[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

VWAQ olacss 5 530 P oLl & Ao aLE 5 SIS 5 aul

G105 BIAS) 5o (S 5 Jaz 35y g el S g gl LS )
(Crocus sativus L.)

\ . Y 0 o () (e V' e s - T
AS G iy S IS PSS dy  SUSe A L
Ol g O, NS gr‘,.LG Bty u(d‘ys wl..:g;...a_, 0SS 1s) wl...‘&&ma‘) GJ;\
Q‘,@S;QS&}QL&S&A}‘}M|€}L§A@}}:;‘_gjtéuw‘:em‘,kv

(VP70 Y 1 alg 5y du sl OFAAN IV 1Sl s s )b)

oS>

2 e 5 Ad ) g 53 ks U gk e a5 05 Ol S 51 OWLS 2 STy 5l s 4l S5 Sl o sl
slge B g o e3liml Ans o 13 5 o 1) o)) DS 5 Shes 5 ddy 45 ol aowe delusl ol g dharr 51 SE5 055 o0
el (K 25 ) S e Sl F1 kil Bl 4 gl galgin B, 3 S (Al S g el L) LE sl g lans
Selesl &) o @TVS O o 2,5 0k ol s Caslis slapatla 5 gy s Sh e W) S ol LT s
AR g,a...au,.i.bch.ﬂ aw 33 9 Ngay Ko 00 5 Y0 Chale g5 5o (L) la 51 dd )y Solad Sb C,b B s f,ss6
Moy g S iS5 5 5 05y SEF S5 4 gl oAb eslital DL 55 okl Sosen Ve IS sl L dee s V0
o5l 53 s g 5 s p Asallgs Ble gl A T Bl cage bjles opl a4 (L) D393l 5 CBL LRalS Ol jis)
Sles s 8 asdligs 0Pl 5 s s sme LRl Gl (PEG 710) i 5 Ve S YO Clile 3 (W) [l .2l jials
doS | 3o GYBLS) sy LuS sl ‘5%,,;1 Sl S 5 Bl d s s Sl Esl Y ey S 00 5 YO Chale g a s (L)
W23 gols e Gl (PEG 710) 53 5 hals (PEG 140) i85 53 jlamSl s iyl clld 5 tals 25 Ll s 55 (U gemss
dST g 5 SYBLS odnlaSToly (slag 5T 2l csl (PEG 1)+ 5 PEG 110) 25 5 ;¥sey,8m 00 Chls 55 (W) jles
ATy g A LSI3L 5T Rl sl (PEG 100) 5 55 ¥ gepSee 00 5 YO ClilE 53 53 (W) [leg 385U ges
A5 s M (PEG /A*) i 3 Y ges S 00 clile (L) Jles b 8 (gl sioms .S sdaline (gl sne NS 5 03 S 50 pomass
TN 5 s Nges S YO chile (L) e b b T gl 5 (PEG 700) iy Ve ,See Yo Clile (L) Slas b
3 ealiiwl (Ol g8 oS ja K 4 Cuwglis W s (L) (5,108 31 ool oy @Lﬁ 4 do g b Lisls UL Hls gme Al 331 (PEG

S s Ao B Ol i ol o dis’s oA DI GRS s S a3l S Ol gea o3le
Bcaty ol ‘@TVS 4 oo S Ol 28 L&TVS S g dS slelg

Dlies sl S sdscis NS Ol de; syls L3 Oléss 4adds

SAS s il bl S s (Fernandez, 2004) 03, 5 3w o5 o3 (Crocus sativus L) _el,s Ol s

g.sharifi@ihcs.ac.ir : s S Gy S5 ¢ s ok 55


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

194 Jlo ¥4 ojled & e (aLS 5 S, 5 i A

BSH Jel S s Ol Gl i Sesll
e el S5 o me 5 pldl e o lad
.(Elkahoui et al., 2005; Heath and Packer, 1968) s s .

YYE-YVO Ol ol 55 e SNV eVl SwoL - Sils
W s S bl 1 SO 1y olul &S el b s 2 s
(SemsarYazdi et al., 2007) ..l Lo

3850ee A8 felse (n Sege 5L S Zushs g
ol msby Ll 5l e Stda wy Ld, 5 ool Olis
(Yo+) oK 5 Gholami iole ] =t (Kafi, 2006)
JS Ko 5 5 Lss S oleS i s sl ol
Dl 0351 13 e 5 e S L 5 elS

Aol Shendle L les sls 0L (OYFAY) e Lol
O LU IR S P TR
B ol 48 355 (0T 5 38 S se) (2l Olies
S Ol ol el DS LB e a2 53
Sl Gl el Sl K15 e el Sl Sles
5 OYAQ) S 3l 0l e s oS 25 51 5B ol
S Sns el el S s b ol
dod Sl b Sles 5 ks Oldes olS S5
sl el 5 S Olae) oS s o (ABA)
OLer 5 s o) Shagn Sl edalowsa ml bl
ol laS 5 wsles Olyies olS L3 o8 5L (74N
508l b alie gl olS s e A ol
bl s Sl el 5o ) Sliess 05 gl Lot
S5n OY80 Sls 5 ol0) Sl & axs b AS
sb@a J3s08) ey laesSS, Olpe Shiuslysle
LoOlies slaaly, 5 alss ol dsb 5 (laddpis)l8
5l Ul Sy 5 055 &S o o ol Al
s Gholami Claalie .col fals jlas Cow Ol e 4l
o (St g b b (65 S A 5 (Ve 0) OSen
Tl Sosd RIPI L S sl 0L Olies oS ey 05
Ao BBl chle Jy sl el s

SNPOP P NIRESTs:

5 Oll (Mousavi et al, 2011) col Ls slaa sl
S il S Ve L Olis s OBASAS S o S
Agronomy ) <l (F/V-£/Y kg/ha) <Vl a5 o5 £v0
.(Statistics, 2019

JUe o3 5oy YT ssde oy enss hls Ol e
Do 33 4 Ysems 5 ol oS Ol ke ol b sl e
Ol e (Fernandez, 2004) 355 o CuiS s sl
s akex 5l il @L'v@ 52 gles 1S by b))
505 0L s i ol 0 5 2l (Ko
Sl Slay e o ool eslasl Coeal Gl cilS S gen
.(Kafi et al., 2006a)

S spde OBl ol 4 (O gl sdns) oS 25
Ll Ay a6l ol 5L 51 S olS ey s O
Kramer i =5 4 4> L .(Hubick and Gibson, 1993)
3 olS Gl el 48 apde S Juld 4 gleS 2
LoolS b 5 Ses &8 AL RS > @ bl
Loli el e (alS 58 4 kil sl 5 a8 Je
Kramer, ) 5,5 Koy axdllas 3,50 gladolp 5 o
gl g ol oS O 2als Gy b 51 oS i (1980
Ol «05ooden deeST i chenS |y g Aile Jlad (a0 5]
Kalefetoglu and ) 558 o UG 0581 5 JonSooden
Sb e Jel58l (Ekmekei, 2005; Massacci et al., 2008
=0 gl oSt gla STy o Jals 03,57 o8 5 5 ROS .-~
350 AL laatl s LBLST RS 4 e Ll 5 e L]
S AL slacaml 03508 ke (Reddy et al., 2004)
Sl 0SSl 4 e OLLS LSl gl s
4 Az.s (antioxidative defense system)  i,L.Slsl
ed 5 OsSUS 5 Dbyl sl slacs s
S SYBIS Gy oSl e a3 SloaS 5
) 3MeST b 5 5535 03B 5lS sy ol Sl
cdles oalSl sl i Ul L bsee isd e Jeld
Borsani et ) L o il 50 oS iolusll oSl

L. Lie “ c.ub)b V':“"T 9 o\.:f [svevy Lo .(al., 1999


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

i OAE) 55 (Sl A e 3 g el Sy g el LS S

Sl sba 5 il ¢S VoY 8 055 L alawy
oA s b asls e Sl Vs 4 OIS Y s sl
Lds S L bolS 5 s el I3 ay aw OIS
d ain a3 5 oSG Seny ol sba OIS (5oL
Gos 053 WSS DUa L8 88 sl s
s YNl s sl (LU /o, VA
LolS ciS ol b doys £0-80 Cogb, 5 3l S sl
sl 03 45

o oo Yo s bl sl by S Sl ey s S
Lulgl 5las el Olie; g 8 sl bay s
PEG ) v v v IS8 51 L b sles olece oo ols 31
L) 5 (oys Vo 5 ) is) slackle L (6000
Slp ol el (Vses Sn 00 5 YO i) lackls
IS LIl 5 el ol ase LS dajles Jles!
(Gericke  William, 1937) .S ;s o eaa  (PEG)
VO OlS s 5 o3l LS a4 jlss azis 53 (LB1a)V/Y
ssbua i, A s 5 LS cib Sl e e
Ao il S5 s Sl edaline 5 i

S g 5 U5y @Skl (Ad, sl gelyl owie
S Al ol i 5 5 esle 5 Sl telS
sl bl &8 s pt Wb S o (6415 ged
iy oo ) e Syt LSS a5 sled s Sl elS s
ool B8 S p S o SN Bl ey 5 s
Ve e ol S ol s £F Ol 3 e 5 43S |iome
e Jise S 035 e ol 3l e 23 S 15 sl
Sz Gy bagd ad LS g Al
as Ve S s baghlesl bl Obes b (S50
L el N

A Sl kel gt S w18 5 dgb (58510
et 3 SS 3l (6 e Lo Sk a5 Ol 1SS
A3 S s 1SS a3 Sl

033 1S 1 w1 g0 5l eslinad L SLA (g S50

A (S o3I SLA Ol e o S

Sl S e pSsnd delil U

A sbadle 5o 3T sl gl 51 g5 LB i
53 (L) (Bouche's and Fromm, 2004) das . |25 1,
(Shelp et al., 2012) Lb o mezs OLLS 55 55 4 ol
S LeeSIes O3St 35008 Jid 5l il a5
53 24D Ji A, slhekiS iy 5l s by Sl
Zushi and ) Lsi o LB mexs Eolb alS slacil,
Slds (S (o5 (ol S S .(Matsuzoe, 2007
Lt o ld as (gla i s ) a5 SO
Ll o o (L) 5,58 (Kinnersley and Lin, 2000)
Sl s 3 f,;j Al 5 b Sl A5 Jesd olS Ad,
5O e e Bl VT rem 03550 e b
L ROS Gl 5 Jyhe Spn 5 ROS man 51 (5,5
S gy &S slasdles (Barbosa et al., 2010) das 35
o 0L S bl oS Bl s e
Ll ps Jie glie ol bi- Col (L) ol o
(Krishna and Laskowski, 2013) <ol o5 S J10S 25

Z

gl..:‘}.w ¢Ll._JU mj“\f‘)‘ d)b‘}} &ibﬁ\ L ((L.lS)) }){)Ls
s IS Lo 5 (o5 S5 o (S S 5 Sl
Renault et al., 2010; Zhang et al., 2011; Yinetal., ) <.
Ol (Ol 4 a5 L (2014, Akihiro et al., 2008
S0 2 eSO St S e n 22 Ge
&AS L ((Lflf» 6\4..\.._:4& BB wﬁ.a-v_ﬁ 9 prb) Q‘J\.G_G)
Olies oS 53 ady il 5 gleS 55 s O

