xSl g

b ol 550 g 5 Cosl @y 4y (ggyho 4 Al o 2V olS 1) e3gl (slac] 5 S (g3lusy (gl lalS 5l eslizl
» Az UJT .)13.4 oo by coge oYl oS Ll omb SRS ause sl cul @9).»9.»1 psiSe glyld 9 04yl digs
Slygage 5l odlazul Jdday 39, cpl 1 (Aken et al., 2010; Ghosh et al., 2023) sisu o 392 |y o] s pdols 5 0 Sk
o)llas g JmS ) ol lgiee ol 4 48 cosl S I3l Bl o 39y 00508 o5 51 (S oo (orb 3L B> g (xib
(Alaboudi et al., 2018; Seth, 2012) >,

P oS 3Tl g Tewlos HSaly g3 il @lils YU rolaw b ablie )y puKiw Ol 4 03g)l sblie 5 s, LS
109)5 dw & o oo 1y pSiw l3ls Bls gl LS bwys oYL oLS (Baker, 1981) aus o edlatwl adsy 5 olgn slaply]
i 31 ) AL a5 (oS sl l odlitl b (i 6 53,5 ik b BJo) T pgmal iy (LS 5
Erakhrumen & Agbontalor, ) 5,5 sauaib (yawgi, ;0 38 cud)ls jials'h g 13,8 (uSlieS coguw)y dulyy bawgs Gls 5 )b
TF:) Jsl ,g56 ¢ Jole 93 44 (oYLl 4l LS ol .(2007; Haghnazar et al., 2023; Mahdavian et al., 2022
& lod isy 5 8 olie «cwl aiwly (BCF: Bioconcentration Factor) uww; s 556 4 (Translocation Factor
Ladislas et al., ) wisb o (BCF) o badss o (TF) JWisl ;o856 cwiypas |) S &y Cand adyy jo 368 clale 4lie o ady
Gy S5l i (BCF) s bdss [ 9 G 3l 18 (TF) Jasl a6 ol)b olls .(2012; Mahdavian et al., 2017
Egendorf et al., ) situn culio” alSzl sl (gl il 6 1 i byl )3 ,681 93 yo a5 SlalS 5 Slcwbe alScws
.(2020; Mahdavian et al., 2022

Sl glgenl sl oad &ly Glul @300 4l 3 9 Gladel (2)f o SyegS WO 13 S (9, 9 2w (e
Oy sl 00 jglome gblie g albly cuilil slaJore )3 S slajlh ar g BB SRl el ane pl 5l g9y 5 o iR
ol Sglite ol jolme (Sly a4 s (o138 dlge g JI polie 8 5 (wpm) S Il g YU cdn dne Glbl alS
(Hesami et al., 2018) sslas (3L g 03,5,k o) 590681 Lol b 1) 593 Wlanilys yame Slibl )3 odng, olalS 5y
b olgse oS Silons B3l sblie ol (S g ol baylys b Jlgio Wlo Lo &S siten slaaisuS bl ol )5 sang, olals
2 o polie il i s 5 lold culply 2,8 Bl Lealiagy ol J1) e Sl im0 508 b o3l Sl oy
O Sjle Bl o]l sShe (LS iS5 5 Cblis o Bime e B Al phles |y gl (25,1 b 18 Sl (LS
23,5 oolatwl i solKiyg, y

- Pyrometalurgical Separation
- Exclusion

- Accumulation

- Rhizofiltration

- Phytostabilization

- Phytoextraction.

(o) QO I NS I R



(‘:w.é’}’— u.ol&) AEZ2 ¢ DLQM BB b)w 14 8,9 “’,‘).3“ Jlégui oludsd YTIAL

w o S

9 Gy dme libI 5 sau g, (Matthiola flavida) gus I ool 465 (59, (2022) Salehi-Esakandari et al., 45 slasllas
SEE S o] pody 0 po ilie e )3 695 (pl (615 5 (alendyd gl 4 de g bl pbdl (Gledal) 058 Bl 69
» daly ol S slas,85le cws” L Matthiola flavida 5,8 sl Sigsgyud bals )5 JoSUS sl b 5l ol
alie 039l 3blio 1503 15 2VLolS (sl o ) Blgiee cul il 8 M) St (LS (0w pogas) (i ©jlb 4 03g)] (bl
» & cuwl (Lamiaceae) gl odlgls a4y leio o ale @) dlw Lin glaig Wl LS (Marrubium) pgug,le ywis .5y 0 0
P A Fe )y i ol aitaan 31 Jlod 9 duwgy ol ogr o) sladigS (S ot a8y il nde 9 Slyg o)yl 4l
M. asllas 3y90 54355 (Kharazian & Hashemi, 2017) wloas (535 olpl o o) au,lg ¥ g i V) &8 sl o yuol s
Gblie 3 olS pl .l Iy g dlwris Ling)y )8 sl)b [AB 503,5 Wiy Suid glawle bSB L aub Hsbas cUneatum
il g Cuglio (l5ae Sp> s (Argyropoulou et al., 2009) 544 o odnlive Suiddog § Suid D ju ¢ Jdine ¢ SliwnsS
(NM) Ycaoga s e e b oy alisee slajlo 0 1y o] caslil g usy oo M. cuneatum (M) *caogs b cunes &y

255 IS8l Camar cpl 3130090 slacs B3l ) (o b A5 o

I ¥

O o Jlosl g SB 318 o
992 ¥R g Jlod (e 4B YR 9 adSd ¥ g a2 VY 3 el (il ;g B e S35 53 (59355 (59) 9 @ (pixe
o isheo OFSIF o &Vl 5yl sl wal 48,5 )18 )3 s ) y2e YAB £l L sl 5500 53 e Bpsd Jobo 4l ¥ g 4iids OY
il ) ] (olod e g iy a3 o )l 50 gl Mo VF g 5wl 13 Mo d Y'Y g liase p a3 5l o ps FY &S ol
(Hesami et al., 2018) cul 51,5 ol 4,0 =Y 5 Y¥/F gy liusj o

