[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

AT Sl 4 osled A A (aLS 3 S8 5 Wl

3 SUP 5 ( SINPose BB S R (Fr 2 dews g s e e glac e 6
Goss S5 Cou (Zinnia elegans ) al oS slowd o

\ Y . Ve, . - \ .
LS'*’L’(‘J'G‘J LSJ:“J"*’.“ J.su.vb.g_v u‘l““ o;b_)‘.?.-r.g.}a
4.;{,)\ M:AJJ| olLsls cdj)JL:S s A ls L;.L.bL. r_,l& aJ;Y IRVAV ‘L’M’J))'é &ksls 46”}[.25«:&‘3 dsL&L» r‘,l.v eJ;‘
(\Y40/+Y/\0 gﬁ-t@" u:'f."‘i c’f_)l? ALLYAZL VA S Rt IPRYS é)l})

ToSor
Lo L Lguo.\:.;f‘.,]é;sj'l P S il 02ls DL a5 3,8 e 86 OLLS Wl 5 SlEl &S Cunl e gla A5 3l 5
4 dews g3 ok D3 p (SE g L daS (6o pd Lile aoms AT 4 ol OLLS 53 Cunglie sl sl ST S 8
4 Jom 53 dews oS ke B iyt (M5 Gl S OUs gd e o gaime ODWLS 55 ST G oS by S5 K Ol
2 JosSU Sope 4 SRkl s oS Gl albeadin 5 (S5 (SSdsiige sl (Shs o O AU s ST LS ()l
N un) o529 2 s pebaes Mgz 5 pades LIS Ve les Voo 5 V0 00 (YO (Uall) (50 o gy b olai DS b LIG
dsb 5 Blu Jgb 2alS Ol Ve e 00 (Go5 haw 53 A planil HISS b Vg0 s /YO 5 070 0/Y0 (aall) (losluS
o 10 SRS 3 a9 8 a3, GYgs s 00 (G)0d gl 3 3 g Al aylie 53 dep s YA VYT S Sl
Syl slaes 5T cadlad cpszmes il YAY 1y s Olgee 6l Y/AA 1y 008 el Ol ¢ ilpr VAY 1y ST (5T b B Y g
a3 ol Sl sls L2l Aals b awglin 53 s YVA 5 618 < 0110 Oljee 4 ity |y STy JSLE 5 SYBIS lus],
e DM Sl Ll e (Ve e 00 51 208 (6598 ks 3 032940) deews g padkes 2,008 (o A5 ayl,d s &S ol 0L

Jil-u’ L}iu\as_)l.hi)b ‘_) 6)_,.2&5)‘ ‘;::U

eS| S (S S5 el T ST (ST (sla e 5T i gdS olals

ud o Jola 58 S s Gl GBS (Gosd A ‘s lie
Loy Jsbe LSl Ol & ol j5b 4 i,y BB

T N

ol o Ul 5l dass b 5l G $6 al5S el

).})}.j: dl.hél?— C,M} .Ju.)\.))\ﬁ LS)_}":' yju).) d‘j’.’.‘

sl a8 g s, 5 . (Greenway and Munns, 1980)
ol 4 la sl S sbml Cor e ke s 3 W 058
.Chinnusamy et al., 2005) >3 » o ssliasl i
2l bdse cbbbus gl (SlsS! g ols s

Lk o e 3ol Jlb 05uS) slae S SU e gla 36

Sl A3 V0 Usles oS sl S Osds YE 350 53 O 4l
SalS Eel 655 55 (FAO, 2009) ol 535S Sl
3 S e Sl s g Bl pae O fily
S 3y o Lol OLS T Caxdy i 2 e OLS
S b 0T 51338 ssdems OLLS A g5 5wl sl )

Tehranifar2009@yah00.com : S5 xS Gy S ¢ s ok 57


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

¥4 Jlo A8 ojled Al ¢ alS 5 S8 5 dul Ve

(Mittler, 2002) el Jas 53 O Chile & by e 1S
olS Ay (Rl e S| SO 55 o pd 25 Ll s
533 e yd S Lie gl A0 ey (pl apd
bus plsS a1 Gl ol cdls Sl Gooes
Sl 05 Ol denS| S35 2,8 0 Sppe LS S
) LS e S ) $osd S Bl 5o uaslie o
Lo glachle 55 ast Sz b 51 .OYAS (s,
st 4 coul Sl s e 1 0LLS (o3l o slie 3L
3pie A sadshe SAS S gladl 5 Lo, da
@ AST S aS Sl el 5158 .(Yamasaki, 2000)
S 5 plard (e b AT gl s 4 s
e S50 e > pd e Ay e alS sl S s
Salil s s glaediS anST 5 05| 51 Gl
odd A5 p 5 STy 5 SAS e (eI Wil pla
OB Lol ok 4 b SllST IS e e &S
o A sdshe 5o b 0581 GLa S ¢lsl sl
s Sheokand ;58 Ll . (Qiao and Fan, 2008) . ;.
GLS 2 G dewsp 55 e 38 (Y0) ) OLSes
e Ol Rl el 6558 SR Ll 50 5 el
VB b e 28| g tile SlnS| 5T glags 3
a3 k3,8 S 53, 05568 5 5SSl ST
Coi (K5 xS 5l w3y 53 03 dews g 5 ke 3008
Ol 1Bl 5 i) Glagarld s ol (o8
SBgams AS| s Glam 3T CIes 5 Sl slaus
Leslst, ol Sl GVl Glawst,  JsSLE
S A58 sl s iasn s (Wu et al, 2011)
S50 2 dpesSe Ve ShlE s s s 20 el 508
Spgp Sob WIS s osd A lld sl gladlgls
roen 5 okt Ladlgils 4 ol SEalS () gla e L
b eS| B a5l O 5 odsn s IS Ol
(Fanetal., 2007) Jas !5l
e S0 Sy S ke s agh 4 g L
53 kSt S oS by S5 Ol 4 A g 5