NG

b by g3l

oS #ls Olaey Cwglie s p oskiea ash ol
sbogr Hlol 55 (A5 35 Cer LS L Sl 5 S2S
A 5 Kbl gl Ll s AV Jl
S s Oltes slaay iS5 Sl ol oKl
A C\?J St s 4 pB Ol gl 5ledd

Sialosl ol 3 igls paised 5 i Jles! ey cuiS


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

A4 Il M8 oled & Al (LS 5 S8 puani s Y

oS Ay SUsamed LSl sl g Ol
0\ g sadsb L (UV-160 Shimadzu) Jus sz sy ol
(Giannopolitis and Ries, 1977) s, 5l eslazul b 5 e 50
A S el

&l gs Olye ((POD) HlipmS| 5 r‘dﬂ I PR PA
UV-160 ) Joke e 525 5 xSl ol oo sy 51T o 53
Abelesand ) s, b 5 e b 0~ sad sk L (Shimadzu
eS|y w51 Sl Ol A (s Se51l (Biles, 1991
Al dewles (AAbs/min) 428> 53 Cde Ol s o

bl I8 8 o (plerdan Dlie v
2 JS 3 lsme e 1938 o b o K5 20
L (UV-160 Shimadzu) Jie e 5 5 2SSl ol8aws alns
Slinkard and ) %5, 5l eslécal b el VA0~ 5ed b
JS ks (glyme Olse s (5 ,.Se5ll (Singleton, 1977
A diloes ol S S 055 05 8 e S e

1l JS a1 iS55 B4 A SaaN i
Jde yra g5 2l olKins abosts A3 53550 (Gl gimn Ol 5o
zJsb L s Quantitative mode (UV-160 Shimadzu)
(Chang et al.,, 2002) a5, 3l eslawl b 5 e gl £V0
oS e e 5 e Ol A (6 S5
Al ol S SE 055 0 5

st b5l Glyme Olse 1ol g1 ot
mode (UV-160 Shimadzu) Jue e s s oSl oSaws
Wagner, ) s, b 5 el 000 ~ed b L Photometric
o5 5n o il 55T (gl giome . (6 S0 3101 (1979
A s oS S O350 5

B s JosSt sl oS igsbl gl
Sl ol ok ool JISS Jlaw b slad Sk 2 b
Dle s 31 dalasad ey 5 Sl Sl 5 o SSle pns
55 b Sle S awslis A oslizal GraphPad Prism 7.01
Coso (Tukey) S5 s3] sy 5 70 Jlax>] s
s Oy ole 33 Jlize O3 sl (g1 ol 4 S
s s (Ssk b Sln Dl 5 bl Ol pea

version ) Imaged il 5 b g S o 18 p ebas
A5 6 ,Seslul (151
Oion 1 ghoms 531 o « K25 9 555 Sl o
UV-) Jibe e 5 il olSis abesas (85 5 S 5me
256 040~ 5ed sk Quantitative mode (160Shimadzu
S Slymee A (5 Se3lul (Bradford, 1976) s, L
A dlons oS 505505 0 8 e
Gl Ol 13939, 5 b @ Jody AS Ol omiw
Jhe e gy il olSiws ahoyts LS50 5 JdslS
5 VA vy Lgucydjb 4> (UV-160 Schimadzu)
s S (6 8310 (Arnon, 1967) Jis, L e sl £V
05 R eSS e S 5D @ s S s
S s 5 sladse B b olS 5 055
Chla (mg.ml™) = 12.25(Agg3.2) - 2.79(Assss)
Chlb (mg.ml™) = 21.51(Asss.5) - 5.10(Aggs.2)
ChIT (mg.mI™%) = Chla + Chlb

Cyee (Mg.mI™) = [(1000A7) - 1.8 Chla - 58.02 Chib]
/198

Lo Jd 5518 5 L5 8 ¢ sazme = XHC

Ole ((MDA) aslligs 0l (slgome (S0l
Jhe e 35 2ol ol absis L3WT3 0o (6l e
Simoni et ) Photometric mode (UV-160 Schimadzu)
ol ol s gl OYY zsad b s (al, 2003
(Heath and Packer, 1969) %4, 5l eslixal L el ve
2 dsedes o W5 Ole (gl gime A (5 S5
A el oS 5 0550 S

s el lsomn Ol 10 Atsel el i
Bates, etal., ) i, 5l eslasal b 5 el 0 = 5adsb o
2305 S e s Slgee LA (5,850 (1973
A sl oS 5 0550 S

b rove (ohlSIal lag Bl cdls o
oK b VB 5T ol Ol (CAT) VLIS ‘.,_};i
Viv zsedsb 5> (UV-160 Shimadzu) Jue e s s oSl
L S 3lul (Aebi, 1974) i, 3l eslinel b 5 e 4L

H(SOD) 3 goms eS| g o5l b o


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

\ng OAE) 53 (Sid S e 3 g el S, g el LIS I

S U 3050 2,08 Ll aas o 0l Ya Ko 5 (Y
el 031> Al 1y Oy Ay sl elsl 53 leS o5
(V o) eslsls asems 18 S35 055 9 5 Oo
5 olsime 0100 a3 RS 5 S 5 05 s e OLE
o2 5 LS g sl pme 0/ Cja"ﬁ LS s PEG Jle 3
SEE U PR S (gl e | Chale s
100 w53 US 5 PEG blize J 5 LS Sl o S,
Sle LS sdaline (gols e Nl A5 3 5 ls e
Cel PEG el C}k.ﬂ Slas sls QLS Laesls Sola e
SPEG Jline i 5 (al 3l ol LS Ciliie o sl 2alS
Jsdr) 3,5 S St 5 5 055 Sesase SIS
Sl gms LialS S 5 05y (Ve clale) iy (Y
O3 s odalive o 25 55 S 5 5 U5y op S b 5 3k
o 553 Ve Sea YO CBle LS 5 LS s
o0 chle s LE sl il L Ol e
38 S 505 Sl Bl Eel IV 55 s 5 Y e S
oealS N i s 50 S Ss 0y JOa IK9)
Sho i 53 S S 03 S e 5 Sl (5ol e
Yo chle L 58 L S, i Oy S sdalie
Sy QLS Ol (St e 553 s Ve S
Cel 700 25 53 5 Ny S 00 Zhle 5 LS 508
dals oS L oaslie 5o Js a5 S i Oy Ll
5k Sler 0D JK) A sdalin (gls e 3D
LaS LS ¥ Sie 5 o b (OF42) OLKes
5SS 8l el IS s 055 ops A5 R
Sl 8 olS s a5 wn s LS (1Y) Ofs
Aol Dled 5 S gl SUS O35 SRl Cel 655
Bl Rl a5 plee e S 05 Shedle
OV Jod) luls was tady, a3 059 5 5 05
L& 4, PEG Jlixe Jlg 25 s alyy 5 05 das e Ol
Chle g a5 LS Sl 55 5 o s gme /) sl
oy S O e Al edalla (g)la pme DL

)‘JL;\M v/ 0 c]a...dj.ﬁ Lr@jPEG JJL&A}‘}LK)L@.; BL

S 1 SOk anslie 5 bl

o g s
s wps S Jsb (K3 Psos sl
PEG blite il 5 (i 53 S Jsb das e 0L () Jsux)
Yo clale U S Jsb ol il (gyls pme GV LS
OLES Slapme Dl /0 o o LE Ve S 00
Cilie gl G148 sls OLE laesls Slaye :Sle 3l
Ao Rl Esl LS il m sl (a8 EsL PEG
ol axils S Jsb Sz 5L 5 PEG bl
S pdsb (Ve chle) s oad (Bl LY Jade)
Lals OLlS s S dsb o She 5 il il Wk,
By N0 RS Sd s S dab S A sl
Cel Vies S 00 5 Yo chle 5o a5 LB 5l
bawslie 5o Jsds S0 i ooul 53 S dgb ol
a JK8) s sdalin (gbsbins Ml s 25 Sl
iy 5 eilelsg el (O s sbailis 5l S
Sl LS s Bl s s Jske g 5 A,
Sl sl 5 e 4 5 e 3 pde oIl 0311 b A
dob b LS, 5SS ol QalS ol e guims
Ssb Ai, ials (Abbaszadeh et al., 2007) ol olS
Gl L3 0 S 5 (5w 5 bid sl 0AES 55 fals L olS
Cleas oS 25 355 sk ials (Shao et al., 2008)
Sl St Of Ll 2alS J1 s baas, Oddate
Avarseji et al., ) axJlzs CLJ .(Shao et al., 2008) .l .
s Ohy Gosd o5 S il3l b as sl olis (2013
Gk il RS (gls e ot Olyis S b
Olyaes S 5 dsb (YY) OLes 5 Rezvani ol l5S
Ly LS ol o ayl58 sl Jials o i 50 b jled s
oo (Lemna) Oj Sude 5 (Stellaria longipes) oS
Kathiresan et al., 1998; ) .lo, o gole Sl 4 1y 25
rl 53 eslowsa s (Kinnersley and Lin, 2000

Jsder) Slape ke ((V Jsdr) uilsly 5JUT iass


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

194 Jlo ¥4 ojled & e (aLS 5 S, 5 i vt

(two-way ANOVA) 4 b g5 il )iy 56T 31 Jool> @& ) o

s ite sl ehie
L+ SIS il L SIS ol
VY™ e Y/ o™ S pdsb
WATEE AN Vv F S 5 05
VWt g INVAR Wisy 503
Vvt AAYF Vi aiay, i 0
Yoyt 7ty Y/VO ™ S e 05
VA 70 e S sl
AEF oy q/9¢" OS5 5 () e
Yo/Na** A% v/ o* 56 pass STy
LA YAQTE §/vem SV
VEA® TV/AEEE A A
Ve AT g4V a 5,8
v g0 \AVAVA b Jis ls
¥YAA Y/ Y Yo/NT A5 55,
v/ov ™ VJOA™ LA™ Wiy o (gl g
AN Ve OV/Y e
Vo Vo ARYC\ A 550
INZA A /A VA ool 55l
are® o VYA S plaw
\VIA yrt /4y Szt 035 40 S e o
Y/ Yorve®® §O/YY lTss o b

e 5 edls Gls e SRalS N0 5 UV gla i
oy SUS 0 A edalie jho L5 s 4l S O
PP e A 55 53 5 Y e Sea YO LIS LSS S L
Vg5 e 00 5 Y0 CLale 53 LE 5,508 sls OLES |y Ol
iy S O3y Ll Sel TV 5 N Gl s
b 0d K8 4 sdalin sylsome Sl 5 w3 S
i 033 (044V) 0l 5 Thomas Fernandez x5 5§
ey @’TVS U5 s (Imperial Gala) e olS aio,
Lol 3,58 (YY) Singh 5 Usha 58 4 .ab s

