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Abstract

Background: The gradual increase in the concentration of heavy metals in
soil poses serious hazards to human health and other living organisms.
Accordingly, the current study aimed to assess the optimal operating
conditions of phytoremediation of soils contaminated with zinc by
Spinaciaoleracea L. plant.

Methods: In this experimental study, different concentrations of zinc
chloride (0, 100, 250, 500, 1000, 1500, and 2000 uM) were applied to
Spinaciaoleracea L. plant in the four-leaf stage in hydroponic culture
medium for four weeks. Thereafter, the growth and physiologic parameters,
as well as the amount of the zinc accumulated on the root and aerial organs
of the plants were measured. The experiment was carried out with a
completely randomized design at three treatment levels.

Findings: In Spinaciaoleracea L. plant, the increase in the concentration of
zinc chloride in nutrient solutions led to a significant decrease in the biomass
of the root and aerial part, chlorophyll a, total chlorophyll, and leaf surface,
with the highest reduction being related to the treatment with 2000 pM zinc
chloride. In the aerial part of Spinaciaoleracea L.plant, proline accumulation
increased significantly with elevated zinc concentration. This being the case,
the zinc accumulation rate in treatment with 2000 uM zinc was 2.57 times
higher than the control treatment. In addition, the zinc accumulation rate in
treatment with 2000 mM was measured at 324.02 and 355.46 mg/kg of dry
weight in aerial and root sections, respectively.

Conclusion: As evidenced by the obtained results, Spinaciaoleracea L. plant
can be used to refine zinc-contaminated soil since it is resistant to low
concentrations of zinc in terms of indices of growth, chlorophyll a, total
chlorophyll, carbohydrates, and leaf surface. The other underlying rationales
include the relatively short growth period and high performance of this plant.

Citation: Nooraii F, Kamari A. Effectiveness of Cognitive-behavioral Therapy in Social Anxiety among Children with Type

| Diabetes Mellitus. J Health Syst Res.

2019; 15(3): 216-223.

Copyright 2019 Journal of Health System Research.

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International (CC

BY) License (http:/creativecommons.org/) which permits unrestricted use, distribution and reproduction in any medium, provided appropriate credit to the original

author(s) and the source, provide a link to the Creative Commons license, and indicate if changes were made.


https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-1894-0001
https://orcid.org/0000-0002-8075-8246
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-10-21 ]

[ DORIIZBAAD A TRE2863439@026228D-19 |

[ DOI: 10.48305/hsr.2020.15.3.104 ]

YYY G Y18 Olrio AFAA 5l o oyleds I 0,99

d- 1. 10.48305/hsr.2020.15.3.104

po llio

ol Lugd (595 (i 3 4 009IT SIS (3¥OLS 30 Sldos g Tl pis oy 2

"

T epeS Ll olhei sLs S

- . Z .- Ca . e \
U‘)"‘ ‘U‘J‘Q" ¥ PL‘) oKty ‘QS“JL"“’U“%) 05)5 ‘S
Qlﬁl ‘()‘Jﬁj Yy PL“ oKisls ‘LSA.JL..AJW) ajjf Ry v

a.kamari63@gmal.com : sl «s o5 Ll 1 ghomo oy g3

23S

sl 5 bl ot gl 1) iz Olyblie oSl 0 efin @l clle o, il fdedie
@Yol o Slles aige bl pd (o) Ban by p0l> ighy (bl (ol 550,15 ol e &y 00iy Do ge
s plol Ll oS Lavgs (59, oK 318 & 038)T slacSls

Yooo gh0ee heee Bee YO N ov o) (g9, 0,05 calises slocdale pol>  oyo0 addllas o il Sbg
03ld Sl glibusl b5 (S Jloz alope 10 Soigrg e CiS Lazme ;0 atis ez S 4 (Vgeg e
SrSoilullagl lse slaplail g asy) ;5 abligord 59, paie ke 5 Sufslsaied oy slayal 5 0
25 plool Jlos gelans dus 39 g 3ok S 2o b ulejT wys,S

GiSu g ado, (BIOMASS) sagij « ol3é Jole 10 (59, au,lS cdale iol3dl b zliawl oLS o saidl
et & bgpe a5 (i &5 S8L (g bl alS S w5 JS 55,5 @ 89l (2lse
bl 2al33l g9, ke AalBIL oS (ploa (2du )3 (o n Sl og 69, 0 Ygeg,Sea Ve e
Dy anld L pln VIOV cuilil i (g9, ¥509,500 Yoo v [los 10 a5 (659b 4y sols lis 0g5 5l
VYV Jolao sy iy 5 o Lot 50 Y5095 Vo v v Lo 10 (55, Sl (e cnizead
D SAS 0jg eSS 0,5 e YOOIFF o

gl 5 Sljaems S (S Ui S @ b IS o) sla sl i 5l glinul aShyl & azrgs L 36 S 4
Lo glidal 085 0)90 85 o lnil 5l 5 g aad o0 (Lt Cuaglie 095 5l (59, (b slacdale & Cons S

oYl sl el oLS lsis 4 olS pl 5l le se il o YU 5 Shas glhls g 005 oligS
8,5 ool (g9, 4 039)T slaS