$55 B0 st Jske 5 s Jobe Glapter OLLS
e 5l el gba0lnst 2T alws &0 b 05nST sl
33U 53, 0586 8 GluS] 1 GYBIS U ganns AenST 5y o
Al e oSt AT st S
Agarwal and ) w8 e clasle 055648 5 b, Sl
.(Pandy, 2004

Col Gosd &S Col sdd asin S Sldlas o
(K Dges GBS s gld) slaaxrls fals
sl (Villarino and Mattson, 2011 ) aiiy o bl
(Carter et al., 2005) .5 > Ct; { Bizhani et al., 2013)
35,5 » (Chaparzadeh et al.,, 2004) ,lg aien >
> Soxd ok SR A 53 G Sl SR e
s~ g (Bizhani et al, 2013) sl
Sl aiwea 5 (Carter et al, 2005)
i Sl 0dis S sualie (Chaparzadeh et al., 2004)
I, K8 a6 &8 ol (8 5T IGsl, S|
05l 5 (NO) psisss s 0555 (NO) st S
S el 5 IS spde e (NO) JeeS s 20
Al sy T s ey VL LSl S sl ]
Wb sz ST glacand 3 s 6 JS0se cpl ol
S AlS e asdl il Sl b e
Bl 5 T S 4 ke i s i
sl Il glsl 5l awst Sz (Hayat et al., 2010)
Aol WO5Sl sy Dyse 3 S Sl e b
S5 O350 65 (NO) U5 ,m LuSles i Koo sls
3ol Jds (N2Oy) A8 55 055,550 5 5 (N203) LS|
Slassl b edal sy 4 sbeS| &8 5l Jlazm
Sbos o L os Las Ol sty bdss s sk
sosdea (NOg) ol s 05 5 (NOZ) 0550 AeST (6o
.(Wendehenne et al., 2001) x> S

250 e 85 AwST 2 S S i oo S S
o2 5 S5 kS S| Ol 4 oa S ol pl s ar S

s s b ol AS e s e Slaus] S5


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

A\EAY% 6U§ﬁjfjjdyjf#ﬂﬁ&wunhﬁuduw)§u

235 53 il sy sl ol plandsn 5 S35 s
S5 o3l oKiws 3l eslizal b S5 e 658 o3l
Sz slaxs 5 (Leaf area meter AM 200) s S b
el iS bt SaS L adle 5 aly; Jsb 5 mes ol L
IS e 3 S lis S ol 6,8 el gl s S
Sl G glaaalss 4 5 odd (¢S Wil S s3lw
e oS it e O L a0 b anlad LU oS
S oKaus 43 5 (Y0 2 C) G slesys cele Y8 St
OIS 5155 1 b & ged Qe s .S ol ECy 5 anisldS
50 ECy 5 eals 513 aids Yoo 4 5 VYr O C (gles 3
Sheslaal b do s O 4 SO colaa s Sl 3
«(Luttes et al., 1995) 1> S acule o5 i)
(1) S pelis S cli= [ECi/EC]x Voo
Vo LSS el S, giwks\jbu SASeslul gl
S ol FW) WGl 36 035 5 S s S Sgs
5 A esls 3 ade Olps Cole £ b ged e LS
e ol Sy (TW) el 035 s 4505 (60T 51
Vi Cde w5 oS mle ax s Ve gl b osl 4 bad ges
obss DW) b Kuws Kt 055 5 4l Jlnl cels
(RWC) L S Ol s glgims Sl 55 5 43S il 3
:(Turner, 1981) sl oy 25 J 305 |
RWC (/)=[(FW-DW )/ (TW-DW ) Jx \+»
L obls S, pf /0 Jldde (s S eslul gl
Sd I e i e Ve s e s
4 oK1 8 Sl s @ gad s 5 sl Sl 5
A 6,8 o3Il s ldas (VAVY) O, 5 Bates s,
051 53 s e dged Il (il S (g S o5l gl
S cel VY S w ;\de:ll.w a5 Voo gles s
2100 5038 35 1 (S 05m 3 0S5 /0 e 0350
5 k3 S alal O @ ossms Ol 2 s Yo 5w o))
S Sy 3,8 ol am s YO gles s cele YE e

sl » (VAAY) Grattan 5 Grieve g, 5l e A3 031> 5l 3

A eala! wjt‘; w.w.:if 6/,; a)'\.)u'\

b U Sl sk DS el el gps A5 Ll
gar gy bdises b 205 OLS (o » dew s s A
OLLS 51 (6ol 3 Ly 0 S 5 pdoms Jal o 51 ()50 S (]
B sy Ba b Gl Gl 05 n s
Loy s OleeSt 81 & Ol @ dews s 55w
GBS A S A0 ST G5 RalS s o sllas L

T O U PSPl ] P PY Y

s gy g3l
Zinnia elegans sl oLS ¢ iass opl 53 adlas 540 oLS
Sielesl Ko 4wy ol 55 ‘Magellan Cherry
03 dg)l ad g glad Slides baalidS s glilS
S 2 b B s JosSU cose 4 OYAY Ol
Gl o L3 Il Hady s S Il 1SS e s sl
G Snoler w03 e 5 BAS SIS o8 S
Woplssl s e mle VE wlbes s Ll gl OIS
) e S a3 ¥ Jals 45 258 L b e sl
SIS s s i g S8 Cand ) 5 anks
ol S e am s VoY S YO (55w s 5y sl
s de 3 =Vl Sasb) Ol 5 ek 55 Ll
A A se 3 ) OIS s QLS S el 5
53 Gupt 5 sl gl 4 e 1S S Sl (S 0
Vs e Ve 5 VO 00 (YO O (ald ) e chls o
0535 0Lk B L sd ladghous b OLLS (ol s S aslina
5o Vb Gopb oS OLL B g 51l wslsl s
ploil Jhie OF b (L] bad cals Jles gl etS Jsb
22 4SS5 0 lad (o5 A5 ps b Olejen 23S
w Ve e VO 5 /0 /Y0 (Mald) pe bl
Oles o> Jsl alo o) w93 53 (S (AL slos 50
S 50 4 G e 5 opd slasbes lesl 0
dals OlS ¢l 23 S e (Gosd sled sl Jlesl
Ll pledl 51y L5 ol i I L b sloes Laid

