[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

VWA (65 5 3T P oyled A Al (LS 5 SIS 5 aul B

<> (Mentha aguatica L.) ol 4.5 ol 55500 5 55 90 Slwo g 31 S5 w2

e I

Y Y [ o \*,b PR \ -
‘_)-:l?."_;ej‘jy)-wc Q‘JG.QJOJJ sJﬁ:W‘&JJ
‘g;n)ku‘ :‘}T e@‘: ‘,g..;v.%l.i J.>|'9 4CJL'\'L:-: Cw‘ K) C—.ij GJ;Y“S)LM d"ﬁb GL..A} ‘_;jj_,u.s c}.\.& e@‘é 4&9‘;} 5‘9;\

5 & . . év PEIES
6,\,.“;'.,,1»@%365”\..5(_,1.95&0!:qusbaj; u;«—wfb
(CAR\7ARVAR2 ;;!.LG" ui’j!'b, @)U AVAV/ NN Sl s @)U)

S
s ol 53 I8 e 31 0LLE b W g s s SL dadnl B a5 dies S Jslidie 5 e sbaodu YT o3l 5
C’L ISP AL {RPS uﬁa"bji 3> 43 (Mentha aquatica L.) di S jhare olE Ad; bl 51 S s pelS o u:.s,;E
) g it Gaclile Jald LT slajled A s ol b gl 5 503U pake oK1 55 alas SLlS
g S g olani i g1 (p S AS 03 p S hea Y0 510 N0 0 ao) aslS 5 (p S S 53 p S e 000 5 YVO (YOr YO
XL R I P plll o 5 5 O5s s @) S5 A cos (ath) IS J5 S b J5 A @ fdy M8 (s e yals S p
4 by Slio cpl Hlie o feS b O Dlas 53 JB5 A Comd 5 pba Dl 5Sike Al Ll eslS 5 o SR LS
S g IBILD S5 S JalS Ol g Suad eeslS 15 5 alS SAd bl g el g 0 ol CBIE 0 2
e RSP Pose Do 1L el 5 o S Ty I e S50 IS ol AS Sl a5 s 8508 51 At
ol 3l ool oz s a3 olS 53 alam pIT 05 SRS 4 e ol 53 45 LS G g 02 S Sl 5 S

g o O g ‘..,«;ls,y,wqr,lz.a Sals < Y LS 5 Sy s aS g&y(d& Joay sl 0L oLyl

=len cl.\ﬂs.(..f&."»}jb}} (Jbo A s sl b gu_i...arol.& 1gdS slacsly

oY 5 ples 5 DUl daoladl coodl 4 VL Gl PPN
Pandey et ) Wl S 13 ar 5 550 by Cogs lame 53 3 5 eSS 0T 5ls SlE i Ol e
so3p Sl glacdls b cos o e (al,, 2007 Faller et al., ) ol 45,8 plnil OLLS 53 (S s
B N e T T oIl aS ey Ol i (2005; Pandey et al., 2007
Rahman et al., 2012; ) 5,5 .« )l 3 (53,58 glacdle 35500 OLLS Wy 3 2als Csl S s S ole
o2l ol 3 5 JWEEl ol sl oS (Huet al, 2013 23 &y 3 @ee3ls (Ding et al., 2017; Shabir et al., 2018)
S sdie slge D @il wlie DLALS 53 e lis Ol Jdoa o jole b ol B s an

fa_zaefarian@yah00.com : S s 5S35 ¢ s 0k 557


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b YVA

(o Ol s g S 5 3l el Jises 5 (2007
o) .(Olotuah, 2006) il F30 o558 Ml 5 555
ol i Cow sl (Ses 0LS Sl Wil 50 elS
0520555 SRl st s ool 53 10,5 15 S
il g1l L S (So 1 Lane 043 Sk 5 Conex
R I W R NE R P ]
Sy ol Sidnnd s SR gl Sl e

b S5l 5 anllas 350

CR-TRRRIre
23 gl lias Slis S s ol s
53 S Sl b e 5 @5oslES pole oKD
Mentha ) T €5 oS Jaos s g 8l les]
solas Sals A B 53 sl 5 o 4 (aquatica L.
Sad 31 Il S (g3lues JT (sl plonil 1SS Sl b
o3 il G Ble L eslS 5 o ole 51 a
FOr Y0 o fold e glachle Ll eslial b
Sopoh 45 Sbt eSS s p S e 00 5 TVO
slackle 5 Pb(NO;), (MERCK) 744 o v &l 25
23 S o S Je Yoo 500 00 Gis el S
(MERCK) 748 quslS &l 25 &y goay oS S p S kS
L e 2use slacble as 4ol S« Cd(NO3),
033> 53 @edlS 5 e Sle A 2l B s 4 e g
Sl ki glchle s cile SlalS il St
St pland 5 S Slaseie Uil a8 8 1 55 e
A es,51) sk 53 5 S el o lel s

350 Sas bl bajlas Solie 51K a ltis
Al i Sbp SLS 8 s eslinad gl ki
oo ety o S kS £ laollS s es )l glass
2Ol s Sap ab Ll 4 b a1
5 amlee o550 555 b 5l el 5 e T glales Ol
s oo baelid (Jowe 5L 51 el g 51 e S Jles!
Jst OIS a3 3de 0 0S15 L o3 T slaolalS o VT

ol s s 4 (Ashraf et al, 2015) col S
LB 5 Lpd e odr OlalS s VU slachle s S
{(Faller et al., 2005) WL 4 o ;53 oS Calises slasl s
ol JESH oS S obe sl el
S S e s S e leS] O pdly s
sole s s (Vitoria et al, 2005) .,108
ol ple Sl a5 e 56 Ll S s S
Fole ol pazs &S gl S (Shuetal., 2014) Ll «xils
Suciuet ) 355 0 olS 5 Shas 5 iy Jrals Comge St s
.(al., 2008; Iram and Abrar, 2015

Ol Jomiw 53 (oot Sla st s oS gLl 5 il s
(Khan et al., 2007) L35 s o gmes piw jolis Covans
P ol @l 03 (S5 dse Dleks Sl s
el S sy pols ) SSPniis Ab Sl
53 L85k 5 Lol s3> oyl (Brandao et al., 2018)
(ol del &S Jule g ames ba L3S olS W
2338 woa b gl Cond o b3 03,5 0m b RalS
OYAY OLs 5 B b) cul LIS 5t oS Wy
LS Cilies sla i 5 455 45 Sl esls Ol Sladlas
Joi Ul 53 e pobe Sl 6 (STl s
5 eS8 Ll oa b by sl Sl K ols
.(Oliver and Naidu, 2003 \Y4) O,