oS ady) Slbl ) cilizee (e Sl I (GpteBle Vemr Boe) SB Gladiges oy 5ol glp adlae nl
SB lgieds 559385 ane Blybl (3¢ 005 (g9l8 e (bgseiwd ] cél) slaSE )5 aing, M. cuneatum (M) cusgsjlé
SE lsisd 35 oleye dada Spglme 1ol cul (NM) Cangdjldpnd Comen aulyy Slbl SB (sladiges 05 iy o3l
943 0+ g Jlad (0,0 48B3 DY 9 axd VY 5 Uy pdaws jl yie YV gl I b ol e S5 adlate ol s cudls 03l ue
3,5 b a3 Ve (clod b gl 55 g oss JUye SB (cladiges .l oss gly loduol (s yiogS AD aliold ) 5,5 Jgbo adds ¥4
T80 Sl Sy 9 VY Sl Sy00,8 bglsa 1 jid oo Vo madad (gl Wadiges 5l p)S <10 Lo 1505 Sl el VY Codody
3 g odd ol 8 (51,5 Sl dnyd Vo) Ligr O plon 3 el ¥ e @) lndiges cuclio Y 5 L 350 039331 V 0 ¥ o &
S cladigel pin ) odol Cusd 4y 0)las ;5 oy cbale 1 0y y2d o Vo &yl T b g5 oo 5 Blos laiges culyd
£y 0 (5 B Gy e (65055l sl .8 )5 )8 i 390 Shimadzu AA-6200 Jue™ sl Gl giwcib olKiws b
O3 S9y 2 Sl ¥ Sy g oud Ll PHEV L Yo ) poiigel il 12 o 00 gsl> glaiid o)) 4 S (ladiges
oSt bawgs oy Clale ¢ ooy Jolore 13,8 Glo jl s g st e @y B 030> 0la] g 345 031 1,8 S xS
B e gy alie jb S sladiges Jo> bl Gy lise o J(Faucon et al., 2007) s (s uSojlul o3l Cls miweab
(Anawar et al., 2006) 15 odliul 035423 yhaie Ul | waigel Cliwl Mo (b Lol 3¢5 Jobs

JUo 55 Gle po aautis 0390l put a4l g 159355 yane BlybI 5 o gy M. CUNGALUM g 36 e 5 Cowgdjls oS (slaasls
P AEE Yo Gde b ode s cly o)k .80 (6,5 (IS elbeSTh 9y 31,5 il 43 )3 0 (clod 13 g o yglxen YAV
O Oleipn g @l Sly D05 03l giind Jgeme Ol Ll cply e g 00 03 18 20)0 Ve s S g Jolore
59y Vo Sdedy oS ilwgdsd OV glod > g M 0dld I8 el Y Cde @ copd e VO pPM clale ) ladily o Sjales

1 - metallicolous
2 -non- metallicolous
3 -Atomic Absorption Spectrophotometer



VTN e dly () 540 9 2 pw &0 (G o 1 ol g (50wl Il (i3 — (sole)

Sl sl A o olidsy el V8 6y55 0y90 b S 561 ) ey ools cla S 4y odjailen slaydy o Sl D (g 2eSs
J e w60 (ol e Ol L laazalS 3 Sy gl slnl b g Jitie 4l myeyie p o5t JgegySee Yoo y95 s g
Wl g i Jgbee b g S (ol W glisyl g A o) 2l s 0 e o b (Sitdly slagliS & sy loazals
Wl sn oS S e e IS e diin g B ol 5 4,35 £ 1 O/D (godgaoee PH L (bl peacSy) snsp Mol

:(Salehi-Eskandari et al., 2022) ;| 54 < ,le oslitwl 350

3 mM KNO3z, 2 mM Ca(NOs)2, 1 mM KH2POs, 0.5 mM MgSOa, 20 uM Fe(Na)-EDTA, 1 uM KCl, 25
UM H3BO3, 2 uM MnSOs, 2 uM ZnSOy4, 0.1 uM CuSOs, 0.1 uM Na;MO4

Yoo yo b cov (So,U celw A) (69 gl 9 31,5 Slugasp YO £ 0 slod b cuiS” 5U1 jo j5) £+ Gt & LS

o Bl g Cuoglie ol 5l 5l (NM) Cawgajld e g (M) Camgdjls Cumes 93 o 2l 15 apoie 1 (19398 Jgo 950

P o o o8 co o JUinl g ol (Bl g 4ty Job g g 25Le) 18y Sl 2 o BT e Sz g BAS gl

plie & Gy ol slacdale L [PD(NO3)2] Gy ol jis & ygods 0y Hlosd Cos dtan ¢ Sdods lalS jolate oy 48 )

S5 5 oy Slnd g 659l Sl oy o R )3 il 03l S8 1 g3 p S e Voo g Ve B0 e fanld) -
(Mohtadi et al., 2012) 15 osliz. Fe(Na)-EDTA 3 KHPOs 156 1lS g ki Joloo §| PD-EDTA Sl

B yle g LS S 1 O (o (Sloione (S 23Lo bl (oo
ol sy 515 Loy Wl oo 5 iz o2 (lgn (sbapbil g a5y o dsbe (sl cmd ot 35, ¥ 51 g
55 0l lom ise "ol o (gl D 03 gl 3 b StS Sl a8 ) g lon Glapll g 45 (6 o3l
(XU et al., 2021) 15 dpsbxs \ dlaly ol 5
RWC (%) = [FW-DW/FW]x100 () e,
sl (2lgr laplil SWiS 159 9 5 )y i DW g FW daly ol 5

Sy a9 oad 5 ¢ alS b jlpS /) jolate (i A8 (S0 jlul spl et L (LS SiS ol 3 ao e e
3 el ¥ Odody Ly 00 (6510055 298 ) 50 Caelo YF Gdody 9 b 03933) o yd FO S5y el yid Lo ¥ (g9l iulo]
55 035,13 b plos )3 488 Yo Iouome g 03938) a3l O i ao V0 Ll 0 (i i3 5 uy 505 03> )l s ples
Salehi-Eskandari et al., ) s, yud Joo Vo & jlatio OT b Ll ol pors 9 Blo adiges Coles ) 4 slo) (5w Joloxe b
o Al 53 G e a5 (505l (AAS, Shimadzu model 6200) el g cighs 0555 Lausgs o pus o (2022
Copnad b dpaalo 2S CL ] SS9 50 diged o St (g £)5 S 3 G e o Jeols Sl elS o a5 lon
Ay C8b > G Gliee p olen plil 13 Gy lise munds j1 olsa (slaplil & (translocation factor; TF) o w Jl
(Shi etal., 2015) .i dpolxo
: 6ol gWdmolone
o 5 435 SPSS I3l o5 J ool b b Sy (S5 s b slast o ) ok SIS ¢ b din sl o
059y 3 @l U1 (sl g 0 plol 003 R0 lizabl g L oS3l (slatels i 9031 b o Silio duglio 5 plosl sl (4ol

5 oolisl EXCL 1381 o35 51 alages wasy (sl cizeod 9 48)b 93 (uiby)ly 4 jo0

o9} sbasl

S sladiges Jolmo 9 JaU5 B (JS &m0 34IUT

oy dale (5:0ke oS 0y (LS (59385 o) jlodd (5l peiges (e Yoz 5> BB iy g o5 BB (S g e
IS g lsae e YU (glyls Wiloas iy yy yame G pe 1 aST sladiges 5 Al g0 p)SslS 10 p,5 Lo AT (S sladigai jo JS
e Iy 18 pll o Cle e b jlord (gyglaer slodiges sl oy (syS0jlul ] il o (p)S5hS )3 p )5 e VAPA)

