DOI: http://dx.doi.org/10.22092/ijmapr.2012.3036

b‘ﬁ' Jbau K} ;;3"3)‘: Qu\:f QLE.,E;J ‘;.i'.hj};—‘;o.lﬁ Z.AL'-LAJ
(\FAY) YYFO-YEV immio oY 5 lad YA A

GQ}STg kS»iJ’T)ﬁ‘c B S i Clled g o Sy » o aliSe S dalE STy g
(Portulaca oleracea L.) 4 & ol 38

TalS dsle 5 | LL 5 W
Q@; J.;-\} &3@\ 31)T ol.<..i._'s‘> gr‘}lﬁ 8IS ‘wlmi\_a.w.i) aj; ol ‘J}L.,.A QJJ-V«.‘I"}; — )
Ghorbanli@yahoo.com ;5 xSl ey

Q‘j@;jﬁg)f rLy ali.«ii‘) ;.Li)‘ JAL'J«JlS—Y

WA 5ty b WA gl ale 2Ol st YWAS 5 e i3l s Gl

STl i ol 51 (Sl oSGen SouSG b 50 Jal b a OlalS Ol 36 s (gaaie 2l (glaptmns

5 SRy ey, e Cilie Gachale s 4 Glasn cnl 03 Sl S DI 4 QLS sy Jame
lods atls ; (Portulaca oleracea L.) « 5 oS 53 el 5 el b ol slagtomn Sl 5 (gpmn s b
Slampl cdls 5 Jo GaeS 5 dadi gl el ST daesSs e S P8 la 3 05l 0L slateny
3 S ol i 53 DLy Tl 5 b QLS Co3lS Sl ey a5 Ll bl S b B s LT olST T
5G5s80 10m s e 0nn e 0 e o) Sglite slachle b plales S s mle b U LT £
503 3l o s S Jlesl OLS (655 2 LSS 4w 53 (Ken 5 Aol 03,5 Lol jor CuSOLSH0 &y pots s oS
L p<e/e0 o ) bl s 5 w5 Slabons plnil s a3 Sl 5 LeialesT plnil 6l LS Jles Jlasl
Aol sl ot 55 5,8 Olye 5 (2aS b 52 gla ks IS Ol o 313 0L gl A5 plnil spss lsle 3 51 eslizal
L35 SV T 5 (ol gy SlenS o 3T cdlad L dls B gy Sl e Hsba S eSS 5 L 520

Sls OLES (gols pae Hsbay |, 2alS

B Slaetn (ALS VL e 51K (s (K I3 (Portulaca oleracea L.) 4 > gdodS sbae3ly

Hall, ) 55,5 . ALS slacsl jo cuhw Esb doddo
E\M@‘fd_ﬂujf)zwbbdtoad<2002 dwulﬁfjbéjjjéj&@ﬁjéjﬂw

‘LQ(".’.j"I C_‘,.;.H;d Lw@jj;’ﬂw}:j 6[.&.5;..3“)3 PL ‘)W BEEE R RS Q)J_Ig.” Jlj.:..\ Sl L.SLAV'.’.}"T &@Yjﬁ
wd:ﬁwQDNAww);w&)% jé)&%d})iﬁ)b)é\_ﬁp‘}@ﬂ;
Posmyk) Jslil o d) 53 Cusgdoms a5 3 050 ol (Geatke & Chow, 2003) S . oS 5 Cowdly IS

.(Schutzendubel & Polle, 2002 ¢et al., 2009 Jsers b= 31 SVL glachale js s cpl 355 ol L



e 05Ky e ihies glaclls J1 )y

Jlsd slmp 8 el 5 (5wl g (LS s,
ol 03 35 Ol 5

Sl oy n JalSS Uy 3 Lk )y batey
J=le 02 b il 5 il s e g5l
b Al U tiles S JalS 53101 (sla 2l
Lyl s Jolis s Lad w5 05,5 28 1, ROS
Fabre et «Wang et al., 1997) .S bbbl o e
.(Apel & Hirt, 2004 <al., 2000

o 5 4o 3Jaze (Portulaca oleracea) «s > oLS
bl e cale Olyew tﬁ.p S (Portulacacea
508 Glon s ol posara s Bl 2ty 53 o5
Loadaly oo cul o, o ol aul L SEx
58 oLl 3 5l 4 Ol e 42308 Do

Lol 5l prlas Aol (25 Y=l o 5T 05 0Ly
3 5 b gl A5 by 3 4 ol il
"ol (Teixeirats et al., 2010) s S v 0L
Li ) as slels a5 olS slad, sl b sbsas
S 50y aLS VL o LG (et al., 2009
s (Portulaca tuberosa rox.) as > oL.S 3| & slac
i,y Ol uss 5 LS axdlas (Portulaca oleracea L.)
o 3o Qi sdin xio (SU s LT b
B e Ol e (Tiwari et al., 2008) s Sl
o 25 S g5l 53 5 452 olS > s e
s diS mexr Olgsas Bl sladadd LG s S 8
=L (Deepa et al., 2006) J_s 8 oL 15 |
Slaslis Hsbay e Ol i 5 o Sl se sd S
A andlas J)ywjuc@ﬁ%gﬁg.uﬂfwﬁ
A e mals LS Olpisan 4t 5 2 S
SN (’Wﬁﬂ b .(Mohanapriya et al., 2006)