5 M g3ladl cge OLLS 5 osls OlaLS o35 5l
Olnl 5 Ol 3 0358 sibar Gl 5l Jol (slaes 5 3
oL L ol < (Yaghoubian et al.,, 2016) L s oo b e
5 Shse 5 sssls ol G Mentha aquatica L. .le
Olsen et al., 2008; Jager et al., ) .l olelas o5l gl
e Cpimen 5 os8 Jlad o Lyl il 3 &S (2007
Dai et al,, ) 5,05 355 bl o8 oy 5 W3l o
Sl bl 53 s GWlar 55 oS nl (2015
s e eslinel Cile slajlag Oloys sy 5 5,08 Ol
eliS gseeds Jle Olgea (Nickavar et al, 2008)

Garlet, ) coul odns S e 5 385 3l S el


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

WA ol g ol (K5 i 58 Sl g 5 o

S plerd 5 (N5 Ol s -\ Jod

Pb cd K P N Sl este Ec b il
pH - sl
(Mg/kg) i LG %) (dsfm)
Aty /oYY YVENY VV/AS A VY V6 v/e1 oo ke
oy mli 2 Gk 3 Obe s sy s bl Ady sk s Ll

e la oS das e 0L ULl 4 Sl el LS
S s sl a ey IS 5 gl 5 ol sme
53l el 5 05s 5 S Supe e ld (S slass
(JS s b S S plae s A iy gl
S gl 5o 2l el Sl 055 s ab s NS s
Sy Slio sl Ll (Y Jsds) s S s pme Aoy
Sl el do s S Jlaal mhas 3 eslS ol axlllas
Y Jad) s sdalin
EUl poo3lS 5 o sha (1L eadl Wl
ol 3L olS gLl 03 Lals Ly cpl Bl el iy
35 Ak eedlS Sled 3 flE) Al Ll s i e
6 Ui, Sbt s sl S e Vo 58 oS (sl Sy
20 58 Jodz) CBL als dald a4 Cold ds s 04/VE
o A Dl 020y (S Dol gy el
ole Gl Cod Ay oS Llsa slapltl d; ol sl
el ol esls Ol Y S s eSS
bes sl 5 e R polis ol o)) SRal
OLen 5 ) Codl sds 5518 58 i sl
s Perveen cu .(Tohidi Moghadam, 2018 (Y40
33 K pobie sliSssame S Sl (YY) O, Kan
Oeemen 5 g (Melissa officinalis L.) « s ;5 4 5 gl
robe s 5l AU el i (Y++A) Ahmad Kamel
Sole ol cad jols ol wWSEss Sl G |y K
Lo A, pals ol oSl oodle S
a3l Cdlad ois ol gl ole Sl s s
obe ol pby (Seregin and lvanov, 2001) &Lsd e

Lilyy g Aile oS S5 sl p Ko

Lobsye glambl bodaly 53 038 oo SIS
Jis S Slsme = SPAD sue) S Sz RS
o ath) s s b Jis 0 @ s ds (S
L3S I o 205 S p e s @)D A s S
5 A S bl ay e Sl Bl Spsen S ol
G S0l /) s Digimizer igle 5 L S, e
2 3 ke Sl Olges ol oSks ulg 53 5 A3 S
S golas S (Susm @Soll slp 3 8 sk 6y
Jeis JS oBas b5 SLsl OIS e wily 2 28 e
SPAD sue u’riJL“ (SPAD-502, Minolta, JapaN)
A S S by sl Olgsa S i
s ey S o b ya Jbs )8 chle as an S
s, b (Analytik Jena-SPEKOL 1300 Jude) e g6 sl
5 (V) ey sleslicad L s Sau 5 (586310 (Y20 Y) Porra

A sloms (Y) o
Chl , (ng/mL) = 16.72Agss2 - 9.16Agsr4 (1) dal
Chl  (ug/mL) = 34.09Ags.4 - 15.28Agss 5
gl AUS 5l 8 Al se s OlS il 5l S

Gy S ol glaplll 5 05y ol A3 S s &y

(V) bl

L ioled 6 53 LS 5 3l e A 55 5315 L
w3 80 O3l 55 oS Llss Gloplll OAE s Sl s
Sy L o gy K Kix Oy csle VY Slew
A g Sl
Il ol glassls a3l Sllowe plesl 51 s
Shestanal U laesls s 5 452 5 A5 Excel )\}ym; 35l
alie Colg 5o .38 Syse A/) 4kl SAS )\J-_él(af'

el (S5 e LSSl


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b YA

Y

g LIt L BITR S - VAT

- . , -
I T N U T T N
5 o b} = B \\,{) - >) df e
Q X b%‘ E > = = X » % v s
2 v, o « \\;‘ ) ) >
./O_\-zsez- Y\/_\iez- ./Voez--ze Y,/.Yez--ze Y/.Y,-:s--:s '/Yins \~/T\*E \YY//\\% d\/i\-::ee:e M/Yi"s i uﬁ
oY VAL et /84 g o/vAQ YV Yo/eA VA % Vo SialesT glax
\ras! \RVAN Ve/an /ey yr/ay £/AY 0/0A Vel £/v8 VYV (1) & s o o

o3 S ) Jle>| ck.d 23 s gme O g Hls ae S 357 9pde o Fay ik 5 % s

Cay oS gy p 550 Olao g @3S S bl 4 2 Y Jor
. I % ‘ _
53 P T S T A N ) .
4 SO T T R | : > 5 5 e
_3_3 v, o < \\;‘ “y V) 2
FAAME V-V YNGR 7 S 1770 SSS 77 R | ) & GOSN & VAY-SGSNNNY o 079 NGRS o'V S RASNE F-Y-Y) VSO ] e3lS
/14 o/Y et XY /¥4 /Y4 YA Y\/e0 VoY Avt Vo SialesT glax
A/ VY/8Y YA/NE VA (E¥a\s A 0/AY AL AIY 1Y/ (1) Sl ks o i

