[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

YFE-YY tamiv Ve aloss 5 53T FO oyled Vv Wi aLE 5 SIS 5 Al

> (Sesamum indicum) dseS’ Cilises slacS 85 2lasdsm 9 S5 P85S b S

S o5 Jal

T Ol Bha Tl past e OGS HLE L B JleSa 5led 5oU
d)}w sy AS.:U} GJSJ.A}}J ;6)‘.4 ‘6)\"" ‘;v’_«b c‘m K] dj,,L.‘:S f}J& e@'é ;‘;ij r_,ls« s dKESs sC)ULa CLL&‘ e};‘

ol ol ok i 5 (5350LES pole oK1 s pake 0557 (ol (5ol amb b 5 (55,5l p sle oIS (Dl b (55,5108

OF e/ S 2l oy Gyl AFee /Y e il )0 5 50)

oS>

ol SESU L Balas WalS b al  JysSU Sy ol 0L s oS il 85 e 3 (K5 sl ST
Jol) doS B85 A e 56 5 (e rreiomws 5 F dald) e ¥ s 548 O b, by O Bl 51 (30 )58
SIS b 53 SIS O g0 4 1SS 4w 55 (LSS50 5 Jda tn-78-393 5 tn-78-389 ( SLSL (OW gl YOLards ( Jb v 85
A w3 S el w3 9P G v 53 ol 4 oS 3l 0L Tl I ol s A 815 ) 2 se
VY0 Sy s n Slgme (o B O/ S NEY) &g JS s 05 e o ey b Wl 055 candllas ) 90w’ il o 435
lszmn (L FANY 5T AVKY) OF (o (slsimmn (L VENE 57 AY/50) slid )bl (asls (S 5 055 08 53 dgesSen V0
5 ENAS 555,18 5 (/A0 5 VN S S AS (/Y 5 o VE) aJds S (5 055 08 g p 8 e sles ) S A5, Jds JS
kS 5 D 5Kl (Y720 5 VYY) 55 sam st | g (5 055 05 2 o5 Ay (slhse ) 01T T (sl 5T Il 0/ ¥F
V) el 4 it S Cod LS P/ rly ke (O/FY 5 F/A) 5amS] 5 sSLE (1/0Y) UL (VYN 5 1¥/8)
e 5o 5 cusls i oo 5o K P & o (g SetlB (/Y 5T /FN) it Oy S Sl oy a8 5 (LAY
(S 5 053 05 53 dgesSn IV 5 OIAP) pdg py ol sl G AYNY 5ONY) G5 J§ Kis 055 ldas (S b JuSy 03,
e Sl ) S Mg, Sy A (gl gme (L FAFY 5L OA) O omad slgies (L OVIAS 57 $8/¥Y) sl g lul Lasls
R 6uﬁ;1 Sl (/Y 5 /X0) a8 5 (/0 5 2 /F8) S S A ((IYY 5 2 /58) addo A (5 055 p 8 e S
(AE) SUBLS (VA 5 AFY) 3anS T p lyy Sl (VR 5 VV/BY) 56 gy 3denS | g (5 055 05 2 f_;T dly slwe )
e oy g 5 LAY 570 /08) osliy 4y s CBS o oSl (L YPA) sty SalE ((YVE 5 V/VY) liST JsSLiE
Fl 5 ed b5, Slie elul 5 o Pl & Comd S oo 3 o) i el (YO 5T YN0) s O gy il
adllas 5,50 o651 plo 4 ol 508 4 e @3 Olsm SLaS 5 Joowia o3, Olsims DUl (g5 58 A5 4 owsp 2550 L)

.3 43 :L@Lﬁﬁ Sl f5J| u"f"‘ TS uSI ‘5>|}34¢' ‘5\.&0\3}3 45 ealaiwl ‘5|f.\ I c5J| d]'.’.‘ b‘_’su.c Cﬁ‘f.b‘. JETR W &L.«l;.;:

Jﬁéjjls L:-L:r..@ 6)‘-&[.3. f"’u L&JJ 4.1"3 c&:jjﬁ: GJ}"' ‘5‘.;)3 %JT 64:15 a‘fj"}

sdklkr@ymail.com : S s 2SI s SLis (s ookin 55°


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"Jb«foa)ws\'il?swtgb;)s}.’.@j} YA

2 ol sladl 3 plad 2 o 238 e Sl S e
3 s S i85 ) 5 e Sl 5 S e Sl olS
Ll e OLS 3 ()58 o e BT ol 108 50 s g
JEEERN NG S SE JUN NI RN
Ol s Lal 355 0 0> OLalS 81 55 Ay B35 (5,5
cils laa S s UL chle 3wl Jials Hlude 5 Jess
(MalF., 2004) tiess &oslize Hls S50 L OALS

Sy S5 IS ke olS s s B Ol
P TR I PSP ce g RIS BLENP
Sliwo 5 Jals Colg o 5 (s ol U g JLalS o
sbes 0 5550 5 (Abdelbaky et al., 2008) 55 S o s,
LS sl b5 IS DU g5 Jaosd Lol 5o (55 58
53 $AUL O Jamte pB1 AL o 8 (6558 Olge SRl
S e eslial oS 5 ils g a8 b 55 Wl Js 08
@l_:s (AmeerKhan et al., 2006) «_ils dalg 1) -3, )8
Ol see 315 OLES (2010) ol e 5 Sabet Teimouri <olaa>s
Tl IRl L (g pd A5 el S ol 5 S L IS
Gl e g d b e palS oS e 5 (65
o gl s 5o IS Al et s 5 S calis
Aol SRl LS Ol ()58l LI L Ll o s
Sl ot UL a3 Coall IS s Sl oS
(Gramer, et al., 2002)

e Sl i 4 raly 53 OBLS s s el sl
s L s sk Jlle (Il o S Lk e e 5 A S
S sly 5 adliS 3 (sl oS 53 55 5 b s
(Ashraf and &S o (g3LeSL 1) (g5 25 3 56 sl
e sberle Sl s o Foolad, 2007)
(Stoeva and ol (5,55 4 OLLS sl 3 S5
oS 5 S, s Olpe il Kaymakanova, 2008)
@ 5 s e 100 U 658 s Sl Lods
sl 0 1S (YY) OLKen 5 Sofalian cliiss
@ by don pe o Bl Sl s w0l

FRVy BN PPUS] 2 PO AN PN PN W5 JYCRCA

4adle
Sesamum L. _ols oL L S LSS oS S
5 e LS 5 CiS sy LS p oS Sl LSS indicum
=5, S dls Lol Ol g Al S g LS
G b e s gl (gl Gilas ol gle
el pog) sladils el Ol e 4 Uk CdS L 8, B
5E 5 s 5l s AS &ls (Wuetal, 2019)s 5.5 s
AL e eedS 5 il el Sl a5 0o s
Aol il gL 2 O gladenl 13l b dmS 2,
UL sl plis S501 5 kS st e sl S
5 s S s Ol b w5 s il el sl
D5 pdS 28 g OF 53 3 g2 50 Wad g il g2 (ieas
(Ogawa et al., 1995) 5 5 . oLl ;3 0 Lid 50
03 edas sk 4 aS o )ls ke o (laes s g L) deS
)s,mnkngjgﬁﬁmtsrﬁwwﬁyu
FoS op dime Gble 53 Jpase opl Sl g pB)
(Weiss, 2000) ol o5 S 1y

o) b (aome G IS 5 Jel B (S 058 A
=l U L) 550 ol s oyl R L AW
oo 35 L BLII 5o (ol Sl B edss S Cr s
(Zhao et al., 2007) > ;1 plosl (5555 A olals
OLALS 53 o5 Sl Jool o5l 5 25 & Jod ul 5
adnze S5 sladyT 5 5 es s el Sl
(Stepien and Johnson, 2009; Sudhir and J\_Ju_a Cm s
Lo OF Loily U5 558 Esl (5552 Murthy, 2004)
Sl 055 B s pd e OF 53 5 AL Rl ady,
22 o Ol 2, UL L e 255 (S ol S Lan
g Bl Ll d ol e g0y 4ty L
LS e el S s e Jie ALS slaily
it oS S 0315 025 e 5 AE) Gos e ol ol
Sl SLEd il 580 (Vaidyanathan et al., 2003) 55 ,.S
i e o ge QLS T Conds 53 i 5 Sos ) U

Cle 0 5 dshw 0Ad sb 5 O e 5 U O


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

VS e gl S ) aleeten 5 (ROP R sle S

LK 5 s5bgs

O5sdendenS |y ST hds b oS ol o3
somlse BT L ST bdSsl sl
-l Sl ('-l)ﬂ SaS a4 e sWOjsdedS]
(Asada, Ly e Bl SUBE w5l oy 5 5 5laaST
5 sl JsSLE 1994; Comba et al, 1998)
Jeo S OlaS| BT 4 S ST ol Sl
(Mittler and W ls O3g,dmdnsSl,y L g riy S5
5 olS 55 Olast 5T sla T Olpe Poulos, 2005)
Chle (ghsd 5 Sl 5 St b baol Sl ol ks
(Murphy, 2002) 5,15 bl lames Lal (5 5 5 85 (g5
L UL 28l 5 50 pemsdenS T o 5l Sdlad 20530
Sabet lalas S 5 S LS 55 Gosd LS Sl
-zl Sl ko3 S 518 (Yor ) olKen s Teimouri
OseS1 lT Gadsly Jlss Cpom sl 5le o5
Sl S sduS l glaw 5T Gl (25 0L 53 s 5
ST U peske ST S 3 053]
(Gressel et al., xabl o 3laasSt, 5 500 Glaas),
Sl (g rde SlenST 5T CJls a5 ) 1994)
Sost Wole oy o Jame o 15 4 Cond (5 s 5
S e B OlF s daes S e
(Esfandiari et al., 2007) . ,\>
Clle Ol diy Lo 53 S Sldie (20l Lol sen
Sleokiy ulal b o 21581 olS IS 03 53 o R
Conle 5 b O Rl Bl L alilie oo 550 Ll 0 ol
Gusb 5 s (El-Habbasha et al., 2007) <ol 0T iy
Loy mde Jb mo 4 by el ol
4 ol SLis 5 Oiada sl s
b 5 BsSly s 4 LSl el S sk 5l O
Los gos GBSl sdoelS 5 Jsho 0550 Rl ol
Sl 5 el (James et al., 2004) uS s 1y Sl
DB Ll e Jes B8 Ol 4 Bl TSl 2
ol ol el oS s e Bl 5 g8 A

M‘j} j..r)J b W@QH&JA[S}:MFJJ\;:J

Goxd s s kS JLbS-WT Bl S
S 5 o i gl g2 (Delauney and Verma, 1993) <.
el QLS slazil 53 T Cands 51 ol Sl Sl
oS Of sl Wl o b e b oditens BLSI 5 4 5
(Salehi and Arzani, aas 0L o9 w |y G a0 Copm
Sl Losls 0las (0TAF) 0, Kan 5 5 50 olallls 2012)
3Ll S oS s S O e gl (505
ol osd 5 4 S ey O Qs s
b;ﬁ@:fgﬁgidlpuﬁp-m’);Ge\:fl}:ﬁ&
SalS S Ol s glsee Oloj C2dS 5 (6558 Bl
ﬁwduoﬁ@eadgsq,ul}:kfduuts&yj\@g
slis s el sl JUz! (Munns et al., 2006) L0 IS 5
Lid S ndidsd bus o a4 Llg s 558 ) 5o Jshe
Ll slon oty @ OF Olsee 5 558 abs)l O ln
m& (Lutts etal,, 1999) coul (5 Seslul LG =5 Sl
oS 5 sl olas (Y4V4) ol e s Khademian colidss
5 e Ul VY LE 5l st SRl L s
3osbin S 5 B sb @ e dlpe s ST s
Oliee Ko 5l 30 O3St Jled ot 5 551aunS| el
Sleds das o bl ol VAV UL e S el
Sphse oded Jslo clis 3 s (g5 S5 51 Lol
5o dlesl 5 slis conl Esl (g0 5l 2b solast i
a5 edd slpe Ul s bl 5 Of g pddsk
(Hasegawa et al., 2000) sl o cLis (g Il Jals
(ROS)Jled 05mS| Slai S ozl o sn (S35 55
Sl 5 Sl (JenS s gl ISl Oz
3 SASy gladd danss oS s O3l
(Becana et 35 S o Jghe 53 clie gla o> O genldins]
Mg e 555058 SlapnilSe L OlalS al, 1998)
35T G dGsl, o Sl 151 GlaenS 5T oo 5T LS 5
Sals b b S nals e alS gbde s 05s]
(Selote and 5,15 L3, (25 4 olS Jos Olgpe b sl

sl (SOD) 3 yemy3denS| s w51 Chopra, 2004)


https://jcesc.um.ac.ir/?_action=article&au=41161&_au=H.++Bekhrad&lang=en
https://jcesc.um.ac.ir/?_action=article&au=41161&_au=H.++Bekhrad&lang=en
https://www.sciencedirect.com/science/article/abs/pii/S0926669019303279#!
https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"Jb«foa)ws\'il?swtgb;)s}.’.@j} A\RKl