O35 il Gel gopd A5 Cow puS s Sl

Sl e pole i sdaline (gols ome ODl 25 55
(A el PEG Ciltie = jlan S sls 0L Lassls
AU SPEG i i 5 (2l Sl LB il = sla
53 (Y Jad) s Sl Ko 5 5 055 Shess e
Gl halS aiy, 5 05 V0 5 Ve chle L ogla i
Al s Ay 5 00s Aot e b s
Yo cbkle L8 58 L oadsy 5 oOhs oS edalis
3 s Ll S Al 55 Y S
il Sel Ve i s s Ve S 00 clle L LK
23wk, Sax 0y (0 JK8) WS aky, 505


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

Yo OAE) 55 (Sl A e 3 g el Sy g el LS S

(olidiii ) (o5 sm i 2 UE 5 0SS LI 1 (Sl i) il sl 408 —F dsir

Slay e J~<~LA 4, Ol oS &
Sax by SO SKEROi oy SHA L sl sl Jsb eslyl
ai) ai S S S S S
/o0 Y /Y0 1Y, 0+ AY $VY 41 14 ¢ L% J S8 sl L
+/) Y /A LVARAI Ad4) VoY YA \§3 Y Jpvls/“/&lc}\b&
AV \7A +/00 YIAYS 0LV \EAN YYY ey Y L
v/eeqy +/Yo /Y ARER] £+q 00 v/ A% q (4 503) 3las
AR A /1 ARASA YLy Vo Y¢ 1 'Y Lo
A\n Js
A B
057 ; Bl caBA O 207 Bl cAaBA O
E B caBA 25 B3 caBA 25
> o c cd i BA casa 5o > 157 I BEA cABA 50
~ cd d - b b
0.3
E e z 1.0 b be b€
s 0.21 f f E c
“ c
- ~ 05
0.1
d
0. 0.0" T =
N K ° Q K K
PEG % PEG %
C D
*] a Bl caBAO 0.6 a Bl cABA O
41 3 caBaA 25 = caBA 25
; A, be P be BEA caBA 50 : 0.4 BB capaso
w c 7 a
S 21 p d 7 d <
1 4 ;
7 7
0" ) ) 0.0
N NQ \,‘9 Q \Q \fa
PEG % PEG %

(D) ady) Sz 855 5 (C) adyy 5 055 (B) S K 055 (A) S 5 055 S5Ps8000 @l -) K&

ol LS s o glans ( 2alS oL PEG (il ok
2 Shasssg Sl Eel L 53 PEG Ll Jl 5 il
N gbekle Uiy (Y Jsds) sl e g S sl
Ol Jy Cdl b g rals S slas V0

odalin U’:"‘; LsLACJ:.LO u.»\ BEES) u,ll.hls UJ‘ BE 6)\5&;34!

Ak, Kis
das o 0L () Jadr) eibly 4 Wy slus
Gl LS 5 PEG Llas 3 5 i 5 S, sl
claw 2 LE L ks 55 Sy sl ol anlls (gyls s
SlaS sl Ol Wesls Sl e K0l 5 Sls e +/0 0


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

194 Jlo ¥4 ojled & e (aLS 5 S, 5 i ™

& e oS Conl Jole Ad; Sl uJ(,s o5 sl (2013
oS e Bl Sy S mlaw spd e S e A
blsy U L S 338 e G SR 5 S Sl
b Jsbe b Sl Li sl 03Y (550 Ol oS
Sy sl Slp S S35 et 5 el Sl
235 FSE S S n ) alS 4 e 45 Ll s SL
sddsas .(Saied, 2004) 355 o eSS sldw (65)lse
L, S, rle Llg e Six (1440) OlKes 5 Rucker
D5 e Fen g il S 4y 45 das LS
das e Ol (1 Jsdx) wboly ases SSLA Ol e
el LS 5 PEG Lliwe j1 5 55 55 SLA Olje
Glachle ;5 LE Jlas USLA Ol .ol 4zl (g)ls sns
Sl s lsgme 0100 i 53 N pes Ses 00 5 YO
ol PEG il mshaw a8 sl 0L Laosls Slay o
SPEG Jlaze Jl 5 55l Esl LS Cilises o sl (2alS
LY Jsds) sl anils SLA Ol 5 S g I LS
Sl SLA Ol (V07 chle) i oodd Ll
odaline 107 (25 53 SLA Ol 5 i 5 <L (g)ls ns
Olyee Sl bl el ¥ gay S YO clale L LK 5,8 s
53 LS Sl USLA Olse o 50S i3 S V07 i 53 SLA
SLA il a8 bl 51.0d JK8) 4d edalie i 55
ol eS8l S calbies 035 550 e w
T I it
Sy Cabs gl Eel Vo 5 s Ve Se Yo LIS
5 Foskd S il S SLA ke 4 s 4 S
D13 3y S 05 Al 5 e S lad sk
S goste B 0T e oS e EalS s 53 cnl b
S Gl o Sl sd e Ol S b (I G b
5 S ghe e osie Jolbs SO A e
Al S s il 5SS Jske a
Sl 5 kil s S g e e G
Slad b o3l rals Eel oS 5 (Pessarkli, 1993)

Gibson and ) s, . <"“§ 33 SLA als culgys 5 S,

5,08 s edalie Jho 55 55 S aldad p 5 ke AL
ol el AN i s s Ve S 00 e s LK
Clhle e 3 o L5 L awslie o Js a5 S8 sl
Jsb 5ol .(\b J&&) &S edalise (g lsbe B ‘L.lf
u.a;-l..:: au\.\swﬂ.x: st;—\ tJ'iJ:{"'@J‘ Q‘j&@ Q\,LC«) L;LALfJJ
G Cud b ol 53 (ool ﬁl} oS ol S, CJG“
cd]';ijﬁ.é J‘)ﬁ onS.J\:.S)S r\Ju\ Q‘j,‘.cd.: Lé;ff ..L;)\.: Q‘JJ&)
Jime Wl 4 5w atuy 5 Loy Gl 1y p3Y o3, 3l
L.;:;am.{ gfj.: Ck.ﬂ J\}‘j L ),:M.uj:ﬁ dlﬁv\.}‘) 9 hv\.ﬁsj"mﬂj:.ﬁ
0, 5 Naghizadeh Cu (Kafi et al., 2006b) s,ls
eIl 5 S slias (gosd RS SRl b osls olas (YeVE)
@L: Y ./\JL.J‘JA &AS 6)\JL;\M )jbau Qlj_d&) aL:; g;i‘}ﬁ
oS SR L S slies fals a8 e a1y ol
S gﬁl}sj cgf J.;.‘j.v u,:o.hls cd_}Lw c)\Ju\ u:..ﬁls Ju‘jjgja
sl ials (Karamanos, 1980) Al S, in, s
JJ(.S =5 3 (Qls) Conocarpus erectus olS ;s S
.(El-Juhany and Aref, 2005) <ol ol cdaliv
o a3 e L2 () dj,\z)dggjuqﬁufﬁckﬂ
L.' bg lJ )w B g‘}" c]a.w el azils v/ 0 ck..d
QL\L.: b LS)‘%;"’“ QW}‘ )Y)AJJ.{.:A O 9 Yo 6&@.}419
il glan 1S sl DL Laesls Slay e Sk 5l
As oRlRl Esl LS ot - an (2alS Esl PEG
Sl azils S chwﬁ Shass s LS S PEG ol
Sp gk (o chle) i ol Gl L (Y Jsae)
e clle b A s S phae Sk 5 Sl S
C,&L )Y)ﬂjﬁ:ﬁ Yo C,.H.C« DL L'K ;J.,)lS s aJ\AL:».A
T AR LS s SN 5 s S s )5
JK) i edalie (ol pme SN LN S s S
5 biosu, (Sdnd sl Shy sl 5 (c
Sl a5 ey Gl 3 JQU Cos |y lalS ol g
Hanafi-Ahmed, ) 5 5 » 0LLS 5 She 5 As, JialS


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

YV OAE) 55 (Sl A e 3 g el Sy g el LS S

wils b Jdy 08 Ol 55 Skasssg SILE 5 PEG Jolize
Sl b (F dsas) bl oSle s (8 i)
U;'JJ)Jb J.:%_}JJS Q\J:.A g)'.ijsu*:".l"j L edalin L;)‘JL;'M
L LJK)LQ..::L:b &{5}56‘}:}“ gﬁf”"‘;?; LS O-/\AL.\:«AJM
LJK }J.g)l.s v\..;J AML:‘.AJ&J U,:.:.SJJ )Y)A}ﬁ:ﬁ Yo g:,\.kl.@
&‘ﬁ‘ Q&L KA U,IMJ BEEE] )Y}A_}J&x 0y cble L
Clle a3 dals oS L anslie ;3 b LIS (gl s
LAl Gosd S50 S s IS Sl 0 S LS
03 ol pole Olgea) by 5 e Glads 5 5eS L2
OfmeR 5 e 4 el Ced aS 5 (L8518
.(Oraei et al., 2009) L S s, IS Slestle oy 55
3 bl GRS 35 JS Olse 108 5 o5 25 1 53
Asn bl 5 J35 ) wlaty sl oS LIS
(Molazem et al., 2010) 54 o s, Mg G0 (ol
LE Sl i oo a8 sl opl by IS 2als s s
L'J?JJJ'% Sl Jﬁy.]a.?u)b b@gjdww\mw\
Foodan WP Gl JBa S Srae 5 edd O S
sz 5 gl LS (305 5,008 amitips b o 2alS
33,8 o (01 G jme 2aS L) s IS (gl gime I3l Esls
Sals cel oS s Il (Sivritepe et al., 2010)
S Ul issda b 3505 52 505 s ens MG
o] (Wang et al, 2009) Lizy o 55 |, olio
Col LS &S dias o 0L 55 Eash ol Sl sdelowsa
WA J».J cble BE b J:ﬁjjls 5 a J:.‘)}J.ks Q‘J:.A S e
OK:»NJ ﬁﬂaﬁ Lu\.\i’) 65\)}).‘3)}.4 L,’K CA.MJ\ OJ..{JJ§
s L S par S 53 L ol 5 3T s a5l
Sy ale As, Al (Luo et al, 2011) .S
Ll etal, ) g;‘.w‘ ol k.)':’)‘ﬁ L’g .b.w)j A:J)b DL 6}.0):.9
Y ;.j 3508 amDyy b IS lgee als (2016a
Ebrahimian and Bybordi, ) <l edi 3,158 ols Kbl