WAV Y/ A i el 5o
VWAV V/A callio by

1soals slrojly

e gzl ul ol L gi (59, eS8 4 0381 ST LYLoLE J3 Slles iy dayl 5 ) bl (6508 L b g iEle
YVFYYY (V0 YA coadls llss ligios

EVRV-TY

b Sl 555 el bl o lposlS s Seno Lanags L] 525
SeSyigian il Sl 5 ol S & arg
Ol cadls 6l 1) guzr Sz (Sibse § Saiem S
Ll Sas s 51 )l olyed 4 0di; Slogzge mlu s
S8l g Al o @8o Lol e (55,5LaS 5 (Srio ool
$5o9tiS Bblie ;0 CuwgeeS 355 5 OMSL (2 s
5 @l (Supd CekS 0 (SR Sl cerse
Olee IRl ol Jlss 4 g Gble (nl sl Sojslen

VY

AR IV ‘_,’J“Lmo‘x;gﬁl”l S99 aLbdS glaans o

ol il 43Il s 4 |y Sl cptassS] 4 e
S35 rie sloole) egias Lite L looasY]
YL ool 039 LIS (osm) sSw) (ab 5 (S
2l e Sl Siln it o Shee Sl 5l g e
J50.(V) 35,135 o Sl 2 6,5l 9 (BLS o) Slogge
o) e i) o ouled loilly I (S ol
pas Jdo a4 S o K alils cdale o0 ol

\YaA }.yb ¥ oylols O 0590 (oD .ol.lé.i Slidos ala

http://hsr.mui.ac.ir


http://hsr.mui.ac.ir/
https://orcid.org/0000-0003-1894-0001
https://orcid.org/0000-0002-8075-8246
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-10-21 ]

[ DORIIZBAAD A TRE2863439@026228D-19 |

[ DOI: 10.48305/hsr.2020.15.3.104 ]

Tl oLS Lawgs (59 oS 318 & 00gJT s SE SYL oLS

g 0adnle Clllae 4 azgr L.V ) o) 1) Llse
@YholS o Slles ange Luld pw)n Saa L ol
s plosl zliawl oL lawgs (g9, (i 318 4 0051—‘ sls

LY

5l glil olS by ans 5l mp p2l> Gl o
gliwl Hh sae )z (pldel 0 &ly) ,d L 5,0
sl (wgie o3l L) OlaSe (Seadly slaglals (5,0
Gly s s asls I3 Jsbowe 5l sle 5 oud anes auls
g N0 e Do XA Nee o slacdale 51 e
O b 4185 1 3 1SS A g9, SIS Ygeg S Ve
cetS O e & boasal s Ll gl daydy sails> Sl
Vo Hoagland _lie Jelowe 51 d Y/0 (Signg,aun)
9 od g, Sl Y nleS L glls e 50 (V) s
oS ool S5 4 p3Y ad,F 5 alS L o b lals
Ve dga> e Sl b ocele V8 oLy, oy90 Job
bogio ad atd )5 55 )0 45l @oye S 2 09598 J9eg e
S Bl az ;0 VA-YF Jolao 5 a5 e — 39, sloo
slclile (5 lkz aose 4 QLS Gove) 5l m On
4 Hoagland _lié Jol=e U oljen (55, 2,5 alise
Pl Jslome 5 e3Y Ol &5 i3 Gul 4ol ools lals
Jobee b g ol andls p lacbale 51 SG e 6l (59, w15
30, 59, FO 5l e ol eails, o> 4 Hoagland _lae
W il LS ) 5 oyl

5 olas WIS &0 s lags pSojll ol tags 5
by ol 59 00 5 Feslul cslo il sl 85
clile @Bl g aiy, (BiOmMass) oogn; o5l &g o,le
Cslil clle 5 olaes S (g wdale (JS g D@ Jds 1S
Al g ada) 55 59,

O Sl o @Bl g sy 00955 (homi jolaie 4
o lals 2l oo dnds awle 5l cdo b ladiges ¢ ;Lo 0,90
o ,5uSs 5l Cdo bty 5 2l slaplil wins 5 5
(5, S jelate 4 wad ool gaied SLlS 5 anas
JI3 55 weys LleSh s 59 g Cagh, 5l yes 4 plalS
Sz el VY G 4 o5 oilo 4z s Ar slas b ]
g ) S35y dadiged 9,5 Sl WS
L pialesl 5955 L o5 G badigad 2l slagla]
RVFCRIUPI SRV DU SYPRR RS