2o S GRS Os e p pees o3 T T s
@l s et Llg o ede A, 5 55wl o
L obl osast 55 (YVF) 0Kes 5 Turhan olidiss
Sl L L Of blastl s o8 sls Olas 5als olS 55 Los o
Lo Sas Sl 5l Gl Lo)s 05 Y/0 Cd &0 0 el
9 rLBJ\ das o Ol e gy i cdalin dald (gls & sl
Ay Ol e s d Gble 3l pan g dnS glaes s
3 ol o) albd bl by gl el Lol
Jpame ul 5105 Ao oo B 4 o5 15 4 Jate
o3, alelid 3 S eslinal 5 pd uj@u,,p)tsj ciS gl
ox e 5 L 5SS Gl st S8 e Jee la
Sland,s 4 bl o JliEl g Lol 5 eslazal L
LglAMKA Sl ol el el J s
Sl 53 3 S glaed, ol o3l e b ol
Lols S5 Gopd L 4 Jeso awls Blus 5 Slus
{(Flowers and Yeo 1995) > S Lul

o3 S plaly o5 0LlS e S sk 4 Jeos
fas ol 058 Sler el o oMRlT sy
gl s ledd (g e Jome 5 Jomte s (el
Maas. and ) 515 513 sl o5 S 55 =S (g 058
5 Yousif .(YO\Y OLKa 5 Grieve 1444 ( Grattan
spb el OIS e 1 S 5 (VAVY) 0L
Jose 5 (Yerr) OL,Ka 5 Dudley Ll .ol o3 S 3 ns
So 4 Jamis L oS 1S S Whos S Dlge (Yoo1)
sph ST U bl SE o et 53 Sl s
L oS el o3l OLE 1S oS 5 lazealS il o 1 ny
Ao oed e TV Rl e osh e RIS
(58 s 5 (Gaballah et al., 2007) G55 se 550 Dlaw
o2 5Ssn s GFa Olpe 5 3 Shes il o Shes
¢ Mahmood et al.,2003) .ol axils Jlis o 1 (g5ls pns
5l n 3 Shes 2alS wlil (Abou Leila et al.,2007
ol 2bil e e owd 0 35d 3 dS lagd
(Y00 0L 5 Ramirez) !

Glai=le LG 30 ol 4o 5 A3, 5 culg 5o 5 ool
4 e Cand SRl s (g0 A5 ROWIRLENUY P
S 55 53 o sar 4 p S s olS S 5 s euly
(Lacerda et al., 2004) .& .l

4.5)‘,\?& ),:Ji.}' aL:? éijjjﬁj:e (_;Laujja mﬁ (_5‘)}‘:’
Sabet Ll o ralS (gysd Lls s olS Sis O
R G i C)JM ALYV ) oL, Kea 5 Teimouri
5 Kol Sl ey e | S e G55 Ll
SO S S U5 Gosd gl Rl L &S L ses 3
G FF S oss RIBIL S ok 4 b e el Sy
ol Ol s Cle w0 Wilg e a5 il zalS Ao s
(Kerepesi and Galiba,2000) il slie ole Gl s

b ouslaS O3l 5 5k s e gl 2 5eS
s el ol s s b Sl esliad a4 8L
oo (g8 poler SCoasd= ) 55 500 gsd b
Olse w0 Llg oy 3l 1y Ol 33T glabys 5 e L3l
)98 QLALS th‘); L oalarul 6‘;; “fjj’ ‘-5_:1 c.\.a &i
5 By bl W S 18 i e
53 L O U ool sl eslinad b cosgspl (a3l glls a5
03 4 Q\jf\.\i.ajji Ohdldas Slagss s A2 sladle
Turhan ) s s 0L isudsl | e of b b lses U s
b 5 Ol YT (oL 5 Rezaei et al., 2014
5 slos o 5,8 Ol LAY (e QY (g
5 opbme L B) i s oA G5 e s bl sl
05555 oS (Ghadiri et al., 2006) s olS ((1Y4+ (g3l 0
(Sadughi et .3, 5 (\YAY (g LIS 5 0l 2)
Cola L bos o bl 31 (YY) olKes 5 Natsheh
S)9e JMJ&)) \)J:'AJ"MJ ‘}.w.} \YU'/Q L;'LJ’&'“

b bss ol b bl 8 Wssas 5,158 5 sl 513 asllae


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

kS e gl ) alenten 5 (RIP R sle S

LK 5 s5bgs

C 5 Jsene I L bl ool s S e, Ko
2 S A Y Gas 53 50 V0 SIS 8 s e A ol
Ol L olel wlS il do e b as ciS Cgb e S
)&L;J;Y—V wﬁ)buﬁbﬁs\ekﬁjud})zéw
Sy o5 Sles O S ey S g ekl SLosas 0
AL e 58 Jesl b 55, 0 ol w5 sl S,
CH A Sl s A el 45 e T ) led L sl
S sb e b Sl 53 O 5 eslinal Lol san alyy Lo
e 4 Gogh e SRS S gl s A il
o Of 5 ad eslizad SIS 55 5l ollS 1 T T
.(POUStini, 2001) A e..l.;‘);ﬁ Lol “ [3dwe ol
glaalS 5l 58 sl A ) A Sy e3ler
1238 el (65 paigad (A5 SIS )y g S

(Sofalian et al., 2013; Desingh and Kanagaraj, 2020)
LS, sluassma)ls 5 Jbo il lsome (5505000
Cygo s LS (6 Sl (14F4) Arnon 5 s, 5 sl
o= S35 Ay (S o36 Ol p ST e il &S
S S Slalss 4 5 3y ol (AND) Jue a8l
Q)L.»\ J:‘..JgfL.?‘ \'ngim T Q}Lh ﬁ rLQ} BEES) JJ,>'
S5 sl sk 4 ldS Sl S sag S 0 5 Ao s A
4 akds Lor Do & )5 oS ae 53 5 s S
)JJ; &L.?-\j,.g.: UASJQJ},«A c.]o‘}lzﬁu e.);.;:_Lw Lﬁ'}j}
Av Ol 2 oo O 5 ol gl S il ) s S S
Sol> S Jool> oslas 5 s S wlsl ol 4 Sos Ao s
eKLwJ B 4.5.:52 0 e “ S L&JV;}J))[S B Jcﬁjjls
4?)3? 6LAJ L 4.51::93 DLESE L] A “:“OJ“LJMJSJL““
L ok SBlo Jsbme oo 455 550t 5l sl
c&'...u.) )( ealeal b 9 A C)j_,s BE) wbbﬁ_}w Olen
oL Biochrom WPA Biowave I Jue e g6 5 oSl
;9?9 le.hcjﬂ J‘}b L e)L,a.& LS)f uJ.;- g}‘ﬁd dm‘
doys Av Ol 5 ds S el 5 Cal 3 e gl Ve 5 2RY
s bsa s s chle Ol s S eslital SSW Ol g o

2 ot b s e 4 3l Slides 0pS b

LS 5l 658 sl gl p Ldes a5 4l ol QLS (55,
2 osreb Gosd S aalllas Lol Ll sl eslinal i
Los dile sps s 5sd al b b ooll L3 0Ll s,
5> GislES 5 2 f b gl glan S Ol 4 oS
Cogo SUI Sl ol B de op d Ol Cos sl
53 oS cd B L pals s sEs, ALS deS aB S
- SIS e Gosd 5 SEE L el 5 (6 e S bl
S50 S oS ol Gas x oss G0 S s s
Sl Bl b ol G ol b as S 513 o) s
2 ot Sl s s sls O Bl 51 26 (58 2
Bl pleld 5 AmS plardsn (SSnsd Slie
Lol 5 b b $)5d S olS ela 5 Joonte

L

TSP
eole oKl Sl ol o058 GbUS s bl
o WAl s le b mbe 5 oosliS
DB L O A s ekl WS bl oS
o sl oy Sl Of Bl 51 36 g ol
D dald) mhe ¥ Jgeme OF L (ol LT3
e b b oS (e e oo 457 (e
S50 e Yolzis (bb Jold) dowS Cilisee 555
5l ek 4 tn-78-393 5 tn-78-389  jLuSL oLl casls
A el (S I 5 ok 4 s ol (Dliid dn s
aye Sl e Sl Yo Ges 5 YO kS 4 e OIS
Shasyze a0 51 bl 5l B as WKl iy
5 bl ea b5 4y S ladigad g e Sle Yo Gas
e 5 GisliS pule ol abisls oKl
W (Vo) @38 513 Sl lsl 55 ol b
S0 oKl (658 e oKiules] L5 e cils ol Sl o
DSes sbml G (YJsdr) @38 513 plad 4

)lﬂfurujb@\d)ymud\ﬁﬁ):wu


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"JLA«?OG)M&\'JJ?&@L:E);JG}JQ‘I} YyY

(GroSla ¥ — v Gas 51 s ) Lol 55 eslizal 5,00 S sland 4 58 Sl gas —\ g

; 0555 6 as B aeely s Coylda o
N (mi(?/(leO g j g ('“‘” o S S 45 St
% (mg/kg) (ma/kg) (dS/m)

Y/$ /X Y AA Y. Tt i Y /Y Y/Y o5

ohale3l 53 ekl 3558 65l O (plasd Sl guas —Y Jpux

S l Colda
e o ot =S el LS ol Sy ke S O 6y

m.eg/lit  m.eg/lit m.eg/lit m.eg/lit m.eg/lit m.eq/lit -
e (dS/my)
V/£4 A Y/A VY \7Al VA \7Al s /A (Jsome oD aals
NAY \feg v YIA AV s \Ai VIV 2 Syeme S5 555 sl o bz
WY Y/f £¥/0 \vAl Yoy A \ig v/A q Syeme T 5755 bs O bl
/54 Y/A Y AV \f2 \Of o A Y (Gl S35 gl ol

4 dge e A3 el o a o D5l D3 e
O seed a5 ¥ gles V0 s Loy VO ol
Y s dsloe 51 A e ¥R e A3 554 5L
52 Jel8 Szl 2 oo ¥ 5 cpoden b G e 2
ol e 38 L ol 3 s, ialesT 4y
a5 oo obe il ba s cela Sl e A ealayl 3
Jslowe O 5,0 5 4235 Yo 3l dag .S ols duul@ujb
Ay L WSO b Y ey Blol iy 1) Je F
SssS 53 Sy Ul Bl bl g s 56 s s
53 Ol ol Sle e gy xSl oSaas b 5 avyy 518
Olsas sl 3l s &b 5 a3 eyl OYr =5 Jsb
2 dps S e sy 2Bl ad elel) SW
ol s 5 e 3 il e oS 2
Sr 70505 20 sn drsSe e 2 5 el

A deule oS

[(ug proline/ml x ml toluene) / 115.5 pg/pmole] / [(g
sample)/5] = umoles proline/ g of fresh weight material.

f" j\‘"c\"go' L;LQC,.H.C :)LLL:'“‘W('M) Ls\f
S bl 5 oag Al s amdh Sl U S
chle 5 a Glp el O s Sl pslie Jiles]