(2012

.(Paulsen, 1999
Loy, Gl Sove (SSdnid sl o
ol s (WS89 bja by M) (g mm s
Ll 31y i85 jsa s IS Ol das e 0L (Y Jsi)
el a2l gl pme SV /0 0\ e 3 LS 5 PEG
0r 5 YO glackle 3 LE Jlas La s JS (glyme
Sl e Sl s sdaline (gls sme il [V 505 o
(S sl PEG (il sl S sl 0L Laesls
SUS 5 PEG M 5 Bl Esl LS s
53 (8 dadr) cl iy @ s IS Ol Sdass s
Clld) o GRIEL(F Je) bl e
A3 edalin (gl pae falS A Lbs IS (glgma 5 (VO
AR S edalie Sio A5 38 35S Ol i
53 Ny Sa Yo chle 55 LS Sls ba Jbs IS (gl soe
5 oY 8 00 Chle L LS 508l edalin o 5
L oamlio 55 @ s IS (glsmme [l Col Vol 55 5o
5 Slye JU) s S LS I fan s sl oS
QT SEE NUEVIPI RN POt N RGP
il a1 s & 035 e olpe ) S S
das o 5alS 1 Of s Shes 5 olS i) e 525 LSS s homs
Sl s edaad s sl WGl L(Pirzad, 2007)
03 Js IS ke 1alS 5 o e e 1B S
5 s slae S, (Siddique et al., 1999) s S
Anjum et al, ) din e oml ST0S s SIS glis
b RIS (S il S IS sl yima (2011
Slyme Jials 51 36 ROS il5sl (Din et al., 2011)
Kiani etal., ) <ol 1S 25 3 s 355508 5 Jds IS
Ol dase 0L (0 Jsds) olsls 4o (2008
V) e 53 LS 5 PEG Bline J s 55 53 b Jas s
s Ub b5 1S (gl ol axils (6513 jme L3N]
Gl pme DMl Vses Ss 00 5 YO glackle s LS
T a8 sl Ol besls Slay e S5ke LS o alie
Sl sl sl LS Cobe (s Lol PEG il


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

194 Jlo ¥4 ojled & e (aLS 5 S, 5 i YA

syl Taly (slap 5T (e tdlli63 D le ol (s 88 S0 K5 5 U T uilisls il Y Uit

LS| g oSk
SMeeST NS S : odsr M558 Chlb Chla Sl
3B ses Asdllss
VLTS B VIRR VAR Y LR XV SR VAY VA 4N ARV T SIS sl L
YRR SRR VIRRT AR ST A S 75 . . vy AALNE /N JARI P CaRN
£/v? VRER D LN VSR AV & . . oVt . 9 700 J SIS sl L
A% R ALY VAL R\ VA SR VA Yo/ A g0 YT Yo L U8 sl b
A VEER N VAR AN VA . Yore of SN Yo LB SIS sl L
£/0% VRRR RS ZA G ATV AR \a%s Ve VEE 8/8° Yo LYo JSS sl L
RETA N VIR L C VA VA Vi A aak £V W et o LS SIS sl L
v/8° VERR AN VAR A /7N . £/v¢ O/A° Yo ax® o LBHY e U8 Ll L
£/ e Yy e 0/0° o/Y¢ YA v e LS e SIS sl L

shls slasl Gadltl w5l s s Y] ST Ose3) (P <e/v0) c}a.w 03 e S pie Gy = gl S S Sle O a3

LIl (BlSIal slam 5T (st oK, UE 5 IS Sl 1 (Sl 58ke) ibsly w58 —1 g

KUV PP YR [PRPRE- PV PR WU Jw

Sl e w-<4l~“ s
_ Ol s &

STy U s eS| s BN A3 55,8 Chlb Chla sl
VIV 4/0e—++A Y L \3 Vel ¢ LE*J SIS sl L
Y% Y/ge—s v Vo Ty FA Y41 Y JSIS sl L
Y V/te—r v \! £\ AV ¥/4 Y L8
0/4 0/e—++9 VA Yo V/4 £V ! (& 503) ullas
Y/A V/¥e—v e A Y/A AN 7A Y/ VY Uast
Y1 Js

A5 Gl (S ohe 5 Al edalin $)la pme a8
Sbos L a5 58508 lsme o i A sdalle o 550
03 A edalie i 5 s (Ve Se YO cbls s LK
S b 58 Glsee op i A edalin ho 25
Al edalie jio 25 5 Yses S Yo L s LS
Celb Vo i s s Ve S 00 e L LS 58
oot 53 Aald oS L aslie 3 WSS gl Sl
slml 5lnST 25 L alie sl OLALS s SLES Ll

P R Y N L FR PO PR e

Ol (V dsd) bols a1l g,l8 (gl some

L:KJPEG J;LE..,: jjj U’:;;j): .,\:5}.5))\5 6‘)2» J\AJL;«I
Ol e u.f;l.:.a WSl (gl e D] v /00 chwﬁ L&
(ealS el PEG s C_,hu Slas sls olas Laesls
Bl QL? s PEG ‘_}Jlj:.a Ao el el L3L§ C}lﬁ.w
JAS olS b oalie 55 a388 (lymme Shiass g
L (Y Jea) oLl J:f.,l...a 53 (8 i) el ails


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

Y4 ...b|)é.¢=jﬁd§.f.$ui:e‘Jwﬁa%ﬂw|&,§xﬁaib@;|

-t Jgd> aalal
Sl e il 4 )

SRRV RN SR ROEp oebessl IS0 Jé 303! ataal=n
o/ YYoY 00 Yovy QY YoM EE 3 LKXJ)S:.@ JL;\JL!
+/+44 IARE v ARARKN YOAL ARV Y Jjgclf U‘L:"L,J“-
v/e 084 YvY VoYV VWAL yYave ARTAAKN Y Ll§
v/eeYY AR Yo YAQ AV Y IACEA a (4;_,».:) sl
v/eeYY Vv Ve yYa1 veva vy \Y Lo
Y1 Js

L ois Lo (F Jod) Wbl ooKke D3 (8 Jsds) ool
oo s 28l s Slsime s N0 5 Vo slackle
odalle jio A5 53 s n Slseee Ao 5 LS edalis
Yo chle 5o LS Dl b oodsn s opie A
Chle b LS s s dalie V0T 25 s Y e S
Ao V0 sV i SBE L gl 5 s Ve e 00
i 3 sl 0L s s 53 (5l iae DLt
S 5 b ShalS 25 Co olS s laes ol
oo el odin S0y A5 00 s Rl el LS
by oS Sldlas gillae sl ol 25 ol s Ol ey olS
W plil Oljie; oS (Cheruth and Azooz, 2009)
Cld LBl s st O Ll s S sl
Spbogn oS 53 s Sl SRS 5 SISt s o s
s o & 50 sl 53 odls Sdlls a3l nl s b oS
3l Rl Al 4 s iy Olae s ol s (658 b
Fose ledld 1 AU s s spd e ssa
534S LBl 25 I b 53 0T o 55 (s s 03 STlab 8
Abraham ) > 52 e A5 e send (25 4 olS mul
b s3lese 6 1 olS (s Vb sk (et al., 2003
Valliyodan and ) s)ls &5 ool 1y s o edly
Lobas ol 5 L8 Wb slacdsle .(Nguyen, 2006
5 el et WJysle 5 g b IS slaus
Aoty o oo s AL (slasi S s A5 o dlagpal
LOlSI 5T 5 o gl Ol sy L0155 o i) plie

Jols o518 arems (Ozkur et al., 2009) &, o S
3D e glacS 5 5 b s sl8 (Ja bS5 (ol Sl
S a5 adssle dads g D6 aas
sy bl Lyld ol 53 S lieS) g Sleds
R R T P
Ohizasy BB s Bl o s &S d, s e (S
(Pl (YIS k) a5 pls bbb gl S,
.(Chalker-Scott, 2002) <ol obwssl 5 (LK
Sz sadsb oL 550 L0l Ll s ol g s s,l8
Los S b obam & |y oSS 05mS) 5 a5 1, 6lsS
s Sl B s Ai 5 03eS] Il o5 S
=B L ke .(Inze and Montagu, 2000) .S Wl 1)
(Arbutus) =5 S pos oS 3 ol hash
s 5 Ce 56 (Munne-Bosch and Penuelas, 2004)
Lol sdide 4 45 Cab 2alS Ve 55,8 5 AT Ly IS
S O3St 4 018 oo 1y Ll A5 55 55,8y 5
2ls dayy A5 ST 3 eddA)
das o 0L (V Jsdr) bl 42 1o (gl goms
gl 03 WS S PEG Llie J1 5 5 55 s n sl
Sl U s lsome ol 4l s e Dl /00
ke ls OLEs (gl gme Ml /e e 3 L&
Eoly PEG il =5l 1 48 5y 0LE baesls Sl e
AUS SPEG s 5 il Sl LS » san o 2als

ol J xS oS L anslie j5 s, Sl Shass g


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

194 Jlo ¥4 ojled & e (aLS 5 S, 5 i g

sl oy 51 S MDA L e Gl (S5
ko L ol sl (el 5 ool lad il
Og JUEl ol L3 51 Lae Sas Lol Sl il
S Sli opl Sl 1S 5wl Cdls s
s a0l (Sharma et al, 2012) delil o J sk
o5 ol s MDA Ol JalS 4 isluslsl L;um-j
.(Murugu et al., 2003) 1S o SaS ObalS « dad e 53
ol 33 MDA 013 Olae s oLS 55 NaCl clale 215l L
o5 Sl sds 55158 (Yasar et al., 2008a) AL s
Al oz OLLS 53 MDA (gl gos [2alS Eosly &Tvs
SIMDA Ol ialS Esl L ) 5008 5 edis S
Krishna and ) col ets 3 Lis ll bi= 3 b
L Lie by gbil=e i@ LS .(Laskowski, 2013
Song et ) 5,5 g ladls 5 A OgenlalS) J xS
a5 ded OsesldlSln als l ol (al, 2010
G Olg e 1 WS sl s Jole slas gl Laes
Cls Il 5 ROS s 51 oS 4le s LS i
als o p2gleSol glagy 5
das o LS (V Jsdr) uiloly a2 1059 5 (5] sone
g 03 LS S PEG Lliwe J1 5 25 53 (s sl
LU S, Glsmee 5o ol atdls [l pae BV 4700
Sl 5Ske A sdalie (gl me BNl LS Les
(o el PEG il = jlan 1 a8 sls 0L Lassls
AW 5 PEG Ll J1 5 il Gl LS &l
03 S J S olS b alie )3 (s (glsme Sasssg
L ois 5o (F Jod) el 5efke o3 (8 Jsds) ool
A 3 3L S S Glgee N Bl
Slome iy A edalin o (2 53 (i Sl
53 Vs Sea 00 5 Y0 glachle 53 LE [l b ooty
Ollas A3 edalie s gme Ml Oady VO RS
an il Sl e sl Llesls Ol ik
Sl K am cstle 5 e S Cales e