S s Sy (o w easslex 55 5D o


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

¥4 Jlo A8 ojled Al ¢ alS 5 S8 5 dul VoA

o 53 SSls gl wals Osesl 3 eslizad L e Kb
.a,fct?g\mjg\ Jlez=|

:C.:..,J@L:J
Q}wﬂduwméal:;)ujfﬁglm«fbﬁf@u
O] S g s 2 ke 5 SOt RSer 5y (S
S0 53 Bl sy Loy ) JL@;—\C]G.N): RS
5 0o ) Jlaat o 55 ()58 il - slan (S b
s e o 0 Jlazml sl 3 5 iSB g el Jlize
Goxd lasles 0 o SLS WS hays cnl 3 oy
B i 3l 5% il b iy 5l Y se ks Vo 5 V0
e 8L eSS e 5 sl Ve e 00
aglin 55 Ve e 00 LS)}Z))L;J.}CE_N)J(MJ&S
Nae e /0 5 /70 5,05 L Ll s saalie aals L
0r Gopd 5> S ol EalS Oljee s s i e
dals b anlis 53 Lo ys OY/0) EO/VA 5 5w Vg e
Opn hos s e Vgo o 2/0 3,08 L Ll 5y
ol O dsder ) Ay Ao 3 YA/Q) qfﬂc)a.dj..als
A9 R e 5 S5 o3l & 1 aS sy OLES g
sb Sas p s e 5 Sosd om blEs ST
Loog ol e o pn ) dleil gl sl Job 5 L
iy 5 Gl Ui Ve e 00 CBIE B 5,50
e 2,8 Ok Ve e YO ()08 po L alS
WAY 5 YAMAY o a ady) 5 dle Jeb s g2
oo 270 55 L Ll il 2alS dals b acglie s do s
Ol ol Gusd v e 03 dewg s 2 e HY 5
doys VAV GAVAY & O 5w alyy 5 ale Jeb Jals
ke 38 Ok alyy 5 Al Jsb sl Ol e
Loacslie 5o Vs e 00 (6)5d mhaw 3 dews g 2
ol et Lol 34 Ao s YA/ W5 61/ S 5 4 sl
3 A mde e glackle o (gols o
A edalie 4l 5 Ble Jsb (655 p SYse s 00 (555

il Sl e S /0 (slme a3 Olse (o Seslil gl
Ak Ve el 4 (ol Bl aan 5 S ) (S el
o3l gl s s e S e Osle s 53 /47 J U]
(144Y) OLas 5 Irigoyen i, 31 (Jgdoee sladd (6,8
WO zse dsb o3 dadised o Olpe Lilg 5 A3 eslinal
A58 S e by Sl oKis b 2o U
olas gl sl b L 5T Cdld (5,8 o300 )
Sl ks SKHL (YerY) Saltiveit 5 Kang iy, b alS
Osle s & 5 i8S 5 Sl e 8 /023 S e
Joli ) gl Bl ) o ¥ o e A i
ke T PH=V/O L Y se e 00 SOk IS ek 5 8L
A edole oy 4 (EDTA Vi Le ) MgCl Ve
Syl sl s (68 esll g el L
e 33 5w LSl Ve L /Y Ll slast
o313 Jl 3 st Sl 00 v xQ 55 azds Yo e & O sen
Gl gl ol elas Olge 4 pss Jolee S
(GPX) 3luS1; JSLE (CAT) SYBIS (slagy 5l s
Clo e A eslited (APX)310S], by Sl
e 5 (VAAE) Aebi s, 5l eslasad L CAT wﬂ s
OL&es 5 Updhyaya _is, 5l eslizl L GPX (,_U;T
sNakano 55, 3l eslizel L APX ﬁjj s 5 (V4A0)
W rt;,;l (V\AAY) Asada
b S 5 il Glaast gl e b g Sojlul ¢l
oo gl S sk Sl e 5 (Ses 18T IS
Dk Sy —Y e 60V sl ISl b el
(St L3 Sl E ass 0 5l um 5 byl (DPPH
dwlbe gl s (6,8 o3l e gl 0V s Ll Ol
e JL X V- Vg St oo PR [ R WO { ] IRV~
(Celepetal., 2013 )5 5 5,158 Ao s
SISt T s b =[(dals & ges ol
— bl 350 @l o)/ dald dped Cdr i) 0
g0 i o Sle anslie 5 bty 452 bl (512

M.LLEA A eslaal 9.1 S SAS )‘Jﬁl ff’ )‘ (R


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

AKAY 6U§ﬁjfjjdyjf#ﬂﬁ&wunhﬁuduwjéu

Al sl 3500 oSS mse 5 SSlsboge Slio (F gt o 370 gk 5 S Bl O SOl sl gl -V ser

o Gl Gp ot Al b Codb Sapke Sash bR el mAe S
O Sl ) (cm) (cm) (e (M) (mw)
qy/ra W Yy e Ve svrr? . .