23 S o) Jlez| cla.... 23 13 sme NS 5yl pme BV S apAe oo fay ik g # NS

}\~‘o)ww}.maﬁm£ﬁ&);§)\>@“
Bld 5l Sy e Sk o SAS 53 el 05 e V0
boadaly 3 Bl s dald b (sl pme Sl (gl
0t lag bais S ole 508 1 s S sl ials
Aals b eSSk Vo5 V0 Sl 5 e 2 S ke
LIS oba s dalie g bl Bl 51 (gols me D]
S ol prames 5 S plae els 5 o SR
5o g VL s Sl (pl 2S5 L tals
S i sl Slaslass 3 [2al pl 45 A sdalie slS
A > BblS Sl sl S e A6 Sy e
S w5 Wl e oS Syl gl i
s Olgn W358 ese gl sl Sle 5 sl s
Ll Sp ol a8 (OYM b)) b o als
Singhetal., ) LS s ¢ 0 S 5 anwy o pw Shals Lo
WL Sy S a4 el bl 5 S (S (2011

Q08 el Lae (g dudei 5 WD sy en  Sdas 3lge 5 ]
Zouari et al., 2016; Sharma and Debuy, 2005; Hu et )
O sl bl Ai; 5 ee® I L s (@l 2015
Sl ol Ll I s pd e T o Aol 5 Lae S sl
Il sas obe ) oaen (Dasetal., 2002) L e
gl 2al e alea ol ol Sl 5 ot s
s Azmat «SJl- > .(Shanker et al., 2005) W, .
Of 5 sbul el oy Ksgas oledl (Y0r4) o,
035 st oS e A ol Gib ol ) s e
23,5 o olS gLl s olS i
308 (0 58 Joar) Kb anslie Jsdr 4 ax 5 L
5 Sl 5 S b Sl Eol (S ol
5 o b 0Vl s S phae olsne S i
C)k.\.u O s e Ol @LJ RC N Al s (,.:ms
Ol 5 St SkS s s p S ke 00 5 TVO


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

AZS IR P PR K g3 P PU T P PP RCH WP e | g

o o sl pd s wg ol Slhs S e Kle awlie —§ J gl

bA) : : = s
3 . L e 5oy ;3
5 =) ) > - A, - g
\xg "y g ‘?3 'jf) 35 33 ’ kN kS V), g
g v, o © \\,;\ \) Y - )
©) (ng/ml) SPAD (cm®  (m)  (mg/kg)
units
§/A02 Y02 y/voP AVa%ys 0/+ 82 Vay? YANYE OACAR N0/ YA/ALR .
§/VVE Yo v V/voP WAVE  £/44% AR ARTVAR Y-V AL S VEN R VAR YYo
£/ g vy V/YVP VoA EANR RS AEVERL YA P VTR LI 7 Yoo
TA N A VAV V/¥P VAt A Vo L VOF & AZYARSSIE VAN S | VAN S & VA G o
YIAMS  YavaP V/A0? q/veP YvYP /e YVAVP O g8/vaR AN ES Y YA 0rs

‘..,a.atsu:.:s@Iﬁ,;ﬁxagow;|gﬂw§3gﬂww—o JJ.\?

oy . N — i
3 4 ;- S T S SRS N RN
i l = 2 ) s %, 3 s) v
g 55 S O
% 593 o © \\/;“ Vv Yy ° '}g{
@ (ug/ml) SLmSD e m)  (mglkg)
§/A0% yve? y/xo? \AVa%s 0/+¢? VAl YANYE 0NN Y0/ YA/ALR .
YA Ya/AgP % Va/EAR o/aVR 0/81\P YAFO®  SAZEYE ¥R YR 0
ACTEE SYALYE A AR XL VTP YV/¥OP  SAAAT AYAVE YAl Y
¥YP vvyP veP V/¥VP §IYA® y/qc YV sove P et yqvnP V0
17405 YY/YAC VP o/YYe Y/ VP Y/ 0! Yo/eY?  YVIAS vYeD e \

-\.;)‘.u6)‘3‘.;'0.0@“5-‘M)J@ch.ﬂ)b‘;_’:by}iwtwdﬁMd}bd}f&‘)l}bwﬁjés‘ﬁuﬁb

AY0-Cu dall g..;a’jdauﬁ‘b&wb 30 ﬁasjyﬁ&.&afat& ;|C;ar345_’.; BL; &‘}h ‘_gUhrL,\ﬁ Ay sl ) JS.&

(“'—‘..;.a:ls Al 0—‘..;.0:\5 Al ~—‘.¢:\S ‘0—‘..;.4:\5 O Y erVO—g.Jjw JO'—;‘;JM

Jole S S atls b 5LOTAY Ol Sas KO E R PRI COUNIRPR PN

Yordanova and ) el S (g5t 55 b b sl 03 0 2 S5) Lis olS 55 ediS s s el oy Soge LS


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b YAY

G e o3l 25 3 A IS pelS sl Ll
o3 b led (e I 5 e Sl
s e alS iomes LSl S (gl pae OO
e Sk 00 5 L ki dals 4 i b L S
qucjbﬂbw;)MoMuﬁﬁbgr;éﬁY' B
S5 oo s e ke YL s S RS
S osba oy dald 4 Cd ds)s 0008 5 VAN
gl AV 3 L SR Glaatls Ol op xS
Lab |s, 8 cond I s ol ez V.:,ukijgfﬂ
Lss i w5 e S ole e (L1
e e s GRIPI LD 35S 58S Dl 23S
Dl L s S s A el S sy a s IS
s Yaghoubian Lly -pl ys a8 Iy Aul58l o C)JM
b s s min cunli= 585 SIS (Y1) 0, en
S il 3l 4 s @dlS 05 @ Jud 1S 4 s
Ll .. (Portulaca oleracea L.) 45 = oS ;s alb L, IS
Cows (Crocus sativus L.) ol ,ae; olS 53 (glaalas s
Al dald b alie 3 edlS 5 o s S L 8K
Dogana et al., 2018; Trigueros et ) s,ls Jls=aa (pdize
PN [ T Y N R I LR
ULAS LJ':'<‘“/ pr& u.pjsu: PL JIMN‘)Z.? LY J)‘J e)u\ g)"\
Sl Sl Wsa (Kilic and Kilic, 2017) Wb
Ole b oS diea U age ol (S e 5
slie o 50 3l ol cl (SKas maass 2alS iomen
slie oy 2 «(Bhaduri and Fuleka, 2012) ..\ IS