1 -Relative water content



(‘:w.é’}’— u.ol&) AEZ2 ¢ DLQM BB b)w 14 8,9 “’,‘).3“ Jlégui Oludss VAT

9\‘\ Gy [ W) wb): 4)94).) )L@? )I JJL»; JJLQ 9 J9l>u g u—\i}l&.ﬂ .)9» uMWJ)lS L;oal u.&> @WU’-:-L’ olKwd l) g
(N J9a2) 392 p)S9LS ) p)S (e ¥V

0159355 08l g, 9 g ime oAbl 1 G156 Hlaea 53 (0,594 13 0,5 (o cams ) Jglowo 9 S35 BB (JS o pw 0 = Jg>

e Cuxdge I o SO HE Jgoe oy
Jleis Yyo Yo a
G YV v ¥
Gy \Y-Y I3 Y
e VasA Al ¥
Sibe .y FY \a

LA 53 Oy JUS! g rod gy Slbao 31 (B 0 BT LiiSed 1 g Cumod 9 0w T (Slapo (65be) il lg 4395 - Jg

*9)
Oy gl Goljan,s P EBA Sos O e lye SRR S Bl Jgb
(g Plant™) (%) gy & (le (cm)
N i oy Yva/ -[yen Y/
Coze \ A4 oY/ N XY R
Cunod X ¥ AR YN NN L ES
s v. R4 A AR /5y
Y Jgas aeld!
Oyt golie T2 ady) gk hy) g gl Geldl o P JET Ol
L1 (cm) (mg Plant™) (mg Plant™)
G ¥ AALVAm N7AN -y VOY/\
oo \ NG VAN N /™
Camad> X Cpu ¥ \YIN VAT o[y VYA
las. ye Yy \Vid ofeeY VIR

aoyd ¢fY g e d Y o )3 0 5l kS Jlads] rmhan 13 415 Sme g I3 Sme € G 55 g FEEG FE * g

) & (2sp GLaelal Comd 5 (2 Slgome ¢ ailgp SBEINT J (59 2 g lisee glaclile il
2 oy clale GRlEIL Canex 93 2 lgn saplil 5 1jg a5 b LS A=A S > alsr laplsl 55y (Sbe Ol pess
Dbl Aoy &S 6 ysbds g i M. cuneatum olS (NM) caogajld e Cunes 3 LialS cpl ojlgen Lol ciily jials e
4 (NM) casga3lé s Conar aald 09,5 &) Comd ey 33 p)S ko Voe g Ve e 0 Ve slacale )3 lgn slaplul 5 5
a8 395 1oy ¥V« FYIA SYIN VIV s s (M) Cangdild Cumen )3 (ialS cpl Jg 390 0o yd AF/O SAA YV SVF s
AU L8 jlewd 4 G Hlowd p Lol s (6 5o o NM Cumon &) Cond M o 13 5 (59 ialS Mgy dad 0 )l
L .(P>0.05) cuisls (g gme BMB] Gy yid 33 0,5 o B0 Hlad b oS o i (0 p)5 oo Voo Jlog sjpay cdldy HIo sixe
A o sixe (o g 965) el slaiiSamyy V Jgdo i ey (slalass 4 Coman 93 sl Sglise Nig) & g5

YL sk 5> LinlS ol casly dnlS g, 555 ialidl b Cunan 9 55 (RWC) T s elgime VB S dngi b
AWy (M) Cwgdsld Coror wopw yid ;3 p,5 o Voo jlad )0 &S g5k g S M. cuneatum (M) cuogajld Cuzes
oibls (P>0.05) cuslys (g)ls cixe BMB] (pw yid 13 £, Lo Yor 9 0¢) dmy g B (sl jlos 4 Cod cumwgd 8508 Camax
9 \R/Y (U)»J )JJJ)-) P)‘?LS'L“A Yoo 9 \") L)*WLSYL‘ C}]a,w P s 09).? & w.u) c(NM) w9.>)13)~° Cuzxo> uT w dly?u
Caned 90 ol (slgie glise gl 4 4595 b (P<O.05) 59 VW/A 5 VY/Y (M) Cangd 6 cumar )3 LialS opl Lol 395 duo > YA/Y
(P<0.05) wis ls dme (o pw X 4365 oy a5 b )] siSam ¢ 5 40 Comd M. CUNEALUM

ol i M) & 31 L5 NIM) Cansgd 38y agmar 3 (V—C JS5) adky 4y (tlon clopll (Kt 9 Conmd &y



VTAY e dly ) 5a0 9 9 pw Q039 (G o 1 ol g (50wl (Il (i3 — (sole)

SiiS 59 Comd NM Cozes s (P>0.05) wiisls 1,3 o G 55 oylol Llod 51 oyl 5 5,105 3935 W jlos plos oy
(P<0.05) cusls (gls sme Lol L slasloss a4 s 55 o (py3] 55 (M) Cngdilh Cunon di)y 40 olon slaplys]
tdaw oYLy M. cuneatum (NM) cusgd il s 9 (M) Cawgd b Cures )0 dduy & olsd (slaplil Sis 59 Ol 3,
A Gl (Sdoyd Ye/A u«lblg cu).w).u.lﬁp)fulmv" U”“"CJQ“J)J NM Cumad> Dy u9l.n...n (uﬂﬂyﬁﬁ&ﬁv'*)w
Shop VY iol38l ¢ (a5 pdaw o3 YL )3 M cames Lol (P>0.05) 595 55 gxo (65l] Llsd 51 ials ol a8 coils aalis 0g,5
hw (oYL Carer g0 adny 4 led (slaplil s 59 Coms Cglate Gl a5 b (P<0.05) cuisly salis 055 4 Cows

A5l gine (e X 65 ] slatiSan y ki ) oo il (o 51 o) e Vo r) o 15

s0, A 100 - B B
Bl ONM @M
B 4.5 a ONM BM
2 a A
4.0 80 - b
3 = e B
= 3.5 4 A [
%_, 3.0 ,'_i 60 a
3 25| -3
] )
f 2.0 ;\; 40
E 1.5 =~
(=9
&0 1.0 4 20 A
0.5
0.0 0
o 0 50 100 200
(NE/L) oy S
C J c
45 - ONM &M
4.0 - A
32 - 77
7

adyy a ln sl Il LS (g Cond

MMM

]
=
=]