L;'.'.J‘b )‘ 9 lasals 9 Excel )bﬁ‘ <’)” )l oalaul Lv 9 CJ\J} la

Soke MU Sls s Jolo 51l °

Ol alsy 3l oslinad b olS 5 035 05 5 S ket o

Chl Ol Gemer 5 A8 Sl s SO e

Sealial LS 5 055 05 208 e i 2 55008
A5 S acsl=e (YAAV) Lichtenthder J ;s 2

(mg/gfw) a ;IS = [12.7 (OD663) — 2.69 (OD645)] X

V/1000W

(mg/gfw) b |35 s = [ 22.9 (OD645) — 4.69 (OD663)]

x V/1000W

(mg/gfw) JS s s = [20.2 (OD645) + 8.02 (OD663)]

x V/1000W

(mo/gfw) A5 55,18 = [((1000xODA470) — (1.82xchla) —

(85.02xchlb))/198] x V//1000W

(gl #9Y 5o Jsb 53 o5 wde Olse) ODB63

(n sl #8030 Jsb 53 (655 odor Ol3) ODBAS

Vo Grgb ¥V e dib s )5 ol 0l3e) ODATO
(p,5) wisad 5 055 W (Rl o) o ol il 4 503 o
5 el sl oS Ui g Al el O3 (6 S 5100
RIS P-RTV3e NECPRTN W IS PIEV RIS WA U
WSl s g Clle 4 Ol e e SO, L a8 3
Ol 5 Bates (s .So3lul (g, 3l esliad U bl opl 5
O S LSS a6, Seslll s Ol (VAVY)
¥ Soslse el Al Ve den g elS 5 S e S


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

IV kS e gl ) alenden 5 (ROP R sle Sy

LK 5 s5bgs

s 5os Osbe 0555 mle U550 Sl esliad b LS ol
5y s S S e sy Sl e S e Yol
ol (PHET) U oo Vov lics 3L 2y Koo VAS»
3 esliad b o sy Koo s 6Ll Uge Lo +/) EDTA
V0 i 4 Eppendorf 5430R Jue ladles s sl
03053 V00 e b b an b ogles 3 wds
o I 31 S 0 204 51 e A S e Sla 4ds
A oslited a3l glacdl iava gl 2 oslas Olge 4
2o 3 gl el Jolpe den Lo T s L
b8 el s 655
Gl 3 30 gems Sl g 5] Clab St
bt ol STy Ciles 53 w5l 0l (6 S e310l
YOS e S5 eSS padaslmss
O s b a5l oslae 2y Soo Ver Juld 2) s
Sl S QU de oV EDTA (g5= (PH=T) LUye L
Nge s VY isie I (PHE10.2) SUse ks O
ole o s LUK VO (NBT) pslds s 55k 20
Sl s 5 S5 e Sen Vsl
O3k G OS5 sl s bl dY s sl
L Sl A a5 s dals Olge 4 eyl ojlas
23 S5 (6558 s (S50 Sl Y3 b gl 030551 3
Sl b aids V0 5l dm 5 LT e sads a5 YO gles
53 bslse o8 ol Ulge 5 e STyl 058
Jde ey Sl o 5l eslinal L egl 0F»
05 S e ¢l i skl Biochrom WPA Biowave II
Sl sl Sl s sl Slis Bl Sl el
SMie axly s A SIS s e S e Al
o5 sl 5l Bl doys 00 b lg e oS o
{(Beauchamp and Fridovich, 1971) s 033551 75 sl s 2
P LSS | O [P S S
Jelo I e Y 281y oS 5 i(Ascorbate Peroxidase)
Ol U b Vo Sl Sl QU s Ve iland il
g el oolas 1l S Ve 5 U e Ve &5

.mrﬂ)h}wﬁwa}:w

(RWC) — Relative o s lgome 55050
LoamS olS 5 S, wses 5l o8 +/0 water content
J5s 3 s s ARG el a3l 5 eslind
05 b e ¥ dlwy 5o 5 55 dbse ki O 5l 0,00
) S e gl e S (S el YE Dk 4 S
S s g S 5 s ST 05555 3l A s 03,503 e
L s 53 b sad e 5 S Sl 5 5 e p ) s
VO los b Ol s 53 sl YF e 4 5 ol ool Ll 3
Ll e ais 0f Sl day A3 0305 13 e gendes a3
25 Jpep ol el boculg o s o s s 0l
A3 S s A3 o 2 S O o (gl gioe O e

%RWC= [(FW-DW)/(TW-DW)] x100

039) TW (S 033) DW ¢ (S 5 @5ad 5 033) FW
(bl S s e 5es

| FPRNP S (G PR ) I PV RV PP P SR R
oo sl bl cpl s dews &y sl solub el
Sl aS Gk cpds s S eslanal (YeY) 0L, 5 Sairam
Ay s Ol @il anw s Oler S 5l Bl sl
S sl Jlast ol&ile3l a1 55 Slass il
OB Jotls 53 M S Sl e VB L (S S
Sl Gy esle Y Sl w0y ke O 1) e Y (g5l
s o&ius 5l eslazal L e A els 18 6UT gles s
Colds AZ-8301 Jus bb, e EC L S sSl culia
ol Sl Ol 4 A S Sl ol ST
5 Cole & ol 4 B sl e S ClSIsL (ECL)
Ao L esls G138 gl s 55 esendis a3 Ve (gles
Lo esls 3 S gy cole SO Ol 4 GAS s
Olge 4 5 035 (5,803l dslous (SOl olitn e
Lelie ool jestla s cuilesl (EC2) L 4ol il
tslne MSI=(1-(ECL/EC2))*100 J 4 5 3| o3lizasl L MSI
s S

~ 4 50d oSO 5 a1 ST (BT o 5T (g 805100


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"Jb«foa)ws\'il?swtgb;)s}.’.@j} V¥

Ao O i DS 5 5l e 5 el ke 2SS
i alsl alS sy ijz Al s Je s Y S ISl
s b ool JUH (5 ) e 00 Sl & e
s edls pind ai e dix e e s leiec L
3 2Ble 2 e 00 e w0 LB LS
(Flame ales 25 olSows ahows 4 0 5liae 55 3 52 50 pals
& »Seslkl Jenway &S & ol PFP7 Ju. Photometer)
mosls Jd> 5 4 25 (gl ,» (Chapman and Pratt, 1961) ...
Oge3l 3l eslial b oy SSle anslin 5 SAS 153l o5 Sl La
e N B USE  5 lp  ho 0 0 leil e 3 (STl
A5 S eslizad Excel 5

oy mli
(55 A S s DL (1) e lls wp s
S 5 s Glaen GBS 5 ot RS 5 S5
@ Js )5 Ol d e elii giluL el
Sagme Aoy S ezl e 53 A3 55558 5 JS Js IS
Cobe oo Gl sl sty bos 55 Sols 4 ool
sl Olis 5 51 (6 g il

5 Gosh Sy S0k aslie 1S ol g (6l e
F}Muézﬂjsfﬁjlwésbow (V) Ko 55
3V Okands (B 93 fe ey s P So50 e 2
S5 10-78-393 5 78380 3, 5 smes 5 s
Gilles) gl ol Ll sl [, Loy ns
g atls ST L 5 Ol (35 a8 o5k 4 Los (ol e
(5 Ois rjf 33 s Jse Se) ATV 5V YO L s S
e sl jolanst] st <=L“ejl O oSy ldae i
S L 536 (5o ph A5 s s SO 5L Ol o3,
S 5 AEl Jesie 503 S Wy oy Sos pB)
033 08 53 dpes Sea) OIAF b LSl (55 a4 by e 5lkie
L;;;cb@lﬁfujnwﬁes@\gudsu,;ﬁ(,:
O e 3 Ll gl o pd 4 el OlSL 3

by e 5L s n DMEe i e p e w3 4 G0

3 S Ao 53§ g Sl o sy (S5 5 2 Dl
G0 (g, 5L L aids ) Sde 53 el YA e Uk
Sl 2 (ol slas 05 pol= LS 5) Sl ol
5035 pS 0o (4kBs 55 055 A denS| Sl Olie) Al
2 dps S VP ply (el o A8 Al DL
(Nakano and .t e by Sl & sanl ST (51 20 Sl
Asada, 1981)

S5 b sl (Catalase) 5UGLS o Fledbd v
Ol (PHET) U e 00 liws 3L Jols 2 e ¥
Loy sl olas 2y Sn Ve g JUss e Ve 05|
G ol Ol i s S 5Ll JaSTy wlas 03 S 6L
FasB T ge Igb 5o ey il Sl eslinad b oS 5
—ll b 0 Juol s s adds GOk sy S e 2
Vgl sl glas UG b Ol 5 A3 (g8
23 Sp 5 05 e S o (aads S s HO2 U L
Sl e by OiodeadenSl s Ol el
(Aebi, 1984) L5 eslme s sl s oy Sen +/+ ¥4

(Guaiacol  3ldmSt, JSLE ‘.,,;T O | PR PR
2Ll e Y sl sle S 5 iPeroxidase)
—ol QUge o Yo U SLE (PH=7) JUse Joo 00 i
S A LS WA LS (P WARPE Wy
ST 58Ty O3deadS|y s 5 byl 4 ojlas 0US
o56b 5 ISUE1E & JSUE G bdd e 5 05 s
Lo 3 ety ISUE sl cdl 8 e 3 K
ot A3 S Sl gl YV mae ik s St
Sl cdl Wil e Y88 mMIecmd SUET s sl
(Lin and Kao, 1999) & aeslos 3L 5 055 p 5 5 A>1s

a5l 53 S e ey 5 e cale S S eIl
Sl WS ol YA Ol 53 g a3 Ve gl = L
S > S 3 3l S e s edd Sl e LS
S35 I3 g a3 YO Gles o) 5 5w
00+ & Sowal 4 o) 8 Ol o a3 353 g~ L Obsen
S pmdp Sl By Al olile pospnds a0


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

N0 koS e gl 5 plendan 5 (RSP e S OLer 5 55kes

Sogs b Cod Ao Glaes g g pL)) 3 () 3550 Sliw pSlly @ s Y g

e

Sl giea b - ool Sl s a
a |, s by S by S a Ly ls Sl : Sy e
NIRRT NEC s J T ey o g &
—
b T Ky
YO R bk YO RL LA VATT S VR 1 SR VIRY . S (AR VA RV NVIX SR Y70 S 55
OEYYEE veasn FE O AVYA KT REYETE A STER RFOYAATE STV AVER YV R Y o
ey *E /Yoy NS s ¥ e DS O YVV/ PV EE \$O/5TF \ o) /Py \¥ S IR
NI NYa: ey NN VIR FA» Y¥/f5 VO/¥ A [
Y8 SIVAV +JAD £/7 V/Av /0 V/YY /Y Sl i b Ao
J.::L:daJu.o):&j.\.qp):cl.;ka‘cb.u):‘)‘b&m‘gjb‘_émﬁ.ﬁ%ﬁAeéiééié‘,éiéjns
‘_;J".:: ).;U o Jav..s 6&55‘,3"5 cuj LRV oSS R BX Slawe ;J"".’L.’.)‘.’ Aﬁ}.‘gr.’a'—“ J_,.b aalsl
Sz U5y ke S N JsLs LUt Sy S STy g s i mibee
<y ol 4 el VJ" ST, SIS 30 semas sslsl
/\/O?Y** '/Y?Vns AN s % \/09%5 9/‘~Ye%is ~/\°\~W‘E 9./\/99&-& \Y\/vv-ﬁee& Y, \_A.;:}.:j
VEVYAAT a0 *E vy R q g VA/FO # TACSGEIR FAViVas ova/F0** \ Sops
'/Y/\O* '/'V\° *% ./\\ ns '/YQ £ ./\f.;ms ./“Ons \//V;sm TY/'O‘M% V¥ %*:‘j".}xﬁ.é)j*:’
ATY AR /oA o/ /Yy IRV /YY¥ YY/OF A Ut
o/f) VO/OV o/8 Vo/5Y v/ A /7Y ¥/¥A O kS g
.Li‘nl..adaM,:&;M,:@Jhblchwﬁ)ladzuj)l; Mgl o § A W g% 4 NS
16 Wl Ao oeiasy o P sass g0 My ey e 85,88
~ 14
: bc
12
5 f
e
2w o 10 f
T 3 8 g .gh h
Y . , hi _ghg _ghgh
i i .
a 6 1 1 1
D
5 4
2> 2
0
J-'L' Y olasds _ FEAR- RS ol S 51_; Tn-78-389 Tn-78-393
S8

Dgo3l lun p alia b By o (6113 L0 st oS oS 53 g Cho G55 5 st KR eSSl anglie -) IS
Sl Sl pme DU gl 15 Ao ;3 0 Jlez] ch..a 23 SSls

Sl 5 sk lads B JenS ool sadSSsl, 335 5 s S 55 odsn Jses Sl 10 L Ol o35«

LSJK)L"" e 4.2{.1.3.9:\ JZAlSj ngf‘ dLE.ul 9 oﬁ:-.) cQT rl.;)\ LY .19_5.']/4 uﬂ.ﬁ cﬁw ui‘ DL J»fj)ﬁ )l.LS.A U'»"J:'“S
w130 (Rontain et al., 2002) > 5 & Joss a2 4 5 0Ll s s, s tn-78-393 5 tn-78-389 (LSl