5 o(Kumar and Kumari, 2015) L 2ol 5 A5 S

U""l‘Jﬁl gJJJS\} aj\.l.'r‘ w‘ﬂ\ ‘c,....d\.;jjls o)".k.;‘ 9 Jg""

Sy S5 Supee sarls aasl WLl (Popova, 2007
Slas W3l RS slS 5 e S olis S o
G el b eslS 0 S e Yo s e o S e 00
5 o 28 J_<;"> c]a..« v e bl (g)ls pae
22 eSS e Yoy p S e 00 Sl 55 S
L33 VUAN S VYWY S S el Sl S p S 5ks
‘-SU“JMJV\PJ)V.:AJKSJUJWJMJJ‘ .(0 _}f.JJJ?-) >4
BEISRY Cﬁ&:ﬁ/\" gé‘wua.d BEI JL:A QU,..C«M RGO IS U4
5 10/8 Ol 5 4 (Populus alba) ,la... 5 (azedarach
El-) 55 031 6 St 51 1S (oo oms Hsba Aoy 11
slplll ol .(Mahrook and Abdelgawad, 2014
sals as JlS sl ol (YY) 0LSes 5 Borek L 5
s o Ol K ols Cow by IS Olsee 55 (5,08
Aes Seslas 25 4 OLS ol 4 s

33 S5 S e 5 el jm s Ol cpiomes
Sl gre e LL3,I (Panax ginseng) K s
LSk e SehS a 55 i p Sha Vet Ui 25 L
e s (Liang et al., 2017) sls Olis dwo s SO chw 33
L5, & (Portulaca oleracea L.) 4= olS ;5 L,
odd 1S wedlS Rl L S S e ialS
oexls S bl 5l (Yaghoubian et al., 2016) ..l
3 ke Saeen S kb S Ol L S Sojem
Al Ol Sl Yol 048 OLKes 5 Y50
Jes S S e silenS IS e 5 D35S
sole by (0FaE Oes 5 gmssles) Sl sls S
5 bl oslide) Wsd e Les IS e Sl S
.(Jayasri and Suthindhiran, 2017 (\Y4¢ (O,SKea

oSSl amlis Jodr @ o g Lol tasn
JS Jes S s b Jos s @ Jbs AS Ol (058 Jour)
Sls Ol 2alS Wy, S jole sl 2151 L (ath)


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

YAY ol G ol (K5 g 58 8598 Sl g 5 o

2 Pl Clsas Llg o Ko ols 25 31 s OalS
53 Pl V10 (gildisn 5 i)l SLis ot
b olS glaasls s Jlml 5 of 5 ol jule wds
Motesharezadeh et (\Y4¢ (OKaa 5 b L= sslale)
ol (o me 53 OalS wsy e e (al, 2017
Lo ool 3 Conpdome 31 30l S (S
el L 5 (Hassan et al., 2006) Jj oL b
se s ol SIS, slml A s LS sk
.(Cho and Seo, 2005) il alS slad sl ;5 sausas]
e 5 st S m Gl pl Cossio
Mobinand ) 53 8 s olS ule s Jials sl Slyda s S
oS iy 5 S el Jials s 5oleas (Khan, 2007
S5 SR s Kl e S obe Sl 15 L
ssbas (Sinhaetal., 2006 (Y)Y O, Kas 5 Slss,) LiL
Gladsl b 5l o Obseaa] 5 S0 Ay Cus g JS
»> ((Hussain et al., 2013) ol olacdisn 5 O340 58
L olS el Ll lp b ls o e 5l (S s Sl

Y0 O e 5 (hige) ol e (sla i

S S 4o
3 oK polie s 3l OF 51 S s S by
s iS3 gde olye 51 SO S s (..:,a;lS 9 e dhe
2 AL S ole pl sd e e JLLS A2,
ks ($SS s p e S cla.w 5 Sy CUJ)\
53 Jda S 5 Kusew erls el L 5 S35 s 5
JA[S\)gfﬂﬂ,\aJui;SLf«l{Lbélﬂ&ﬁCSU):.J..LAJﬁ
Solsa Al e Sl 5 Gy S e s 5 el
Sl OLS iy b 53 e olis lan (RIS o
035 5 7 05s ol 4 e Culg )3 oS ol LS, lals
5 e YL cobw oo Ll 238 o ol el S
L5 dalie gl s 5 S 5 0Be3s IS ( (S g nslS
o2 5 e pslie LS Wpy &Sl ol KLy
s 3 SV ekl Wi e dg oS Yol 5 o

Islam et ) a3y, 2 S, 55 Il dand O senldsl
S s 53 &S ol Wb (g ole Ll 2alS 4 (@al., 2007
AL (Almeida et al., 2007) . ,ls e
Sio g 03l 5 e S ol S0k il
Lis a5 das e 0L 4y olS Llsa plil Six 5 5 0
Ore 5 YVO 5 5 055 do 53 p S e 0 Jles
Solel els b S 05y Cde 2 e 2 S e
ok s S o (E Jodr) Sl sy (b sme
5550 Slio 53 (5ol ine B AaLe L anglin 3 0elS
Sol3gome S 10 5 Ve 0 e a e ol L sls OLS
Slio wlis gy Sl 5 5 055 (0 Jsdr) Sl e
5505 Sosb o 288 15 el b o any S
SYYNY G fa o 2lle Sl 5o ol ll) S
S s (8 Jade) Sl LhalS Aals & S Aoy Yo
Cod 38 e S s ple ol 2 5 5 055
05 (0 Jgdr) Sl mals as s 04/VA 5 oV/AY sl o
o318 35 (T4 O 5 (93l el s alie 831
il o 2,8 L aglie jo D LSy o R ShalS
Al i O Sl w03l e 05 ke
by (A ol 5 W 2 el 5 e (SIS g
Ol b e Olgsa il sl B8 50 b K00
(Visia villosa L.) Sile olS € 5 055w bl
Lepidium sativum ) _als oLS 5 (Ahmad Kamel, 2008)
sl Shals (ras oLKes 5 b s sslade) (L
il ok S olga el SEt 5 5 035 p el e
Raziuddin ) <l el 5,158 55 (Brassica napus L.) |51S
2 peedlS S ke 0 5,8 L glasllas 55 (et al, 2011
Spinacia ) zliwl glse il K 5 5 055 Sk p SolS
4 <o (Raphanus sativus L.) 4= 5 5 (oleracea L.
Ol olS s . OFAY OLKan 5 eal3]) il 2als uals
@ e 03338 edd 5418 55 (Ocimum basilicum L.)
oS oles bl St 5 5 05y el 4 e St
Sy 5 Loy SalS (T L 5 b)) s e