a
a a B
2.4 B a B B
1.6 -
0.8 -
0.0 -
0 10 50 100
(mg/L) o peo lalz
iy ) 41 (lgd aelail Sid (59 Comad 9 (B) (2l (5500 2403 d(A) 2gp GBI 5 (359 2 o0y e (SOCBLE (o) 0 ) JSS
By ol 3 lilin] glad £ )1 ST dus (1bo (ygiw 2 0315 (M. cuneatum) @gnrgylo (NM) Cowgd 38 1 g (M) Cawgd 318 Comos (C)
(P<e/+0) x> (yg03 wlwl s c3ls cy JId sire BET 45 by (M Coros 510313) S50 9 (NM Curonr (slo2313) S oS dyliiio i
Cowl
A8l g dwivy Job o o pu BliSee rcdale (i)
Ol Cuxas 93y didyy Job a8 b ()l o e glaclale 1 ols (il cod adyy Job Ol F-A SG illas
D (M) Casgd 38 Cures 3l i M. cuneatum (NM) cuwgs 188 Cunes 53 oylg0n yialS cpl Lol cél jials oy cldale
09)5 4 Capd oy i3 p)S e Vo g Ve e Ve slacdale 13 ANM) gy 6,8 Cumar > ) Job (20l 45 (5 )5bay
D93 203 WY g VY VY VIV o s (M) Cansgd 38 Capman 53 iolS ) Lol o ys OAR FAIY VY OY/F (5 & Sals
Be g V) GBS gokaw Cnomb 2 o M daw 4 S Gy ST B ol 53 (NM, M) Cune 53 500 53 iy Jsb
A Cand Couzed 9Dy 50 ddyy Job (ddlS Mgy ;0 MBS asg L (P<0.05) aiiily (gl sxe OS] pa b (i) 10 p)5 o



(‘:w.é’}’— u.ol&) AEZ2 ¢ DLQM BB b)w 14 8,9 “’,‘).3“ Jlégui Oludss YA

o slaplil Job a8 oy i Y-B S sillas cop calisee slaclale 136 cov olga slapliil Job &l s gols
Cawgd3ld e Cuzor )0 oylgen YU slaclale 3 paasy Lials ol bl .cdl jials Gy cdale (il L Cuxes 90 ya (a8lw)
sckale 13 (NM) Cusgazld e Cumen jd dBls Job a5 g ysbas g (M) Cavgd 38 cumes 3l yuis M. cuneatum (NM)
Cawgd 31 Cumor 50 Lials Cpl bl cusly (ials ao 0 YFIV Y'Y/ iy a4 aald 09,5 4 Cud copuo yid 0 p )5 (o Yoo g Ve
9 Ve slackle »» (M, NM) Caxex 93 ya (548l Jsb 4 (P<0.05) 54 0o )d YAA 5 YF/F iy & aclale pan j> (M)
Sl Iy e LialS sals 09,5 4 o Lol (P>0.05) wiily )3 aaw S5 50 ()lel Llod 5l oy 2 3 )5 e B

A 15 B .
40 - ONM @M A ONM BM
a A a
32 4 b B B N :ﬁr bBC
5 ﬁ/ : c 4, 12 >
Sl | P =) 7 7z D
Su | B o / ) o
= =  § -
. nnu
s 0 % a
,ﬁ | n
| . n
0 % 0 % % é
0 10 50 100 200 0 10 s0 100 200
(mE/L) iy il (mg/L) s clile

(M. 2gm9,lo (NM) Cowgd 33 1l o (M) Cuwgd 58 Comon (B) ddlw Job 5 (A) diny Job 1 o0 puw cilidro gCBUE oy o Y IS
Cod15) S5 o (NM Coron (5la031) S g8 dsliiino juf By > ] 3 jluilinn] (gllad + )1 ST (pSlao (g p2 031> .cumeatum)
Conl (P<e[+0) SG15 oyg0 3] (bl p 031D s 15 Sire SWET )5 b (M Copros

@ Blice GBCBIE 1> 2lgp el & O g JUT 5 ((21gp eIl g du)) © g @o2S ()0
(M, NM)usgo3lé e g Cuusgdld Cumar 93 5 a3 318 ol @ood (e clasmo )3 pus clale (20381 L F-A IS Solles
CJG‘“ L)J)’U"‘Jb A G o pw ).'Z:\.J).) 'x:)f‘_;‘.m Yoo 9 Voo e L;Lbu]al; 0 u,mb.sl U”l uﬁb u,u.:b&‘ (M Cuneatum) (:9.39)1.0
Cawgd b Cazren )3 5 (5 plp VAN o VVE VA (]38l sy a4 (NM) Cawgd3ld e Cumon )3 (o yid 3 p)S o V+) i
2 Ll (P<0.05) 59 jl5 cize (L8 jlows & Conss jlod yo 10 (M) Cumes oyl j0 Lioli8l opl &S cusls (sl Y/ 4 Y/VO X/Y (M)
e 935 sine i o 4y Cannd (G il )3 )5 e B+) i85 e (g3 )3 baS (al381 () (NM) cugd ldjud Cpmo
oy sadale plos )3 (P>0.05) aiils )13 aaw G ) gylel bl 5l wal (o i) 3 p)S deo Voo g Ve @0) bajlows
Cawgd 8 o Cupmar I iy (M) Cuwgd 515 Cupman ady) ) oy (e (G 1) )3 £5 he Vo) S35 o (ol oo
5 b gl (aiSen o cilises (slalass )3 (NM, M) pgug)lo Cumed 93 duly) 53 oy Sgliste cublil 2 4295 b 59 (NM)
(P0.05) 15 3 _sixo (1o oo X Canos) oo

e 3 Gy Gl GRIBIL (ML NM) ponle cmex 93 50 2loa laplil )3 @y cudlil e 7B S5 il
Vo) Ui e G poml & S oy gl p S ke Voo g Ve B laclile 3 Gy (e & gpsboa ety il
(om0 X Camoz) oy (15 L o] (3iSa 2 ANM, M) pole Canaz 53 2lsn (slopliil )3 o pus cudlil oglite S, & 4255 L
(P<0.05) 15 lo sine



VAR e il () 5a0 9 2 pw &0 (G o 1 ool g (50wl (Il (i3 — (sole)

s A ONM aM g, 12 - B ONM @M
A ‘_'g

_-_3: 15 I %% 3\ 1.0 1
2 b 2
T % % 3 08 ﬁ
3 P oo 0 3 .
J o ﬁ ,ﬁ % 0.6 - 7
= ] | P 4, 7
‘é 6 b C % % :::r' 0.4 g
2 nes
g * r% ﬁ % i 0.2 - g
0 ﬁ ﬁ 8 0.0 %
0 10 50 100 200 0 10 50 100 200