a8/vA 2 % vo/o® Y1/ ats g% AL
qo/8v ° \Vso 9 i/ YU Vo/ATE X iande /o
ar/vy @ yoxef Yy yroe Rlath £y vy VO
vasey YA/EA 1q°f ya/Aref VV/AYS® e , Yo
AP VA AT TV S b YA TSl Veagt Yo AL
ay/TA VI yr /e Yy o vy yA© '/0
q./19 2 Yr/Ae & At Yy vy ¥ Vo
0/ © £Y/AY 2 % i Va's Yo ' o
OV/iA © ge/1g \ur Wiaca A YA ‘Yo
v/As © Yrvy © 119 VAR Veroy o Yo/ v/o
/e © A VoV Ve At yyoh Vo

G5 e Y| STl Osa3l b Loy ) Jl.«;:—\da.ﬂja Gl ks LBl o S pde Uy Gl Osw ,a S b Sle

zb 5> (Y+20) 0lies 5 Carter ol s (FY)0LKen
e g S e GlEl Ll a5 s
DB slamsl whs s 0T S Gk Sl A s
Sl e eslms 3 G s Gae SLSHS
-D-p slaw 31 (An et al., 2005; Song et al., 2006)
Gladls o @SS ladisy oot 3 SUSK
OAS J5 Sl oal S Al B b ol s SIS
(Zhangetal., 2003) 535 o Jsbw S pds anw s Rul33l 5
Ao 325 0 e 2,008 45 0 ool ol s oldlae s
s (Fanetal, 2007) ;L= )5 i, sla et li 55 Eols
535 (Hayatetal., 2011) 3 a8 s
SLCLLE o 5b 0L gy ol & by mb
3 Sosd RSKeR g 5 e e 5 (S il
don Ve 3 Gl pme SN A 5 e
IOl s e st SRl L oy s
U s s i b V50 (o 0/VO 5 0/0 5018 3L

5ol ol 6 WL S Jglowe Ldd el ol e
iy, Ay Shals Cel colg s s eals el Llds ol
(Mohammad et al, 2003) >33 .  olss la i
Jedly (0840) Ol,ea 5 Bohnert 5,58 Ll
ey doles pde sl bl 5o 550 gla Lo 53 oland
el Colg 5 edd o o Syl Ol
33,5 g sy s A s ek LS s fals
o dd puilass Jemily SalS Sl 6555 Sl (A0 S5
A 4 e 5 e S S e Al 5l s s
OYAL (G0 ) 358 0 S amn s
N i sb 0 Sy gladshe Sl gosd SR
s Oloy CldS Lt 5 ks o Sewd Bl 1y 5
S S 4 e 5 3l Gl ke 002 b 5 e
Leals .(Munns, 2002) L sl S 5 ole oslul s
s lbrahim L g o5d ld 55 S mhu 5 sl
Chparzadeh . S 5 s e 53 (V441) 01 es
s Bizhani lg aiwa s (Yert) 0L


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

¥4 Jlo A8 ojled Al ¢ alS 5 S8 5 dul 3 p

il mha 53 5586 5 o Sy 5 deos ) Jle|
Slgome (LSl 2y (ol e bl Gl As s 0
00 Sosh 0> Aoy s e 3008 D Sy T o
ol el dals b oacslie 5 ds s YOV (Y e
23 A s ek Ve Je VO 5 /00 Glalas
e Sl l58l ol oo U Y g e YO (6,43
S5l 5 (V) s dals boasslis 53 S O
S S L e RS oS s O ke )5
5 oS Ol SRalS 5 alyy e 53 O fedly el
b st Sl ey € GBLS WL o T i
Gos Sop 4 s 35 by 500 dias o 2S5 &
o gle S Ol d Gl Ol Dl b5 s
s Duan o8 bl s LOYAL (s e s ) S L
OLd aw Eol ST K i 58 (YY) OLKan
b 508 G5 ol o4 ssd e S, sy,
Sp ol o Sl By e S0 55 des 5
L5,S Sl (Yer)) Lamattina 5 Mata pooes (Cuils
O &y Sl DL )3 g 9 %50 b Gosm 2,08 &S
Sy L= Zolb G b opl 515 G855 bddss,
2 o S
3 Ao e 5 (S esle Dl ST Raghy ol o
5 Oan Ui oo eon 0 Sl 53 Ses
Loy ol ime doss Vo dlenst sl o 8l S
3L GBSk S s Ol 05SSR
VO g /0 /Y0 glackle 3 Ay 0 b 2,08
S VAV AONY s a Vs e YO (6558 53 V5o s
NAL Co w58 Ve e 00 (ghs8 55 5 ol VAT
Aali b gl 53 1y S g Olgs lp Y/0) 5 YNY
CBLE Lt e 220lS O-ASE) sl L3l
Vs e YO ()58 5o Vs e VO 5 v/ Gle
5000 slazhiles S ramen 5l VOYCENO S
Ve e 00 (655 55 A s 25 ks Ve e +/VO

Sl Ao p eSS gk 4 Wl S s b
S /03 L e LIS Y se e YO Sles s G
G Cams a8 Loy VY L by s 20 e SV e
Srdydst (gusd Vb gl chle 55 (Vdsa) 5y als
LAl Llie gl am 5s s anl il ) el Lis
35 o Sx S 4 e g 5 AL e
Leoss Sl b s cid aul58l . (Kaya et al., 2007)
wien 53 (Yor0f) OLKs 5 Chaparzadeh (sla iass,
s Bizhani ¢ .5 ,> gt e (7o) 0L 5 Carter ol
e 38l e, Sl s (Y Ol Kes
i Olpee 28 3 Glal js Ve Jue v/ 0 s s i
e AV e blog e o U slatl L Sy
S RSl e U S el 2 g5
IS K Olge 4 dSl K 2l clis S
STl pre Sl N Cel ey JUS
oeass el s (Shiet al, 2007 ) 555 o olS JlAs]
b SR L s 5 e 3,005 oS 550 e
Lad o bl Gadsl, Gl el Slawst o
Sp gl e Sp oid 5lams s 5 eds S sl el
Segr Sl Wl o LS S remes Sl alllS
@b Gl 5 s Y (Jobe ol 1S
S Moy o gl slangl b ous mg el pl S 5
&llas > . (Leshem and Hamaraty, 1996) 55 s oLS
S S A S A e e DS 5 S
D 4 sha sl ol enly QLIS (5558 RS s OlalS
o5 sl 50 des s ek J e See Vo bl e
(Zhang et al., 2006) A& 5 il fals el g)sd
(Yoo A) Oea 5 Yun Li claslise ulaly cpoomes
Sledo Jses,Se 00 Sl bt s 2 s 208
Sl &S osb a s Al s L o S AL
Aas Al ) G ook Ol
om S A 0L S O el Slgtos w0 by
The 03 Aewsis i mde 5 Gopd e gackle