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

WA Jlo M ojled A il aLE 5 S, 5 i b YAL

Jol> Olaabl Syt Glas Cyr € LS QzﬁrJL,; S a8y d;sjf)lm 3o Lol ..A,SJAAV.Ab axJlan
.(Kacholi and sahu, 2018) » ;. S8 0sm g Ay oles L;LA(:\JJ 5> pobe ol Jlast Jlas|

)l L el LS)JJ“’E oL:f U'.’.l BE) u,;.<~w JwL& O

cl:.o

doys L;QS C)L:.-.pw PRSI M:LS f\ (\van) W 5 e curil.'sl: g Cu;z-js - ¢¢.l.5.a 3‘)@) ) ‘LSJ‘J-"J::“
NEY=VOV A (g55liS lide g 4 00 .(Mentha piperita L.) s gl il

asl fad 4z 5 Ct.d..ﬂ\ Loy slajetls 5 S ('.:.AJS vf:}ﬂ S(vay) g0 Olas S 5 ' OLl,S wa sl
OYN=0Ye YA St sla sy

6’1:;;[:;}5 J&&d‘f‘}M}jQTMduwﬁt(\rQO)r Lb.)b)UQP}.k_‘.ﬁ ‘d":“‘ g.(a 4‘5}'«.65.5 é.l?'jﬁ 35 Cgﬁ_}h
OV-WY YTl W 5 5 (gouslaS Bl i S ol (55 o (Phaseolus vulgaris L.)

Can & CM..MJ dk}Li) oLS k:,.ﬂ‘jLiA 2 .,\.:w\ &,:L:M.:SLM j:J‘U (\qu) ) r c)ﬁéj&p‘ 9. .Z'c)@xuwjjﬁ.w e ‘(5‘)»\:\5 ‘.Cc&‘bg

CI‘OCUS SatiVUS ) Q\JL&) eL:§ &f.j_}jﬁj,tj QLw B ;LL‘IM U’»fi"'“' C)‘J.Le _J"‘ Or (W’"\i) ) ‘u{y? 9. ‘QL:AJS Lf ijaﬁ.vg
AY=AT Y Ol ae s g5k 5 cel s 4 i (L

BE uﬁmcﬂa‘dj‘@ﬁ)}dﬁeg@y u_i\.,\.ofpbpjuﬂu.l} (\YA\).thUL;uj.L_é Qli_)ﬂ.o) “p ‘u';‘ﬁ“éj
ME-AT XY Sl of i 4 i Sl

ool w35 20 5 Ll 2l 3 (G = aoeslS = p39) S jolie Olsn g 2 (WA Tl 5 (2S5 e cp o3l S
TEY=YVE XY 0Ll (S o she ol K51 alows O35k Oliwl (55 0 (sl g gl s

C,.;.wl..»;— 9 Ja}u L;Léu.pb 9 Jﬁﬁjjls C,\.hl.:«f QLL‘_’M: V':‘Ml;'”. J:o\ Lﬁlﬂj)‘ (\yav ) £ ;QL:AJ} 9 'C‘st‘).fé NS ‘L;;‘;u”)b
JA-VYA XY alS (658 g 508 ST aloms Oliu 5 Bl (Sax Sl G55

Lepidium ) als 53 Gl Gl 5 ddy p oo 5 ool [2Ken 31 (VFE) peitae GLL 5 Hnsas e da s golide
£1-04:0 Jll Wy 5 Sy e 4 55 (sativum L.
ANAW Y elyia gla fiass aoe dlr g O pae Ll 5 55 4l alS Calises

LJ\-\:) Ba v).‘.a_s\S 39 uj..w wi.\..ﬂ j..pL.O E) 6))..2: A_AJ\:M C}Ja_w ).;S‘U (\Y’C\O) .0 ‘u"\‘f’ ‘5}& E) C anaaAA c(% nd)uﬁ
NO=YY Y oS slaciS o g (’)’L“ .Gl.;fw\ BE r.:wtg:j b polis 5 (g gb slaglu,
MV XY b a5 s gislaS Jasls vool 3 smS Lal 1 3 bse ol

Jil..{j) QSLAL;}.’J ] dﬂ leﬂlo.,\.“scw‘ ‘_5>-J.: J.J‘U (\VQi) A Cu)ﬁdl.w.:j CLW nr ‘Jﬁ‘)‘?*" LCLL;"}:.\;J ‘gI:' ¢&Y)ﬂ
9 ng)juls Q_},er)l_:«) Sk uT r)l_:« 4%]“"” .&ﬁ;«yb&yn}?&l}; u<1)3 Q)S 23 e 5 (S smA.)\SC,.ELb)

sl jiass a>s Matthiola flavida Boiss. LS ;5 (53, oS S s (WWA0) L (guldipn 5 (snge
YVe=YY e YA (O] b s dows) alS


http://srjournal.areo.ir/?_action=article&au=107283&_au=%D9%81%D8%B1%D9%86%D8%A7%D8%B2++%D8%A2%D8%B2%D8%A7%D8%AF%DB%8C
http://srjournal.areo.ir/?_action=article&au=107283&_au=%D9%81%D8%B1%D9%86%D8%A7%D8%B2++%D8%A2%D8%B2%D8%A7%D8%AF%DB%8C
http://srjournal.areo.ir/?_action=article&au=107284&_au=%D8%B9%D9%84%DB%8C++%DA%A9%D8%B3%D8%B1%D8%A7%D8%A6%DB%8C%D8%A7%D9%86
http://srjournal.areo.ir/?_action=article&au=106576&_au=%D9%86%D8%AC%D9%81%D8%B9%D9%84%DB%8C++%DA%A9%D8%B1%DB%8C%D9%85%DB%8C%D8%A7%D9%86
http://sustainagriculture.tabrizu.ac.ir/?_action=article&au=7998&_au=%D8%B3%D9%85%DB%8C%D9%87++%DA%A9%D8%B1%D9%85%DB%8C
http://sustainagriculture.tabrizu.ac.ir/?_action=article&au=7998&_au=%D8%B3%D9%85%DB%8C%D9%87++%DA%A9%D8%B1%D9%85%DB%8C
http://sustainagriculture.tabrizu.ac.ir/?_action=article&au=7999&_au=%D8%B3%DB%8C%D8%AF+%D8%B9%D9%84%DB%8C++%D9%85%D8%AD%D9%85%D8%AF+%D9%85%D8%AF%D8%B1%D8%B3+%D8%AB%D8%A7%D9%86%D9%88%DB%8C
http://sustainagriculture.tabrizu.ac.ir/?_action=article&au=8000&_au=%D9%81%D8%A7%D8%A6%D8%B2%D9%87++%D9%82%D9%86%D8%A7%D8%AA%DB%8C
http://sustainagriculture.tabrizu.ac.ir/?_action=article&au=8001&_au=%D9%85%D9%88%D9%86%D8%A7++%D9%BE%D9%88%D8%B1%D8%AF%D9%87%D9%82%D8%A7%D9%86
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