(NG/L) &y clalé (mg/L) oy Clilé

oy 9 (V) Cuwgd 315 Camoar (B) (22 9 (A) dudyy 03 Sl (5Ll )3 oy (100 52 60 o B0 GBI (ouw 0 Y JSUd
Corod SR031D) Ko oS drliiio e By > ! 3 lailia] (glhad F )1 ST dw pSlo coygin y2 0315 (M. cunmeatum) pangyle (NM) Cowgd
Cowl (P<o/+0) S515 39031 (bl s 031D o 515 ko AWET 45 4Ly (M Coumon 2315) Sy 3 9 (NM

o 93 Loyt e 93 ooy il a3l b o e i 1y oo cslaplt] & Ay 5l oo ) ljme F S5
Gl (NM) cuogajlh s Conan plon slaplul & ady) 1oy JUl @liee (G 0 )3 p35 oo You 9 )0 0) S35 VL
(o 22 3 )5 oo Vo) L5 o (Sl & S (0w il p)S o Yoo 9V e shaw ol ) o JU! il 381 il
o 3 3PS e B0 oS o S5 golaw pled g 392 Cglite (M) Cusgdjlh Cme 13 i) el Lol dgr plp VI 9 ¥IY sy
e 33 55 alop slopl] & a5 oy JUi] oglite 3ig, 4 453 b (P0.05) wizblis (5l sine SIS o b (5l Lolox

(P<0.05) 1 ,ls dxe (o yw X 465) oy a5 b o] JiiSen g cdale iol3381 L (NM, M) pgu)lo

-
& 03g)] Jlas (slo Ko £33 Bilodis (69l8 axe 45T (M. CUNGALUM) pouyle adiyy Blybl S oS s o (lis 3uio5 o) ol
Bineshpour et al.,) cusl sads (5,155 £,5 eo YV S p,55LS 12 33 Gy (gly 00 1)) Sles 50le g o0 gz puw
(Wu et al., 2018) asl, iol33l p,5skS 15 2,5 e M/AY U o olise oope Xiangyang ,es o3¢l clacss s Ll (2021
SLSE 3 Gy (ke plp VYl G (SB )SokS )3 0w )5 e VIPA) 08 adlate )3 c(pdne JS o p diniy (il
2 Jobre 5 (p)55kS 50 oy p)S e FY) Jols BB oy i gl (0ne ©58) 0l oo 4] )15 o pos 03,55 03]l
S 53 29290 oy by 48 3 Ablise JS g ol 203 Y Y iy o Canl (pSkS )0 e p 5 e ¥4)
syl Pollard et al.(2002) slaadl b zubs (pl 308 oo Jl8 Sldgnge (wyiwd )3 Copo 4 plpls cunl Jole e e
el cunsy (Brown & Brinkmann, 1992) S SeslS cud)ls PH lie a4 SB 33 G Cuow e Gl Jlgsion
5 I sl e (Kumar et al., 2020; Ratul et al., 2018)  yu,luis (Tabelin & Igarashi, 2009) S5 ( wS's4))
sladisS go5 o (Kopittke et al., 2008) sauS'cols, (slayelS o0 (Sammut et al., 2010; Shahid et al., 2011) JI ¢
Gl azuly (Biet al.,, 2010) als

Ol oy S G151 L Cumon 9 o 0 (VJSE) Ay 5 4Bl Jsb o3 JSS) o o (s5me e 2lsm slopll 5 5
odaliio (@ yidyd p)S o Voo ) oy clle 03V )3 gy Sy nseS (M NM) Cunen 93 2 ) &S5k il
Bl asls p oellaol 315, VW Slojojl jd oy e iuls8l &S oads y)155 Acalyphaindica olS )50 13 (ol guls .o
s jlos cou pais olS (Venkatachalam et al., 2017) 3 o0 oLS Jobo g dudy )y cdBlu s ()59 il coge g il A,
Sl (22l (ul e ST A dalge aly) Jobo (6303 OV BVY (28571 jo) V ey (Y50 9)Su0 YO+ 9 Vev e e+ ) oo e
1 e g (M) Cawgd 318 4565 90 ddyy Job by ialS olie (Kaur etal.,, 2012) 55 0o )d ¥F 5 ¥V Y i ey adle Job
UidlS g A Ao yd ¥V o YF/Y Cud b & 595 VF e (4l (o i yd p)S (o Vo o) Gy clale oy YL 1> gcus (NM) Cawgd



(‘:w.é’}’— u.ol&) AEZ2 ¢ DLQM BB c,L«& 14 8,9 ‘G‘).ﬂ Jlégui Oldss Y4

slopluil 5 559 Bl Glie (V0 (29 RS (3laed 5 (608l (2lo) 392 10> FVIF 5 VoA ol olse (slaplil Jobo 13,
(e sl P35 oo Vor) o ClaE (3 5V 53 pgle (M) Cangajls 9 (NM) cusgdjlipnd Comar 93 0 (VA JSU) (olgo
& Oy g Juasl 51,0 a8 33,5 0 g o ol omndi A5 Bl 4 el B0 Ady EalS g do s YYIY g AP L 4
o Saxe (Shahid et al., 2011) uad o &) b 9 pandlS (6l i Sdne y> &S 456l b aliie 95 0 Sl  Jobu 0,lgs
@)lgd sy Blasil )3 55 b Colod 3 & 0ad sl 0)ld (plondd 9 (38 Cuogad 13 S g Jol o)l (08 CS el
a3 ,Slos > I el oy calé ilsél (Shahid et al., 2014) wb e il b sl Jobo (b5 sk b s

b igie (Jsho Sloudl Coled )3 9 03,5 (S (elSobs sl Bigyy L poulilns o b maliions ylar oo (D) 1 g 00d S0
.(Dalyan et al., 2020) sl o yialS

0.06 %7 % 7
3 0051 ?/’% % %
%3 0.04 % . % %
?.? 0.03 / / /
’ 0.02 % % /
0‘01 : % b % %
u:uu b % %/ %

(NM) Cuawgd 38 puf 9 (M) Cowgd 38 Cumon (B) dwiry 9 (A) (2198 (BeIT 13 Oy (580 33 6 puw llido gCLUE oy —€ S
S5 9 (NM Caron (sl0312) S 55 dyliine jué By > cCawrl 3 jlailiw] (glhad F )1 ST dw (puSlo cygiw y2 0315 (M. cuneaturm) pang ke
Cowl (P<e/+0) STI5 yg03] (wlwl s 031D (s 415 imo BWIAT 45 4l oM Curonr glro21S)