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"Jb«foa)ws\'il?swtgb;)s}.’.@j} A\RI4

ol slid Il Lasls do s OVAS 5 #8/FY AY/VO
s pbl 4 el Sl o35 a8 S5 8 e Ol
S Glp el el (osd a4 Gl axdllas 5y
Gl arls Sl Olg e sopd A5 4 Jemte OLLS
GLid @ ok 35l el Ol atls pl s S eslizal slid
Cola (68 I L s b 0n o 0T g s 5 Jske
i ol atla Ole ()55 &S o aste S S
[(Battacharjee and Mokherjee, 1996) aas » falS |,
slacs 55 Bl s 3 0 Sladss s (Yoo A) Al 5 Ashraf
53 oS Sy 258 (soph A5 Ll s s IS LS s sl
oarles ol gl Lls el e 55 b awslis 5o Lis
polie slacs 55 Sbil 5 plabid Gl obme Ol & )
5 5 Sldllae s (Yoo Y) OL,Ken 5 Sairam ..6s S Ol g
sl ials el ool S ol Ol r,\.;f oS
Js a8 Wy s o Llp o S A clie gl
5 b OprldenS1y OF dUs & 5 o5 3l A6 05
(Chaparzadeh et al., 2003) A3l S5 cid 5 Lis g 5
Lid glul astls sls Olis (F Joix) Sewen 0305l
Slyee 5 G IS S 055 b UL Sl e BLS
L ULl e e (Stan 5 55 JS 5 S O
s b cble Ol e

o) (lols i gl ol 10T (o gl oo
53 Ol s Sl Cido S ph 5 8 SSen s (7
JS8) SSle a3 Sl e o3 G e -
SIs o5 mhaw aw a5 Ol (B, oS sl LA (F
) Ll g S s ;.j o Slge 53 GlAde o i
Ol e Gl o3 YANY 5 OAVY Ol L SleSL
S e e 45 Pl (o pd mshe s S S w
0 A e S OIS e 2 Ll L ke S
A oo addllas 3,50 K05 pUl L alie 53 (55 4

A Sosd mhaw e a3 e 5 Y Olnds (35 o
I S TS R ol cie oy

Rl e 03 Gosi barlse oy LS sla STy

2013 oS 53 5 (Y1) UL 5 Li b g S 5 0l
Lo g dS olS 53 5 (VYF4Y) 0l 5 LU 3 law g o)
5 0T OLes 5 0L ske (OFAY) Gldor 5 bl
R e LS S (Yeev) OlL,es 5 Hulusi
s st Ol Lo sast 53 (1F48) 0, Kas 5 0Ll e
b Sl el opd A5 Bl s s S
& odald mhw Sl gopd Rl LS sl Ol 8 Al
S 23l GRlBl s Ol pe s (o VIO e
RL SRl 5 oty eSS Gl s 4 Ll
Sl b eaes L LOT cxle Olojes
-t oo @ ol s sl (il Al Ladead sl
» [(Afzal et al,, 2008) sl - Js,0 ulssl o Ll
osn Sl bn Sheen ilps st w8 el
s sy s pme e u.f:w..u JS&M;- O3 b gfﬂ
30 o30Sy g (Sl 5T L arlllan 5550 Sl (55 5
Sty 1 e (Sian UL ST Sl Sl
F Jgae)
Sl om0 sbgs s sl gHlal jesls
UL b me Gl mlesT ol s slie L Laxls
ol B Sl e sy cd of 51 S oS Wsls ol
Sl ol glaasl 5o KIS e 5 035 foie do
tlin gl LS 3 S s gosd 4 Jes
S ol OLEs (Y IK2) (655 5 i) SSen Sl
P s o3 5 7 el e a8 s OW S 035
it GLls dsss VENE 5 AP0 AFAY L i a
Bl e 0o ol a4 sy sl ol el ke
SO il 535 Ol o35 4 bs e S S5 %S
OLE i el AL 43l s g 358 i 53 1y 6 i
@ S L5 g0 pl) ple a4 o QW51 (35 45 Aas s
53 78393 5 tN-78-380 15, 5> 5L i femie (5,55
i il uSs b gl e s i Ll
2 A5 7 ol (65 maw 4w a s Ll ol e

Oliee b 5 4y SsSB4 Ml o By 20y i)


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

YV

koS il gla i 85 aberdian 5 (RSP m 5 sl 2Ty

LK 5 s5bgs

100

80

Lis i.‘;.)""'.’.l'.’, u.a.a-Li‘a
a

W oals
be c b

b Yokezis s

J‘:"Jt‘d“-:'“-ljg;“-’?tﬁJﬁ

FESR NS

ol !

i i)

B e g i) oo S )5

st Tn-78-389 Tn-78-393

Gl p alin b Gy gl)ls G0 g douS olE 53 Ll gylhl atls 5 i sl 5 Gosd St il dulie —Y S

Wl ls e U g1 Ao y5 O Szl el 3 Sls 0585

s ol 5Ly Of bl 3 b g e i85 o douS olE 55 sbil 3,00 Sl Kiewer ol b —F J g

[ Vo V¢ 'y VY K ‘e q A v i ° ¢ 3 Y \
. ) 9 _ I I i 3 N
[+ 3 3 3 3 39, 3 4 3 % o bos A4
R T T T T T G S N
L 3 ] | + 5 v, a . S S
2 Ey E 5] B 3. 3 v,
\ \
\ VN S ¢
\ VEN JAEE Ly
\ -/ ERTAC MEETYA & Sa S {
\ A & 0/ Q7N N JAREE 0
\ AOFE PR gy YA\ VLT R 4
\ /g DAY AANENYA S VAN A ANA VAN A v
\ ETAA AMEEEEE YL SV SV} 7 ST VA'A SASEY/.S SASELY/Y S SN
\ OFEE o/ayns —/YFF YvE /N AMEEYE) LAESVAY A BEYA | LY
\ oqF (V72 M VA L LV L SRV R L 7S ST VAL LVl S REY) AR D
\ VAV SRVEN SRY A ST VA ) (oY) v S VAR L 7S ST VAY < B VA V) 4 R B
\ VA S VLY <N VA R LY/ 4 SRS A D7 VAN /AR JANEE AT Y
\ R L /A e DVC OVER e A ey DAYa JAVER -\ O TATAEY) A R o
\ O™~y /APFE a/eqns DRV A SR S VA ' MY/ S L\ SV AR e /qEEE A0 Y
\ —r/QNF o0 Q% L/R VA & DA LY < DN e VIAVEE DAY Sa VA R /qY** /4% /NS V0
\ — v JAQFE LVEN A —e /20" S /AYEE e ey e PNEE ' JAQFE — AT —v/QN /s —APEE AR _vREE

ML:@M)J&}M)}@

3 G gl Wy Salda (WWAR) OLSGs 5 (o &b

Sl gy pd 25 SRl L S olS s O ed (5l gt

Cer bl Olge @ S, ;.j s Slge AL
sl OLES 5 ol Ol sie OlalS Jclw SS s3Il

JW‘CE“JAJ‘J@MJJB@MJ&%J:@;

53-35(‘}“8

DS e SES g Sosd as Llesls 3y 390 5l Cie

wils 56 oS S Ol d (ges Ol o &S el s

s ) M a5 ol Sl Ol GR11L oS sy

S sl (Garg and singla, 2009) Ll . ialS S


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"JLA«?OG)M&\'JJ?&@L:E);JG}J.QI} ARPA

Bl FA R ) e B s B e ows 4 5,80

100
be ab ab ab a ap
80 cd cd de cde cd cde

12 fgn f f fg

‘.”d‘i“"‘:’&.d}b“
a

sits, Tn-78-389 Tn-78-393

jee Yolezss s el L oyl
S 9]

Osa51 Sl p ailie o Sy glls L0 s aomS oLS 53 OF od sl 1 G583 5 Gusd SSKen eSSl A lis Y K3
Sl s gmn Bz 515 Ao 5 O Jlez CL"" 23 HSSls

Wl PR sy e B g g PR sy e Y g, 50

. a
:33 08 | h be g D ge M cd Peer fg gh

\3\3. 5 ) . 33 ‘ \,)? ] N :5@ :\;'-5’5
3/ ¥ \?? ? 5\/5 é\"o «

7 oS $5 I N

03031 Slus 1 alis b By (6115 (A0 s dowiS oLS j3 8 by IS Cheo i 5 G0 SRS eile e lie —F IS

‘?TWLE‘):’”J:%’\’ olas (¥ JJJ}:)M sl s
ﬁﬁwgw@wuusﬁ;my,ﬁdswmp
Clle Olsae b bl ajls 555 oUL s pre Cute  Stesen
RSP s Gosh ESenn 1S Jdy IS (gl g

awslis 34 Sl gxe Aoy S Jlexs! ckwﬁa Ja;ejjls
(f IS8 Cto ol sl 5 ot iSen Sl
s 4 by d Jds S Slhe iy o s Of 5l Sb-
'/\/OJ'/VA)\JJJL:%}@ML;CE.AJJJ?L.A)OQJ‘
Bl by Slie eS 5 (5 055 05 » e Sk
G e o) e Vst e s L Slest
3335 5 05 08 e S ke XY 5NV e b s s

M) wb 4 6‘)).\.:: c)d‘u L tn'78'393 9 tn'78'389 r.;)

el lka e Uz (g1l o y3 O Jlaiml o 53 Sl

Slyme 53 SRals adle Lol s (S ale glac Il
S ol S5 aals stias Olis oS S S O s
sbaul i e B s ol el e
A bk e s 02 5L Ogmen (S5 pd s s
(Cicek and Cakirlar, 2002) JLil o suwgs 5 Jsh
ol 53 osd 25 A 53 S T ol Sl JtalS
5ol Bslo e Sy wbe el OlalS
(Jamali and Eshghi, 2015) S s (OYAQ O
< (Ali et al., 2014) rxj (Tuna et al., 2007) S 3 a> 58
{(Rohanipoor et al., 2013) < ,3 5 (Bybordi, 2012) , Sl
Syl Jeily 2 s 4 Ll & a5 1S
Sl Ol 28l 5 (6o 5 5 A0 S J gl
Jeds (Yerv O 5 Nasir Khan) sl oS s


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

N kS e gl o5 ploondon 5 (RIP R sle Sy

LK 5 s5bgs

- 0.4
;}5 0.35
‘w‘l‘
S
3
= b
=
>

0.3
0.25
0.2
0.15
0.1
0.05
0

.J *,
X hf\..-"

- X &

,\%:‘:- '\°°:5
. K K
335

2 Al s Gy glls GO sy 5 Cou b by IS i p douS il sla o 55 Ol 1 pKile dnlie —0 S5

el 5l3 e SUS (l5l5 ez y3 O ez o 55 SSls O g1 (gle

0.5
0.45

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

b Lis As
(5 83508 e )

1 =

S e eed B o fe g peian) ewd A (550

byji Sl p alin o Oy > glls a0 g douS an,:bJé,)SWﬁdjﬁhﬂaﬁucjhw ol a:i'":‘ Mu&-?‘-}&:

oD e a LIS cad g5 chale 5L«
L b IS oud wnle 51 (S5l oo oss A5 L
U lS sl bws O e 4 OAdS Cew
4 Jds S Oas wS1ss 55 5 (Reddy and Vora, 2002)
> (Alonso et al., 2001) 35Sl Jleé glads S alaul
Olsee ol Ll 2alS QLS s Lo IS clale b33 S e
S 5 Sl @ (_}:3))5 Shpsbs b Jés JS 5 fals
JIo Ll RIS Bl s s b s kS wa J8, s
&by Gl SlaS 53 D J85)lS S ol o)l
& Js S Sl i plp e I nenn 5o 550 2l
sde b WShas ol 4 ool Logosd S 5 cl
(Oncel et al., 2000) 5 5 o o 3110 Jd5 IS 51 (6 2oy

sl 381 L e sl OLaS (Y20 A) Ol 5 Tuna Soladlas

el s s Bz 5l dep 55 O Jlez cla.a 28 SSls

@L:.'- S sy v)l} 08 ol A gols pae sl e
Cogd wSan p (Gold gme pf okiad LS bl 4
Soso Al g s 55 A S aab Jis IS » s s
23 lapme Aoy S Jle] Tl 2 s sk @
e i o 0L (B 5 0 JKE) LSl alis
o a ba oS 5055 S neS e em 2 DRSNS
(/X0) Sl o5l a1 Lo e o a5 (+/FV) 01|
L sdalin (gyes I3 iy 53 3y (e /Y%) J;b B
Solsgme b a b J35 S Oy 51 oph BlE 58
bua Ly S cand Cho L LU o sl e ks
3 Susd RSed 5 i S ol LS bl e
gl 03 o pl s H S s b pme b 55
B3 OLES (V JK2) uls elia 5 A3 Sl ime dsys S