YAC al b ol (K5 s s Sles peas Sl S s

J&Lsls ;;l)L:;;\ - cabb’dL..;-\ 9. chjL.a.- c.tg(_gv\v\ Aoz 5 .J}\ v\.b-L;mL:_f (_;jjjﬁﬁe 2 ‘_g\u.,\ﬁ,a (\YAAN) .9 ‘friiu

Ole 0l

Ahmad Kamel, H. (2008) Lead accumulation and its effect on photosynthesis and free amino acids in Vicia faba grown
hydroponically. Australian Journal of Basic and Applied Sciences 2: 438-446.

Almeida, A. A. F., Valle, R. R. Mielke, M. S. and Gomes, F. P. (2007) Tolerance and prospection of phyrotemediator
woody species of Cd, Pb, Cu and Cr. Brazilian Journals of Pant Physiology 19: 83-98.

Ashraf, U., Kanu, A. S., Mo, Z. H., Hussain, S., Anjum, S. A., Khan, I., Abbas, R. N. and Tang, X. (2015) Lead toxicity
in rice: effects, mechanisms, and mitigation strategies: a mini review. Environmental Science and Pollution
Research 22: 18318-18332.

Azmat, R., Haider, S., Hajra, N. and Farha, A. (2009) A viable alternative mechanism in adapting the plants to heavy
metal environment. Pakistan Journal of Botany 41: 2729-2738.

Bhaduri, A. M. and Fulekar, M. H. (2012) Antioxidant enzyme responses of plants to heavy metal stress.
Environmental Science and Bio/Technology 11: 55-69.

Borek, M., Baczek-Kwinta, R. and Rapacz, M. (2013) Chlorophyll fluorescence imaging of cadmium-treated white
cabbageplants. E3S Web of Conferences 1: 4.

Brandao, M. C. S., Martins, F. M., Accioly, A. M. A., Santos, N. M., Romao, M. V. V. and Azevedo, A. D. (2018)
Phytoremediation potential and morphological changes of plants growing in the vicinity of lead smelter plant.
International Journal of Environmental Science and Technology 15: 361-372.

Cho, U. H. and Seo, N. H. (2005) Oxidative stress in Arabidiopsis thaliana exposed to cadmium is due to hydrogen
peroxide accumulation. Plant Science 168: 113-120.

Dai, D. N, Thang, T. D., Emmanuel, E. E., Abdulkabir, O. O. and Ogunwande, I. A. (2015) Study on essential oil of
Mentha aquatica L. from Vietnam. American Journal of Essential Oils and Natural Products 2: 12-16.

Das, P. K., Sarangi, D., Jena, M. K. and Mohanty, S. (2002) Response of greengram (Vigna radiata L.) to integrated
application of vermicompost and chemical fertilizer in acid lateritic soil. Indian Agriculture 46: 79-87.

Ding, L., Li, J., Liu, W., Zuo, Q. and Liang, S. X. (2017) Influence of nano-hydroxyapatite on the metal bioavailability,
plant metal cccumulation and root exudates of ryegrass for phytoremediation in Pb-polluted soil. International
Journal of Environmental Research. Public Health 14: 532.

Dogana, M., Karatash, M. and Aasimb, M. (2018) Cadmium and Pb bioaccumulation potentials of an aquatic
macrophyte Ceratophyllum demersum L.: a laboratory study. Ecotoxicology and Environmental Safety
148: 431-440.

El-Mahrook, E. M. and Abdelgawad, M. A. (2014) Phytoextraction potential of cadmium and lead contamination using
Melia azedarach and Populus alba seedlings. African Journal of Biotechnology 53: 4726-4732.

Faller, P., Kienzler, K. and Krieger-Liszkay, A. (2005) Mechanism of Cd®" toxicity: Cd®* inhibits photoactivation of
photosystem 11 by competitive binding to the essential Ca®" site. Biochimica et Biophysica Acta (BBA) -
Bioenergetics 1706: 158-164.

Garlet, T. M. B. (2007) Produtivity, content and essential oil composition of Mentha L. species (Lamiaceae) cultivated
under Hidropony with potassium variation. PhD Thesis, Universidade Federal de Santa Maria, Santa Maria.

Hassan, M., Zhu, Z. Ahmad, B. and Mahmood, Q. (2006) Influence of cadmium toxicity on rice genotypes as affected
by zinc, sulfur and nitrogen fertilizers. Caspian Journal of Environmental Sciences 4: 1-8.

Hu, Y., Liu, X., Bai, J., Shih, K., Zeng, E. Y. and Cheng, H. (2013) Assessing heavy metal pollution in the surface soils
of a region that had undergone three decades of intense industrialization and urbanization. Environmental Science
and Pollution Research 20: 6150-6159.

Hu, Z., Xie, Y., Jin, G., Fu, J. and Li, H. (2015) Growth responses of two tall fescue cultivars to Pb stress and their
metal accumulation characteristics. Ecotoxicology 24: 563-572.

Hussain, A., Abbas, N., Arshad, F., Akram, M., Khan, Z. I., Ahmad, K., Mansha, M. and Mirzaei, F. (2013) Effects of
diverse doses of lead (Pb) on different growth attributes of Zea Mays L. Agricultural Sciences 4: 262-265.

Iram, S. and Abrar, S. (2015) Biosorption of copper and lead by heavy metal resistant fungal isolates. International
Journal of Scientific Research Publications 5: 1-5.