Al

Ll 58T e 2l AT 5 s s e 4l
OS] joiae 5 Jlad sladd S W5 W18 o a5l s
4 Ol e OF Ol 3l S U8 3 1 (ROS)
(RO) S 55 (OH) JuS 5 08 L adl 0ol
eS| 05asds (057) 4ST s s (ROO) ST,
ol ol 3 S o Ll ((02) L O35St 5 (HL0,)
534S el sl b ol ST Gl ISl W 5 S
a1 il Bl Sl i g e
Ll, &5 ol o daya Wy ROS W Jg
Lyl s Jlie jeba) Ju 055 sl 508
e O30St ol (PH 5 S 53,5 Sl Olans| ol
ool O geldnSTy Cel oS cnl 2ok e
«(Baryla et al, 2000) go—.J sl bl
Teisseire & ) Q\J:_MS|U_:JT le—‘*ﬁjﬂ Silwdls o
Skorzynska-) DNA ssla_uS| asds 5 (Guy, 2000
sladle b opl sy L3 S s (Polit et al., 2004
OV se=e s ROS s 5l ool dal i &
SIS 5 I ol sl 2S5 5 O @3S
Ol slacsl (Neill et al., 2002) colodsl Cols
JuS1 5 5) SOD) ROS oS 5, 6L_am~_;1 5
APX (5la—S1,) POX (GYULS) CAT (b pomms
(GlaanS1 2 0556 58) GPX 5 (Gl by 5Kl
=S IS0 035 Ly LaolnS| =T 5l glaSs
Lads 35S 5 b glo oS 5 05l 18 el 5S0uD)
Sl o e & Lleds LS5 (el 235,08
A e B oS et 5 sl o
MDAR) l_aﬁPT S els T e e
DHAR (LS 55, Sl Sl a5 55 50)
05555 GR 5 LS 53, Sl sSuls )



YYv

A e S IS a0 Jsle Lo 5 Lasdy
Ol b 5 40 0 de A 5 0l G pie s 435 0 Sike
sobe a3l e 5l A Lol s S and Jlads
oo Slaadls) LS g iy b s el W
g 0y U s ud e ils (eus b Ko
s bl Jaie OTL e Sl A Jsb a0 placwails
Hoagland ) S 8 4L Jas b iy g OF 51 e
LA adss (& Arnon, 1950
ool glac ble b ola b s ds e 5o
Sad 3l ¥ 50, Sa YO e 5V ean 00n Naw 00 N
05,5 Lol yon CuSO45HI0 &)y gmts yus poSons 5
o aslas 5ok g 1SS A s (Sas 5 dals
Ll sl s 6))Ttv OLalS s ol 5,5 00 S
La BT ol eslinal Cilises gla T plnil g
WS 5558 5b sa by IS Ol (oS eslul Jels
O e (S 83101 il g5 Ol e (5 S 0510
gl (b Gl S 5 e (5 S eIl 5D
G503l 5 a5l i g s 0sleae
534S 5 NGBS 5 slns, m-jj; o) el
Cdlad 3y 50 55 5 plas el 5 055 5 el (e

.Meb@\/‘.:}o\.:;&ii)f&jjj\wjj

F9 L (ol i
oS o3U slaS 5l et ag S sl
TAS Oyl G gimmn e Oslr 53 0,5 0/00 O
oo el S L 03,5 Ol 5l e 5 0k sl
e g5 1Sl s b el oy o jlias ol (Y
JAL s A ekl e gU TN L0 glag 5o b 5o
a e oo, S 51 G a uslie 5 sladse b o O3l

Ye)La...: LYAJ.L?LO'J&_"JEM}&})‘D Q\AL_S QU:.:.E:J MLLGJ

8 15 aadllas 350 45,2 olS olss eIl L3S 5
S Olae 03l OLES g et L Sl e OF 5l
(Anandi et al., 2002) 42 eslizul g, o]

b = oS oLl jlasl 5 il Sl b s @
S SIS 5 g ph (S VU e e
s (Deepa et al., 2006 <Tiwari et al., 2008)
5 e Sl sdiS il oS Ol yeas e ke ol
ALS L s g se 5855 L5 O Sl eslinal
Aoy oo 4 LI (Phytoremediation)

(CU) s Ko 5 00 ) s 2 4 e
a8 5 dlm il T ok 55506 o3 SG
3 oo st iny OenSI ST 5T Sla s 5 U5
S ol il ol antls VB 5 5lasT w;i
S o 5 4 Ll dlie cpl s sdel =W
L b 55T s 355 508) pan 51 (la Ol ST 5
2Ll g LS5 a3 5 (S sla S 5 5
Sls 5l il Sl (3lwssdze 5 (S 5l
Al SaS K

Ly y 9 Olge

IS e b ol SIS b el s ol
sloul 5l e OF J3 48 A ool IS Ll 5
D e S 8 R 2 me QLS el
5 sy s |l s 0lalS cis s S
ol A leT e 3 Wl & b e sletule]
oS osliwl 3550 sladh A plsl Ol Al 5
Ol 4w s 31 (Portulaca oleracea L.) s >
et WA g oo S o s Jlg g 5 AL
S



e 05Ky e ihies glaclls J1 )y

Ll (KIS a5 () 2l Jgike) 1444 ce
a s Sl s sl s eslas 5 skl SLIS ()
axy Y0 gl 5 U s cell YE Ol 4 5 S
e b i35 Vv e e S 13 S sl
dsb o3 5ol ol 5 5o Bl ddds js jes breee
(Wagner, 1979) 1535 (5 Sejlil a5l 00 ~ 5
S w238 o3linel A= £BC Jge p 5l Sl lons 5l
53y g Bl YT aplt o e O 5o
5ol Vgl ous oe Bad S
Libe HE g8 T FW e Sl chle

(Y Jsas)
A =¢BC

Badeighlds ol o
228 /0 Bis a ol ledd g (S e
UG VP WH Y JE P KA WP
(1) JLedIS Sl el 5 (40) LT ST 1444 cc
Loaids Vv oo & Sak Sl Sl e s edgle SIS
A sles bp S o plo> 55 4235 53 H3 brvr o
g sk s lr s 288 5618 Sl e
23 dyep b elial b s ekl el Y
Ols (Jabsorbance) x> Aoy o= 55 acslow

() Js>) (Krizek et al., 1998) s S

100 — Fla=ABS(300nm).

o)L.a.OV.?:}ZV

éd‘slbyuf); Hlade 6,;0}'43‘
Jf'l.ﬂ j::j‘-;t.:.ﬂ 0 ;fﬂ o3t el Df o/
US.UU 3 el VY B YE e 4o el Y40