S s 6 5S0jlil oK 5 ooliiul b olS 5y b
ol 5 5 S0yl aye yie SHle e (Leaf Area Meter)
b9y 3l oLl b baaigai jo US 5D @ Jido IS slyime yo 5
5 sl = |18 g, 5l eolannl b &l yjauegs S e (1Y) Arnon

b 9y ooyl Ly cos alS slocdl o1 gy e

IWAA 50l F oylouds 18 090 Caodlw pllii Clidix aloxo

39S DY a5 GRLS 50 (oS DIl Sogll g i
Olsre 4 5, (V) Canl 00 L3S sy 13 @iy g oS ol
okS anwgi 9 o) sl QLS yo eulul slagdaay, 5l (e
Sile ©)y90 4 a5 oy w92y (I b wBlioe 55952 5 £
Sad 4y (AL sladshe sl o 3529 (AL slacdly o
el yo gy, cdale asul vszy b (Y) wiliee (oo
ly olge Jds 4y 050l o(F) cenl ol ol sl
ool axt 0y Hplas 5 e (SE
03gl b 55 (G Lo ()5 ne yoli) S5,
D e Sl ohs 4 JT g Gane sla Sogll b s
Yo slacbale 5 (g5, o (oln (B) w3bios (55, dlox
Mo sl crge ABL aLils 093y o] slbpacw ;o
slol Sodl (als as, Ltels b coonte o
S1P) 05dee (208 0y 50 S5 Cumgene 5 (Suein)
5 uS Jze |, S slacolld Slg e 55, SN0 S5
sl p e Sl 1) 0gd S S8l s coge
0575 Jods red 4 50,0 (S slap S 5 lapeilS)lg e
(V) S oo S Dl a1y Jl olge

(e laolu dha) (owasge slagdy, 5l o5l
5 2 ol malS sl (5,5 @Yhoe)) (s s
9039 )la83 Jlo (ot Sl ) 98 o0 oolitul S
el 08 o ey b 5l R0 o (Sl e
20 (M) adl oad o 4 (g i i goladl Ll 5l e by,
e QLS e 2 YLolS Glgre a4 GlalS jlesliul (5 )5l
SO Gl sl SB slapasilS)lg S Loy | bLS,I
Snld Gl wgdee edlil (fuein; slacl 5 S
29y, & Game 5 Jloat VT g5 g0 50 08 (6l il e
9 Myo a4 gie (B9 «SiPPSS (nl S Cul S5 LLA
SE oo Ol (0 2 G 51 5 shaie 0 (lanoe a5 5 celie
(A) il e

slaSogll sbnl o (S polie &5 2VLelS
el g ol @lie a5z a lapl 0955 5 e S
IR (o 3590 e ] Kiigly bawg Slite slaolians
ML ggalm 2logiegs 55 olpl o (VFVA) cwslasd 5
3,90 aae 9 (0) JI sooan¥T 51 55 5 00 ploxl oL
oal b ragh (pl i (OY) Wlad S 15 dslllas
3 pein 3ol i LS Sl eolaisl b LSl olaj Sl
03yl slaSs Slo; Sogll o laimgs ol cdel (V) wlosgs
GBS ir 345 LS Ll il bgy o e o518
5 oledl 2l 552 3l Wl lsie s & i S o CuiS
(F) aigd plo

05,5 4 3lxie) Spinacia oleracea L. ole pb L zLawl
sl o al, ol 5l as cail Sls 5l (awbog s

sl iz a QT ol JEsl calils 5 0090 0,95 10 (59, ao5J—|

A

http://hsr.mui.ac.ir


http://hsr.mui.ac.ir/
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-10-21 ]

[ DORIIZBAAD A TRE2863439@026228D-19 |

[ DOI: 10.48305/hsr.2020.15.3.104 ]

e g (ily58 jLo 4

P<+1+0) polae axlllas () )5 .0 oolatwl aoy & Jlex>
AWV U VIR N TE

bl
a2 S 005

oLS 2lop idu 035« mil)ly Ul @S 4 azgi b
0 Jluin! mhaw 3 (55, cilisee slocale 15U cov gl
dmlie 500 o 51OV Jeu2) wilioe Jbline wo)s
ol Hlid as )0 B Jlis! mlaw ;0 LSD i, 4 b Sl
Terr 500 Ao e 5 aalh g o oS
Bl K3 (355 53 Solobie Doli w5, w5 Y g0y S
(Y Jgaz) 8)ls 0529 zlianl

GxSo3lul (VF) ) SKen o Bates (5 ,.505lul i, 5l eolaxul
ool i olRiws Sl 5 59, yare GRS ojll Sl WS
GBC- Jus) (Atomic Absorption Spectrophotometer)
A eolazwl (902
51 eoliiwl b laools (g ] Judow g asios addllae ool 5o
b bl (Statistical Analysis System) SAS 3316 5
alizes glolo Sl 51 Jol> gloosls (sl 5 uils )l 5IUT
el Ol o5 p il (el slata) 5 2lsn (ASu 03905 2
Slie29:)S g el aBls 5 a5, U5 ald da Jidg,lS
00 s o5 4 nlpedle (235 )50 ladiges I plaS o
iz glo Lo )0 o Silee Sglis (095 b (04 Hloline 4
zhw o (Least Significant Difference) LSD (y4051 5

gl Slio (55, 0I5 it slacdalé o (uilyly 56T Joa

4Bl 53 59 culilel Ay 59 9y il odan LU 55 ddgls b i s 0393 a0
PR peS ) | eSS eSS eSe) Sk reS Gk ek s el
(s 039 (S8 033 (5 » (5 (35 (55 5 (p 5 ko) df)
“YavTYeA “rervassy L vaay "\YIEVS ) Frajes "Syysias aR0F-Y  IYARDP LAY A 5 Jeg Treatment
slas
VF . Error
Sales!
YEINY VFIAD AAARS ATYAR Yy £YI0N WYY YYIFf AMARY ARIERY - %}A cv [E%30)
Sy
s 0oy | g8 Jleis] zb 5 g slolias saimsilis cui 5 4 ¥F ¥
Jliasyd NS