Islam, E., Yang, X., Liu, T., Jin, D. and Meng, X. F. (2007) Effect of Pb toxicity on root morphology, physiology and
ultrastructure in the two ecotypes of Elsholtzia argyi. Journal of Hazardous Material 147: 806-816.

Jager, A. K., Almgvist, J. P., Vangsoe, S. A. K., Stafford, G. I., Adsersen, A. and Staden, J. V. (2007) Compounds from
Mentha aquatica with affinity to the GABA-benzodiazepine receptor. South African Journal of Botany
73:518-521.

Jayasri, M. A. and Suthindhiran, K. (2017) Effect of zinc and Pb on the physiological and biochemical properties of
aquatic plant Lemna minor: its potential role in phytoremediation. Applied Water Science 7: 1247-1253.


https://www.adinehbook.com/gp/search/ref=pd_sa_top?search-alias=books&author=%D9%88%DB%8C%D9%84%DB%8C%D8%A7%D9%85+%D9%87%D8%A7%D9%BE%DA%A9%DB%8C%D9%86%D8%B2&select-author=author-exact
https://www.adinehbook.com/gp/search/ref=pd_sa_top?search-alias=books&author=%D9%88%DB%8C%D9%84%DB%8C%D8%A7%D9%85+%D9%87%D8%A7%D9%BE%DA%A9%DB%8C%D9%86%D8%B2&select-author=author-exact
https://www.adinehbook.com/gp/search/ref=pd_sa_top?search-alias=books&author=%D8%B9%D9%84%DB%8C+%D8%A7%D8%AD%D9%85%D8%AF%DB%8C&select-author=author-exact
https://www.adinehbook.com/gp/search/ref=pd_sa_top?search-alias=books&author=%D9%81%D8%B1%D9%87%D8%A7%D8%AF+%D8%AC%D8%A8%D8%A7%D8%B1%DB%8C&select-author=author-exact
https://www.adinehbook.com/gp/search/ref=pd_sa_top?search-alias=books&author=%D9%BE%D8%B1%D9%88%DB%8C%D8%B2+%D8%A7%D8%AD%D8%B3%D8%A7%D9%86+%D8%B2%D8%A7%D8%AF%D9%87&select-author=author-exact
https://link.springer.com/journal/13762
https://www.sciencedirect.com/science/journal/00052728
https://www.sciencedirect.com/science/journal/00052728
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b YA

Kacholi, D. S. and Sahu, M. (2018) Levels and health risk assessment of heavy metals in soil, water, and vegetables of
Dar es Salaam, Tanzania. Journal of Chemistry 1-9.

Khan, N. A., Singh, S. and Nazar, R. (2007) Activities of antioxidative enzymes, sulphur assimilation, photosynthetic
activity and growth of wheat cultivars differing in yield potential under cadmium stress. Journal of Agriculture and
Crop Science 193: 435-444,

Kilic, S. and Kilic, M. (2017) Effects of cadmium-induced stress on essential oil production, morphology and
physiology of lemon balm (Melissa officinalis L., Lamiaceae). Applied Ecology and Environmental Research
15: 1653-1669.

Kumar, G. H. and Kumari, J. P. (2015) Heavy metal Pb influative toxicity and its assessment in phytoremediating
plants -a review. Water, Air and Soil Pollution 226: 1-11.

Mobin, M. and Khan, N. A. (2007) Photosynthetic activity, pigment composition and antioxidative response of two
mustard (Brassica juncea) cultivars differing in photosynthetic capacity subjected to cadmium stress. Journal of
Plant Physiology 164: 601-610.

Motesharezadeh, B., Kamal-poor, S. Alikhani, H. A., Zarei, M. and zimi, S. (2017) Investigating the effects of plant
growth promoting bacteria and Glomus Mosseae on cadmium phytoremediation by Eucalyptus camaldulensis L.
Pollution 3: 575-588.

Nickavar, B., Alinaghi, A. and Kamalinejad, M. (2008) Evaluation of the antioxidant properties of five Mentha species.
Iranian Journal of Pharmaceutical Research 7: 203-209.

Oliver, D. and Naidu, R. (2003) Uptake of Cu, Pb, Cd, As and DDT by vegetables grown in urban environments,
environmental protection and Heritage council. In: Proceedings of the 5" National Workshop on the Assessment of
Site Contamination.

Olotuah, O. F. (2006) Suitability of some local bast fibre pants in pulp and paper making. Journal of Biological
Sciences 6: 635-637.

Olsen, H. T., Stafford, G. I. Staden, J. V. Christensen, S. B. and Jager, A. K. (2008) Isolation of the MAO-inhibitor
naringenin from Mentha aquatica L. Journal of Ethnopharmacology 117: 500-502.

Pandey, S., Gupta, K. and Mukherjee, A. K. (2007) Impact of cadmium and lead on Catharanthus roseus: a
phytoremediation study. Journal of Environmental Biology 28: 655-662.

Perveen, S., Shahbaz, M. Igbal, M. Akram, M. S. Parveen, A. and Ali, H. M. M. (2016) Induction of cadmium stress
tolerance in Triticum aestivum L. by Alfalfa Leaf Extract. Applied Ecology and Environmental Research
14: 121-136.

Porra, R. J. (2002) The chequered history of the development and use of simultaneous equations for the the accurate
determination of chlorophylls a and b. Photosynthesis Research 73: 149-156.

Rahman, S. H., Khanam, D., Adyel, T. M., Shahidul Islam, M., Aminul Ahsan, M. and Ahedul Akbor, M. (2012)
Assessment of heavy metal contamination of agricultural soil around Dhaka Export Processing Zone (DEPZ),
Bangladesh: Implication of seasonal variation and indices. Applied Sciences 2: 584-601.

Raziuddin, F., Hassan, G. H., Akmal, M., Shah, S. S., Mohammad, F., Shafi, M., Bakht, J. and Zhou, W. (2011) Effects
of cadmium and salinity on growth and photosynthesis parameters of Brassica species. Pakistan Journal of Botany
43: 333-340.

Seregin, I. and Ivanov, V. B. (2001) Physiological aspects of cadmium and lead toxic effects on higher plants. Russian
Journal of Plant Physiology 48: 523-544.