YYA

Ol ugmllglFW = 9 a.UjT GV VR P s

.(\ Jsa>) (Amon, 1949) (=3 303

123 xA663—0.86 x4 645
ax1000xW

Chla=

153 K AS45—3.6 XABE3
a X 1000 <W

Chlb =

FosBTNW 2o Jsb s el ol = o O e Ao
Al N0 = ge Jsb 55 0l el odr Ol s Asss

oS e & eIl i sad 5055 W
s e Sl ) Ysane & L5 g0 e Jib @

TSRS

S99 )l (5l o

S DS 51 a lsn ol 51 p S 400 Ly
e Osbs SO s s el i i 4 ) Sles
IAs Oyl e Vsl G i LS
o b w5 5 0253 01 & (e / o)
dsb oo a s il ol b 0 ol 055 il
Oyl ot i gz A 0l 2ol EAY - e
Sheslinad Lo p K, chale .b 3 13 aslital 5 40 VA
138 Ol PE g T FW s s 5 Jge B
.(\ Jsu>) (Lichtenthaler, 1987)

[1000X 4, 5 —die—(18 iy I a—BE02 iy L))

A 55 5,8=
5553 e

Lo il 2T (ol 5o s
2305 10 O35 4ol sl edd ag S s

o Cad 4 Gl Jple (OlMe b s s Osla



A

(Kar & Mishra, 1976) w3 sed Ol (protein)min™

(Y i)

YU o 31 cadled g S0 3lusl
JQL;LJ‘ Y/0 )‘J.EA ‘;;."l';‘;j}i OJL.G.O C|J>:l'.~«:‘ )\ o
Ol e Y 5 PH= VL Ve s 00 lis 3L
el osbas 1l Joe /Y L gy plem 53 Y L5
Ll Ol Ol pdd gowwe ads ¥ 5l w5 byl
oY, s Jsb s gy xSl oKiws 1 eslil
umol(H,0,)mg skl gl

e B

(Y Js>) (Aebi, 1984) ﬂsf,; Ol l(protein)min'1

a sla Jd s JS Ol oS 5ls 0L ol bl anslin

a3 55 5,8 Olpme .(V Jsdr) © 3L Sl s D
sl (b sla oS 55 b 50 sl s
Sy 53 () Jydar) Cils lul sl us g, Hls e
hle U Jalyal JLos 4o e 506 5 sl g5l
L cples 55T 3 s ) ol o dalie ol gy ¢ pune
o e (CU™ Y ay S Vv ) (6 5VL ke )
Ny (Cu™ Yoy Sn 00 0) Lad5 5 5D
S5 il Wy i VL slackale s Jb slac s s
w25l () Jsdr) ds sad Bade Sl tae s boas |
& rSamior Clad (e 533 a3l 4 o S0
i 53 SMeeSy Sled rmman ol LIS s 51
VU 3T b (Y Jai) 55 2lsm pll 5l 2
o L glac ks 5 Ly, cpl 5o LalS 5 b
S eSSl ad ) 3 &Sl edle Al e 50 S

(Y o) A oz alsm plil g o m’ﬂ o

Ye)La...: LYAJ.L?LO'J&_"JEM}&})‘D Q\AL_S QU:.:.E:J MLLGJ

JU s Jhie OT L 5 s S wlsl 740 Jgbl 2 e )
'/OW.MaLLAJﬂJ&O@deWﬁMJ
170 okl Sz eV 5700 ) e 2] e
pesle) Gl Job bse s as S wlol ol o
Jsb 55 @sed Ol doys das 5 IS S
(Seevers & Daly, 1970) 4& ol s e 50 VYO s
ol oldie S el sl e 5l eslizal b s

O dsd) 13 S el Pg g T FW e s 3o

g o las gl sl

0 Syme o Lol S s 5 b e S S e
V0 Rz pH L Nse o/r0 HOL (e 5 3L 2 e
SiKan L edple SLS &y plam 53 aids Tr s
55 a3 Yo Sde (OsSe dids Vvl e Jeol
Shestiad U ool S sle amys £ gles 5 s VTees
LG 55 s S Skl Ol 5kl oS
S s dolomn 5 ol o 51 sl 4 add ) al> e
.(Sudhakar et al., 2001) A& o315 5 se ax b Y Lo
Olpe s p &l Jool= s gloeslas oK1
(23S 15 eslinal 3550 Laa 5T e

g2 o0 3T Cdlad (g a0 51001
Aok ¥ olie (2 eobas 2l Sl 51 e
Sl e o pH=Y L Va e Vee 5 L
Vo I e e /Y 5 Yy s 0 &35S
il ool s Sea 00 L plax 3 15 Y e e
Ll Ol omin a3 ¥ 5l ey 5 bl
£Y0 o yn Iy 3 o tb s xSl olKiws 3l a3l

pmol(H,0,)mg™ e s g ol el



e 05Ky e ihies glaclls J1 )y D

S SLCaS 5 g de S (ol 8T 55 9,8 cla JB 5 JS Olee o i -\ gk

g,dl}b (:‘JJ‘ BE chle ﬁ‘jﬂ L S

Vor+ uM Voo uM 0vr uM Voo uM 0+ uM \+ uM Jals
\/vud Y/\Vc,d Y/YY b,c,d b,c,d Y/¢1 Y/4\ ab,c /¥ ab Y/0V a ;s
a 2
+ /A7) + +/0Y0 + 2 /0A + +/OA + /Y £ +/8VA /000 JJ
V/oY f V/44 ¢ Y/ee d Y/WV e Y/AV b Y/AA b /it a s
b Lés
+ o/ VY ESNVARE] + +/2VO + +/+Q) + +/470 + +/0QqV E=RVARY) J'J
*/YY a /Y b /\Ve «/Nod /Me o/ f /' Yg
A 59,8
£0/ved YN £0/00Y £0/ved /et £ /004 /et
*/Yea +/Yva */\V a,b +/\\ab,c /¢ b,e /\Y ¢ +/+4d _
il 551
FRNR A TRV uy £/ £/ £ /08 £ 0/08) £ /001 a
Y/0 a Y/0 a Y/00 a Y/YA b YAY Db \/OA ¢ \/Ye d
e 5
+ +/YOA + «/YOA + +/Y07 + +/YVA + /e + +/YQV S VARE)
/o8 a JeEeYYb c /iy v/egayvd f/egeYie JegeYY e JegaYa f sbesS 5
4 /e FYAEE £ /v £ /v + v/ £ v/ o0/ ‘;’J