gliaul obS &y bgy e 0ol oLl Slao (1Kl anylis :¥ Jouo

Bl ) 59, bl Al ) 50 53y il o Olyang S 85 Jdg b5
o9 x,

PR 2 e o) P e o) 2e5 k) RS o)

i . (P55 2 p559,54) B _
(S22 539 (S (39 (ps5 (o5

of/n0- YV YA Ayt vy
ana. CAADYY CovEo AYYE RAYS
“yvyaor Pryvifar S YAs Rl bevarve
"y AFIVYY Pysy).sv Coran RS bevey.y
Sraviay Aryriovy SRy ®ynA boyajqf
g sy Yy b ipa8 PAEA arsaa
AV YY X 00/F5Y /.5t ®y vy Pasvisy

b Judg b5 A Judg,ls
25 k) RS o)

S g Ay 0393 3 Sl

B (@250 Yo Hilw) (P keo) (09,55)
(ps5 (55

4169/74 PaavivaY Av/FY Ayjary & jpo0r

RISAIN] P - ey bypeey sy Ve
\YFAYE YRAYN e a0 eyjyay . 5. Yo-
2\ vo/ave Pavarn. - bygipt oy vey e, ptsy I
RIDATN ®p.q/av5 Py VA "L fyVY Voo
RTINS BTSN "oy e "\ /aaA "L fasy I3
100- PEESIVYY RAATY SAYAN Cofxy Yoo

1S b 4 105 co 42l Zliand oL 5y mhaw 5l (i
Slae 32 09 Ygg,Sen Voo v las a4y bgrye (20lS (i
V0re Jlesd 5l e a) VaegSee Vool s
2o b sylsbine gl o5 o GaSls s 51 (Y g5

0 Jgaz) cdls Lo

gl il
8 iy 5 SBle 1 s 1 by 56T 5 o ol
Lo o)l cnl 2 s lsbine 3l sy oyl 4 ks Glas JS 5 b
0 Jyom) Conl azilas
2 LSD g, 5l eslil b banSiles dulio ol pogdle
€59y e 58 S Lo oS yo aS ol ()LiS wo 0 O s
Wged 4 Comed A 3 15 cdale Vg5 oo Vv o o
b Lo ol jo Lol ezl asisls Jlolins e iol33l  Sail aalis
Voor led s @l glee » ool sl als
sl Lo 4 e 6 loline gl Lo pols Vgoq San

4

] Jolins ST 392 pue ouimo sl laysin o S yita >

by 0994 5

ooyl & ly o glidul olS )y oog j aslllas ol 5o
Verr s @ bgpe 1alS (p i o5 230 a5 (s,
L bopreSile amslie ;3 cnlpogdle () Jgu) 352 ;Y9095
Sless e s 2o ,0 0 Jlaiz mlaws ;0 LSD g,y 5l eolaz!
S92 Ygag e Vove g V02w N ee e (lajles g vl
Jsaz) al ednline zliawl asy; 0ogh; ;o (5 loliae M
Slord @ bagyye ada; 0395 Olime (e @l Sl 2 (Y
G Zowd o,y YA alS ol b Veeq,Sie Voo e
Dy sl e

S b
S e arls gl onel cans 4 @ L Gl
O Jgaz) casls vezg bles o g blae S
gaw ;3 LSD g, 5l eolitnl b o puS5ke duaslio ol pogdle
Jsloee 5 g9, clale b a8 ols las oy & Jloxs|

IWAA 5l oY oylauds 1D 0,90 ccuodw pllis Wlidons aloxo

http://hsr.mui.ac.ir


http://hsr.mui.ac.ir/
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-10-21 ]

[ DORIIZBAAD A TRE2863439@026228D-19 |

[ DOI: 10.48305/hsr.2020.15.3.104 ]

Tl oLS Lawgs (59 oS 318 & 00gJT s SE SYL oLS

Y Jguz)

4.9‘%').}‘53)5‘«440-/
B cdale ol a5 ciF Gl ) Jgoe 4 axei b
oS a8l ;5 (59, diliee glacdile 36 cov adbaess
poedlS cdale ioli8l L aS Lo cpds il o loline glisul
zlawl ol adle o 4l xess I8 cdale (g obine job 4
Slewd 0 (g9, cublal cdale s eS 4S8k 4 s 00438
T ORIPED Yge9,Se Voo e Lo po clale o iy g wals
aald Lo 4y Caws Sy rhas Ol s a0 5 oaslin (5,0l 5

sl 00 45‘)‘ Y J3J> B

(st s 4 i Sl 53 JUH L

OhS 4 ad) 5lig9) 58 U oglis ) Jgaz 4 axgi L
Sloline zliawl oLS )3 (54, calize slacdale 56 cov lsn
il e