Slys a8 el s b o 5 IS [ sba s s

Krishna and Laskowski, ) 1S &S i cos Ol
5 NS5 S 0 - s edls (il L LS (2013
o 4 e Olodas Sl Cle 05 S0 S e
POl ass 53 oS Aas e O cpl s g e olS 53 s
G503 ol URlB el Ve S YO e L LK
L 5,8 3l s s lsmee il bl .ol oo S il
Loy ol Jals 5 (Li et al, 2016a) Loy <o,3 s
el ol 5,158 (Vijayakumari and Puthur, 2015)
el Bl el oS Ul s slaege o s o 8
G e s oodd Glsn fie mexd s Sa50 GUE e
SYsb sl s b Sledo 51 8L ol rals
(Shangetal., 2011) 555 o o oo
O Jstr) =Sbls e (MDA) sidliss gl
LS 5PEG Ll 515 25 55 MDA (glgime das e OLES
MDA (gl g .ol atils s sxe Ml /00 ck.« By
oSSl als 0L ls pme DBl +/0) mae 53 LS Sles b
Coly PEG iliie =5l 1 45 5y 0LE baesls Sl e
el LS 5 PEG Ll Jl 5 (il Gl LS (ials
Col odd JS oS L alie 53 MDA (sl 151
Loois o (F Jod) ibyls o0oKke 5o (8 Jsa)
Sol3 gmn ialS MDA (gl gimn 3 V07 5 Vo). slaclale
sdalin dw 25 53 MDA (lgmes o 5 b 5 A3 sdali
Yo chle 53 LS Llas U MDA (glyme op i A
Chle L LS sk ad sdalie VO 25 53 N ey S
O i (13 53 1) MDA Olgee o iy N sns S0 00
Sals (LS ke s LVOL 5 V0 gt s sl
03,31 5 MDA .43 odalie MDA (glyms 53 (5 13 sne
ol AL slalis 5 gl 4 oS il hls]
Olgeas 5 das o Jialsl 1) oy sl s il
b 4 S ks A5 L el plis el wlis
Db 3 S5 sblis 5o b O snlist
e b s DLS s lis] 5 slaels


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

£ OAE) 55 (Sl A e 3 g el Sy g el LS S

5 CAT I3 5 Ol ilsShsl lan 31 Ll 5 cpl s
amys AS e s 13 ROS 5 Wsd o Jld 5las]
55 Jeo b aS A SRl OlalS LSty e b
Hayat and Ahmad, 2007; ) 1,13 sitens 4ol olls s
Ol 5laSly 5 CAT lan 3l (Mittler, 2002
Olge oS Wlodd bl H0p oiS e sl 31 o 5 Lol
mpl Cdes gl Bl L ROS I b ol
OYAM O 5 L5 b s Ll g e olS s lues]
5 CAT il lsbhl gyl s LS Sl
Sl S das e 13 Sl w1 Sbsenss ST e
sdusly Jue ROS jae Sl ol 5o ) Jske s
deS oo LGl 5 Sl O5sode denS] s
S s adlaie glaol i L L(Mittler, 2002) &S o L~
ol (o8 5 o Cassia angustifolia oLS s
Ashraf and Harris, ) cl sas 35,058 5V ol
(2004
oobols 452 (SOD) 36 sems AeS| 3 g ‘.ﬁsi
c]a“ 23 =5 53 SOD (gl gime das o 0L () Jsu)
Jlize 1 55 SOD (gl gime .uils (g5l3 sme Dl /00
Slyoma 313 0L Sl pme ISl +/0) <haw 53 LS 5 PEG
sdalia i3 iae IO +/0 ) e 53 LS 5l L SOD
el PEG il oS sbs ol laesls Solaye nSke i
el LS 5 PEG blize 1 5 il csl LS zals
oSole 53 (8 Jsdx) Sl 0dis S SOD (gl gims ol 53l
SOD (glyms N0/ clake L 25 3 (F Jsax) by
sdalin jio 13 53 SOD (glsms (p il 5 Oljpe o 2eS
0 Bl 5 LS les L SOD (glgme op iy S
Lojio 25 55 oS L aglie 5o Vol 25 55 5 SV e S
53 S0D Oljee cpytds Al sdaline LS 5 )8 Clale e
sdalie jio 25 5 5 ¥ses e YO CllE L LS Jlas
ks HpOp w1, O oS ol (sAlS mﬂ SOD ..
syhp Bde CAT il s 358 wgia HOp S e

b S glaceal i 5l S pleS i b s

Tester and Davenport, ) &5 o olS 5 Jslme 55
Siash L3 edelcewsay laanl aub sl (2003
2> WS 5 A Jsbe s lsme (151 o
sl 5t (Lietal, 2016a) ol st 3,158 3 olS
Sl b Jle So s olS slaS 2 iy lde o
il 3LOYAY Ol 5 Obsdge) sl sl 5,158 Al
Chle b adaly 5o oS les A5 Lo b 55 sk
oolS (Lietal, 2018) L ys wgols ol 5o LS
NGV IR Wi
SIE w3l oalasloly glampl oS o
Slyme das o 0Li (V Jsd) ully a2 (CAT)
53 CAT (lgme .l (g)ls ome BNl 25 s CAT
0L ls gme DMl +/+0 mlaw 53 LS 5 PEG Llize
Sl /) e 53 LS Sl b CAT (gl sl
SlaS sls Ol besls Sl o Sl L saline (5515 xe
L8 SPEG Llzws jl 5 a5l el LS (ials Col PEG
05,8 xS oS b aulis 53 CAT (glgime il Esl
Lo o (F Jai) ilols 0Sbe S (8 i) o
Slyzme (5t 5 Ol (2 2eS CAT (glsme )07 ale
L CAT (lymes op i L sdalie jiw 55 s CAT
e 53 V07 2 55 5 Ve S 00 ClE 5 LS e
5l 4 i CAT 2 atalie Jiw 5 53 oS L
S 5SS 3IH0, 05 Sesls 3 (POD) st
»LS YUK .(Kanazawa et al., 2000) ol by 9
Sl i w0 mel 0o GRSl pbs o ) ege S
Sl s s e ol Olea 4 5 o
s a5 Wades Oliae (Scandalios, 1994) .S .
@S SR 3 5 b SR LA gla 25 s CAT
Sl DSl - 05568 d5 x sdge  HAO2 (s3LuSL
Slapm 3l cdld s eddedalie i3l (Bailly, 2004)
SAs Gl LS s allshl el 5 slast, CAT
S5 L e s cd OF 5 Sl ples
S 35 5 2 ROS LS 5 il il Cor 5o 0LS 55 ssllS)


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

194 Jlo ¥4 ojled & e (aLS 5 S, 5 i &Y

035 5,18 J_Trs OS5 4 S Ol a3 Caslis 53 POD
Wil LSl o 5T 2l b Sl Yoo LS Lo
o g3 5 3ls 28l 1 ) O semilnS|, POD
Krishna and Laskowski, ) 53 5 . Jsle slie s,lub
U5 3 Jol= ROS i 3 POD 4yl 4 4 55 L (2013
s i alS slad e 53 2 &S 5 s e s
00 il Sl Mg s POD ollad oS 5508 0 blinal e
23 s i3 4 olS gl 51580 4
3 5 B b g i 31 ol
23 5 S o b Glse das o DL (Y Jodr) bl
Solsgme Dt /0) e s LS 5 PEG Lliw J
Sl /00 sl 53 LS L b o sl il
SlaS sls Ol aesls Sl e Sl . el ls sms
Cel LS 5 PEG Lilawe il 5 [ials LS (il cel PEG
R E R R N TPt
VoL s Ve slackle L s (Ya JS8) Wbl
5 S8b Rl jas 55 53 olS L oalie 3 b (gl sos
SLE Gb o etalie Jio 25 s 1 Olgs S
Slcd el 51 OLS S el faa sl
AL Gl s e b 5 Ll s s S8
LS Sles b 3 (slyoms 2l L g0 oS Canslie sl
aS A edalie i 55 53 5 3V ses Ses 00 e
G5 5 Vs S YO Chle L LS Sles s b Ol
il DS 5 5l ol S OLS 5 s edalie Vo
s S 5 bl e D e (b e
o odar 5 oeios Obsin s e il el sladl
SNV e a2 ol DS 5 opl b e ol
Ler LSIL 5 ol Gt B S s
S e b g slas Sas 51 S (Andre et al., 2009)
(Solar et al,, 2006) cwl ol slaeuilSe L3 Wl
Ol s ary LSl S Guigfo s 5 s olsS s
das o Olis s sy daes b glaoagLlSTsl 51w ls

ske bl s o olS 5oy Lllsbl s

¢l5l Eel ROS .ol ROS (VL A5 35 0 3505 oS
Sl & ol e O galtnS1 3 5151005 L
oo sddsponln S5 Ssn AE W SASS
s Maria olaalie s (Sharma et al., 2012) >,3 .
53 80D s jals o ge leS 5 (YorT) OLISes
woo ) s dledr el glaansy slagpY Gl 5 S,
e 2l Sdlhe Sl tash mli LS cl el
o3 s (Y00d) 0L 5 Dolatabadian oluaalis
Sl 3Tl (0S5l b s das e LIS lails
SOD uled sl ods i518 b o il 5l isllshsl
Al Skl ol Bl L oS 25 s e kS oS
sily il YU lackhle s Js b e RS
s g5 LB sba LS (Singh and Usha, 2003)
53 slanST el 288 @ aS wsls 20530 1, SOD 5 POD
Luo et al., ) &S o WS LS il o el Cile
(2011
Ol Lesls Sl e ke ((POD) 1S V.;)SI
Jlize S5 bl el LS (2als EsL PEG 1 oS sl
Gl 0133 S POD (gl yime ;5 Saiass e il LS 5 PEG
chle b i s (7 Jads) bl onKle 3 (8 Jsi)
G 5 ey 3 Ol (i 4 POD (glgs N0,
s odalie Vo7 jio 5 3 POD (glyime 3 ls s
0r 5 Y0 lackle ;5 L Jls L POD (glyme oy i
Lojio 55 53 olS b oanslie 55 V0 25 55 5 N g5 S
Al edalin s gxe O Ol LS slacble wa
S e 3 oS S Gl LSl slag Bl el
or) .(Malekzadeh et al., 2012) sl o il 33l o8 e 13
3 5 03503 bl ROS 5o Sl 1 511 0L Ly 51
Lpbr 5 ol 2 S Caslie Carpe b
cJled Ol 4 e ol oLy (Shabala et al, 2000)
2 elS Caglie il gzl olS s ALshl stﬁ@ﬂ
= (Aghaleh, et al., 2011) 55 sl 2l 5 ol

(Sl sla 3T 534S as e 0L tagh ol


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

A OAE) 53 (Sid S e 3 g el S, g el LIS I

A
407 B caBA O
0 T
S b .
= 7 c / 7
2 301 é g d ?
- 7
N 7% 7
M7 / /
N o N
PEG %
C
150 Hl caBAO
— = cABA 25
NE A caBA 50

B
251
a Bl caBA O
4 B caAaBA 25
« 20 ab ab
g ab BEA caBA 50
£ 15 b
> c
z
w10
@
s d
5 e e
0
N RS Ko
PEG %
D
250 a
b Hl cABA O
— B casa 25
200 b
o b bc BEA caBA 50
£ bc ¢
o~ 1507 c ¢
£
S
=~ 1007
< d
-
2 50 |"'|
0- T T
Q O RS
PEG %