PS /00 (SSls a3 el Olins Sl ol £ 1S5 s (:00) Lo S0ls aglie

el 10 cb_w)))\b&ug))wg_éjxﬂd)&bridjf

ey lsn ol

ST 1YY ST 5 1t

*/VAA e +/YOV a WAAANE +/YV a
Jals

ey + /e +a/0e) NN

/AY d +/YAY b +/VYVE de +/Yor b
\+ uM

+ /v + /e +a/00) +a/0e"

VA e d /YAY b VWY d VYEY bie
0 uM

4+ v/ 4 v/ E VRN 4 o/

/A ed */YAV b */VAY ¢ +/YYY cd
Voo uM

+a/ren + /00 + /00 +a/an

/MY ¢ +/YVYV b,c */VAY ¢ oYYV d
Ove MM

+ /v + /00 +a/0e) +a/ae

/MAD ANV ARY-R:) Yroe
VYeeo HM

E YN 4 v/ 4 v/ 4 v/ 0y

*/AY0 a +/Yee d /AN a /YA
Vor+ uM

VAN +a/0nY VAN FRVANY

PS/+0 Sl a1 bl lane Sl £S5 4 00e) il 4l

el 1.0 CE.&)})\}&MQ)UJ&JJ;J&SJLLJ:}J)F



3 (S s BRI Gl bassls
TP PSR S SR PRE T PP GO [ P W |
5 Bl 8 Gl s eas a4l gl sla
Posmyk et al, 2007) dzes S| sl
S ptese Obs 3l (Skorzynska-Polit et al., 2004
T R R T T
by slckle (oime 53 &S LS 55 gl sl
oS i ol o5 Il jlon s S I3l
Dai et Posmyk et al., 2005) L35 o S Jilas 53
2l QLS s &S e 5 1S e Lal., 2006
Ll 5o S Sl (VU glackle cos ol
Jls s 3058 o 5 (Jb slacS 5 ol s
Posmyk et al., 2007) suS o Sl olS 31 5 ol
of o 0355, Ol peas Wad 5525 (Posmyk et al., 2009
slem B Ll daege 5 LS s bl L
Jaakola et al., ) Lxa UV Jlie 5 aw & Ol o
Gladshe o 5 ol 5B s s s Wad s (2002
slad gl 8 calods S Lyl sy aLS
SHSL pr 53 Wl e IS STs 53 3 s
Jd slad S 5 oS IS8 SlSl,y —d s
Loled polr 1y iaodes LSl o gasay O3S
N Bt mer b (Yamasaki, 1997)
iy g g ol o s e e B 4 g0
S Culod o3l LIS pl esdle 35l e 2l olS
Aol S sSal ads g5 LS s lad gl
g B ppt @ Wl e LA 5 058
lail> pam wS 3L 1 Bl OS]
el Sl bbb s s pame Il 5 Solayl
My el ol JSL, 08w,

Ye)La...: LYAJ.L?LO'J&_"JEM}&})‘D Q\AL_S QU:.:.E:J MLLGJ

T LISl W b Llg e Cu?' S by

Slers S 4 () uled W OLLS Jshe 55 1 15 &b
335 Juamo a3l b s slid lapts ool s
O gl oSy S s (11) «(Jouili & El Feriani, 2003)
(iii) «(Teisseire & Guy, 2000) das =3l 1, lad
Xiong ) &S SNl jlms 1y (sh9 0 pole ple Ol
JUSl a5 s Ldy IS e s (iv) «(et al., 2006
Sl o Sl 0T JLs 4 5 &S 5,05 a5 05,5
Yruela, ) Aol axils 5y g alsl gla Sl
93 ol 5 Olgiea (V) o 4an 31 L3 5 (2005
5 3T Gl Mg Wl ~Seas sla sty
G 0558 5 s — e gl usty 5 b Sl ROS
4 50 j (Schutzendubel & Polle, 2002) &l
aodo g Lz 318 (sla il S okel 5 g
Lombardii & ) SKalSy slbanl 5 sy,
Lol b s s Slas 28 sk ea 5 (Sebastiani, 2005
(Yruela, 2005) d(.:lﬁl:.a Slde sle JMJLKTA
A5 & e 5 a8l L1 e lle e Ak
3510eeS] Slads 050 54> 5 ROS .65 0 |, ROS
sladel 4 ole s ol sl slie o
SheSly Sd s el pbus o
1 aa oIl 5 LS|y o 5 @S o)
b S e culg 5o 5 slie ow Col S 545
5 lls 5 (Choudhary et al., 2007) 5.5
Wo'jeik et ) sl e s 0l Jds IS s 50 o 5
055, s Jd LOYA obsbicdss <al., 2006
O Ws o s a4 (S5 olS (5 1S) s
Ll Bl eSSy 0ad oy MB o5 il



e 05Ky e ihies glaclls J1 )y

bs S 05l 5 Ol @ e g 5SSt 53 1 H2Os
oo 3l s s, .(Noctor & Foyer., 1998) e s
S byl ol celaslneSly bays HO o3,
Ho02 b 2l (o5 7 Joo s oo SO Jsh ol
.(Jimenez et al., 1997) &L ls VU o4 s
e S s glaw 5151 gad 53 SYBIS 5 5las]
DA o p e Glos xS gba b i s oliadles
Ll 5158 5 a4 S
G S, Mg S G ol o
Ol il Kby oS Ao sdalie b 52 s by IS
L OSSOl Sl ol silhenST 2
OCCOMCH BTN PSS PRCIUR, VPR U -V VOOt KWWk 1
elal oLS > .(Parasad et al., 2001) c.ils by,
Slaaised 53 JS I35 A5 s bsa Jdu 08 Ol oo
P Sk Olie 4 e A5 Sl B S )
a4 o4l (sladisad 31 2t Sl (EalS pl 5 3L
Slr Gao & S e A S 0 a3 0L 45 5
EESURTE | QPR S WS NPT
ol ol s VL Glac e 4 el saselol
(Shi & Cai, 2009) L& s> (S5, 3,50 55 Sl ol U
Triticum aestivum cv. Vergina oLS ;5 |3 ,IS Ol
ol EalS Sl 13 e en )T S 55 Co oS
oS lp a4 ees 5 (Lanaras et al, 1993)
C> 45 Brassica oleracea var. Botrytis cv. Maghi
Aol ey Codls 3 035 5 psedlS (e A
Ly olS (5,515 (Chatterjee & Chatterjee, 2000)

olls glackle 5 a6 > Phaseolus vulgaris L.