(e G 4 ady) 5l gy, clale Ul ggerme yo
Sl alils (9, w5 lacdale 4y ALl o Liol58 sy,
9, 8 calsl s glaul oL SUlss sazmolas yel cnl a8
bgrye JUl (i addllae cnl )0 ail oo alse i3 yo
(¥ Jgu2) 390 V09,50 V02« jlocs &

Jedo 5 ke ol gy losel cuss sl bl
9 Blo oo Ay o3gh; wiile wb) layll g JS
Sals g, cbale l38 b plianl oS 5 Sy mlaw a3 ls
Yoo bV eee) g, Vb slocdals oo asls ol as cily
ol 1y g lolins rals walis jlos b duslin jo ([Yg09,500 b
S ololine 25U (59, clale il as el Jb> s cpl sl
sl b L IS Gliee
Voo Jlesd 5l s odgiy l )yl aghy
Slolie Ml wals s b bylas plo Yoo ,Sie
23 e Gk 3l Wlgiee g5, yaie YL ok ails
Sl (gl ilop coml o (Job 0l g Sy 4 4y
S e Slge Di> alS cge 5w i ) (oe2
2 S 5 0055 aulyi SIS (endS 5 st wiile)
D9 (5 Fmgid slaanl 3
5 69y YL slacdale was 5,1 Sl sl
S SLLS ) aBle g ada; oo ol crge 2138 Jolxe
e gl o (VY) (Triticum aestivum L.) pusS L8
L ooe opl a5 (V0) 058 0 (Mentha spicata L.) 51,55

Sgs lbadl b 5 g yols ragh 5l edel Cans 4 mlis
S9y YL clle b plojen oSl » e Ko g AN

IWAA 50l F oylouds 18 090 Caodlw pllii Clidix aloxo

(Y Jooz) wilasslas

A oo b Jdg)ls clale bl K s |
J99,5 Ol djlacs (golad yo a7 0ls (L (55, sl ylous
ol 0399 axlg0 (5 loline e ralS b ool jled & i D
Jleiz! o 0 LSD ag; 5l oolaiw! b o pnSKle duslie
S8 opl Galize slaclale oS 54 o] 51 (S 55 asy0 O
ol aslas b Lsg IS lgime (s loline 3l K
(Y Jgux)

2 LSD g, 5 oolaiwl b o p Sl duslie <yl mogdle
cbale Gl boas cals of 51 plas ssye 0 Jlis] mlaw
Voo ol 4 bgpe a8 i mls le
2 YsesySee Voo land 5o Lo el cul g 05 V509,500
O Al (¥ Jguz) 09 lolise vald diged b awslio
Gilises slajles ;0 S 5 b @ oLy I el ol i
oo IS iy (523 3B oazmolis 55 glidn olS (s,
Sy oo ls plo e cnsa

oo

IS olee 4 aS el Lol ol sl de
Billao 09b 00 adg 2 Lylyl o LS sl slas pal,
256 2o gLt oS o Gelgn Sl Sl ) o b
O Jgoz) cunl 0090 (59, calizee slaclale

O LSD g, 5l eolatwl b la Sloe duwslio o0l pogdle
Odgp cdale a5 sg ol LS sy O Jlusl haw
MoegSae Vv les mhaw U gLl slaasigy ;o 4l xos
S Jo ool asls sels s Lo bliae oglas
bl 2gy Ghls Ygeg e YVeore g VO oo
Olee @ls le p o bjloss plo @ Cund (5 )lolins
VO v lod ay S Ygog,Se Vo v e jlad o Gl 33
(Y Jguz) o9 plp VIYY (Ygeg S0

Slytdgr o5

Jolee sloaid clale ol pss ) Jgo mld 4 axgi b
Joline zliawl olS o (g5, dilize slacdle 36 cos
ASl el

)é LSD k)“j) )‘ QQLD.M.J‘ L’ Lbk)..i:u IR 4u;|).aoj)l.c
Syl cdale ol b as ol lis as o O Jleis] e
chale zlawl olS ol laore )0 Veoe, S B0+ Jlas b
Solize Lialdl ol iz o) b ol 38l olS g ,0 Jelowe a3
L clale ‘)yﬁ"’ﬁjiﬁ"' Yeoo G Vooo )Lo..u B Lol 5(09{4‘
Ot @l Slae 2 o)S Ty GRS oS (0950 Jslxe
b Y509,800 VO Jled 4y bgiye (aoy0 Y/FY) LalS
Voo Glales Lol cogs aalds digad 4y s (g lolize gl

vy

http://hsr.mui.ac.ir


http://hsr.mui.ac.ir/
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-10-21 ]