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

AR ‘slAL;}uuﬁjchwaJﬂﬁMunhﬁuduwjéu

(ﬂ} ONCO MMNO025 BNOOS BNO0OT75
. 200 :
o) ab al 4 ab
1 I.N.-' . an .
150 :
=
= 100
-
Bl
&l 20
g
0

{mM},.l.L,» Ay S

(c)

(mg g1 FW) U slows 3
i & LY R S

(b)

ONGO MNO0.25 BANOOS

BNODTS

oS
=]

=4

-

(mg g1 DW) -
[

(M) .:\-.1.-‘-.-.» ..ngJS

ANOD ENOOZS BNOOS BNOOTS

by

25 50

(MM) 4 b Ay 1S

5 (C) skome sl 3 Olsn 5 (0) 8y el 5 (@) g2 O 2 s 3285 rackony pohos ST Jlize 31 Sl gl =Y S
el A 53 0 Jlai| s 3 (5513 smn BN ke kg aslie Sy Lol

Colg s S sl e (PBCS) sliw NS 55 S-0 = 0
> (Misra and Saxena, 2009) > 35 o o Al el
Y'J"’\”’ :ﬁ)ls S AE sdalis )L:?'- RSP L;*:'-“J}i
Ol Gl 3l Csl JgegSie Vov Olge & Aoy 20
s Wu i,8 WLel, (Fan et al, 2007) s s
L.k a9, Ol Sl 3l Csly v.<4j.a S V';) 93 3
Oyee SR L s cpl s sl oy el & e
W3l B s sl 9 Gl eSS Ole o505
I 050eST St S 51 30 L 3l Al oo iy
- e ] e e O - T C g
Go,b gl 31 elS . (Cuin and Shabala, 2008) LalsS 1, (s, 5

)J}b)ﬁbﬁj{:}:ﬁ.&)) \) I‘<+/Na+ 6‘wa.b\_,3k5»

ol balin 53 s ((V-B JSE) sls a5l dsli L
2 S ST slads 5 el o3 40 S5l glacd yal
s el sy 35 e s Sblis sl o5V
3 bd S5 Sl 4 Ol Ol s it Sl esdle
35 SlSt 2T ol cde w0 gl Openliten lawY
s o Ssn @ el b Bl e S
.(Bohnert and Jensen, 1996)
o Rl e pdsn e L s o B4
PLIS (T S S KUOU{ B GO P SV P GO PRI
Sl s e i ik aol B csl b
Uy S8l 4 05 (o 15 6osd il b 55 sy e
35338 o s p e Sl a8 sl o slaSt s

Al b Ol s e SR s kY


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

¥4 Jlo A8 ojled Al ¢ alS 5 S8 5 dul VY

aon Sl GYVse e 00 U (gy0n chle Il L s,
Soxd 5> 3L il S st ST e b b
0 sla CBLE 53 ey s 5 e 5 )8 Y50 e YO
el S Bl cel S e Vs e tVO
JSLE sl s uly Y0 YN Ol 4 VB
S S A s ke glaclls b s last
SlosSal Bl s man 5l VAT AVA
G PR [ SV /-3 A/ S VPSP VIR SV K V.
Ao g 29 ot 2,08 Y50 oo 00 (655 sk 53 Ll
ol eel Co 5w Ve Je v/VO 5 0/0 gla chle |
JSUE sl Gl A0 /MW Ol & VB 3
SlosSal sl 5 ple YA IVA Olpe 4 SlaS),
Ao dals b oanglie 5 ol Y/AY 0/V0 Ol 4 5lAaST,
Sl b RISl s Ay 5 5 ik 3008
308 Vs s 00 (gh5d 53 &S osb 4 Sl
Ve e VO /ol ClE s Ayt e
awlis 3 1 Slast mlcd b, YA A /AY S
Jzo ol i (A B ,C, DY IS2) sls il el L
ST 15 5 G ol pde 5 (Sl 15 sl (6550
o OLlS 3 (ROS) Jled o5ST O 4 55 45 L5 oo
sl ROS .( Rubio et al., 2002) Al o moxs 2
e ar JE =TV LR WG PAVIE W
DNA 55 5 baesl 08 Ul b oy u
3 &b 3l OLLS  (Alscher et al., 2002) i el
5 (o 5 VI dajlas) ) o sl Slans] s e
5 SepsSal dal J3 B8 gm0 e 558 e Fl
o D Rl 03 L sk s laeteen 5 d b (o8
s 33 ) fsamme S LIS o hiblows s5T Gl diSsl,
(EI_ Tayeb, 2006) 8 o » 531, IS Slaws! o7 el
ot O Cow (GleST a1 e T cl Ol
3 A b 655 G del SRl Ol Wl ekl o I
Sl Sslite (3L Ol 4 wlie Glb 68 05,5 o
clld st s L3 (Molassiotis et al., 2006)