)Uﬁﬁ aS sl uL:,., LR Tl r}wbts (U (& u,:.<~w

YEY

J=1e 0o sl Lol il @ s sdeee U5 5O
Jaakola et al., ) s55 .+ plox! oS S 5 ol
<3k 4 6341 ae (Sudhakar et al., 2001 2002
silsr U0 5 e Jlee 5 () Sl S
oS Rl e &S apd e Ay Ol o olals
Sk 3 Wlg e ol e 3 il 5l caslads 5 gD
S s oy 0o IS 0ol 3 5y ilST 25
S D 4 ST BT sla 5T e BT s
65 4 S g s el sl S
Al g sl S db a4 L L K
el ol 5l (gl .(Mazhoudi et al., 1997)
Uil 4 asdls |, CAT 5 POX SOD 5 ool
Weckx & ) Lles S 518 K ol clle
Van <Rama Devi & Prasad, 1998 «lijsters, 1996
Chongpraditnum et al., <@ssche & Clijsters, 1990
oo 3l ol s sled S oSea 5 (1992
o 03 el Gl s ol e ol Sl o
Palma et Luna et al, 1994) . ,ls 33l Ko il
Eol Jsho 0950 e glackle i3l @l 1987
ASls Gk 5l HOr 5 S ssdes G, s
Palma et ) 53 5 o s — pla ol B L el
s slaa S Llis 5 slem slap S (al., 1987
b VU glackle cle 4 sdel 34 OS]
DS 5T Slam sl cdlad (Ll Ll e (S
Bueno & ) LiL 51aeaST1 5 50 e s ST 50 Ll
OSaodd 5 Sl o J5e (,u@ .(Piqueras, 2002
Gl sl 5l sl sl e clled @ 5l AT,
SOD s b e e 0 eS|y goe 23515 Ol 5T

la3YLK .(Bowler et al.,1992) >33 . Las HyO; «



AFAN

-Jde gilesy (a2 Ky o Wad Sl
O3St b bS5 5 oS0 Slsl,
Lobes ol 1 Oiaodes LSl o sasa
.(Yamasaki, 1997)
Slan 31 s dad b 53 ROS o il L
2 S Ol L Cilte 5 Al e SRl OS] 5
3 o> AeeS1 g SleaST oy ASle e 5T e
b gae bl b gas js 55l e ey YUK
“iay s 2l Oh bl s e s sty sl
sl plll il il s ST Ol S e
i (ALS Ol 03 WS a5 2 B s
Sagne Gl B m 3l s Tt Sa0leS| ST )
53 15 50 pemd STy e 5 5SSy il a5
(Posmyk et al., 2009) 5 5 Sl K ol s
gl ol 55 Slled (R pes 0 Ses kes
oS > .(Pandey et al, 2009) .>S oLl
e Sl Bl I glackle (S S
Sl a8 A Sty sl cdld Sl e il
Miteva et ) ol siliSt i s a S L ablas
e oS 5 s bl > oS s (@l 2005
lld (RIS B Sl Ol
S (Do g5, 858 o2 5l S5 o SlkenST 5]
B w Gp w4 g Ll s (LS
R P R
Lpls Lsba bpgbassl 5 b GlaS 5 o s
Al bl e olSes el gl ne
s S o) Sen el i | A e
g3 s 5t P13 e s ST hns
e sl GGl LSl aibs a5l

YeJLa...: LYAJ.L?LO'J&_"JEM}&})‘D Q\AL_S QU:.:.E:J MLLGJ

Zengin & Munzuroglu, ) AL . a8 S Lé, IS
.(2005
©oa gbchle bl s w2 oS (oS5 L
bt S8 e 53 RIBE (e SRIS
Sl s slaeS 5 s Laas s dasba gl
DRI S e Pl s e o JSLES
Chle 55 day s s ok 5 plT ) s o8
it sl Ml S Ve S Ve
R B I N S e
orr chle s |y s cdld o i Laags gl
Oser s 03 S L g OF S5l 5 0303 55 5Y 505 s
Sosre Loy 4 Olomen L3 lal S 5 U a0
woamg bl aslsl Ve Ko Vo chale U5yt
L and ol Olgie a5 olS L3 elel ot il
2 R SS F e Re s S 28 8
S 3 Sl Jil 4z s 53 el ols
3 e 5> bS8 ba il 55T 3 s L
L S e e Bl et
SLOAaSI ST edd il Glayls Aol L3 mbs
Posmyk)w\wkggsq,;ay}(.&og?wﬂg
GleS 5 a5 Casledel 55158 ool s (et al., 2009
e Dl 1y K Sl L ods s el s
3 JeSaotes Gleas S S ead 515 e b
Fe 5 Cu o b wls e S8 Gl JoS s
5 B eSS S el S5 ramen Aipd fuate
Loables cer ol gy Baee bl
e Dl L ke slais s sl sladSSs),
Cesls S ULl 3 4 (Posmyk et al., 2009) dius

BEEERE B Lgbﬁdyj)b S Cslodd uLJ\ o)y\-“‘\-g



e 05Ky e ihies glaclls J1 )y

Posmyk et «Choudhary et al., 2007) 5,138 o :alS
.@al., 2009

& S 4o
aag gD Gl 5 e slaepSS,  tals
Slan 3l 5 L 5558« Jb slacsS 5 dapsl sl
O CNCH SR T VPV WOk { I
SIBl s olT SdSsl, W m BL  alS
N R e O B PO LI
Ls el Jlb a5l (s e (5l B
oS SaS w Olay e o sl sl Gl

solaw! 090 ol

Sliv » & by Sbdsbs G ATAT T obsticdss -

oS ol s il o0d S5 s S
U‘J.é.'; cu,»).’w C,.;;JJ alf.i.'vb MbuLano

Aebi, H., 1984. Catalase Methods in
Enzymology, 105: 121-126.