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\\‘"dbgf@:,k&g\'&?g@lzfaﬁ)‘.f}xﬂ} Yy

. 3 a
1 25
v o2 ¢
-
':Ia 1.5
= 1
pe
o 05

0

Ll P i) s B Goab e g eian) s R (5585

ﬁqwﬁbd‘gfdbbdub‘,:u.A%Sagfjabqayj)swWﬁd)ﬁﬂwc}bo|;|w§igﬁwﬁo—vh}$&

el 5l3 e SUS (l5l5 Mo y3 O ez o 55 (SSls O g3l (gle

LRI S sy gwd B G 5 B o ke w8 5,0
% 1.4 b b a .
v " 12 | de de de ; @ d
3 v, 0.8 | i jk K
9, o6 m
-y
2 0.4
&S
~ 0.2
0
b Y Ozt M el U, sy Tn-78389 Tn-78-393
i 9]

Sl 5 alin b Gy lls G0 g xS olS 55 IS 35 0 Cho 5 oS 5 st SESen Rl amglis —A JSS

o2 klde o 5 clb oo g ble 4 gl fess
e e 53 o ol g3 1y JMEe S OkeSY
OLLS > (sosd A0 iy Ko pl)) 4 ol (555
sladsly Jlle ) e Sl el s IS Ol s Com e
s A s IS Gl 5 el LSl S 5 s SUS
5 L) Wl SRalS (g e O Ly 53 5 das
Ol Joes la i Coa OLLS 55 L(OYAO O
B I I I e
Usiss 2250 o5 ol S Sl 5 L5 ol o
2 e slagala Sl (S S s J s e cus
ol OLlS 4 e syly e slajlis 0ol Ol
s Nasir Khan &laa>s o .(Zarco-Tejada et al., 2000)

JSJ‘,‘;}_}'LSQ‘):" 6)j.7 QSJJ‘\SJ‘J ‘_)L.:..J (Y"V) Qb&.&.ﬁ

el ls e U g1 A2 55 O Szl pedans 3 oSl 0505

S olS s by a Les IS Glpme gopd SRS DS
Al o Sfals
Al 3 SO dsdr) SGlols e
The 03 Sust s eSS ORSer s s Sost eSS
alle L3l IS 35S Cdo n o Syl
S sl LS WIS osd 5 B ESer Kl
5 Wels gl 53 e5la ST 3L s e Y Okezss o
Bld Sl 1 oo gme Sull e uien) od 7S5
Ol 3, o 3y Jlo 53 ol sls DL S 1518 Ol s
@bl ple g Cad 403 0 mhw o s e SslE L
503 e S R Jbs NS e S e /A0 SINY VYL S S
S e i e & 5 P dald m sl s S

o ol Gl @ s IS S Ol o e o i


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

T kS e gl ) alenten 5 (ROP R sle S

LK 5 s5bgs

A5 YA/00 5 VMY OY/¥0) o 5T dled e b o5 5
Lol o sl Ol ete gLl (5 055 25 4
S e Ol o G5 O3 LS 53 T A w4 g
S0 J’<..'> du%}vj l; wl}.a BE JJ‘);L;G uw}\ r:‘)) S
Sl 0303 OLES Dladllae Sl 5 Jeomite (25 a5 e andlas
Q&bﬁwdjﬁuiﬁpwo\ﬂaul;ﬁé
(Demiral and ls OlaesS| 5T Glap 3T clas Ol
ol b Skast s kL S 85 s> s Turkan, 2005)
)a«Q,}@w\>@uyxj)ﬂyig\ﬂ§)ﬁ&zcb
S Gl L L e e s BG5S e
2 Sl el T i e e s 4 4 S
Ol AmS oLS 53 (1YAR) 01K e 5 (6 yard ol Sliis
3l als SOD 5l lide (5,5 o SRIBI LS sl
SOD 45 slabitlu 0Ad o 5 4 |y Shals ol e
)1.&»\4_&,:;)3@@Mlﬂ,j,u%};wﬁ.m\;g@
(5 035 08 4l VoMY 5 VB ATE) st el
dﬂﬂfﬂ)fb‘\j?é)ﬁdwucjbj;
adllas 5)50 Glacds) ule balie 5o gH5d & o)
CM‘ a.)‘.) QL;».! (\‘\‘\f) Q\JK@)GOSSGt LSLG ] J\.wb
el Sl Oy 4y oS 3 3 sk hIBIL S
Slas sl o oS 5 Gl pslie gl 55 5> SOD
OLes 5 Jalali-e-Emam ool asl als Ll
g 9% 0> Sust Ch.a ol L as W S oS (YY)
ST O W P RUN(FL Y [ A N 35
58 1y SRl A3 14T el laus
3 Gosh Sen  3ldmS | Sl Sl o 5T b
OLis &S sg s e doys SO Jlas CL"” PN PYY
Sl Sl o 3T Ol Dl i slite Gladis 3 g 5 o
Sosd gl a3 s p 25 S S s SlST,
Sy Sl gl Sl Jol s () IS5) o
& b w3l Ol o i 4 5ls DL G355 5 5o s

5 e (5055 05 2 Al Al VUTY) DU 5

Aoy 40 Olge 4y SUsa oo V00 =l )3 (5550 1550
(Y++4) Johnson , Stepien L o Jals Jals 4 oo
22 JBs S Ol st A5 Ll s s oS dissed SIS
Sopd SiSen Sk anglie (3l RS sl
sls OLaS (8 JS2) S 55508 Slyms o g2t 55 55 5
oo by s dald mhe s WS s o S
S it s eS8 e Sk T L Slest
o d by s e g e e 8 S 3 A 5Ss8
e oS 5 055 p S 50 iS5 p 8 e /Y8 L O
OWsl o) bsiyn 5L e e (53 7 S5 o o
b il s 55508 s p e S n e S e o /FY L
clidys Cwlls S s &S a0 03 Jke 505
3oy bl el 535 8 akby Ljls 5y S SUS
5 hemD) Sl (5550 o5l e 5 S slad S
L s S JaslS OYAY) Oas 5 35 .OYAF OlSen
o o s 55508 Ol DS 55 (5)58 A5 SRl
OUyl o3, oS 238w Ol o 3 SialesT cpl sl
OB Goss S 0 ) LS50 Ol oS el andl s
oA Eel s 5 ke Jed | RS bl s els
L 535, Clld 5050 0 LS il s silaS]
ol Ol SeeST (ST 5T 58 5 o5 s e 53
031 (Prochazkova et al., 2001) das o 2l |5 oy 5
Alds S m U Sl e b1 S Shes
G o Ul e daly &y S L85 S b Lés IS
Bl Ol G J8 St 03 L b s ds wa by S
Solsgme aly IS Sl 05y 5 LSS5 e i
(FJsa) il sdalie
3 Gush San 150 gemagd eS| g rij"i Cadlad
wAl Cd L asns K dlsl g 53 G
ok anglie (7 Jadr) Al ls e U ge 3 STy g
w3l Ol ol Lay edens 0L (Ve JS2) uslen
o Susk ap oS SS e 50 A5 e GBI


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"Jb«foa)ws\'il?swtgb;)s}.’.@j} YYY

Wl PR e e TS, st W e g i) oo S )55
. 0.5 ) b ) a
. c d
v “’1»0.4 p ije 8 . ! gn ni 3
2 % 03| m JK ym* H m
E SN
3 :: 0.2
) 0.1
3‘
0
o ¥ olezss N als S5k ol St Tn-78-389 Tn-78-393
)

Osa51 Sloe p ailie b Sy gl)ls A0 s AoS olE 3 U385 5,5 Chw i S 85 5 o SRR ke alis -4 K
Sl s e Bz (515 Ao 5 O Sz c!a..« 23 HSSls

7]
th

Baals = g e ews P iogd M e ) pws 86,80
b

7]
=]

A3
]
th

I
j=h

al.sl
)
S
=
"
e,

et
=

56

th

(5055 ¢85 2

=]

tJde‘)‘édlAbj.»Jos'sAL;):)UMbdf‘S‘ﬂyﬁji@b@j%ﬁj}d}ﬁ&&ﬁju&pw&o—\' JS-.’-':

Wl 5l e SUS (ll5 e y3 0 ez o 53 SSls 0305 e 2 Lo b

25 N . . N . .. N
Bl T e ews T 5,85 B e g i) ows 8 6558
20
— 15
=)
‘-3;; -—1{ 10
tj % 5
gt 7% -
a_
* k)
™ :”J‘ 0
>

S 1> L0 g oS ol 3 1Sy Sl w51 S 5 S5 5 o SEKes g Sl amlis VY IS
sl Jls imn U (gl fs 3 0 Sz e 55 5315 0 g03T (Slins p il 8


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

YW koS e gl ) aloendon 5 (ROP R sle Sy

LK 5 s5bgs

Sz g IR L Sl pae sba SUBE colled Ol
O 5 Sy 308 Lol bl oo 2l 1518 s 2B 5o
Rl Rl L aS il s S olS s s Sliiss s (VYAP)
UG w5l Olpn 2o 1 s (3 B/ B V/Y 5 (550
Al o fals

5 Gosh RSeny STy JSLE il e
il o 3 Sy JSLE ol cdled 5 505
o) miany oSle anslie ol Sls e doys S
Slas sl sl L3 mpl Cdles Ol nlB Sl (OF
Sie o UL oSG sa ol gy pd il L andlae 34
OWsl o35 @ bgo oo 5 ima oo 8 usd e 00
b bgn Sl eS 5 (5 03 p S » el s O/FT)
e o> (5035 05 Al V1Y) Glsl o3,
53 Mty ISUE w3t sl cdld Ol ol dals
5350 ISl 03535 L3 O UL Oy ks oWl o3,
il 5 L bl 5 058 Jeb glad S gl S
sdins Olye & oS Jd 3lsm Al 50Ty JSUE oo 3
T Daoked LSy am Cope LS e Jee 0
O 5 s>l (Apel and Heribert, 2004) s 8
olS 55 45 Loy 4z cpl w355 Sls wnp 02 (VF00)
L olsme sb 4 3luaSy IS m sl Ol 1S
Sas SUsachn Yoo b dals mlaw Sl sopd 25 I
O B T V] B G P
-dSLE j‘-‘:««S‘;@C)bﬁwi SU pag 3 A0S 5y s
iy JS S 05 b e Sl ne (Sean ST,
Sl e b Soven U 5l Ol LU
(F Jgas)eils

AT ml sl S el 5 el
4 e S 5 el e 2B (Vdou) 30
“L’JMLE)V{MM)LSJJ‘;)L%JJ;L"Q’JWL%
Mw%%ﬁwiwwﬁww}%}jﬁft
dosn ) dlel sl 53 g5l 5 B S At

o g 53 (5035 ¢85 5wyl A1y WA )0k
3 bGP0 5 imer 5 3s S ) o3 8
sl s w00l DR S b Slest
o Ll KuK b doss 0 Jleas) mla s (gl e
Oljes S i) (2 7 & Sob il (131G Jsle
Ol il 3l bl o G 6 S5 53 52 53 3l
@Y 2N GR e e sV Gosd e
s S oS s (YerV) OLKea 5 Hulusi olidss
o5 el s laeeSTy ol Sl il s o st
B NLL: fGJ‘ 05 a8 sl Ol GUse e Vee 5 00 (550
Wl RIB Al 4 S 3T Ol opd 4 el
O3, sdas Olge 4 Sl Sl 5 eS|y ol ST
OhasdeadenSl 4 Cand 5 (6oL Jlad b 5 008 eolanl
SUBS (sl oS Sadilsl, Jske sl ST s sl
(Sudhir, et al., 2005) Ll o $5LSL s o 2wy LB
Jie 1 (sl g ) S el 5061 V‘Jﬂ Clad