eeeea .(Shabala and Cuin, 2007) S Cwslie (g, 58 ol
(28l Bl il el Ol demns 5 25 ks 2, L
B e Sdlad 1 s 6 el S e e
A3l O35St T GGl G 3 b 5l Sl
e 5 o alises ija.w S A e OIS C’L’
Gadd Ol » OSB3 cpl Blise S5 Aoy s 20
Lol doss Vbl sl 53 ol 26 sl
Jsloe Slad3 Olsn V50 koo 00 @ Sdo 5l o5 158!
s 3508 SVn s YO (6558 e o L S0
As el Vge Lo t/VO 5070 gla CBLE 3 by s 50
05 5 gl O/ 0/EY S5 a4 Jslee ladd Ol oS
Jals b oanslie 5o pl 0788 V/0Y [N e 00 (g4
Loyt ol Condy b laie 4 0laLS .(0-C JSC8) il
s Jsle Gladd 5 s b placdple AU
S o ablis (650 b (s el b il 5 b 5l a0 s
OS5 el 53 gl glaas L1530 .(Morgan, 2003)
FaS G pae iS5 5l U1 a8 ol 4 WIS e o5
S Dlpad 5 Ady JalS s aly, 5 S s ol
Spd el e wnlls e Oy
Ldazes (Yoo¥) 0, Ka 5 Munns .(Sanchez et al., 2005)
Vazml (558 S5 & Fol o bohday S Ll &S
G i b Lo slaal ol as, 2alS 5 3
xS 35 53 53 dews s ede 308 sl (Siales
OL,ea 5 Zheng f.x.f 5 () L s WU ) S
Jskoes sladd Jil5l ol 55 (6hsd i Co (Y004)
25 Ao b S0 ML{A‘ oI T P R W
ssb a0 AlS ladshe s Jslos glad Ol S ks
et s Gops ol DAL e h Gl mB s L
T b adaly 35S gl blie S 5 Ao s 5
St T b s, ST S s
JSLE ﬁjj Loaaly 5o 5 dops ) sl mhaw 5 S
S e A3 0 5 ) Jlaisl e 5o S e S


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

VY 6U§ﬁjfjjdyjf#ﬂﬁ&w;ﬂ:&ﬁ6uw}§u

(a) ¢ ONOO WNOO02S BNOOS WNOO.7TS

L

-

(nmol mint g1 F\W)

(mM) st LIS

(

N

BNO0 BNO025 BNOO0S ENOO0.7S

-1

=)

th

;‘l-L:*Sl;l, ‘—‘"LU,;
W e

(umol min! g1 F'W)

[—T

(mM) ,._,.J,..a NURNCY

Sl Sl (B) SMmS1y JSUE dA) VB (sl o 5T e (505 dows s 50 pebor 5 s IS e 31 00l 4l Y IS
el Ao 3V ezl e 3 (5l3 e e e Sy alie Gy ol 53 (D) IS olast 51 5 (C) slast,

bojs e S c(s0 5 Aile ame (sl 25 4 Connd QLS 5
L) S5 G Ol dems 5 58 ko 2558 (0 (SO
ol s o5 e DLS 53 4SS 5 oS
ety JalS Gel g5 &S sls 0L Shags onl
S D Ol s ekt S Ol el Sl 5 S
ke e Glajleg S sl R 1 llis
ohan ) Sosd e DI G5 Ul S dens s 50
Slaga=li 5 1) Vs e 00 51 28 (6558 #ska 5o
ST 5T Sl 5l Cdlad Olpe 5 das 2alS s,
o b 55 5 ST JSUE GlS ol ST GV
ol oslizal glajles Js.des Ll IS Slast o
Sl gopd VU g ble 53 oS g5, Sl 56
S Ve 5 V0 slackle s ke 30 OlalS adS 1)

3, o VYL o5 D3 e LIS Y5

(b) ONGO ENGO033 BNOGOS ENOO0.7S

(nmol min!

(lnh"I) ™ el ..13 ;.15

(d) BNO0 BNOO025 BNOOS BNOO.TS

I\_f-';l

-

(%) J5 Ol

0 2

th
th
=

5 oS5 ol Ol 4 (Ko QLS st 2T e
55 Geemen (WU et al, 2011) 55l 4, L pll ¢ 5
AeS1 S5 Sl elinal S An Sl 6 Ks slatas
B YN WO R e] BT P G P S [t O
Codl i O3St oSl gl UK, Gds s b
Cu .(Kopyra and Gwozdz, 2003; Tanou et al., 2009)
Zhang « S5 a8 55 (YY) 0L s WU =8 L L
Sl 53 (Yo oV) 0L 5 Shi wys 5s (Yor V) OKan

s C,.LUQ.A 6.)..5 B (Y"/\) ubl.ﬁu }Tan E)

S S o
o S ol o o Bl de Sl Gopd 8
a5 Si Gble 53 eh s OLLS 5 Sles 5 Ad, JialS
Conglin slomyl oy (ST S il 0dys S Olgr S


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

ARSI sl SLLESL Jsl M L OlalS 55 cnslis gla il 5 Jaome (sla 25 659558 VWAL (e Ll
et YL a )l

Aebi. H. (1984) Catalase in vitro. Method in Enzymology 105: 121-126.

Agarwal, S. and Pandy, V. (2004) Antioxidant enzyme responses to NaCl stress in Cassia angustifolia. Biologia
Plantarum 48: 555-560.

Alscher, R. G., Erturk, N. and Heath, L. S. (2002) Role of superoxide dismutase (SODs) in controlling oxidative stress
in plants. Journal of Experimental Botany 53: 1331-1341.

An, L., Liua, Y., Zhang, M., Chen, T. and Wang, X. (2005) Effects of nitric oxide on growth of maize seedling leaves
in the presence or absence of ultra violet-B radiation. Journal of Plant Physiology 162: 317-326.