Anandi, S., Thangavel, P. and Subburam, V., 2002.
Influence of aluminium on the restoration potential of
the terrestrial vascular plant, Portulaca oleracea L. as a
biomonitoring tool of fresh water aquatic environments.
Environmental Monitoring and Assessment, 78: 19-29.

Apel, K. and Hirt, H., 2004. Reactive oxygen species:
metabolism, oxidative stress, and signal transduction.
Annual Reviews of Plant Biology, 55: 373-399.

Arnon, D.I., 1949. Copper enzymes in isolated
Chloroplast polyphenol oxidase in Beta vulgaris. Plant
Physiology, 24: 1-15.

Azcon, R., Peralvarez, M., Biro, B., Roldan, A. and
RuizLozano, J., 2009. Antioxidant activities and metal
acquisition in mycorrhizal plant growing in a heavy-
metal multicontaminated soil amended with treated
lignocellulosic agrowaste. Applied soil ecology, 41(2):
168-177.

in vitro.

- Baryla, A., Laborde, C., Montillet, J.L., Triantaphylides,

C. and Chagvardieff, P., 2000. Evaluation of lipid
peroxidation as a toxicity bioassay for plant exposed to
copper. Environmental Pollution, 109: 131-135.

\§23

cdl Ll cer OllS oUls a8
spden 25 sl b il (sl 0S| ST (slags 3T
sl hale a5 oad osls Ol Sldlae j5 a0 a5«
a8 4 ol oK Sl asl sl
Schutzendubel & ) 553 o e s3lALS] Lguﬁ}ﬂ
oS bl s bl el ang s (Polle, 2002
ShedS Sl dw gl chle 213l Loy sl ol
S 4 s motn GLS g a e L) gl
Sl sde Y4k 36 (Cao et al., 2004) 5,158
bl cdld il 5 sl el S
cle 2alS o OF Sl A 5 ba3llenS o pasta
.(Qadir et al., 2004) ssjfda
A Y Clles Gls e JalS Gasw ol s
Ol e a5 () sbas (A olsd Q))&\jﬁﬁgflxljs
Conds (Yor8) OKea 5 Wang 45 34 4l dSlen
slacaals (g9, 5 25+ sleislesl s gl syl
slablle Lol g (Brassica junica) oIS
GlanSly cdl il e S b Cali
Sals 5 slaest by Sl Gl penss LS s
3038 5 5, M5 <o Thlaspi caerulescens
s e 15 0T 55l 0L 1 3Tl e s tals
(Wo'jcik et al., 2006) 54es 3 me obor I3
55 4l 1) i et 35 a5 OIS e
sk e ol (Azeon et al, 2009)
("U'J s 5l oS cel ol WL slachle
o ol e Sl clle il Lo e VUK



glutathione cycle in mitochondria and peroxisomes of
pea leaves. Plant Physiology, 114: 275-284.

- Jouili, H. and El Feriani, E., 2003. Changes in antioxidant
and lignifying enzyme activities in sunflower roots
(Helianthus annuus L.) stressed with copper excess.
Comptes Rendus Biologies, 326(7): 639-644.

- Kar, M. and Mishra, D., 1976. Catalase, Peroxidase, and
Polyphenoloxidase activities during Rice Leaf
Senescence. Plant Physiology, 57: 315-319.

- Krizek, D.T., Britz, S.J. and Mirecki, R.M., 1998.
Inhibitory effects of ambient levels of solar UV-A and
UV-B radiation on growth of cv. new red fire lettuce.
Physiologia Plantarum, 103: 1-7.

- Lanaras, T., Moustakas, M., Symeonidis, L.,
Diomantoglou, S. and Karataglis, S., 1993. Plant metal
content, growth responses and some photosynthetic
measurements of field-cultivated wheat growing on ore
bodies enriched in Cu. Physiologia Plantarum, 88(2):
307-314.

- Li, F., Li, Q., Gao, D., Peng, Y. and Feng, C., 2009.
Preparation and antidiabetic activity of polysaccharide
from Portulaca oleracea L. African Journal of
Biotechnology, 8(4): 569-573.

- Lichtenthaler, H.K., 1987. Chlorophylls and carotenoids:
pigments of photosynthetic biomembranes. Methods In
Enzymology, 148: 350-382.

- Lombardii, L. and Sebastiani, L., 2005. Copper toxicity in
Prunus cerasifera: growth and antioxidant enzymes
responses of in vitro grown plant. Plant Science, 168(3):
797-802.

Luna, C.M., Gonzalez, C.A. and Trippi, V.S., 1994.
Oxidative damage caused by an excess of copper in oat
leaves. Plant and Cell Physiology, 35(1): 11-15.

Mazhoudi, S., Chaoui, A. Ghorbal, M.H. and ElFerjani,
E., 1997. Response of antioxidant enzymes to excess
copper in tomato (Lycopersicon esculentum Mill.). Plant
Science, 127(2): 129-137.

- Miteva E., Hristova, D., Nenova, V. and Maneva, S.,
2005. Arsenic as a factor affecting virus infection in
tomato plants: changes in plant growth, peroxidase
activity and  chloroplast  pigments.  Scientia
Horticulturae, 105(3): 343-358.

Mohanapriya S., Senthilkumar, P., Sivakumar, S.,
Dineshkumar, M. and Subbhuraam, C.V., 2006. Effects
of copper sulfate and copper nitrate in aquatic medium
on the restoration potential and accumulation of copper
in stem cuttings of the terrestrial medicinal plant,
Portulaca oleracea Linn. Environmental Monitoring
and Assessment, 121: 233-244.