[ DORIIZBAAD A TRE2863439@026228D-19 |

[ DOI: 10.48305/hsr.2020.15.3.104 ]

e g (ily58 jLo 4

3529 g lolize Ygeg S0 VO + clale o als oyl aS
Sl oo ol (2lsp laplail sl Jshos Jgmgioms 1o (55, pais
Joloee e (sloaid oSy o LSL“N)J] cudled iolidl cels
ol g3 )3 9y Cnl 5l 0g (L 595 g g 51 gl a5
ol adlsl Jol=a RERSE )‘J.li.o » S uﬁb sadale »
Fiwgd als Yl VL slacbale als cde Ll sl

oLS o,50 40 dmgy o Tripathi 4 Mishra
slo el )l 45 Woges 3,055 Eichhornia crassipes
Ao dBelS s Shuwae S (g n pli oledion
aslllas ;5 () Wgd (oo axlge 2B L (59, 5 p9,S CBL]
Gl s lresl oLS Ly oye il clacdale
S 25955 4 e ol (nl a5 0l eaalive L8915 (slgione
S50, polo iogh loadl b gls (YY) 05,5 o
9 S gy b BLI o (cimgh 5o (gresd colled
oS ;0 (L9y 5 U pedls) S CllE b
L 50 (YO) 59, 5 e cpaweols 25 cx Lemnagibba
Syl cisllas pol> ipghy slaanslh
5107 ) 55, Vb slachale jo Lol edl 2als Yoo S
e a3l ol Las 1 (s lobine (2al33l (Ygas,Sn Yo v+
oLy peedlS Sl gwyn 290 50 SER9R )0 elon
2 odes ol g (Y#) Eucalyptus occidentalis
porosls) X Dl 280 5 Coenw b bl | jo (glasillas
o 19SS S8 0, R8T oS Syfelssed oy 50
pe,S YU slocdile L las cov (LS o sn sim
Caroms b alilie (sl olS 5 5Le b3l il Siky Wil oo
72 Ghoshy 5l Jol slaaidl b ppe (nl a5 (YY) 08l g S
Y| NPT ON-Y

sloyiell 5 (B 5 peaedlS Sl (o) 2 (g ) cnlogdle
aS ab eamlie Eucalyptus occidentalis ,o (s5¢9: 58
Wl Jole sloacd clale  laml pgeesls clale 2ol
oS (V8) was oo 2ol 1 o] VL slaclale o Lol ssS e
slocdale 35 L L)l oyl gk @l b pge ol
MCLM‘ oLf)onlmul)My;Mjaleés)M
RSP

Gy il (2L ol imety 15 aS Ceul S3 a4 p)Y
& loline il gl aBlo g iy, 1o (55, Coilil ddaee o
Yooo Jlod & bgwe cualdl opoig a5 ol olas |
)5 ko YYF /Y aBle [0 5 YOOIFF aiy) 10) 592 Yooy S
(pSskS »

m

Pteris vittata L. oLS o (p,55LS 5 p,5 o >Ve 0 0)
goed (VFAV) ab oo oS plso (20 03505 5 JS 009
il e

289 B Al ey p b bl (caaghy jo by ool o
Sl HlalS o0 5y mlaw o5 2els Mentha spicata L.
oanlie S 50 518 pens Js 4 59, VL slaclale L oot
o IS bl i1 0 5y e Jloline 2alS L (VA) 0B
sl 0 5,155 5.5 (Brassica napus L.) 151S 18, o0 o
ol cillas yol> iagsy sbaasil L as (19)

» &3y Sl aslllas L Haritonidis 4 Malea e ol jo
38 ol aS o, 4 ol 4 Halophyla stipulecea oLs
kS ol o S (xhe 0l lee e YL ckile o
Bt olS o Shoe falS s (ciagh 0 (V1) 3580
Ol bgs ol iz g pod e 0l Lase )3 0k paeeslS
oeolS g byl mhw el S, sl palS cely juuse
S gl G GSs Gam 51 (VY) o S alls g
2 GlSe Glaclale S ) b LU s (ctaghy o
sleaisl L (YY) (Solanum melongena L.) ;lxeol oLS
2l oo gued % Cnl 5l Jol>

rolie plraly 5 oiz Gl p b Bk ) s, 5
Al o bl 5l (S cdbd e s 090
3hogdse QLS puddplie o PUST corge Lo Slee
5 lrordsd (RS 50 )0 (Gitesd olls 00 s
JNIEC SRFCIN [ WSV RS SR [YEY FEARUU gmcs
Sl O)go 4 §gid o 1 65 (oS S
Zn-Chls & )50 4 45 adlbgo Judg 15 )Lzl ;o (S 516
B Jedo)ls LSl o mgie sl w59, Ty
)P odS pez SdeS memo o Sles Azl )0 10,5 o0
Il s (LHCs: Light Harvesting Complex)
OBl ol e sie Sl & 55, pate Rl 05 o
2bad LSl 4 )0 e ol piee SIS @ 1) ds 15
I3 ) 355005 Sl (g0 = b 1S (oS e
5 ZN-Chls o550 yss Juds IS a5 ol (ol cpal ol (Koo
PSP V-1 ISP RV ER FUP AT § PRV SR U (P
b ;o Guilajsls oS ook 4 w00 Sl I
Wlgi gad b b Lulpd 50 5 05 oed plonil alStsLoj]
S Friasts st 3 sty STy 55 e 41y oy 25
G5 Ll 5 Jedg,IS ralS Sas Yo 51 (VE) 03,5 e
Oddan P S & pomd il e i (e SIS
Odon 9 Jd ks i slegin o5 SLblS 1) il o
(V) 9500 iy o9 5 (S 4 Eandl