Bates, L. S., Waldran, R. P. and Teare, I. D. (1973) Rapid determination of free proline for water stress studies. Plant
and Soil 39: 205-207.

Bizhani, S., Jowkar, A. and Abdolmaleki, M. (2013) Growth and antioxidant response of Zinnia elegans under salt
stress conditions. Technical Journal of Engineering and Applied Sciences 3: 1285-1292.

Bohnert, H. and Jensen, R. (1996) Strategies for engineering water stress tolerance in plants. Trends in Biotechnology 14: 89-97.

Carter, C. T., Grieve, C. M., Poss, J. A. and Suarez, D. L. (2005) Production and ion uptake of Celosia argentea
irrigated with saline waste waters. Scientia Horticulturae 106: 381-394.

Celep, E., Aydin, A., Kirmizibekmez, H. and Yesilada, E. (2013) Appraisal of in vitro and in vivo antioxidant activity
potential of cornelian cherry leaves. Food and Chemical Toxicology 62: 448-455.

Chaparzadeh, N., D’Amico, M., Khavari-Nejad, R., 1zzo, R. and Navari-1zzo, F. (2004) Antioxidative responses of
Calendula officinalis under salinity conditions. Plant Physiology and Biochemistry 42: 695—701.

Chinnusamy, V., Jagendorf, A. and Zhu, J. K. (2005) Understanding and improving salt tolerance in plants. Crop
Science 45: 437-448.

Cuin, T.A. and Shabala, S. (2008) Compatible solutes mitigate damaging effects of salt stress by reducing the impact of
stress-induced reactive oxygen species. Plant Signaling Behavior 3: 207-208.

Duan, X., Su, X., You,Y., Qu, H., Li,Y. and Jiang, Y. (2007) Effects of nitric oxide on pericarp browning of harvested
longan fruit in relation to phenolic metabolism. Food Chemistry 104; 571-576.

El-Tayeb, M. A. (2005) Response of barley grains to the interactive effect of salinity and salicylic acid. Plant Growth
Regulation 45: 215-224.

Fan, H., Guo, S., Jiao, Y. and Zhang, R., L. (2007) Effects of exogenous nitric oxide on growth, active oxygen species metabo lism
and photosynthetic characteristics in cucumber seedlings under NaCl stress. Frontiers of Agriculture in China 1: 308-314.

FAO. (2009) FAO STAT Agricultural Statistic. Available online at: http://www. Fao. Org.

Greenway, H. and Munns, R. (1980) Mechanisms of salt tolerance in no halophytes. Annual Review of Plant
Physiology 31: 149-190.

Grieve, C. M. and Grattan. S. R. (1983) Rapid assay for determination of water soluble quaternary ammonium
compounds. Plant and Soil 70: 303-307.

Hayat, S., Mori, M., Pichtel, J. and Ahmad, A. (2010) Nitric Oxide in Plant Physiology. Wiley Black Well 210p.

Hayat, S., Yadav, S., Wani, A., Irfan, M., and Ahmad, A. (2011) Nitric oxide effects on photosynthetic rate, growth,
and antioxidant activity in tomato. International Journal of VVegetable Science 17: 333-348.

Ibrahim, K. M., Collins, J. C. and Collin, H. A. (1991) Effects of salinity on growth and ionic composition of Coleus
blumei and Salvia splendens. Journal of Horticultural Science 66: 215-222.

Irigoyen, J. J., Emerich, D. W. and Sa'nchez-D1az, M. (1992) Water stress induced changes in concentrations of
proline and total soluble sugars in nodulated alfalfa (Medicago sativa) plants. Physiologia Plantarum 84: 55-60.

Kang, H. M. and Saltiveit, M. E. (2002) Chilling tolerance of maize, cucumber and rice seedling (leaves and roots) and
differentially affected by salicylic acid. Physiologia Plantarum 115: 577-576.

Kaya, C., Tuna, A. L., Ashraf, M. and Altunlu, H. (2007) Improved salt tolerance of melon (Cucumis melo L.) by the
addition of proline and potassium nitrate. Environmental and Experimental Botany 60: 397-403.

Kopyra, M. and Gwozdz, E. (2003) Nitric oxide stimulates seed germination and counteracts the inhibitory of heavy
metals and salinity on root growth of Lupinus luteus. Plant Physiology and Biochemistry 41: 1011-1017.

Leshem, Y.Y., and Hamaraty, E. (1996) Plant aging: the emission of NO and ethylene and effect of NO-releasing
compounds on growth of pea (Pisum sativum L.) foliage. Journal of Plant Physiology 148: 258-263.

Luttes, S., Kinet, J.M. and Bouharmont, J. (1995) Changes in plant response to NaCl during development of rice (Oryza
sativa L.) varieties differing in salinity resistance. Journal of Experimental Botany 46: 1843-1852.

Mata, C. and Lamattina, L. (2001) Nitric oxide induces stomatal closure and enhances the plant adaptive responses
against drought stress. Plant Physiology 126: 1196-1204.

Misra, N. and Saxena, P. (2009) Effect of salicylic acid on proline metabolism in lentil grown under salinity stress.


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-02-18 ]

[ DOR: 20.1001.1.23222727.1396.6.19.21.9 ]

Vo dh;}uuﬁjjdrﬂjf*)ﬂﬁ&wunhﬁuduwjéu

Plant Science 177: 181-189.

Mittler, R. (2002) Oxidative stress, antioxidants and stress tolerance. Trends in Plant Science 7: 405-410.

Mohammad, M., Malkawi, H. and Shibili, R. (2003) Effects of arbuscular mycorrhizal fungi and phosphorus
fertilization on growth and nutrient uptake of barley grown on soils with different levels of salts. Journal of Plant
Nutrition 26(1): 125-137.