Neill, S.J., Desikan, R., Clarke, A., Hurst, R.D. and
Hancock, J.T., 2002. Hydrogen peroxide and nitric
oxide as signalling molecules in plants. Journal of
Experimental Botany, 53(372): 1237-1247.

Noctor, G. and Foyer, C.H., 1998. Ascorbate and
glutathione: keeping active oxygen under control.

YeJLa...: LYAJ.L?LO'J&_"JEM}&})‘D Q\AL_S QU:.:.E:J MLLGJ

- Bowler, C., Vanmontagu, M. and Inze, D., 1992.
Superoxidedismutase and stress tolerance. Annual
Reviews of Plant Biology and Plant Molecular Biology,
43: 83-116.

- Bueno, P. and Piqueras, A., 2002. Effect of transition
metals on stress, lipid peroxidation and antioxidant
enzyme activities in tobacco cell cultures. Plant Growth
Regulation, 36(2): 161-167.

- Cao, X., Ma, L.Q. and Tu, C., 2004. Antioxidative
responses to arsenic in the arsenic-hyperaccumulator
Chinese brake fern (Pteris vittata L.). Environmental
Pollution, 128: 317-325

- Chatterjee, J. and Chatterjee, C., 2000. Phototoxicity of
cobalt, chromium and copper in cauliflower.
Environmental Pollution, 109: 69-74.

- Chongpraditnun P., Mori, S. and Chino, M., 1992. Excess
copper induces a cytosolic Cu, Zn-superoxide dismutase
in soybean root. Plant and Cell Physiology, 33(3): 239-
244,

- Choudhary, M., Jetley, U.K., Khan, M.A., Zutshi, S. and
Fatma, T., 2007. Effect of heavy metal stress on proline,
malondialdehyde, and superoxide dismutase activity in
the cyanobacterium Spirulina platensis-S5.
Ecotoxicology and environmental Safety, 66(2): 204-
209.

Dai, L.P., Xiong, Z.T., Huang, Y. and Li, M.J., 2006.
Cadmium-induced changes in pigments, total phenolics,
and phenylalanine ammonialyase activity in fronds of
Azolla imbricate. Environmental Toxicology, 21(5):
505-512.

- Deepa, R., Senthilkumar, P., Sivakumar, S., Duraisamy, P.
and Subbhuraam, C.V., 2006. Copper availability and
accumulation by Portulaca oleracea L. Environmental
Monitoring and Assessment, 116: 185-195.

- Fabre, N., Urizzi, P., Souchard, J.P., Ferchard, A.,
Claparols, C., Fouraste, I. and Moulis, C., 2000. An
antioxidant sinapic acid ester isolated from Iberis
amara. Fitoterapia, 71(4): 425-428.

- Gaetke, L.M. and Chow, C.K., 2003. Copper toxicity,
oxidative stress, and antioxidant nutrients. Toxicology,
189: 147-163.

- Hall, J.L., 2002. Cellular mechanisms for heavy metal
detoxification and tolerance. Journal of Experimental
Botany, 53: 1-11.

- Hoagland, D.R. and Arnon, D., 1950. The Water Culture
Method for Growing Plants Without Soil. Berkeley,
Calif, College of Agriculture, University of California,
500p.

- Jaakola, L., Maatta, K., Pirttila, A.M., Torronen, R.,
Karenlampi, S. and Hohtola, A., 2002. Expression of
genes involved in anthocyanin biosynthesis in relation
to anthocyanin, proanthocyanidin, and flavonol levels
during bilberry fruit development. Plant Physiology,
130(2): 729-739.

- Jimenez, A., Hernandez, J.A., del Rio, L.A. and Sevilla,
F., 1997. Evidence for the presence of the ascorbate-



e 05Ky e ihies glaclls J1 )y

- Sudhakar, C., Lakshmi, A. and Giridarakumar, S., 2001.

Changes in the antioxidant enzyme efficacy in two high
yielding genotypes of mulberry (Morus alba L.) under
NaCl salinity. Plant Science, 161(3): 613-619.

- Teisseire, H. and Guy, V., 2000. Copper-induced changes

in antioxidant enzymes activities in fronds of duckweed
(Lemna minor). Plant Science, 153: 65-72.

- Teixeirats, M.C., Carvalhots, I.S. and Brodelius, M., 2010.

-3 fatty acid desaturase gene isolated from Purslane
(Portulaca oleracea) expression in different tissues and
response to cold and wound stress. Journal of
Agricultural and Food Chemistry, 58(3): 1870-1877.

- Tiwari, K.K., Deviwedi, S., Mishra, S., Srivastava, S.,

Tripathy, R.D., Singh, N.K. and Chakraborty, S., 2008.
Phytoremediation efficiency of Portulaca tuberosa rox
and Portulaca oleracea L. naturally growing in an
industrial effluent irrigated area in Vadodra, Gujrat,
India. Environmental Monitoring and Assessment,
147(1-3): 15-22.

vé

Annual Review of Plant Physiology and Plant
Molecular Biology, 49: 249-279.

- Palma, J.M., Gomez, M., Yaifiez, J. and del Rio, L.A.,

1987. Increased levels of peroxisomal active oxygen-
related enzymes in coppertolerant pea plants. Plant
Physiology, 85(2): 570-574.

- Pandey, N., Pathak, G.C., Pandey, D.K. and Pandey, R.,

2009. Heavy metals, Co, Ni, Cu, Zn and Cd produce
oxidative damage and evoke differential antioxidant
responses in Spinach. Brazilian Journal of Plant
Physiology, 21(2): 103-111.

- Posmyk, M.M., Dobranowska, A. and Janas, K.M., 2005.

Role of anthocyanins in red cabbage seedlings response
to copper stress. Ecological Chemistry and Engineering
12(10): 1107-1112.