Aoy ) ezl mhaws 53 ()58 Joe Sl iomen 5 55
Al S 6hsh 5 GBS S (sls e b
JS2) SUBE S i3 it Jl 5 0ke alis 3 550G
O35 ¢S Al VOV) OWl W35 (55 aias OLES (VY
5353wl e 3 o8l o 53 SUBKS 5T Ol 2 (5
s (5 Ois <=J§ SURNCEPRR VAL DR K ANE C R vy
Sl olel s 51 (5 0 05 5 Al VIV) Yolsds
Sols sme Ol o)y 0 Jlaxs| ckw 53 Kls RSt
Aty +/AY) SUBIS o 3T e o S SlaSL o35 sl
S Sl 1y s 25 BGSBS om  (F O35 85
ROV P ST = IR TINe PN UV RV S RPN
Losls Ol ()5 s =l 5o SUBE Cllad o li
e PO g G O T e b
o 6umj A 3 LSSl LY ) il
S sl p 3 Sl 03 OS] o JISG3L5 0k
(Koca, 3550 058 JsS0s0 5 o & OF Lt sl

iS55 0151 (Sl OY40) (6358 5 (sls s gl 2006)


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\’f"Jb‘anJMg\'ﬂag@L_fA;)Lf‘,..\;J}é YYY¥

1.6
> 14
212
N
w ¢ 1
2 %08
-
Y 2 06
3 0.4
= 0.2
0
Yoleits b &L 36 oWy kesy Tn-78-389 Tn-78-393
‘T"':"J"J

BL) Oﬁ‘: Q}a}i ‘_;L.,A,.A.gl.:.»,_.:— J‘gf 6‘)‘5 6\.&&";}« Jar..s e\:f LS/JAJ:J'UU\S V'Uﬂ c,.,\laéﬁ;ﬁ:,sj L;Lé‘ Q‘;‘—\Y JS.:

el s gan Uz gl s 53 O Jloz! pebas

-
=)

1.4
1.2

1
0.8
0.6
0.4
0.2

P Sass 4 5ass

(5 053 p5 2 eyl dls) VLIS

=]

FE e (DS g e (g
0051 Slee 2 4lba b S (slls L0 s oS olE Sy 53 SUBLS 5T e (5558 s slales 36 Y JSS

Sl s s BUzS| 505 dep 55 O Sl ch..a 23 SShs

B sl E e g oean) g B 5o # fo g omas g2 Y Gosd

6

T s
v 4
[ L

a4
37

® N3
",

1 s
a0

a1

0

Yohats e L S3E oWy s, Tn78389 Tn78303
S8

A.IL:J,:’& u‘,j» 6‘)‘.3 L;th‘,:m .\:u's oLSJ.:)‘.\.mS‘j JJSL»‘S V"’“ g‘..‘w); ‘9;)‘35)‘9.» J..io.bj U—SJL.G MLM—\Y JS..&
ol Hls sme DU (6l 515 Ao ;3 O Jlaz] da..«,: Sl by}‘ sl


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

YO oS e gl ) plenden 5 (RIPn R sle Sy

LK 5 s5bgs

3 B oals = e g e e PG gd lll)-:")-."_r“:*-ija“"‘qd)}‘j’
a
2.5 b b
-} 2 c = c ¢
T = é d
CR = d = = d
j‘ = e ef € = = =
A = % = = g = = =
os | 2l wS|| wE|| wEf| My =Z|| =S| M=
o I = B= R= B= g= B= B= B=
Jb Y olazis Jle PESICRCCItF ) oyl Sl Tn-78-389 Tn-78-393
i i)

23 S5 53T (sl alie b B slls (SO s NS oS 3 i S5 5 Soad SRS Kl amlie V0 SO

ol s rn SUS (51,15 A3 0 Jlai el

7 a

6 b
-I}'t 5 c
¢ 4
33
33

1

0

dalo RGO AT
A e ) I ) (oS

PL oﬁb b_}‘ji ‘51.'....0}.\4.3‘-:.4}:'9 d}f 6‘)‘.} ‘5‘-%0_9:.& -\?'I-'S AL; AS/J,:).) Wtiwﬁdjﬁdu&ndu)w;|—\?‘}ﬁ

O chale il sl aulsl dl gkl s s aals L
AYAF OLKer 5 () AniS olS 3 ()b T 3 il
Ly 5 (1445 Gadallah) IS ((\¥48 O, Kes 5 5 ko
el gl sty § 518 (VYA esame e 5 i)
el CBlE g e il gl o SOle anlie
oo b el CBlE (g5 e I L (V8 SS)
C.J&.]m”‘fijéc\g.:)_’k{ Al edalie (3l JalS (gols e
3 P Sop e 53 O F 4y o3 FIVA Sl ks (6553
Cla.ﬂ AL s Ay YS i 4 s e 0 es)
tglis L SSL SRS e p e e b G o

(W JK2) o5 o anlllan 5,50 slacs 55 Sk

&L.w‘ )‘.} ‘_;'M JU:.M 6‘)‘.} MJ.} 0 JLQ:O" ch-w

e 3 oS sl Bl (00 JS8) e Bl s
53 5 8l Gl el CBlE )58 SR L bas S5
T P R U P
53 5 (YN0 5T VOV) DSl o5y 53 S e
FU ¢ 0 mde CBlE iy s e kil
ede Ll il s e CBlE o S S sdalie (0/F9)
VYY) OWl 85 53 e e s 8 57 st S s
i edalie (L OV 57 /Y
Ao oLS L blasl 5 (1¥42) O Kas 5 ot Sliios
O LSSl s b g5 L5 Ll 55 oS sl 0L

ML&AJJM)JV?&ﬂﬁM%FﬁM}@”J


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\\‘"JL«‘\‘OUL«J‘\'J.\:,-‘&L;S/AISJLS‘,.\;J) YyYs

7
6
3" 5
by
%3
13
1
0
Y Olinids Jeba aFls S L ot sl SasS,  Tn-78-389 Tn-78-393
55

o 53 58313 03051 s b b Dy (s1ls SO S LS S 55 by CBL g5 el S1-VY S

e

Solre 5 ot WS e S bty el
B85 AL G50 4 pslis Gt 55 el Sl
Flesie L3l oS Ol S s ol 4 e S S
3 S Olides Cu (Reddy and Vora, 2002) Ltiwa
53 ey & i S il 5 Sl (1F95) 0 Sas
e dsdr @l s ot S GRIP L s
,ﬁww)\auwdcﬂwaMJQuM
JSSaE 055 b ey CBE e cute (Steves
Uiz 5 O omd Slyme Lid (oIl sl (JS [ IS
(F Jsds) sy 5061

A 0oy b Sl ml iy J§ Sis 05
O35 Sdo 5 55 5 Gosd PHSer p 5 Susd w55
5 Goxd Sesn S0k amlis ol B 8 S
oRIF L sl Ol (V4 JS8) S S 055 oS
IS S Ooy e e w2 4 57 el Sl (6,58
0B 02 455k ol LalS dalllas 5 50 Sl 55 e o
Sl JS S22 055 Aoy YATA 5 \WVOY 2alS L Ol
D35 SRS Loy VP S TYYY L Sl o35 5 dels
I T i
oA LI ) falS o fle s e S e e
53 Gz o5 g SRl s Sl esle A5 5 A

el s pae Bz gl 4l Ao 55 O ez

(L #NF) Olezis ) e (/. #12) Ol oo ol ol
Y/PA) DSty oy Jilie s sdinils ) el < lale o UL
5SS L e Bl il | il e o eSO
L bl ki 5 tn-78-393 L tn-78-389 555 wmen
Lol me Sl do 3 0 Jlaast mlane s STl RSt
Azl Kass

3 Gosd o Cew DS s el odr kel
Chle Al Co e e Jltl s S chale 5l
(Ashraf and Oleray, 1996) > s . oLS leplll 55 eonlsy
$0) WS 53 S55 G5 53 alsh pll lsy Al
gr (VY Ol Kes 5 Sairam) c.,\;f (Y8 Ol
s Tiwari) Sio s (Y)Y OLKea 5 Kumr)
e slacde Sl S a8 (14AV01Kes
o el b By Jhe 0550 55 e g D25 o
S il Sl e sloayl s s Jlatl b0l
Wil besiss s eyl ol s,y
.(Flowers and Colmer, 2008)

el o s s SSen Sk alis
Ssgme Sl Sl OA IS8 sty 4 b S
Loadles 5550 slacaiss plad 53 ela opl Olge
el e Cend Rl 2 Sopd Ol I


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

VIV koS e gl G 55 aloondon 5 (ROP 0 sle Sy OLer 5 55kes

. Mu - . N 9 y . - . . q Iy

‘ 1.2 PR gl ) (e T (G 4R P J'.’é_)"‘-"“-lJ Y S

|§ 1
-:i:_ 0.8 b

2 C

. 0.6 d
3 d d

1‘, 0.4 e e € €

fg
h ghl gh gh gh

asls G 5L ol sl
i i)

g Yolbezss Ll s, Tn-78-389 Tn-78393

Sl il b D5 1ls (S0 gous oS oS )3 sy 43 prhs Conmd i 555 5 S0 SR 5Sils s VA IS
el Sl e SUS (1,l5 Mo y3 0 ez o 55 SSls § ga

12 ® control = 6 ds/m salinity =9 ds/m salinity
a
b b ab
3 10 x . -
e\
q 8
M o6
%y
3
tq 2
0

als SS5L oyl

Ss,  Tn-78-389 Tn-78-393

bt ¥ Hliazss Jls

i i)
03051 Sl g alin b Gy l)ls S0 s oS ol 55 IS Ko 035 1 i85 5 s SiKe  5ile anslis —V4 IS
Sl s s BUzS| 505 Ao 5 O Jlezs ch..a 23 HSSls

-&ﬁtshfﬂcb“aTdL,}Mw&ﬂdm;}\“;J
Salg 03 5 St mle RalS e Jelse ) sk
(Moradi and Abdelbagi, 2007)s 5 s i 5 eals

S5 e
Cote (Stmen oS a3 o 0L LT pl 51 Jol
Sl atla b @y IS SEx 055 o UL s sme s
Chle 5 UL (s AS glgme (Ol d lpme L22
Q'M\Jﬁ“w“&%wﬁw;mg

LJ (Meloni et al., 2003) 4y 04 5L OLLS

(Nasir Khan et s, (Kaymakanova and Stoeva, 2008)
o3 S 5158 (Taffouo et al., 2009) 54 5 al., 2007)
OB e 1S s L) s (655 el Rl
(Jamal et al., a& lsa el 5 als; Sl G ey JB
olas (YaaY) ol,es 5 Ghoulam colisle s =l 2014)
CE ) e oS St 035 (Gosd S S sl
SE2 5s opt RIBI L ol Gl )3 sl tals
S e asb O W Wlg e oS cil ials Wy S

)U.:LA A0 9 ol 3 gds 6\7-)‘ uT u.,\;- LE)}“';Q':";


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

\f"Jb«foa)ws\'il?swtgb;)s}.’.@j} YYA

SEeSh o3y Blie o3 5 s 25 Jes 53 S0s pl)l & Al gl &gy JS S 05 L3 MMe i b OWy
35 Gl 0l (S o3Il Slio s lde 1 xS L ol e Gl lid Il erli Ao (s
Rl U5 o ol s S pbl 4 s A5 e o S Gl 31 s (S A3 5558 Glsme (S S
S S S slBa sle walp s eslinal (gl 1 B GlaanST b, Sl UGS U a3 eS| o s OlenS|

3 gad slgii Ldr o)) 3 el el 4 ol Sl e 5 511 JSLE

:@L:.a

a asly SLS S, 05 Ol 5 bt (S5 Dl (0F00) 5 dams 5 (Wb g (uls cm (e
MYV ONY L ols psde 5o oo sla 25 6) 50 A5 o5 (Brassicanapus L) 1S 5 ol

PN o Ol g o&iils SLisl ( alS (S35 p lasdis (\WAP) .G (sl 5. conl3 Ol N

Olea ety cSesamum indicum L. deeS amalS Ly 5 s Ol osd S5 3 (WYA)O i 5.0 ol
Ol Olghol (535S 5o 5 slae o

(Sesamum oS olS S5l pnd sl Sis 5o s as) s ool Kl S AYAY Uy 5.0 (Sodge g
AVSAYY OOV 0 el e ia s i ol sl I ol (6552 Lol 5 s indicum L.