3 b zals ol (¥ JS3) casly il Gy clale Ll L pawle oS (M, NM) Cunas 53 50 55 &l oo slgivee
, (Srivastava & Srivastava, 2023) sLié (¢ p3dess 1 pui g Jolw 0)led (s pluiilasl Lials b oS el ol Ly, 5 puis
UidlS & oy ialal 1 b 5 iels (Pinho & Ladeiro, 2012) 556 o bles e, o dis b 4555, badloee glaaisly
ol yan Woijg, b ds s ABA it slall Ly &8 355 o b po 55555 Ui 0uiiS Lais (gla JoSlo 1555 5 dinel (clainl doid clale
il oS oo Yoo ) a5 o o YL 53 (N) Cawgdslh Cunon )3 o (slgime LialS ol (Zulfiqar et al., 2019) 3,5 .
092) B gSgeuml iwgn (il3sl 1 LU (M) Congajld Cunen o] (clgio yiul33l Ylais] a8 545 yieS 2o )d VY 39> (o puo
(Kastori et al., 1992) cul oy jl 56 o (25 b ablie (ly (g
o)) OVY iol58] cdalis 0,5 dy Cannss (o paw yid )3 £5 (duo Vo v ) lasmo p3 puo cldale o SYL 50 &S (g y0boay cusly (il 58 055
Gy & S )] 2ln claplis] iy camlus S NM Cuxen 5 adny 4 lgn clapli] cans ials .(V-C JSG3) oy L
ST ol el (oI5 b o9y 9 g opdlee slaalbl 5 assl ws, (Ligustrium lucidum) oLis s ¢ Sy pglie 4565 .canl
(Huang et al., 2020) 1S Lais |, 395 yiiwgid o) 9 Ad, dindlys cou 3]

U‘)‘“‘ 0)194»5 9 cab uuul)sl (NM, M) corox 99 4 u.:‘y'b L;Ubﬁl)a‘ 9 dwlsy ) ui ) bye y O s clale qu)B] L
oS spskar (F 5 7 US5) 22 sy (NM) gyl Cuman & Cumsd pogilo (M) Cungdjlé Cuman 5 o] Jlil g oo o2
ﬁ'ﬁ \VA 9 AP ZANATA [ENVEVEY M Cuzod jd o yw )Z:J).) [n)féwo Yoo 9 Voo dde Ve dl.bp\.‘a.l.c 30 sy wLal u‘,w

1- mineralization



QY w540 9 g &0 (G o 1 ol g (5 Sl (Sdlo (i3 — (sole)

ol 3y $1 3 o cesl (Bl (5 pomle (M) Camgdild Comar didy) ) oy go28 Cudyls Jlj3l 391 Cangdjlhpd Cumon
0355 ¢ ok oy slaliad 15 Gy Jolomols (slancSod ygu0 4 Lilg5 oo duiny 53 Oy g0 Camsl 05 0] Ly 4 0391 3blie )
Cawgs 5 (0y393y Soadl la BsSly 51 ;5 oy sa0S (Islam et al., 2008; Jiang & Liu, 2010) slewdl slie p»
e syl 4 Jlasl 54l 5l o less 55 o] s 3game e o (Seregin et al., 2004; Srivastava & Srivastava, 2023)

e 5 03,5 Cuslil sy 1) (Loyd A0) G (p yids LS el aas &, (Pourrut et al., 2011) Jokw o)lg> (slo i
2 oy JE) Mgl s (V) (905 ilad 5 Sl (o) wulie Jitie algn loplil 4 |y ol 1 oS
Srivastava & Srivastava, ) ub e LialS oles cbaalil & Oy J) ¢ s Crane D90 oo dgdime day py3985] (ol Jglus
Srivastava & Srivastava, ) sib o S 3l meS GlS le 3 o SOl iin Sewlil iy (LS sl eS8 (2023

oo R L Yoo Cansg3lé Cmon Lol aidly g0 Sl iy 5 (NM, M) Cpmaz 93 0 copo JUl 300 2255 1 (2023
(Mitra et al., 2020) sl wdy oy YU cdale )3 g amd (i3l 1) 565 Canglio Wlg co oo il 9 ou 3l (ST 5]

Wolgui 9 (5 5 40
S 39T 9y 5 ey ire Dbl QLS g (S35l & 3905 S (e SB T ol i 4 2L
Slse Gl (b porle (M) casgd 518 Cumar g ol Slaa (gl lilial 1 5V s 218,55 )18 (6918 ine Oy hgeiond
Py lea slaplil & Oy JEDl 5 g 00l Gl adn ) 0 1) Gy oo liee U cuwl 03,5 canS” olaculild ddlaio opl )
L (NM) Canwgdlé e Curer BN (M) Cangdjld Cumes copw YU slacdale 3 cle padds 3)b 655 ol bajloss plos

oy ey o S b Al lom sloplil )3 YL (a1 5] s (5231 5 alg sloplil 4 o pus JUa 5 S8
oS ol (555l & gl amd QI ) a4 lgn (laplii] s g led ST 6Vl O o (Slgiome g 1) sla ST

255 oy D390 Came ol 33 Oy &1 ()3l So3olgr b sl Sal e 03] Hlnn SlaSB 4y

S wlow
e 6y Sl Slosens 5485 gl 1 Jlo Coles s 41 lodiaol olSutils oiing}y Ciglas

"3 392y Mg o g8l 2l S

&Qbw

MatthiOIa ) yw C;u.ua.)}lé )».c 9 C’,w.ssb)’lé dl.th; hwy & LS’\!L’ DL; u)b))l (\\c' \) L...n ‘LS{?)'Q;/ d)L.Q(.u 9 )98 cd)_\iiw] u.>rJLo
FON-YONY (W) OF o/ SB 5 o cliir . (SPP

REFERENCES

Aken, B.V., Correa, P.A., & Schnoor, J.L. (2010). Phytoremediation of polychlorinated biphenyls: new trends
and promises. Environmental science & technology, 44, 2767-2776.

Alaboudi, K. A., Ahmed, B., & Brodie, G. (2018). Phytoremediation of Pb and Cd contaminated soils by using
sunflower (Helianthus annuus) plant. Annals of agricultural sciences, 63(1), 123-12.

Anawar, H., Garcia-Sanchez, A., Murciego, A., & Buyolo, T. (2006). Exposure and bioavailability of arsenic
in contaminated soils from the La Parrilla mine, Spain. Environmental Geology, 50, 170-179 .

Argyropoulou, C., Karioti, A., & Skaltsa, H. (2009). Labdane diterpenes from Marrubium thessalum.
Phytochemistry, 70(5), 635-640

Baker, A. J. (1981). Accumulators and excluders-strategies in the response of plants to heavy metals. Journal
of plant nutrition, 3(1-4), 643-654 .

Bi, X., Ren, L., Gong, M., He, Y., Wang, L., & Ma, Z. (2010). Transfer of cadmium and lead from soil to
mangoes in an uncontaminated area, Hainan Island, China. Geoderma, 155(1-2), 115-12.

Bineshpour, M., Payandeh, K., Nazarpour, A., & Sabzalipour, S. (2021). Assessment of Human Health Risk
and Surface Soil Contamination by Some Toxic Elements in Arak City, Iran. Journal of Advances in



(‘:w.é,}'— u.ol&) AEZ2 ¢ DLQM BB b)w 14 8,9 ‘&b.:‘ Jlégui oludss YAy

Environmental Health Research, 9(4), 321-332.