(D) SLA 5 (C) S p grhaws ((B) S slaws «(A) Sy I sb (K55 58,590 i -Y S

oo LS S W5 S a5 0,8 onl |y il 5al onl Lol sl
3Ll 5 PAL) UL 5ol (VT b o 5l s S s
DS 5 e O amiiny oS spdpe Asibsy Jub s
A s sRlshbl ks O wia s lE
Al
das e 0L OV dsdr) bl a e tAd SO
53 LS S PEG Jlame J 53 5 55 55 A5 5550 (5l s
L AS s (glgme (il (gol3 pan DL +/0 ) éaw
Slu e HSle i edalie Jls e Ml LS L
5 ol el LS ials CeLPEG 1 aS sls Ol baesls
LS5 Slgme 53 Shasssg I LS 5 PEG Lilaw il
JK) 0 bl oSke 3 (8 ) ol s S
R 5 Ve CBlE S5 5s A5 Olge S (TD
R A edalie do A5 3 olS WS g (gl gimes
5 Ve, YO Bl 55 L Sl L S50 (gl e

sl sl sl 5l laus oM ad sdalie VO 25 s

sl ol edalie (Wang and Lin, 2000) s,ls 545
5 POD g5 lanmsl a4 0500 03ls b b bS5
Olpeas sl 3 Wilg s edddds HOp o la50m
<ls 5 (Sakihama et al, 2002) .S foe ALSIsk
Sl Ul s S s sk 5 e L2 3 S
WU ) dws oo mis Jsbow 3 1 OT s 2wy b Jases
20 Vol s LS 5 luds s 050 .(and Ng, 2008
O3l 5 Sl s 5 Slind 50 5555 e ol )
Shehab et al., ) ol odeS 35 den slam 5l Lo s U fid
e deles Ll b 51UV 54y 5 Si L3 (2010
Karampor etal., ) el lads 55556 5 b OLs 5 2l
GlBl o leS 5 cew LS 3L ske (2015
LSl s e 5 Wil (S Sl
Soleimani Aghdam et al., ) . GRS ES
a5 LB Bl e LS 58 ails bl &S (2015

Sl 358 0 sl o g 53 ek 5 IS 3l


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

194 Jlo ¥4 ojled & e (aLS 5 S, 5 i 113

Aros ol gl UV elipin S (aluslal cle
Als 1y St JUsl J xS 5 sos S daliolen
5 ke BLSLL casls gl bl sl
eSS s il 1 Gui Sl lasanlussl
.(Watkinson et al., 2006; Hoekstra et al., 2001) . ls
) olS oS a5 Ldlowe 03505 o 55552 Aile Loyl 5T
A5 .(Chalker-Scott, 2002) .S o Clasle (i3 pl 0 )5
5ol Ml i 5 cos LS Lo ool
3 A Gl (hde s S s G Ll ol

(Kimetal., 2006) .ol I 25

S S o
o @ e 2 Slas Ul SRS o oS 55
SSSI Pz Do pa  g16S S48 ol 0L ey
gy bcal Jhe anne Olptes oS (S350 s
S 4 OLLS Jemd (5l53 el Wls e LS oSyl
SHIA el LS 58 s 8 oS 25 e ) e
eS8 5 bo@ 35,08 Ol (S35 s05 Slio
L5 cpiliwgml (IS b SOD POD CAT (5
oLS el g LS IS, by .ol olis S MDA 2alS 5
Lol 5o nlaly ol oag GI0S 5 4l 55 Oss
DSl S saal S Ol osle ) Sl eslizal 0S5
5 SO (SO S s Slesar spe &b

(_;LAQA:J&EJJNJLJMQLASJJW
Jd ols 5 Olgea Ludssdb b ilshl
d\}&au B U,LJ j\f BE skcS e tasle JA‘}& ‘;;{i)‘)jﬁjr"
Tattini et ) 1,15 OlalS Cuwglis 53 age Lo oS od
5l wlg e ROS (g5lSL L bassssdl  (al., 2004
AS o ool lalie S (6,8 5l Lallshl b i
Jewel K el L (Panax ginseng) Koo olS [l a5
Yuet) syls ol eaas |y Ladd 55508 Ol a5 BB 201530
5 cbl- S, sbassssdt Lol is Gl 2002
GRS e g b2 p 3 iRt sad sl
Slaalis & 4= L (Liacoura et al., 2001) ..
QMT oS 5 s L3 (Y007) 0L, Kas 5 Watkinson
Dl LaS SN Ay Ol (eSS Rl L
Al o
das e 0L () Jsdr) bty wpm sl gl
s pme B /0 a3 55 55 sl 5Tl g
Sl 5 LS S PEG Llize I 55 pslow 531 (gl gme .ol
S edaline (gols sae Ml e/e) Cla“ 5 L L
(il Eslb PEG 1 S sl Ol besls Sl e o SLes
Shassse JILE 3 PEG Lliw Jl 5 Ll el LS
OSbe 5 (8 Jsdr) ol olis S il il (glgre o
cble 25 55 ol sl Ol op S (Yo [S2) by
odaline Vo7 25 5 olS plow gl (gl g op 2o 5 V0.
Yo chle ;s L s b owlowysl (glymme op 2 S
uw% Lﬁwglﬁ*ﬂjj AL edaline Vo u,”m.s BEEE )Y_}Aj)g.:a

da 3l L54.1;2-.4 6\.&:).{149 S Liea LA.LS)J)}W L;La‘

c\:..a

S s (Crocus sativus L.) e 5,30 Ol e il glacomer o5 0 S 55 Glawlis ooy, (VVAY) L6 w5 e
Ol 0l Ol o &ls i)l ol )18 asbObL 0T (g5 2 Al Sl Sdtiass sy
23 ke D ds (5558 20 e (Saccharum afficinarum L) S olacdisn 5 SO5sl a5 sla el

YOVYW A el el


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

go O A8 53 (Sid 5 o 3 gy g el Sy giel LIS S

Slm sl F o S Sl 5 @N) sy hd ke 1 OTYAA) LG (ssl e 5 b (SIS b wesli g NNt
YOo—$A N ojled Ol ALS sl de . Jlgls &b s OlnST 2T

Olpes gl S & SKidad Slaw po,m 3 S0 3 OYAY) S wslide 5.0 oligdes co (o A6 o s plo
ATVUEY N elspshe 55 e sla i dome Bl JT0S 15 o s Ol &

SlaaSS IS S350 Slio (5 iy el Skl JEOYAY) e 3016 5 .8 iDL e ( JWS
Neg-NY v (oslas mle sesle) Slebpsde 400 650 L)% 5 (Gomphrena globosa L.)

a5 S sk SRS o Oy oS imasn slae i, sy UVB i 36 OT90) J ST 5 pessl e
1 Ol b5 Ml o S8 rein 5 e 0 XS

Ol Ol g8 (Ol o3 6 85 w0kl (osp 50 Oy (St 55 3 I S050 - (S35 o YD) (S

el Sl Cadss 5 el Sl JEATAY) 6 cgsmse ol 5 5 (65N (s e (Bl (S Okl
Ol gl gl s alee (Capsicum annuum L) Jals olS iy gla byl ple 5 J3aler 5 tiul b o, caluks
. AYA=AYA Y\

Abbaszadeh, Z. B., Sharifi-Aashoorabadi, A. and Farajolahi, M. (2007) Effects of drought stress on physiological traits
of lemon balm. In: Proceeding of 2" National Conference on Ecological Agriculture of Iran, Gorgan, Iran.

Abeles, F. B. and Biles, C. L. (1991) Characterization of peroxidases in lignifying peach fruit endocarp. Plant
Physiology 95: 269-273.

Abraham, E., Rigo, G., Szekely, G., Nagy, R., Koncz, C. and Szabados, L. (2003) Light-dependent induction of proline
biosynthesis by abscisic acid and salt stress is inhibited by brassinosteroid in Arabidopsis plant. Plant Molecular
Biology 51: 363-372.

Aebi, H. (1974) Catalase. In: Methods of Enzymatic Analysis (ed. Bergmeyer, H. U.) Verlag Chemie/Academic Press
Inc., Weinheim,NewYork.

Aghaleh, M., Niknam, V., Ebrahimzadeh, H. and Razavi, K. (2011) Effect of salt stress on physiological and
antioxidative responses in two species of salicornia (S. persica and S. europaea). Acta Physiologiae Plantarum
33:1261-1270.

Agronomy Statistics. (2019) Jihad Keshavarzi Organization of the South Khorasan Province. Birjand, Iran.

Akihiro, T., Koike, S., Tani, R., Tominaga, T., Watanabe, S., lijima, Y., Aoki, K., Shibata, D., Ashihara, H., Matsukura,
C., Akama, K., Fujimura, T. and Ezura, H. (2008) Biochemical mechanism on GABA accumulation during fruit
development in tomato. Plant Cell Physiol 49: 1378-1389.

Andre, C., Schafleitner, M., Legay, R. and September, S. ( 2009) Gene expression changes related to the production of
phenolic compounds in potato tubers grown under drought stress. Phytochemistry 70: 1107-16.

Anjum, Sh., Xie, A. X., Wang, L., Saleem, M. F., Man, C. and Lei, W. (2011) Morphological, physiological and
biochemical responses of plants to drought stress. African Journal of Agricultural Research 6: 2026-2032.

Arnon, A. N. (1967) Method of extraction of chlorophyll in the plants. Agronomy Journal 23: 112-121.

Ashraf, M. and Harris, P. (2004) Potential biochemical indicators of salinity tolerance in plants. Plant Science 3-16.

Avarseji, Z., Kafi, M., Sabet Teimouri, M. and Orooji, K. (2013) Investigation of salinity stress and potassium levels on
morphophysiological characteristics of saffron. Journal of Plant Nutrition 299-310.

Bailly, C. (2004) Active oxygen species and antioxidants in seed biology. Seed Science Research 14: 93-107.

Barbosa, J. M., Singh, N. K., Cherry, J. H., Locy, R. D. (2010) Nitrate uptake and utilization is modulated by
exogenous g-aminobutyric acid in Arabidopsis thaliana seedlings. Plant Physiol Biochem 48: 443-450.

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

Borsani, O., Valpuesta's, V. and Botella's, M. A. (1999) Evidence for a role of salicylic acid in the oxidative damage
generated by nacl and osmotic stress in Arabidopsis seedlings. Plant Physiology 126: 1024-1030.

Bouche's, N. and Fromm, H. (2004) GABA in plants: Just a metabolite? Trends in Plant Science 9: 110-5.

Bradford, M. M. (1976) Rapid and sensitive method for the quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Analytical Biochemistry 72: 248-254.

Chalker-Scott, L. (2002) Do anthocyanins function as osmoregulators in leaf tissues? Advances in Botanical Research
37:104-129.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

A4 o ¥4 oyled & als ( alS 5 S, 5 anl b £

Chang, C., Yang, M., Wen, H. and Chern, J. (2002) Estimation of total flavonoid content in Propolis by two
complementary calorimetric methods. Journal of Food and Drug Analysis 10: 178-18.

Cheruth, A. J. and Azooz, M. M. (2009) Exogenous calcium alters pigment composition, y-glutamyl kinase and proline
oxidase activities in salt-stressed Withania somnifera. Plant Omics Journal 85-90.

Din, J., Khan, S. U., Ali, I. and Gurmani, A. R. (2011) Physiological and agronomic response of canola varieties to
drought stress. Journal of Animal and Pant Science 21: 78-82.