S B glianl olS clisemg s clale (ol gy o
o 5l Ll ezesls (Sl 2l sy, cdalé Ygag Soo O -
A axlge fals b Ol janeg )5 cdale Vgeg Ko Br oY -

IWAA 5l oY oylauds 1D 0,90 ccuodw pllis Wlidons aloxo

http://hsr.mui.ac.ir


http://hsr.mui.ac.ir/
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-10-21 ]

[ DORIIZBAAD A TRE2863439@026228D-19 |

[ DOI: 10.48305/hsr.2020.15.3.104 ]

Tl oLS Lawgs (59 oS 318 & 00gJT s SE SYL oLS

5 Oljgm 4y pladl iy 5l alold «SUylas sladll;

g0 ol (80

(18,30 g s
05 L oltile,S i ol olStls o 48,5 il ol
395 B atngs il 0 AVAYYY &b YO S 7,k
63,8 50 g axlllas 5,50 o3l coled Do 5l iy co oY

Bdges (5 e ol Kigh b Giegh cpl sl bl jo0 a8
Aisled gilo a8 ¢ Sid dileses

2o olai
5 Cowl LSy dsllas ol o Basing oled g
S,lad gy oedlie olal A5gS

M Sl N
L olzsle,S o5 plo oSl gy b 5l s allie ol
bl oo YOO oS b oS

References

1. Dalalian M, Homaee M. Simulating of phytoremediation
time of cadmium and copper spiked soils by salvia sclarea.
Water Soil Sci 2011; 20(4): 129-41. [In Persian].

2. Amouei Al, Mahvi AH, Naddafi K. Comparison of heavy
metals (Pb, Cd, Zn) concentrations in the industrial,
agricultural areas and highway soils of Amol and Babol
Towns (Mazandaran, Iran 2008). J Babol Univ Med Sci 2011;
14(1): 77-82.

3. Jiang X, Wang C. Zinc distribution and zinc-binding forms in
Phragmites australis under zinc pollution. J Plant Physiol
2008; 165(7): 697-704.

4. Jafarnejadi AR, Homaee M, Sayyad GA, Bybordi M.
Evaluation of main soil properties affecting cd concentrations
in soil and wheat grains on some calcareous soils of
Khuzestan Province. J Water Soil Conservat 2012; 19(2):
149-64. [In Persian].

5. Nouri M, Homaee M, Bybordi M. Comparing petroleum and
water hydraulic properties in soil. J Water Soil Sci 2014;
17(66): 123-34. [In Persian].

6. Khellaf N, Zerdaoui M. Phytoaccumulation of zinc by the
aquatic plant, Lemna gibba L. Bioresour Technol 2009;
100(23): 6137-40.

7. Babaeian E, Homaei M, Rahnemaie R. Enhancing
phytoextraction of lead contaminated soils by carrot (Daucus
carrota) using synthetic and natural chelates. J Water Soil
2012; 26(3): 607-18.

8. Jafarnejadi AR, Sayyad G, Homaee M, Davamei AH. Spatial
variability of soil total and DTPA-extractable cadmium
caused by long-term application of phosphate fertilizers, crop
rotation, and soil characteristics. Environ Monit Assess 2013;
185(5): 4087-96.

9. Mishra VK, Tripathi BD. Accumulation of chromium and
zinc from aqueous solutions using water hyacinth
(Eichhornia crassipes). J Hazard Mater 2009; 164(2-3):
1059-63.

10. Tang YT, Qiu RL, Zeng XW, Ying RR, Yu FM, Zhou XY.
Lead, zinc, cadmium hyperaccumulation and growth
stimulation in Arabis paniculata Franch. Environ Exper Bot
2009; 66(1): 126-34.

11. Jafarnejadi AR, Homaee M, Sayyad G, Bybordi M. Large
scale spatial variability of accumulated cadmium in the wheat
farm grains. Soil Sediment Contam 2011; 20(1): 98-113.

12. Hoagland DR. Optimum nutrient solutions for plants. Science
1920; 52(1354): 562-4.

IWAA 50l F oylouds 18 090 Caodlw pllii Clidix aloxo

S 5 Ao
O S8 4 00gll GlaSs 1Vl Sl @ azg b

Sl ) Jels Bds dagyl oYh (gl g 00gs lads L
Jezs 5l 51,8 G?a}ﬂ Sl aS el h o bl i pY S
5T el omlie gy LS VL bl oS
5 odal Caws 4 @l Lol 1Ko SI3lE & 0ogll slaSs
Sy g9, cdale ol Loas wisls las ey o)
Ol ke a5 auS o oy iol38l 55 oL o bl pess cdale

Pl ) g9y ale aal3dl 5l iy Cilye @ aty; o GRal3Sl
ob) ).M)LO.A i 3 Cl.a.c.w‘ oL:f @Lly 4 dz>gf L ol @‘}Q

olin 3550 oLS 1l colisS Lins i, 0,90 5 Cailsy B
Yeoo clale U Sy & abjﬂ 61-“‘5[5 e u,...;\lb LS‘)'.‘
Bleel 5l 9y ilaSh 6lp g wloe jlads 4 Vgey S
Sl @ azgs L ‘wlﬂopl:. .o)la St ‘SJ)LT S ‘Szla.u
iz il o ol 5 @l (STyss Sais e e glitd
MLOM[)‘SA Q)A.ix)‘).‘)odLM‘ o)beL;C‘W‘d.mLJ

13. Arnon DI. Copper enzyme polyphenoloxides in isolated
chloroplast in beta vulgaris. Plant Physiol 1949; 24(1): 1-15.

14. Bates LS, Waldren RP, Teare ID. Rapid determination of
free proline for water stress studies. Plant Soil 1973; 39(1):
205-7.