- Posmyk, M.M., Kontek, R. and Janas, K.M., 2007. Effect

of anthocyanin-rich red cabbage extract on cytological
injury induced by copper stress in plant and animal
tissues. Environmental Protection of Natural Soures, 33:

- Van Assche F. and Clijsters, H., 1990. Effects of metals 50-56.
on enzyme-activity in plants. Plant Cell and - Posmyk, M.M., Kontek, R. and Janas, K.M., 2009.
Environment, 13(3): 195-206. Antioxidant Enzymes activity and phenolic compounds
- Wagner, G.J., 1979. Content and vacuole/extravacuole content in red cabbage seedlings exposed to copper

distribution of neutral sugars, free amino acids, and
anthocyanins in protoplast. Plant Physiology, 64: 88-93

- Wang, H., Cao, G. and Prior, R.L., 1997. Oxygen radical

absorbing capacity of anthocyanins. Journal of
Agricultural and Food Chemistry, 45(2): 302-309.

- Wang, S.H., Yang, Z.M., Yang, H., Lu, B., Li, S.Q. and

Lu, Y.P., 2004. Copper-induced stress and antioxidative
responses in roots of Brassica juncea L. Botanical
Bulletin of Academia Sinica, 45: 203-212.

- Weckx, J.E.J. and Clijsters, HM.M., 1996. Oxidative

damage and defense mechanisms in primary leaves of
Phaseolus vulgaris as a result of root assimilation of
toxic amounts of copper. Physiologia Plantarum, 96(3):
506-512.

- Wo’'jcik M., Skorzynska-Polit, E. and Tukiendorf, A.,

2006. Organic acids accumulation and antioxidant
enzyme activities in Thlaspi caerulescens under Zn and
Cd stress. Plant Growth Regulation, 48(2): 145-155.

- Xiong, Z.T., Liu, C. and Geng, B., 2006. Phytotoxic

effects of copper on nitrogen metabolism and plant
growth in Brasica pekinensis Rupr. Ecotoxicology and
Environmental Safety, 64(3): 273-280.

stress. Ecotoxicology and Environmental safety, 72(2):
596-602.

- Prasad, M.N.V., Malec, P., Waloszek, A., Bojko, M. and

Strzatka, K., 2001. Physiological responses of Lemna
trisulca L. (duckweed) to cadmium and copper
bioaccumulation. Plant Science, 161(5): 881-889.

- Qadir, S., Qureshi, M.1., Javed, S. and Abdin, M.Z., 2004.

Genotypic variation in phytoremediation potential of
Brassica juncea cultivars exposed to Cd stress. Plant
Science, 167(5): 1171-1181.

- Rama Devi, S. and Prasad, M.N.V., 1998. Copper toxicity

in Ceratophyllum demersum L. (Coontail), a free
floating macrophyte: response of antioxidant enzymes
and antioxidants. Plant Science, 138(2): 157-165.

- Schutzendubel, A. and Polle, A., 2002. Plant responses to

abiotic stresses: heavy metal induced oxidative stress
and protection by mycorrhization. Journal of
Experimental Botany, 53(372): 1351-1365.

- Seevers, P.M. and Daly, J.M., 1970. Studies on wheat

stem rust resistance control at sr6 locus. 1- The role of
phenolic of stem rust and wheat containing resistance
genes Sr5, Sr6, Sr8, Sr22. Canadian Journal of Botany,

57:324-331.

- Shi, G. and Cai, Q., 2009. Leaf plasticity in peanut
(Arachis hypogaea L.) in response to heavy metal stress.
Environmental and Experimental Botany, 67: 112-117.

- Skorzynska-Polit, E., Drazkiewicz, M., Wianowska, D.,

- Yamasaki, H., 1997. A function of color. Trends in Plant
Science, 2: 7-8.

- Yruela, 1., 2005. Copper in plants. Brazilian Journal of
Plant Physiology, 17: 145-156.

- Zengin, F.K. and Munzuroglu, O., 2005. Effects of some

heavy metals on content of chlorophyll, proline and
some antioxidant chemicals in Bean (Phaseolus vulgaris
L.) seedlings. Acta Biologica Cracoviensia Series
Botanica, 47(2): 157-164.

Maksymiec, W., Dawidowicz, A.L. and Tukiendorf, A.,
2004. The influence of heavy metal stress on the level
of some flavonols in the primary leaves of Phaseolus
coccineus. Acta Physiologiae Plantarum, 26(3): 247-
253.



247 Iranian Journal of Medicinal and Aromatic Plants, Vol. 28, No. 2, 2012

Copper-induced changes on pigments and activity of non-enzimatic and
enzymatic defence systems in Portulaca oleracea L.

M. Ghorbanli'" and A. Kiapour2

1*- Corresponding author, Biology Department, Faculty of Sciences, Gorgan Unit, Islamic Azad University, Gorgan, Iran
E-mail: Ghorbanli@yahoo.com
2- Payam-e-Noor University, Tehran, Iran

Received: September 2010 Revised: May 2011 Accepted: July 2011

Abstract

Several defense systems are cooperating together in plants to cope with stressful situations.
One of these stresses is heavy metals pollution of the plant's growing environment. In This
article, the effect of different concentrations of copper was studied on photosynthetic and non-
photosynthetic pigments, non-enzymatic and enzymatic defence systems in Portulaca oleracea
L. In order to show the effect of so-called heavy metal, copper, on pigments, anthocyanines,
flavonoides, phenolic compounds and the activity of antioxidant enzymes some experiments
were performed in a completely randomized design and statistical differences were applied at
the p < 0.05 level. After planting the plants with the same conditions in the sterile bed, they
were nourished with Hoagland's liquid medium. The bed was then amended with graded
concentrations (0, 10, 50, 100, 500, 1000 and 1500 uM) of copper salt, in the form of
CuS04.5H,0, separately as treatments and with the control group. Three replicates were
maintained for each treatment and also for control groups. After ten days of applying the
treatments, the plants were harvested for performing the experiments. After measuring and
applying the statistical differences at the 0.05 level via SPSS software, these results were
obtained: The amount of chlorophyll a and b was decreased. Amounts of carotenoides,
anthocyanines, flavonoides and phenolic compounds were significantly increased. Peroxidase
activity was increased and catalase activity was decreased in both shoots and roots.

Key words: Portulaca oleracea L., heavy metals, copper, pigments, phytoremediation,
defence systems.