Dolatabadian, A., Modarres Sanavy, S. A. M. and Sharifi, M. (2009) Effect of water deficit stress and foliar application
of ascorbic acid on antioxidants enzymes activity and some biochemical's changes in leaves of grain corn (Zea
maize L.). Iranian Journal of Biology 22: 407-422.

Ebrahimian, E. and Bybordi, A. (2012) Effect of salinity, salicylic acid, silicium and ascorbic acid on lipid
peroxidation, antioxidant enzyme activity and fatty acid content of sunflower. African Journal of Agricultural
Research 7: 3685-3694.

El-Juhany, I. and Aref, M. I. (2005) Growth and dry matter partitioning of Lenceana leucocephala trees as affected by
water stress. Alexandria Journal of Agricultural Research 44: 237-259.

Elkahoui, S., Hernandez, J. E. A., Abdelly, C., Ghrir, R. and Limam, F. (2005) Effects of salt on lipid peroxidation and
antioxidant enzyme activities of Catharanthus roseus suspension cells. Plant Science 168: 607-613.

Fernandez, J. A. (2004) Biology, biotechnology and biomedicine of saffron. Recent Research Developments in Plant
Science 2: 127-159.

Gholami Touranposhti, M., Maghsoudi Moud, A. A. and Manouchehri Kalantari, Kh. (2005) Salt stress effect on the
photosynthetic capacity of three Iranian saffron (Crocus sativus L.) clones. In: Proceeding of the 4™ National
Biotechnology Congress. Kerman, Iran.

Gholami Turanposhti, M., Maghsoodi moud, A. A. and Farahbakhsh, H. ( 2006) Effect of two levels of irrigation on
water relations of three Iranian saffron (Crocus sativus L.) clones. In: Proceeding of the 3™ Confernce of Irriagation
Management of Water and Soil. Kerman, Iran.

Giannopolitis, C. N. and Ries, S. K. (1977) Superoxide dismutases: |. Occurrence in higher plants. Plant Physiology
59: 309-314.

Gibson, L. R. and Paulsen, G. M. (1999) “Yield components wheat grown under high temperature stress during
reproductive growth”. Crop Science 39: 1841-1846.

Gericke William, F. (1937) "Hydroponics - crop production in liquid culture media™. Science 177-178.

Hanafi-Ahmed, A. H., Darwish, E., Hamoda, S. A. F. and Alobaidy, M. G. (2013) Effect of putrescine and humic acid
on growth, yield and chemical composition of cotton plants grown under saline soil conditions. American-Eurasian
Journal of Agriculture and Environment Science 13: 479-497.

Hayat, S. and Ahmad, A. (2007) Salicylic Acid: A plant hormone. Springer 97-99.

Heath, R. L. and Packer, L. (1968) Photoperoxidation in isolated chloroplasts. I. Kinetics and stoichiometry of fatty
acid peroxidation. Archives in Biochemistry and Biophysics 125: 189-198.

Hoekstra, F. A., Golovina, E. A. and Buitink, J. (2001) Mechanisms of plant desiccation tolerance. Trends in Plant
Science 6: 431-438.

Hubick, K. T. and Gibson, A. (1993) Diversity in the relationship between carbon isotope discrimination and
transpiration efficiency when water is limited. In: Stable Isotopes and Plant Carbon/Water Relations. (eds.
Ehleringer, J. R., Hall, A. E. and Farquhar, G. D.) Academic Press, Inc., New York.

Inze, D. and Montagu, M. V. (2000) Oxidative Stress in Plants. TJ International Ltd: Padstow, Cornawall, Great
Britain .

Kafi, M., Koocheki, A., Rashed Mohassel, M. H. and Nassiri, M. (2006a) Saffron, Production and Processing. Science
Publishers, New Hampshire, USA.

Kafi, M. (2006) Saffron (Crocus sativus) Production and Processing. Enfield, NH: Science Publishers, India.

Kafi, M., Rashed-Mohassel, M. H., Koocheki, A. and Mollafilabi, A. (2006b) Saffron, Production and Processing. Iran
Press, Ferdowsi University of Mashhad.

Kalefetoglu, T. and Ekmekci, Y. (2005) The effects of drought on plants and tolerance- mechanisms. Gazi University,
Institute of Science and Technology Eti Mahallesi 18: 723-740.

Kanazawa, S., Sano, S., Koshiba, T. and Ushimaro, T. (2000) Changes in antioxidative enzymes in cucumber
cotyledons during natural senescence: Comparison with those during dark-inducted senescence. Physiolia Plantarum
109: 211-216.

Karamanos, A. S. (1980) Water stress and leaf growth of field beans (Vicia faba) in the field: Leaf number and total
area. Annals of Botany 42: 1393-1402.

Karampor, M., Usefi, H. and Kohpaye, N. (2015) Investigating the relationship between climatic elements and
vegetation of rangelands in Hormozgan province (a case study gymnocarpus decander). Natural Ecosystems of Iran
6:41-48.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

B LObhe) 5 SRS S et 3 s el S g sl LE I

Kathiresan, A., Miranda, J., Chinnappa, C. C. and Reid, D. M. (1998) G-aminobutyric acid promotes stem longation in
Stellaria longipes: The role of ethylene. Plant Growth Regulation 26: 131-137.

Kiani, S. P., Maury, P., Sarrafi, A. and Grieu, P. (2008) QTL analysis of chlorophyll fluorescence parameters in
sunflower (Helianthus annuus L.) under well-watered and waterstressed conditions. Plant Science 175: 565-573.
Kim, J. S., Lee, B. H., Kim, S. H., Ok, K. H. and Cho, K. Y. (2006) Response to environmental and chemical signals

for anthocyanin biosynthesis in nonchlorophyllous corn (Zea mays L.) leaf. Journal of Plant Biology 49: 16-25.

Kinnersley, A. M. and Lin, F. (2000) Receptor modifiers indicate that 4-aminobutyric acid (GABA) is a potential
modulator of ion transport in plants. Plant Growth Regulation 32; 65-76.

Kramer, P. J. (1980) Drought, stress, and the origin of adaptations. In: Adaptation of Plants to Water and High
Temperature Stress. (eds. Turner, N. C. and Kramer, P. J.) John Wiley and Sons, New York.

Krishna, S. and Laskowski, K. (2013) Mitigation of drought stress damage by exogenous application of a non-protein
amino acid g— aminobutyric acid on perennial ryegrass. Journal of the American Society for Horticultural Science
138: 358-366.

Li, Z., Yu, J., Peng, Y. and Huang, B. (2016) Metabolic pathways regulated by y-aminobutyric acid (GABA)
contributing to heat tolerance in creeping bentgrass (Agrostis stolonifera). Scientific Reports 6: 30338.

Li, E., Luo, X,, Liao, S., Shen, W., Li, Q., Liu, F. and Zou, Y. (2018) Accumulation of y aminobutyric acid during cold
storage in mulberry leaves. International Journal of Food Science and Technology 53: 2664-2672.

Liacoura, V., Manetas, Y. and Karabourniotis, G. (2001) Seasonal fluctuations in the concentration of UV -absorbing
compounds in the leaves of some Mediterranean plants under field conditions. Physiologia Plantarum 111: 491-500.

Luo, H. Y., Gao, H. B., Xia, Q. P., Gong, B. B. and Xiao-Lei, W. U. (2011) Effects of exogenous GABA on reactive
oxygen species metabolism and chlorophyll fluorescence parameters in tomato under NaCl stress. Scientia
Agricultura Sinica 34: 37-544.

Malekzadeh, P., Khara, J. and Heidari, R. (2012) Effect of exogenous Gamma-aminobutyric acid on physiological
tolerance of wheat seedlings exposed to chilling stress. Iranian Journal of Plant Physiology 3: 611-617.

Maria, C., Esther, R., Gonzalez, M., Minchin, F. R., Judith, K., Arrese-Igor, W. C., Ramos, J. and Becana, M. (2002)
Effects of water stress on antioxidant enzymes of leaves and nodules of transgenic alfalfa overexpressing superoxide
dismutases. Physiologia Plantarum 115: 531-540.

Massacci, A., Nabiev, S. M., Pietrosanti, L., Nematov, S. K., Chernikova, T. N., Thor, K. and Leipner, J. (2008)
Response of the photosynthetic apparatus of cotton (Gossypium hirsutum) to the onset of drought stress under field
conditions studied by gas-exchange analysis and chlorophyll fluorescence imaging. Plant Physiology and
Biochemistry 46: 189-195.

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

Molazem, D., Qurbanov, E. M. and Dunyamaliyev, S. A. (2010) Role of proline, Na and chlorophyll content in salt
tolerance of corn (Zea mays L.). American-Eurasian Journal of Agricultural and Environmental Science 9: 319-324.

Mousavi, S. Z. and Bathaie, S. Z. (2011) Historical uses of saffron: Identifying potential new avenues for modern
research. Avicenna Journal of Phytomedicine 57-66.

Munne-Bosch, S. and Penuelas, J. (2004) Drought induced oxidative stress in strawberry tree (Arbutus unedo L.)
growing in Mediterranean field conditions. Plant Science 166: 1105-1110.

Murugu, F. S., Nyamugafata, P., Chiduza, C., Clark, L. J. and Whalley, W. R. (2003) Effects of seed priming, aggregate
size and matric potential.on emergence of cotton (Gossypium hirsutum L.) and maize (Zea mays L.). Soil Tillage
Research 74: 161-168.

Naghizadeh, M., Gholami Shabestari, M. and Shamsaddin Saied, M. (2014) The study of some physiological responses
of three Iranian saffron (Crocus sativus L.) landraces to salinity stress. Saffron Agronomy and Technology 127-136.

Oraei, M., Tabatabaei, S. J., Fallahi, S. J. and Imani, A. (2009) The effects of salinity stress and rootstock on the
growth, photosynthetic rate, nutrient and sodium concentrations of almond (Prunus dulcis Mill.). Journal of
Horticultural Science 131-140.

Ozkur, O., Ozdemir, F., Bor, M. and Turkan, I. (2009) Physiochemical and antioxidant responses of the perennial
xerophyte Capparis ovata Desf to drought. Environmental and Experimental Botany 66: 487-492.

Pessarkli, M. (1993) Handbook of Plant and Crop Stress. Marcel Dekker, Inc, New York.

Pirzad, A. (2007) Effects of irrigation and plant density on some physiological traits and essence of Matricaria
chamomilla L. Ph. D. Thesis, University of Tabriz, Tabriz, Iran.

Reddy, A. R., Chaitanyaa, K. V. and Vivekanandanb, M. (2004) Drought-induced responses of photosynthesis and
antioxidant metabolism in higher plants. Journal of Plant Physiology 161: 1189-1202.

Renault, H., Roussel, V., El Amrani, A., Arzel, M., Renault, D., Bouchereau, A. and Deleu, C. (2010) The Arabidopsis
pop2-1 mutant reveals the involvement of GABA transaminase in salt stress tolerance. BMC Plant Biology 10: 20.