15. Lari Yazdi H, Ghorbanli M, Mirzaei M, Hashemi AR. Study
the effect different concentrations of lead on proline, soluble
sugar, starch and antioxidant enzymes activity catalase and
peroxidase in cultivar Pishtaz of (Triticum aestivum L.).
Proceedings of the 1st National Conference on New Concepts
in Agriculture, Saveh, Iran; 2011. [In Persian].

16. Zare DS, Asrar Z, Mehrabani M. Biochemical changes in
terpenoid compounds of Mentha spicata essential oils in
response to excess zinc supply. Iran J Plant Biol 2010; 2(3):
25-34. [In Persian].

17. An ZZ, Huang ZC, Lei M, Liao XY, Zheng YM, Chen TB.
Zinc tolerance and accumulation in Pteris vittata L. and its
potential for phytoremediation of Zn- and As-contaminated
soil. Chemosphere 2006; 62(5): 796-802.

18. Dehabadi SZ, Asrar Z. Effect of excess zinc on the
concentration of some mineral element and antioxidant
responses of spearmint (Mentha spicata L.). Iran J Med
Aromatic Plants 2009; 24(4): 530-40. [In Persian].

19. Ghorbanli M, Meyghani F, Asad Elahi B. Effect of copper
chloride stress on chlorophyll, carbohydrate accumulation,
and some growth parameters in two canola (Brassica napus
L.) cultivars. Pajouhesh Sazandegi 2007; 20(3): 134-41. [In
Persian].

20. Malea P, Haritonidis S. Local distribution and seasonal
variation of Fe, Pb, Zn, Cu, Cd, Na, K, Ca, and Mg
concentrations in the seagrass cymodocea nodosa (ucria)
aschers in the antikyra gulf, greece. Marine Echol 1995;
16(1): 41-56.

21. Behtash F, Tabatabaei SJ, Malakouti MH, Sorour Aldin MH,
Oustan S. Effect of zinc and cadmium on growth, chlorophyll
content, photosynthesis, and cadmium concentration in red
beet. Iran J Soil Res 2010; 24(1): 31-41. [In Persian].

22. Tavakoli M, Chehregani RA, Lariyazdi H, Pakdel A. Study
on the effects of different concentrations of Pb and salicylic
acid on some growth factors in eggplant (Solanum melongena
L.). Iran J Plant Biol 2011; 3(7): 29-40. [In Persian].

23. Rout GR, Das P. Effect of metal toxicity on plant growth and
metabolism: I. Zinc. Agronomie 2003; 23(1): 3-11.

24. Candan N, Tarha L. Changes in chlorophyll-carotenoid

Yyy

http://hsr.mui.ac.ir


http://hsr.mui.ac.ir/
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html

[ Downloaded from hsr.mui.ac.ir on 2025-10-21 ]

[ DORIIZBAAD A TRE2863439@026228D-19 |

[ DOI: 10.48305/hsr.2020.15.3.104 ]

Sed g )98 jLo 58

25.

26.

Yyy

contents, antioxidant enzyme activities and lipid peroxidation
levels in Zn-stressed Mentha pulegium. Turk J Chem 2003;
27(1): 21-30.

Megateli S, Semsari S, Couderchet M. Toxicity and removal
of heavy metals (cadmium, copper, and zinc) by Lemna
gibba. Ecotoxicol Environ Saf 2009; 72(6): 1774-80.

Shariat A, Assareh MH, Ghamari-Zare A. Effects of
cadmium on some physiological characteristics of Eucalyptus

27.

occidentalis. Water Soil Sci 2010; 14(53): 145-54. [In
Persian].

Pirooz PS, Manoocheri Kalantari K, Nasibi F. A
Physiological analysis of sunflower under chromium stress:
Impact on plant growth, bioaccumulation and oxidative stress
induction on sunflower (Helianthus annuus). Iran J Plant Biol
2012; 4(11): 73-86. [In Persian].

IWAA 5l oY oylauds 1D 0,90 ccuodw pllis Wlidons aloxo

http://hsr.mui.ac.ir


http://hsr.mui.ac.ir/
http://dx.doi.org/10.48305/hsr.2020.15.3.104
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://www.tcpdf.org
http://dx.doi.org/10.48305/hsr.2020.15.3.104
https://dor.isc.ac/dor/20.1001.1.17352363.1398.15.3.7.8
http://hsr.mui.ac.ir/article-1-1087-fa.html
http://www.tcpdf.org