Molassiotis, A.N., Sotiropolos, T., Tanou, G., Kofidis, G., Diamantidis, G. and Therios, 1. (2006) Antioxidant and
anatomical responses in shoot culture of the apple rootstock MM106 treated with NaCl, KCI, manitol or sorbitol.
Biologia Plantarum 50: 61- 68.

Morgan, J. M. (2003) Osmoregulation and water stress in higher plants. Plant Physiology 35: 299-319.

Munns, R. (2002) Comparative physiology of salt and water stress. Plant Cell Environment 25: 239-250.

Munns, R., Samarakoon, A. S. and Gifford, R .M. (2003) Elevated CO2 improves the growth of Zea mays under
salinity. Journal of Plant Physiology 20: 341-360.

Nakano, Y. and Asada, K. (1981) Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinach
chloroplasts. Journal of Plant Cell Physiology 22: 867-880.

Qiao, W., and Fan, L. M. (2008) Nitric oxide signaling in plant responses to abiotic stresses. Journal of Integrative Plant
Biology 50: 1238-1246.

Rubio, M. C., Minchin, F. R., Webb, K. J., Ramos, J. and Becana, M. (2002) Effects of water stress on antioxidant enzyme of
leaves and nodules of transgenic alfalfa overexpressing superoxide dismutase. Plant Physiology 115: 531-540.

Sanchez, M., Revilla, G. and Zarra, L. (2005) Changes in peroxidase activity associated with cell during pine
hypocotyls growth. Annuals of Botany 75: 415-419.

Shabala, S. and Cuin, T. A. (2007) Potassium transport and plant salt tolerance. Physiologia Plantarum 133: 651-669.

Sheokand, S., Kumari. A. and Sawhney, V. (2010) Ameliorative effect of exogenous nitric oxide on oxidative
metabolism in NaCl treated chickpea plants. Brazilian Journal of Plant Physiology 22: 81-90.

Shi, Q., Ding, F., Wang, X. and Wei, M. (2007) Exogenous nitric oxide protect cucumber roots against oxidative stress
induced by salt stress. Plant Physiology and Biochemistry 45: 542-550.

Song, L. L., Ding, W., Zhao, M. G., Sun, B. T. and Zhang, L. X. (2006) Nitric oxide protects against oxidative stress
under heat stress in the calluses from two ecotypes of reed. Plant Science 171: 449-458.

Tan, J., Zhao, H., Hang, J., Han, Y., Li, H. and Zhao, W. (2008) Effects of exogenous nitric oxide on photosynthesis,
antioxidant capacity and proline accumulation in wheat seedlings subjected to osmotic stress. World Journal of
Agricultural Sciences 4: 307-313.

Tanou, G., Molassiotis, A. and Diamantidis, G. (2009) Hydrogen peroxide and nitric oxide induced systemic
antioxidant prime-like activity under NaCl stress and stress free conditions in citrus plants. Journal of Plant
Physiology 166: 1904-1913.

Turner, N. C. (1981) Techniques and experimental approaches for the measurement of plant water status. Plant and Soil
58: 339-366.

Updhyaya, A., Sankhla. D., Davis, T. D. Sankhla, N. and Smidth, B. N. (1985) Effect of paclobutrazol on the activities
of some enzymes of activated oxygen metabolism and lipid peroxidation in senescing soybean leaves. Journal of
Plant Physiology 121: 453-461.

Villarino, G. H. and Mattson, N. S. (2011) Assessing tolerance to sodium chloride salinity in fourteen floriculture
species. HortTechnology 21: 539-545.

Wendehenne, D., Pugin, A., Klessig, D. F. and Durner, J. (2001) Nitric oxide: Comparative synthesis and signaling in
animal and plant cells. Trends in Plant Science 6: 177-183.

Wu, X., zZhu, W., Zhang, H., Ding, H. and Zhang, H. J. (2011) Exogenous nitric oxide protects against salt-induced
oxidative stress in the leaves from two genotypes of tomato (Lycopersicum esculentum Mill.). Acta Physiological
Plantarum 33: 1199-1209.

Yamasaki, H. (2000) Nitrite-dependent nitric oxide production pathway: implications for involvement of active nitrogen
species in photo inhibition in vivo. Philosophical Transactions of the Royal Society Biological Sciences 355: 1477-1488.

Yun, Li, Q., Niu, H. B., Yin, J., Wang, M. B., Shao, H. B., Deng, D., Chen, X. and Ren, J.p. (2008) Protective role of
exogenous nitric oxide against oxidative-stress induced by salt stress in barley (Hordeum vulgare). Colloids and
Surfaces B: Biointerfaces 220-225.

Zhang, F., Wang, Y., Yang, Y., Wu, H., Bi, W. and Liu, J. (2007) Involvement of hydrogen peroxide and nitric oxide in
salt resistance in the calluses from Populus euphratica. Plant Cell Environment 30: 775-785.

Zhang, M., An, L., Feng, H., Chen, T., Chen, K., Liu, Y., Tang, H., Chang, J. and Wang, X. (2003) The cascade
mechanisms of nitric oxide as a second messenger of ultraviolet-B in inhibiting mesocotyl elongations.
Photochemistry and Photobiology 77: 219-225.

Zhang, Y., Wang, L., Liu, Y., Zhang, Q., Wei, Q. and Zhang, W. (2006) Nitric oxide enhances salt tolerance in maize
seedlings through increasing activities of proton-pump and Na+/H+ antiport in the tonoplast. Planta 224: 545-555.


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html

[ 8T-20-920¢ Uo 11-genrddsif wouj papeojumoq ] [6TZ'6T'9'96ET'£2,222e2 T'TO0T 02 :H0A |


https://dor.isc.ac/dor/20.1001.1.23222727.1396.6.19.21.9
https://jispp.iut.ac.ir/article-1-518-fa.html
http://www.tcpdf.org