OeeS1 5T Slam 5T b (53 ilisen msh 6 OYAR) o (Sl (6 el 5 o oallsi e 8135 cp Sl S
Vo 6slES s olSy Skt O 1g,slES Liasn (Sesamum indicum L) deS ol SO5 ) g5 Sls st 5 S,
RRACAREN

e 32 sbs S L bl Ll b o 85 s oS s Shee (sl 53 ke oy 2 ITAF o g WIS Ol S
AT LR M A VS IRP S W]

3 ey IS 3L Dl 5 (SU IS (S o DI s 2 OTAQ) 8l s p o B e ol il ol
5ol 4 (gysd i Ll & s (Sorghum bicolor L.) oS g oS (SoSdpib 5 Seidsbae Slio p ndS IS
YAO-YAY X¥ ((55,5LE8 053 5 p5ke) St

5 slagasls  SChedle sl U sl iy 1 OYA) o Gl et 5 T (6031 b (o M 1S jio
VEFVYO 00 Olal ol sbaiash 4 (osd A5 Julpd s dS amalS e jobe Ll

g a5 0t B8 55 el Gl L sl Sf B eslinal Ol YA wr el p s 8 b
FV=0V Y ol s gl

(SESAMUM JoS aealS 4y 5 ol Olses 2 NaCl (55 Ciliien = lawe 36 OFAF).0 (55 5 e QWL o5 0L e
Ol Ol «$555LS Sl ot ST 5 G5 Jaes 55 0 5 laail les s ss dndicum L)

Sliv g eelS SluS 5 blag s i it 5 OYAP) o On b5 5 0 Obele e (s3T5 8 Olsl e
Glaal asly el 3T ol80s (ol OLLS (g5 s oo wolilad (gsd A5 Lal b 5o doS SOy s
A


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

TYA oS it b 5 alendio 9 (S5 P s sla SST UL 5 s5les

—YOY YV (O 5 S poke) S slatags dos (S plact gl Sy Ol o e 5 CaiS 3AYAY ERSPR
Y4

el Sy dadll 30l ke 5 oSt ST slan 5Tl «tiss Ly p Sopd U s (F40) aiss s 5m 3
MY (DA 010 el sla i IS

e Ol o by Sl Lol 2ian s opd 25 1 (1FAY) b Sl o 5 ke (B el e (L3
Sl ey axia e (Cuminum eyminum L) s e 5 olS s a5l (65 0l 5 (ds  SlbenSTy Sy Sl UGS slag 51
NF=YV YA Al 01l ame 5 ossls QLS Slidss (S5 ail g

g w93 b o8l SlLanl iy lases 4 ol OLALS (la 2iSTs (\YAY) g Sels Ssdge 5o S e IS

A oS s Ol 5 Ly (S5 Wl sl Shs Ll (V48 ) L (Sl 5 & el S wsesl3l ksl e

V=AY OB 3 asly el 3T olisls Gl Sl 4,5 (g0 L35 Jayl 5 )3 (sesamum indicum L.)

AR u-’U‘j@"‘Ul’”..)f\uﬂ-.'.)):’.‘dtﬁ.(ot"—bcu"p‘}C"""))f}l""’Ji‘sJ:"’@"“’)L@"fJ"‘f

Ya-\.xv¥ c&))jmuﬂ)rﬂﬁwgéjﬁdlﬁugycwbL;Q))\(\VVQ)r (PIRIAA pud 9 0 ¢ A

Abdelbaky, H. M., Hussein, M., and El-Baroty, G. (2008) Algal extracts improve antioxidant defense abilities and salt
tolerance of wheat plant irrigated with sea water. African Journal of Biochemistry. 2: 151 —164.

Abou Leila, B., Gaballah, M. S., EL-Zeiny, H. A., and Khali, S. 2007. The effect of antitranspirant application on yield and
fatty acid of sesame cultivars grown under saline conditions. Journal of Applied Sciences Research 3: 879-885.

Aebi, H. (1984) Catalase in vitro. Meth. Enz. 105:; 121-126.

Afzal, I, Rauf, S., Basra, S. M. A., Murtaza, G. (2008) Halopriming improves vigor, metabolism of reserves and ionic
contents in wheat seedlings under salt stress. Plant Soil Environmental, 9: 382-388.

Ali, A., Basra, S.M., Igbal, J., Hussain, S., Subhani, M.N., Sarwar, M. and Haji, A. (2014) Silicon mediated biochemical
changes in wheat under salinized and non-salinized solution cultures. African Journal of Biotechnology. 11(3): 606-
615.

Alonso, R., Elvira, F., Castillo, B. and Gimeno, D. (2001) Interactive effects of ozone and drought stress on pigments and
activities of antioxidative enzymes in Pinus halepensis. Plant cell Environment. 24: 905-916.

AmeerKhan, S. A., Habib-ur-Rehman, A. and Ashraf, M. (2006) Interactive effect of foliarly applied ascorbic acid and salt
stress on wheat at the seedling stage. Pakistani Journal of Botany. 38:1407-1414.

Apel, K. and Heribert, H. (2004) Reactive oxygen species: metabolism, oxidative stress, and signal transduction. Plant
Biology Review. 55:373-399.

Arnon, D. 1. (1949) Copper enzymes in isolated chloroplasts. Polyphennoloxidas in Beta vulgaris. Plant Physiology. 24: 1-
14,

Asada, K. (1994) Production and action of active oxygen in photosynthetic tissues PP. 77-109. In: Causes of
Photooxidative Stress in Plants and Amelioration of Defence System. (Eds. Foyer, C. H., Mullineaux, P. M.), CRC
Press, Boca Raton.

Ashraf, M. and Oleary, W. (1996) Response of some newly developed salt tolerant genotypes of spring wheat to salt stress,
I. Yield components and ion distribution. Journal of Agronomy and Crop Science, 176: 91-101.

Ashraf, M. and Ali, Q. (2008) Relative membrane permeability and activities of some antioxidant enzymes as the key
determinants of salt tolerance in canola (Brassica napus L.). Environmental and Experimental Botany. 63:266 -273.
Ashraf, M. and Foolad, M. R. (2007) Roles of glycine betaine and proline in improving plant abiotic stress resistance.

Enviromental and Experimental Botany. 59:206-216.

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

Battacharjee, S., Mokherjee, A. K. (1996) Ethylene evolution and membrane lipid peroxidation as indicator of salt injury in
leaf tissues of Amaranthus seedlings. India J Experimental Biology 34: 279-281.

Becana, M., Moran JF. And Iturbe-Ormaetxe, 1. (1998) Iron dependent oxygen free radical generation in plants subjected to
environmental stress: toxicity and antioxidant protection. Plant and Soil 201; 137-147.


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

(L ST WA 7P PR IRV PSRN K S S CSPRRTY B S o0

Beauchamp, C. and Fridovich, 1. (1971) Superoxide dismutase: Improved assays and an assay predictable to acrylamide
gels. Annals of Clinical Biochemistry 44: 276-287.

Bybordi, A. (2012) Study effect of salinity on some physiologic and morphologic properties of two grape cultivars. Journal
of Life Science 9: 1092-1101.

Chaparzadeh, N., Khavari-Nejad, R. A., Navari-1zzo, F. & 1zzo, R. (2003). Water relations and ionic balance in Calendula
officinalis L. under salinity conditions. Agrochimica 47: 69-79.

Chapman, H.D. and D.F. Pratt.1961. Methods of analysis for soil, plant and water. Univ. Calif, Agric. Sci. 60-62.

Cicek, N. and Cakirlar, H. (2002) The effect of salinity on some physiological parameters in two maize cultivars. Bulgican
Journal Plant Physiology 28: 66-74.

Comba, M. E. Benavides M. P. and Tomaro, M. L. (1998) Effect of salt stress on antioxidant defence system in soybean
root nodules. Aust. J. Plant Physiol. 25: 665-671.

Delauney, A. J. and D. S. Verma. 1993. Proline biosynthesis and osmoregulation in plants. Plant J. 4: 215-223.

Demiral, T. and Turkan, I. (2005) Comparative lipid peroxidation, antioxidant systems and proline content in roots of two
rice cultivars differing in salt tole rance. Environ. Exp. Bot. 53: 247-257

Desingh, R., and Kanagaraj, G. 2020. Effect of salinity stress on hotosynthetic enzymes of two sesames (sesamum indicum
L.) varieties. Plant Archives 20: 16-20.

Dudley, T. S., Grichas, W. J., Mccallum, A. A., (2000) Crop profile for sesame in United States. Texas Agricultural
Experiment Station, College Station and Yoakum.

El-Habbasha, S.F., AbdEl Salam, M.S. and Kabesh, M. O. (2007) Response of two sesame varieties (Sesamum indicum L.)
to partial replacement of Chemical Fertilizer by Bio-organic Fertilizers.Research Journal of Agriculture and Biological
Science 3: 563-571.

Esfandiari, E., Shekari. F., Shekari, F. and Esfandiari, M. (2007) The effect of salt stress on antioxidant enzymes’ activity
and lipid peroxidation on the wheat seedling. Notulae Botanicae Horti Agrobotanici Cluj-Napoca. 35(1):48-56.

Flowers, T. J. and Colmer, T. D. (2008) Salinity tolerance in halophytes. New phytologist, 179:945-963.

Gadallah, M. A.A. (1996) Abscisic acid, temperature and salinity interactions on growth and some mineral elements in
carthamus plants. Plant Growth Regulation, 20:225-236.

Gaballah, M. S., Abou Leila, B., El-Zeiny, H. A. S. Khalil. (2007) Estimating the performance of salt-stressed sesame plant
treated with antitranspirants. Journal of Applied Sciences Research 3: 811-817.

Flowers, T. J., and Yeo, A. R. 1995. Breeding for salinity resistance in crop plant: where next? Australian Journalof Plant
Physiology 22: 884-875.

Garg, N., and Singla, R. (2009) Variability in the response of chickpea cultivars to short-term salinity, in terms of water
retention capacity, membrane permeability and osmo-protection. Turkish Journal of Agriculture and Forestry 33: 1-7.
Ghadiri, H., Dordipour, 1., Bybordi, M., and Malakouti, M.J., 2006. Potential use of Caspian seawater for supplementary

irrigation in Northern Iran. Journal of Agricultural Water Management 79:209-224

Ghoulam, C., Foursy, A. and Fares, K. 2002. Effects of salt stress on growth, inorganic ions and proline accumulation in
relation to osmotic adjustment in five sugar beet cultivars. Environmental and Experimental Botany, 47: 39-50.

Gramer, G.R. (2002) Response of absisic acid mutant of Arabidopsis to salinity. Func. Plant Biol. 29: 561-567.

Gressel, J. Galun, E. Foyer, C. and Mullineaux, P. (1994) Genetic controls of photo oxidant tolerance. Causes of photo
oxidative stress and amelioration of defense systems in plants. p: 237-273.

Grieve, C.M., S.R. Grattan and E.V. Maas. 2012. Plant Salt Tolerance in Agricultural Salinity Assessment and
Management (W.W. Wallender and K.K. Tanji, eds). ASCE Manuals and Reports on Engineering Practice No. 71, 2nd
edition. 405-459. American Society of Civil

Gosset, D. G., Millhollon, E. P. and Lucas, M. C. (1994) Antioxidant response to NaCl stress in salt-tolerant and salt-
sensitive cultivars of cotton. Crop Sci. 34: 706-714.

Hasegawa, P.M. Bressan, R.A. Zhu, J.K. and Bohnert, H.J. (2000) Plant cellular and molecular responses to high salinity.
Annual Review of Plant Physiology and Plant Molecular Biology. 51: 463-499.

Hulusi, K. Melike, B. Filiz, O. and Ismail, T. (2007) The effect of salt stress on lipid peroxidation, antioxidative enzymes
and proline content of sesame cultivars. Environmental and Experimental Botany 60(3): 344-351.

Jalali-e-Emam, S.M.S., Alizadeh, B., Zaefizadeh, M., Asghari Zakarya R. and Khayatnezhad M. (2011) Superoxide
Dismutase (SOD) Activity in Nacl Stress in Salt-Sensitive and Salt-Tolerance Genotypes of Colza (Brassica napus L.).
Middle-East Journal of Scientific Research 7 : 07-11.

Jamali, B. and Eshghi, S. (2015) Salicylic acid—induced salinity redressal in hydroponically grown strawberry. Journal of
Soil Science and Plant Analysis 46(12): 1482-1493.

Jamil, M., Shafig, R. and Rha, E. 2014. Response of growth, PSII photochemistry and chlorophyll content to salt stress in
four bassica species. Life Science Journal, 11:139-145.