Brown, G., & Brinkmann, K. (1992). Heavy metal tolerance in Festuca ovina L. from contaminated sites in
the Eifel Mountains, Germany. Plant and soil, 143, 239-24.

Dalyan, E., Yiizbasioglu, E., & Akpinar, 1. (2020). Physiological and biochemical changes in plant growth and
different plant enzymes in response to lead stress. Lead in Plants and the Environment, 129-147.

Egendorf, S. P., Groffman, P., Moore, G., & Cheng, Z. (2020). The limits of lead (Pb) phytoextraction and
possibilities of phytostabilization in contaminated soil: a critical review. International Journal of
Phytoremediation, 22(9), 916-930 .

Erakhrumen, A. A., & Agbontalor, A. (2007). Phytoremediation: an environmentally sound technology for
pollution prevention, control and remediation in developing countries. Educational Research and Review,
2(7), 151-156 .

Faucon, M.-P., Shutcha, M. N., & Meerts, P. (2007). Revisiting copper and cobalt concentrations in supposed
hyperaccumulators from SC Africa: influence of washing and metal concentrations in soil. Plant and soil,
301, 29-36.

Ghosh, P., Konar, A., Dalal, D. D., Roy, A., & Chatterjee, S. (2023). Phytoremediation technology: A review.
blood pressure, 400, 5.00 .

Gupta, D., Huang, H., & Corpas, F. (2013). Lead tolerance in plants: strategies for phytoremediation.
Environmental Science and Pollution Research, 20(4), 2150-2161.

Haghnazar, H., Sabbagh, K., Johannesson, K. H., Pourakbar, M., & Aghayani, E. (2023). Phytoremediation
capability of Typha latifolia L. to uptake sediment toxic elements in the largest coastal wetland of the
Persian Gulf. Marine Pollution Bulletin, 188, 114699.

Hesami, R., Salimi, A., & Ghaderian, S. M. (2018). Lead, zinc, and cadmium uptake, accumulation, and
phytoremediation by plants growing around Tang-e Douzan lead-zinc mine, Iran. Environmental Science
and Pollution Research, 25, 8701-8714.

Huang, X., Zhu, F., He, Z., Chen, X., Wang, G., Liu, M., & Xu, H. (2020). Photosynthesis performance and
antioxidative enzymes response of Melia azedarach and Ligustrum lucidum plants under Pb—Zn mine
tailing conditions. Frontiers in Plant Science, 11, 571157.

Islam, E., Liu, D., Li, T., Yang, X., Jin, X., Mahmood, Q., Tian, S., & Li, J. (2008). Effect of Pb toxicity on
leaf growth, physiology and ultrastructure in the two ecotypes of Elsholtzia argyi. Journal of Hazardous
Materials, 154(1-3), 914-926 .

Jiang, W., & Liu, D. (2010). Pb-induced cellular defense system in the root meristematic cells of Allium
sativum L. BMC Plant Biology, 10, 1-8.

Kastori, R., Petrovi¢, M., & Petrovi¢, N. (1992). Effect of excess lead, cadmium, copper, and zinc on water
relations in sunflower. Journal of plant nutrition, 15(11), 2427-2439.

Kaur, G., Singh, H. P., Batish, D. R., & Kumar, R. K. (2012). Growth, photosynthetic activity and oxidative
stress in wheat (Triticum aestivum) after exposure of lead to soil. Journal of environmental biology, 33(2),
265.

Kharazian, N., & Hashemi, M. (2017). Chemotaxonomy and morphological studies in five Marrubium L.
species in Iran. Iranian Journal of Science and Technology, Transactions A: Science, 41, 17-31.

Kopittke, P., Asher, C., & Menzies, N. (2008). Prediction of Pb speciation in concentrated and dilute nutrient
solutions. Environmental Pollution, 153(3), 548-554.

Kumar, A., Kumar, A., MMS, C.-P., Chaturvedi, A.K., Shabnam, A.A., Subrahmanyam, G., Mondal, R.,

Gupta, D.K., Malyan, S.K., & Kumar, S.S. (2020). Lead toxicity: health hazards, influence on food chain,
and sustainable remediation approaches. International journal of environmental research and public
health, 17, 2179.

Ladislas, S., EI-Mufleh, A., Gérente, C., Chazarenc, F., Andrés, Y., & Béchet, B. (2012). Potential of aquatic
macrophytes as bioindicators of heavy metal pollution in urban stormwater runoff. Water, Air, & Soil
Pollution, 223, 877-888.

Lu, N., Li, G., Sun, Y., Weli, Y., He, L., & Li, Y. (2021). Phytoremediation potential of four native plants in
soils contaminated with Lead in a mining area. Land, 10(11), 1129.

Mahdavian, K., Asadigerkan, S., Sangtarash, M. H., & Nasibi, F. (2022). Phytoextraction and



VTAY e () 5a0 9 g &0 (G o 1 ol g (5 Sl (dlo (g — sole)

phytostabilization of copper, zinc, and iron by growing plants in Chahar Gonbad copper mining area,
Iran. Proceedings of the National Academy of Sciences, India Section B: Biological Sciences, 92(2), 319-
327.

Mahdavian, K., Ghaderian ,S. M., & Torkzadeh-Mahani, M. (2017). Accumulation and phytoremediation of

Pb, Zn, and Ag by plants growing on Koshk lead—zinc mining area, Iran. Journal of soils and sediments,
17, 1310-1320.

Mitra, A., Chatterjee, S., Voronina, A. V., Walther, C., & Gupta, D. K. (2020). Lead toxicity in plants: a
review. Lead in Plants and the Environment, 99-116.

Mohtadi, A., Ghaderian, S. M., & Schat, H. (2012). Lead, zinc and cadmium accumulation from two
metalliferous soils with contrasting calcium contents in heavy metal-hyperaccumulating and non-
hyperaccumulating metallophytes: a comparative study. Plant and soil, 361, 109-118.

Pinho, S., & Ladeiro, B. (2012). Phytotoxicity by Lead as Heavy Metal Focus on Oxidative Stress. Journal of
Botany.

Pollard, A. J., Powell, K. D., Harper, F. A, & Smith, J. A. C. (2002). The genetic basis of metal
hyperaccumulation in plants. Critical reviews in plant sciences, 21(6), 539-566.

Pourrut, B., Shahid, M., Dumat, C., Winterton, P., & Pinelli, E. (2011). Lead uptake, toxicity, and
detoxification in plants. Reviews of environmental contamination and toxicology, 213, 113-136.

Ratul, A., Hassan, M., Uddin, M., Sultana, M., Akbor, M., & Ahsan, M. (2018). Potential health risk of heavy
metals accumulation in vegetables irrigated with polluted river water. International food research
journal, 25(1).

Salehi-Eskandari, B., & Shahbazi Gahrouei, M. (2023). Investigation of the phytoremidation of lead in the
metallicolous and non-metallicolous species Matthiola. Iranian Journal of Soil and Water Research 53,
2501-2513. (In Persian).