Shabir, R., Abbas, G., Saqgib, M., Shahid, M., Shah, G. M., Akram, M., Niazi, N. K., Naeem, M. A., Hussain, M. and
Ashraf, F. (2018) Cadmium tolerance and phytoremediation potential of acacia (Acacia nilotica L.) under salinity
stress. International Journal of Phytoremediation 20: 739-746.

Shanker, A., Cervantes, C., Loza-Tavera, H. and Avudainayagam, S. (2005) Chromium toxicity in plants. International
Environmental Science and Development 31: 63-68.

Sharma, P. and Dubey, R. S. (2005) Lead toxicity in plants. Brazilian Journal of Plant Physiology 17: 35-52.

Shu, X., Zhang, Q. and Wang, W. (2014) Lead induced changes in growth and micronutrient uptake of Jatropha curcas
L. Bulletin of Environmental Contamination and Toxicology 93: 611-617.

Singh, S., Singh, A. and Bahadur, R. (2011) Effect of cadmium on germination and seedling growth of tomato
(Lycopersicum esculentum Mill). Plant Archives 11: 859-862.

Sinha, P., Dube, B. K., Sriastava, P. and Chatterjee, C. (2006) Alteration in uptake and translocation of essential
nutrients in cabbage by excess lead. Chemosphere 65: 651-656.

Suciu, 1., Cosma, C., Todica, M., Bolboaca, S. D. and Jantschi, L. (2008) Analysis of soil heavy metal pollution and
pattern in central Transylvania. International Journal of Molecular Sciences 9: 434-453.

Tohidi Moghadam, H. R., Donath, T. W. Ghooshchi, F. and Sohrabi, M. (2018) Investigating the probable
consequences of super absorbent polymer and mycorrhizal fungi to reduce detrimental effects of Pb on wheat
(Triticum aestivum L.). Agronomy Research 16: 286-296.


https://www.hindawi.com/93860231/
https://www.hindawi.com/93769348/
https://www.researchgate.net/journal/1589-1623_Applied_Ecology_and_Environmental_Research
https://link.springer.com/journal/11270
https://www.researchgate.net/scientific-contributions/8330423_Raziuddin
https://www.researchgate.net/profile/Dr_Farhatullah2
https://www.researchgate.net/scientific-contributions/2004176255_Ghulam_Hassan
https://www.researchgate.net/profile/Mohammad_Akmal3
https://www.researchgate.net/scientific-contributions/12375224_S_Salim_Shah
https://www.researchgate.net/scientific-contributions/2003692095_Fida_Mohammad
https://www.researchgate.net/profile/Majid_Shafi
https://www.researchgate.net/scientific-contributions/15733956_Jehan_Bakht
https://www.researchgate.net/profile/Weijun_Zhou3
https://www.ncbi.nlm.nih.gov/pubmed/25212459
https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

YAV ol G ol (K58 58850 Sles peas Sl Sy s

Trigueros, A., Mingorance, A. and Rossini Oliva, B. (2012) Evaluation of the ability of Nerium oleander L. to
remediate Pb-contaminated soils. Journal of Geochemical Exploration 114: 126-133.

Vitoria, A. P., Cunha, M. D. and Azevedo, R. A. (2005) Ultrastructural changes of radish leaf exposed to cadmium.
Environmental and Experimental Botany 58; 47-52.

Yaghoubian, Y., Siadat, S. A., Moradi Telavata, M. R. and Pirdashti, H. (2016) Quantify the response of purslane plant
growth, photosynthesis pigments and photosystem Il photochemistry to cadmium concentration gradients in the soil.
Russian Journal of Plant Physiology 63: 77-84.

Yordanova, R. Y. and Popova, L. P. (2007) Effect of exogenous treatment with salicylic acid on photosynthetic activity
and antioxidant capacity of chilled wheat plants. General and Applied Plant Physiology 33: 155-170.

Zouari, M., Elloumi, N., Ahmed, C., Delmail, D., Rouina, B., Abdallah, F. and Labrousse, P. (2016) Exogenous proline
enhances growth, mineral uptake, antioxidant defense, and reduces cadmium-induced oxidative damage in young
date palm (Phoenix dactylifera L.). Ecological Engineering 86: 202-2009.


https://dor.isc.ac/dor/20.1001.1.23222727.1398.8.33.27.7
https://jispp.iut.ac.ir/article-1-1161-en.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-22 ]

[ DOR: 20.1001.1.23222727.1398.8.33.27.7 ]

WAA Jlo M oyled A dl ( alS 5 S, 5 anl b YAA

Investigation of some morphophysiological characteristics in water mint
(Mentha aquatica L.) under lead and cadmium stress

Roghayeh Hasanpour?, Faezeh Zaefarian ™}, Mohammad Rezvani® and Bahi Jalili®

! Department of Agronomy, Sari Agricultural Sciences and Natural Resources University
2 Department of Agronomy and Plant Breeding, Qaemshahr Branch, Islamic Azad University, Qaemshahr
® Department of Soil Science, Sari Agricultural Sciences and Natural Resources University
(Received: 09/12/2018, Accepted: 13/02/2019)

Abstract

Lead and Cadmium are toxic and common pollutants of the soil that affect plant processes, functions and sustainable
production of plants. In this research, the effect of Lead and Cadmium stress on some growth parameters of water mint
aromatic plant (Mentha aquatica L.) in two separate completely randomized design experiments at Sari Agricultural
Sciences and Natural Resources University was studied. Experimental treatments were different concentrations of Lead
(0, 125, 250, 375 and 500 mgkg) and Cadmium (0, 5, 10, 15 and 20 mg./kg). Plant height, number of leaf, leaf area,
greenness index, chlorophyll a, chlorophyll b, total chlorophyll (a+b), chlorophyll ratio (a/b) and fresh and dry weight
of shoot were measured. Lead and Cadmium stress reduced plant traits except chlorophyll ratio in treatment of Lead.
The minimum amount of plant traits was related to the highest concentration of lead and cadmium. The reduction of
chlorophyll b was heigher than chlorophyll a with increase in level of lead, which increased chlorophyll ratio in the lead
stress. Lead and Cadmium with influence on morphological traits can lead to a series of physiological changes in water
mint that reduced fresh and dry weight of shoots. The results gained from the experiments showed that due to the lack
of blight, chlorosis and abscission of leaves, water mint can be considered as a resistant plant to Lead and Cadmium.

Keywords: Heavy elements, Growth parameters, chlorophyll, fresh and dry weight of shoot
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