Rezvani, N., Sorooshzadeh, A. and Farhadi, N. (2012) Effect of nano-silver on growth of saffron in flooding stress.
World Academy of Science Engineering and Technology 11-16.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

A4 o ¥4 oyled & als ( alS 5 S, 5 anl b £A

Rucker, K. S., Kevin, C. K., Holbrook, C. C. and Hook, J. F. (1995) Identification of peanut genotypes with improved
drought avoidance traits. Peanut Science 22: 14-18.

Saied, A. S. (2004) Differences in NaCl stress tolerance of Strawberry (Fragaria x Ananasa Duch.) Cultivars “Elsanta”
and “Korona”. Cuvillier Verlag, Germany.

Sakihama, Y., Coheno, M., Grace, S. and Yamasaki, H. (2002) Plan phenolic antioxidant and prooxidant activities
phenolic-induced oxidative damage mediated by metals in plants. Journal Plant Toxicology 177: 67-80.

Scandalios, J. G. (1994) Regulation and properties of plant catalases. CRC, Press, Boka, Raton, Florida.

Semsar Yazdi, A. A. and Labbaf Khaneiki, M. (2007) The drought of 2001 and the measures taken by Yazd regional
water authority. In: Groundwater for Emergency Situations (eds.Vrba, J. and Salamat, A. R.) Unesco, Paris.

Shabala, A. J. and Al-Azawi, S. K. (2000) Occurrance of phosphate -solubilizing bacteria in some Iragi soils. Plant and
Soil 117: 135-141.

Shang, H., Cao, S., Yang, Z., Cai, Y. and Zheng, Y. (2011) Effect of exogenous y-aminobutyric acid treatment on
proline accumulation and chilling injury in peach fruit after long-term cold storage. Journal of Agricultural and
Food Chemistry 59: 1264-1268.

Shao, H. B., Chu, L. Y., Jaleel, C. A. and Zhao, C. X. (2008) Water-deficit stress induced anatomical changes in higher
plants. Comptes Rendus Biologies 331: 215-225.

Sharma, P., Jha, A. B., Dubey, R. S. and Pessarakli, M. (2012) Reactive oxygen species, oxidative damage, and
antioxidative defense mechanism in plants under stressful conditions. Journal of Botany 2012: 1-26.

Shehab, G. G., Ahmad, O. K. and EL-Beltagi, H. S. (2010) Effects of various chemical agents for alleviation of drought
stress in rice plants. Notulea Botanicae Horti Agrobotanici Cluj-Napoca 38: 130-148.

Shelp, B. J., Bozzo, G. G., Trobacher, C. P., Chiu, G. and Bajwa, V. S. (2012) Strategies and tools for studying the
metabolism and function of y-aminobutyrate in plants. |. Pathway structure. Botany 90: 651-668.

Siddique, M. R. B., Hamid, A. and Islam, M. S. (1999) Drought stress effects on photosynthetic rate and leaf gas
exchange of wheat. Botanical Academy of Singapore 40: 141-145.

Simoni, Robert D., Hill, Robert L., Vaughan, M. and Tabor, H. (2003) "A classic instrument: The beckman DU
spectrophotometer and its inventor, Arnold O. Beckman”. The Journal of Biological Chemistry 278.

Singh, B. and Usha, K. (2003) Salicylic acid induced physiological and biochemical changes in wheat seedlings under
water stress. Plant Growth Regulation 137-141.

Sivritepe, N., Sivritepe, H. O., Celik, H. and Katkat, A.V. (2010) Salinity responses of grafted grapevines: Effects of
scion and rootstock genotypes. Notulae Botanicae Horticulture Agrobotanici Cluj-Napoca 38: 193-201.

Slinkard, K. and Singleton, V. L. (1977) Total phenol Analysis: Automation and comparison with manual methods.
American Journal of Enology and Viticulture 28: 49-55.

Solar, A., Colaric, M., Usenik, V. and Stampar, F. (2006) Seasonal variations of selected flavonoids, phenolic acids and
quinines in annual shoots of common walnut (Juglans regia L.). Plant Science 170: 453-461.

Soleimani Aghdam, M., Sevillano, L., Flores, F. and Bodbodak, S. (2015) The contribution of biotechnology to
improving post-harvest chilling tolerance in fruits and vegetables using heat-shock proteins. The Journal of
Agricultural Science 153: 7-24.

Song, H., Xu, X., Wang, H., Wang, H. and Tao, Y. (2010) Exogenous y-aminobutyric acid alleviates oxidative damage
caused by aluminium and proton stresses on barley seedlings. Journal of the Science of Food and Agriculture
90: 1410-1416.

Tattini, M., Galardi, C., Pinelli, P., Massai, R., Remorini, D. and Agati, G. (2004) Differential accumulation of
flavonoids and hydroxycinnamates in leaves of Ligustrum vulgare under excess light and drought stress. New
Phytologist 163: 547-561.

Tester, M. and Davenport, R. (2003) Na" tolerance and Na" transport in higher plants. Annals of Botany 91: 503-527.

Thomas Fernandez, R., Perry, R. L. and Flore, J. A. (1997) “Drought response of young apple trees on three rootstocks:
Growth and development,” Journal of the American Society for Horticultural Science 14-19.

Valliyodan, B. and Nguyen, H. T. (2006) Understanding regulatory networks and engineering for enhanced drought
tolerance in plants. Current Opinion in Plant Biology 9: 1-7.

Vijayakumari, K. and Puthur, J. T. (2015) y-Aminobutyric acid (GABA) priming enhances the osmotic stress tolerance
in Piper nigrum Linn. Plants subjected to PEG-induced stress. Plant Growth Science 78: 57-67.

Wagner, G. J. (1979) Content and vacuole/extra vacuole distribution of neutral sugars, free amino acids, and
anthocyanins in protoplast. Plant Physiology 64: 88-93.

Wang, S. Y. and Lin, H. S. (2000) Antioxidant activity in fruits and leaves of blackberry, raspberry, and strawberry
varies with cultivar and developmental stage. Journal of Agricultural and Food Chemistry 48: 140-146.

Wang, X. D., Xie, B. T., Tan, W. M, Li, J. M., Zhai, Z. X., Duan, L. S. (2009) Effects of exogenous GABA on yield,
quality, and high temperature tolerance during anthesis stage of winter wheat. Journal of Triticeae Crops 4: 623-626.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

£4 O A8 53 (Sid 5 o 3 gy g el Sy giel LIS S

Watkinson, J. I., Hendricks, L., Sioson, A. A., Vasquez-Robinet, C., Verlyn, S., Heath, L. S., Schuler, M., Bohnert, H.
J., Bonierbale, M. and Grene, R. (2006) Accessions of Solanum toberosum spp. andigena show differences in
photosynthetic recovery after drought stress as reflected in gene expression profiles. Plant Science 171: 745-758.

Wu, S. J. and Ng, L. T. (2008) Antioxidant and free radical scavenging activities of wild bitter melon (Momordica
charantia Linn. var. abbreviata Ser.). in Taiwan. Journal of Food Science and Technology 41: 323-330.

Yasar, F., Ellialtioglu, S. and Yildiz, K. (2008a) Effect of salt stress on antioxidant defense systems, lipid peroxidation,
and chlorophyll content in green bean. Russian Journal of Plant Physiology 55: 782-786.

Yin, Y., Yang, R. and Gu's, Z. (2014) Calcium regulating growth and GABA metabolism pathways in germinating
soybean (Glycine max L.) under NaCl stress. European Food Research and Technology 239: 149-156.

Yu, K., Gao, W., Hahn, W., E. J. and Paek, K. Y. (2002) Jasmonic acid improves ginsenoside accumulation in
adventitious root culture of Panax ginseng C.A. Meyer. Biochemical Engineering Journal 11: 211-215.

Zhang, J., Zhang, Y., Du, Y., Chen, S. and Tang, H. (2011) Dynamic metabonomic responses of tobacco (Nicotiana
tabacum) plants to salt stress. Journal of Proteome Research 10: 1904-1914.

Zushi, K. and Matsuzoe, N. (2007) Salt stress-enhanced y-aminobutyric acid (GABA) in tomato fruit. International
Society for Horticultural Science 761: 431-435.


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html

[ Downloaded from jispp.iut.ac.ir on 2026-06-21 ]

[ DOR: 20.1001.1.23222727.1399.9.39.10.9]

A4 o ¥4 oyled & als ( alS 5 S, 5 anl b 0

An investigation of GABA effect on drought stress tolerance improvement in
cultivated saffron (Crocus sativus L.)

Farahnaz Sedighi Moshkenani!, Vahid Niknam!, Golandam Sharifi?", Maryam seifi Kalhor

! Department of Biology (current School of Biology), University College of Sciences, University of
Tehran, Tehran, Iran
2 Department of Basic Sciences, Institute for Humanities and Cultural Studies, Tehran, Iran
(Received: 07/01/2020, Accepted: 23/06/2020)

Abastract

Environmental stress triggers a wide range of reactions in plants, ranging from changes in gene expression and cell
metabolism to alterations in growth rate and plant function. Drought, as a major environmental stress, is associated with
various defects in plant growth and development. It has been suggested that the implementation of certain chemicals,
such as gamma amino butyric acid (GABA), can minimize the detrimental effects of drought stress. Using a factorial
pattern based on the completely randomized block design, the current study sought to investigate the effect of GABA
on the vegetative characteristics and resistance indices of saffron (Crocus sativus L.) plants under water deficit
conditions. GABA treatments (with the two concentrations of 25 and 50 uM) were applied to the plants through
irrigation and under three levels (0%, 10% and 15%) of polyethylene glycol (PEG 6000) as drought stress inducers.
Results indicated that GABA treatment could compensate for saffron shoot and root weight loss due to water deficit
conditions. Results also showed that proline, malondialdehyde, and protein contents decreased under drought stress
conditions, but GABA treatment 25 pM (PEG 15%) increased proline and malondialdehyde contents significantly.
GABA treatment at both 25 and 50 uMs increased plant protein content under drought stress conditions. Antioxidant
enzyme activity (e.g., catalase and superoxide dismutase) decreased significantly under drought stress conditions,
whereas peroxidase activity decreased at 10% PEG and increased at 15% PEG. GABA treatment at 50 uM (10% and
15% PEG) increased antioxidant enzymes including catalase and superoxide dismutase. GABA treatment at both 25
and 50 uMs in 15% PEG stress condition increased superoxide dismutase, but the observed difference was not
significant. GABA treatment at 50 uM (10% PEG) significantly increased phenol content, GABA treatment at 25 uM
(15% PEG) increased flavonoid content to considesable extente, and GABA treatment 25 pM (10% PEG) significantly
increased anthocyanin content, respectively. Based on these findings and due to the positive effects of GABA treatment
on the induction of drought resistance in saffron, it is recommended that GABA be used as an effective substance to
fight the detrimental effects of drought stress on saffron plants.

Key Words: Dehydration, Saffron, GABA, Tolerance to dehydration, PEG

Corresponding author, Email: g.sharifi@ihcs.ac.ir


https://dor.isc.ac/dor/20.1001.1.23222727.1399.9.39.10.9
https://jispp.iut.ac.ir/article-1-1359-fa.html
http://www.tcpdf.org