Salehi-Eskandari, B., Gahrouei, M. S., Boyd, R. S., Rajakaruna, N., & Ghasemi ,R. (2022). Physiological

responses to lead and PEG-simulated drought stress in metallicolous and non-metallicolous Matthiola
(Brassicaceae) species from Iran. South African Journal of Botany, 150, 1011-1021.

Sammut, M., Noack, Y., Rose, J., Hazemann, J., Proux, O., Depoux, M., Ziebel, A., & Fiani, E. (2010).
Speciation of Cd and Pb in dust emitted from sinter plant. Chemosphere, 78, 445-450.

Seregin, I., Shpigun, L., & Ivanov, V. (2004). Distribution and toxic effects of cadmium and lead on maize
roots. Russian Journal of Plant Physiology, 51, 525-533.

Seth, C. S. (2012). A review on mechanisms of plant tolerance and role of transgenic plants in environmental
clean-up. The Botanical Review, 78(1), 32-62.

Shahid, M., Pinelli, E., Pourrut, B., & Dumat, C. (2014). Effect of organic ligands on lead-induced oxidative
damage and enhanced antioxidant defense in the leaves of Vicia faba plants. Journal of Geochemical
Exploration, 144, 282-289.

Shahid, M., Pinelli, E., Pourrut, B., Silvestre, J., & Dumat, C. (2011). Lead-induced genotoxicity to Vicia faba
L. roots in relation with metal cell uptake and initial speciation. Ecotoxicology and environmental safety,
74(1), 78-84.

Shi, G., Xia, S., Ye, J., Huang, Y., Liu, C., & Zhang, Z. (2015). PEG-simulated drought stress decreases
cadmium accumulation in castor bean by altering root morphology. Environmental and Experimental
Botany, 111, 127-134.

Srivastava, D., & Srivastava, N. (2023). Molecular Mechanism of Lead Toxicity and Tolerance in Plants, Lead
Toxicity: Challenges and Solution. Springer, pp. 247-286.

Tabelin, C., & Igarashi, T. (2009). Mechanisms of arsenic and lead release from hydrothermally altered rock.
Journal of Hazardous Materials, 169(1-3), 980-990.

Tangahu, B. V., Sheikh Abdullah, S. R., Basri, H., Idris, M., Anuar, N., & Mukhlisin, M. (2011). A review on
heavy metals (As, Pb, and Hg) uptake by plants through phytoremediation. International journal of
chemical engineering, 2011.

Venkatachalam, P., Jayalakshmi, N., Geetha, N., Sahi, S.V., Sharma, N.C., Rene, E.R., Sarkar, S.K., & Favas,
P.J. (2017). Accumulation efficiency, genotoxicity and antioxidant defense mechanisms in medicinal
plant Acalypha indica L. under lead stress. Chemosphere, 171, 544-553.

Wu, W., Wu, P, Yang, F., Sun, D. L., Zhang, D. X., & Zhou, Y. K. (2018). Assessment of heavy metal
pollution and human health risks in urban soils around an electronics manufacturing facility. Science of



(‘:w.é’}’— ‘_@J&) V€Y slogyona V) b)w ©F 8,93 ¢yl ) Jbgui oludss YT4g

the Total Environment, 630, 53-61.
Xu, X., Zhou, Y., Mi, P., Wang, B., & Yuan, F. (2021). Salt-tolerance screening in Limonium sinuatum
varieties with different flower colors. Scientific reports, 11(1), 14562.
Zulfigar, U., Farooq, M., Hussain, S., Magsood, M., Hussain, M., Ishfag, M., Ahmad, M., & Anjum, M.Z.
(2019). Lead toxicity in plants: Impacts and remediation. Journal of Environmental Management, 250,
109557.



Y0 e dly () 5a0 9 g &0 (G o 1 ol g (5SSl (2931 - ole)

A comparison of lead accumulation and growth factors of metallicolous and non-
metallicolous populations of Marrubium cuneatum in hydroponic conditions

EXTENDED ABSTRACT

Introduction

Heavy metal contamination is increasing with the enhancements in the exploitation of mines, industrial
activities, sewage sludge and wastewaters, Pb-containing dyes, burning of solid and liquid waste and using
pesticides and agricultural fertilizers. Phytoremediation is cost effective and efficient mechanisms for
removing heavy metals from contaminated soils. The present study was devoted to investigate the
concentration of lead (Pb) in the tailings around the Tang-e Douzan lead—zinc mine then determine the growth
factors, relative water content and the lead accumulation of the metallicolous population (M) of Marrubium
cuneatum (NM) collected from the vicinity of this mine in comparison with the non- metallicolous population.

Material and methods

To determine lead (Pb), soil and plant samples were collected from four different sites around plants (M.
cuneatum) growing in the Tang-e Douzan mining area in this study and the concentration of types of lead (Pb),
total, exchangeable and the water-soluble lead was determined by the use of acid digestion and different
solvents. Seeds of M. cuneatum were collected around the Tang-e Douzan mine (M) and at Morghab spring
(NM). The sterilized seeds were placed in 750 mg/L gibberellic acid solution for 24 hours and then exposed
to 4 °C for 20 days for acceleration and synchronization of seed germination. Then they were sown on Perlite
wetted with distilled water. The seedlings were grown in a greenhouse with a 16 h photoperiod (light intensity
200 pEm—2 s —1), day/night temperature of 25/20 °C, and regularly watered with one-fourth-strength modified
Hoagland’s solution. After 45 days plants of uniform size of the both plant populations were transferred to
hydroponic mediums and after proper vegetative growth, they were exposed to 0, 10, 50, 100, 200 mg/L
treatments of lead for 14 days.

Result

The results showed which Pb concentration in tailings around the mine was more than 72-fold the global
average and by increasing lead concentration, the growth, relative water content of both populations
significantly decreased, but this reduction in growth was always greater in the non-metallicolous population,
so that at the 200 mg/L treatment, the fresh weight of shoots decreased to %84.9 and % 32.2, in the non-
metallicolous and metallicolous population in comparison with their control, respectively. With increasing the
concentration of Pb in the medium, the accumulation of Pb in the roots and shoots of both populations are
enhanced and lead accumulation was constantly more in the metallicolous population. The accumulation of
lead in the roots was more than 15-folds shoots in both populations. Translocation factor Pb did not
significantly change in the metallicolous population with increasing Pb exposure.

Conclusions

It had an efficient antioxidant system which can grow with more accumulation Pb and ratio of shoot to
root increased which is not apparent in one. Based on the potential of the metallicolous population grows in
high lead-contaminated soils, it can be used for phytoremediation.

Keywords: Accumulation, Growth, Mine Soils, Phytoremediation, Translocation Factor.