James, D.W., Dhumal, S.S., Rumbaugh, M.D. and Tindall, T.A. (2004) Inheritance of Pottassium-sodium nutritional traits
in alfalfa. Agronomy Journal. 87: 681- 686.


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

TV oS it e S 5 alendion 9 (S5 P s sla SST UL 5 s5les

Jose, A. |. 2002. Package of practices Recommendationd: Crops. 12" Edition. Kerala Agricultural University, Trichur,
Kerala, India, 278p.

Kaymakanova, M. and N. Stoeva. 2008. Physiological reaction of bean plants (Phaseolus Vulg. L.) to salt stress. Gen.
Appl. Plant Physiol. 34: 177-178.

Kerepesi, I. and Galiba, G. 2000. Osmotic and salt Stress-Induced alteration in soluble carbohydrate content in wheat
seedlings. Crop Science. 40: 482-487.

Kumr, V., Shriram, V., Nikam, T. D., Narendra, J. and Shitole, M. G. (2011) Sodium Chloride-induced changes in mineral
nutrients and proline accumulation in indica Rice cultivars differing in salt tolerance. J. Plant. Nutr.31: 1999-2017.

Khademian, R., Asghari. B., Sedaghati, B. and Yaghoubian, Y. (2019) Plant beneficial rhizospheric microorganisms
(PBRMs) mitigate deleterious effects of salinity in sesame (Sesamum indicum L.): Physio-biochemical properties, fatty
acids composition and secondary metabolites content. Industrial Crops and Products. 136: 129-139.

Koca, H., Bor, M., Ozdemir, F. and Turkan, 1. (2006) The effect of salt stress on lipid peroxidation, antioxidative enzymes
and proline content of sesame cultivars. Environment Experiment Botany 60: 344-351.

Lacerda, C. F., Cambraria, J., Oliva, M. A, and Ruiz, H. A. (2004) Changes in growth and in solute concentrations in
sorghum leaves and roots during salt stress recovery. Environmental and Experimental Botany. 54: 69-76.

Li, G., Shuwen, S., Zhou, J., Yang, Z. and Qin, P. (2010) Leaf chlorophyll fluorescence, hyperspectral reflectance,
pigments content, malondialdehyde and proline accumulation responses of castor bean (Ricinus communis L.) seedlings
to salt stress levels. Industrial Crops and Products. 31: 13-19.

Lichtenthder, H.K. (1987) Chlorophylls and carotenoids: pigments of photosynthetic bio membranes. Methods in
Enzymologist. 147: 350-38.

Lin, C.C. and Kao, C.H. (1999) NaCl induced changes in ionically bound peroxidase activity in roots of rice seedling. Plant
Soil. 216: 147-153.

Lutts, S., Magerus, V. and Kinet, J.M. (1999) NaCl effects on proline metabolism in rice (Oryza sativa L.) seedlings,
Physiologia Plantarum. 105: 450-458.

Ma, J.f. (2004) Role of silicon in enhancing the resistance of plant to biotic and abiotic stresses. Soil Science and plant
Nutrition 50: 11-18.

Maas, E.V. and S.R. Grattan. 1999. Crop yields as affected by salinity. In R.W. Skaggs and J. van Schilfgaarde (eds)
Agricultural Drainage. Agron. Monograph 38. ASA, CSSA, SSSA, Madison, WI pp. 55-108

Mahmood, S., Iram, S. and Athar, H. 2003. Intra-specific variability in sesame (Sesamum indicum L.) For various
qualitative attributes under differential salt regims. Journal of Research Science 142: 177-186.

Meloni, D. A., Oliva, M. A., Martinez, C. A, and J. Cambraia. 2003. Photosynthesis and activity of superoxide dismutase,
peroxidase and glutathione reductase in cotton under salt stress. Environ Exp Bot. 49: 69-76.

Mittler, R. and Poulos, T.L. (2005) Ascorbate peroxidase. In: Smirnoff N. (ed) Antioxidants and reactive oxygen species in
plants. Blackwell, Oxford p 87—-100.

Munns, R., James, R. A. and Lauchli, A. (2006) Approaches to increasing the salt tolerance of wheat and other cereals.
Journal Experimental Botany 57: 1025-1043

Murphy, C. D., Moore, R. M. and White, R. L. (2002) Peroxidases from marine microalgae. J. Appl. Phytol. 12:507-513.

Moradi, F. and Abdelbagi, M.l. 2007. Response of photo-synthesis, chlorophyll Fluorescence and ROS- Scavenging
Systemes to Salt stress during seedling and reproductive stages in rice. Annals of Botany. 1-13.

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

Nasir Khan, M., Siddiqui, M. H., Mohammad, F., Masroor, M., Khan, A. and Naeem, M. (2007) Salinity induced change in
growth, enzyme activities, photosynthesis, proline accumulation and yield in linseed genotypes. The Journal of
Agricultural Science. 3:685-689.

Natsheh, B., Barghouthi, Z., Amereih, S., and Salman, M., (2012) Effect of Irrigation with seawater on germination and
growth of Lentil (Lens culinaris Medic). Journal of Water Resource and Protection, 4:307-310

Ogawa, H., Sasagawa, S., Murakami, T. and Yoshizumi, H. (1995) Sesame lignans modulate cholesterol metabolism in the
strokeprone spontaneously hypertensive rat. Clin. Exp. Pharmacology Physiology. (Supplement) 1:10-12.

Oncel, 1., Keles, Y. and Ustun, A. (2000) Interactive effects of temperature and heavy metal stress on the growth and some
biochemical compounds in wheat seedlings. Environmental Pollution. 107: 315-320.

Poustini, K. 2001. An evaluation of 30 wheat cultivars regarding the response to salinity stress. Iranian Journal of
Agriculture Science. 33:57-64.

Prochazkova, D., Sairam, R. K., Srivastava, G. C. and Singh, D. V. (2001) Oxidative stress and antioxidant activity as the
basis of senescence in maize leaves. Plant Science. 161: 765-771.

Ramirez. R., Gutierrez. D., Villafane. R., and Lizaso. J. I. (2005) Salt tolerance of sesame genotypes at germination,
vegetative and maturity stages. Communications in soil Science and Plant Analysis, 36: 2405-2419.

Reddy, M. and Vora, A. (2002) Pigment composition, and disaccharides metabolism in Bajra leaves under cacl2 salinity.
Photosynthetica. 56: 123-136.


https://www.sciencedirect.com/science/article/abs/pii/S0926669019303279#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669019303279#!
https://www.sciencedirect.com/science/article/abs/pii/S0926669019303279#!
https://www.sciencedirect.com/journal/industrial-crops-and-products
https://www.cabdirect.org/cabdirect/search/?q=do%3a%22Industrial+Crops+and+Products%22
https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

(L S W 7. PRI VPSRN S S C RPN T B B e

Rezaei, M., Davatgar, N., Khaledian, M. R., and Pirmoradian, N., (2013) Effect of intermittent irrigation with saline water
on rice yield in Rasht, Iran. Acta Agriculturae Slovenica, 101:49-57.

Rohanipoor, A., Norouzi, M., Moezzi, A. and Hassibi, P. (2013) Effect of Silicon on Some Physiological Properties of
Maize (Zea mays L.) under salt stress. Journal of Biological and Environmental Sciences. 7(20).

Rontain, D., Basset, G. and Hanson, A. D. (2002.) Metabolic engineering of osmoprotectant accumulation in plants. 4: 49-
56.

Sabet Teimouri, M., Khazaie, H.R., Nassiri Mahallati, M. and Nezami, A. (2010) Effect of salinity on seed yield and yield
components of individual plants, morphological characteristics and leaf chlorophyll content of sesame (sesamum
indicum L.). Environmental Stresses in Crop Sciences 2: 119-130.

Sadughi, M., Sharifan, H., and Pessarakli, M., (2015) Effects of Caspian seawater on sugar beet seed germination, Journal
of Plant Nutrition 38:1685-1693.

Sairam, R. K., Veerabhadra Rao, K., Serivastava, G. C. (2002) Differential response wheat genotypes to long term salinity
stress in relation to oxidative stress, antioxidant activity and osmolyte concentration. J. Plant Science. 163: 1037-1046.

Salehi, M. and A. Arzani. 2012. Effect of salinity stress on morpho-physiological traits of triticale lines. Iranian Journal of
Crop Sciences 13: 697-711. (In Persian)

Selote, D.S. and Khanna-Chopra R. (2004) Drought-induced spikelet sterility is associated with an inefficient antioxidant
defense in rice panicles. Plant Physiology 121: 462-471

Sofalian, O., Ebrahimi, SH., Asghari, A., Dezhsetan, S. and khomari, S. (2013) Assessment of variations in proline,
chlorophyll and stomatal conductance of 20 cultivated sesame genotypes under salt stress. P. 454-458. In: The first
national conference on Salinity stress in plans and developing strategies for salin agriculture, 12 and 13 sep. (2013)
Azarbaijan Shahid Madani University. Tabriz, Iran. [In Persian with English Summary].

Stepien, P. and Johnson, N. G. (2009) Contrasting responses of photosynthesis to salt stress in the glycophyte Arabidopsis
and the halophyte thellungiella: Role of the plastid terminal oxidase as an alternative electron sink. Plant Physiol. 149:
1154 — 1165.

Stoeva, N and Kaymakanova M. (2008) Effect of salt stress on the growth and photosynthesis rate of bean plants
(Phaseolus vulgaris L.). Journal of Central European Agriculture. 9(3):385-392.

Sudhir, P. and Murthy S. D. S. (2004) Effects of salt stress on basic processes of photosynthesis. Photosynthetica. 42(4):
481-486.

Sudhir, P.R., Pogoryelov, D., Kovacs, L., Garab, G. and Murthy, S. (2005) The Effects of salt stress on photosynthetic
electron transport and thylakoid membrane proteins in the cyanobacterium spirulina platensis. Bio Plant.38: 481-485.
Taffouo, V.D., J. Kemdem, L. M.T. Ngalangu, B. A. N. Ndjeudji and A. Akoa. (2009) Effects of salinity stress on growth,

ions partitioning and yield of some cowpea (Vigna unguiculata L. Walp.). Inter. J. Botany. 2:135-143.

Tiwari, T. N., Srivastava, R. P. and Sing, G. P. (1997) Salinity tolerance in sugarcane cultivars. Sugar Cane. 1:10-14.

Tuna, A.L., Kaya, C., Ashraf, M., Altunlu, H., Yokas, I. and Yagmur, B. (2007) The effects of calcium sulphate on growth,
membrane stability and nutrient uptake of tomato plants grown under salt stress. Journal of Environmental and
Experimental Botany 59: 173-178.

Tuna, A. L., Kaya, C., Dikilitas, M. and Higgs, D. (2008). The combined effects of gibberellic acid and salinity on some
antioxidant enzyme activities, plant growth parameters and nutritional status in maize plants. Environmental and
Experimental Botany. 62:1-9.

Turhan, A., Kuscu, H., Ozmen, N., Sitki Serbeci, M., and Osman Demir, A., (2014) Effect of different concentrations of
diluted seawater on yield and quality of lettuce. Chilean Journal of Agricultural Research, 74(1):111-116.

Vaidyanathan, H., Sivakumar1, P., Chakrabarty, R. and Thomas, G. (2003) Scavenging of reactive oxygen species in NaCl-
stressed rice (Oryza sativa L.) differential response in salt tolerant and sensitive varieties. Plant Sci. 165: 1411-1418.

Weiss, E. A. (2000) Oil Seed Crops. Blackwell Science, UK.

Wu, M. S., Aquino, L. B. B., Barbaza M. Y. U. (2019) Anti-inflammatory and anticancer properties of bioactive
compounds from Sesamum indicum L.-a review, Molecules24: 4426

Yousif, Y. H., Bingham, F. T., and Yermanos, D. M. (1972) Growth, mineral composition, and seed oil of sesame
(Sesamum indicum L.) as affected by NaCl. Soil Science Society American Proc 36: 450-453.

Zarco- Tejada, P.J., Miller, J. R., Mohammad, G.H., Noland, T. L. and Sampson, P. H. (2000). Chlorophyll fluorescence
effects on vegetation apparent reflectance. Remote Sensing of Environment. 74: 596-608.

Zhao, G. Q., Ma, B. L. and Ren, C. Z. (2007) Growth, gas exchange, chlorophyll fluorescence and ion content of naked oat
in response to salinity. Crop Science. 47:123-131.


https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html

[ Downloaded from jispp.iut.ac.ir on 2025-07-14 ]

[ DOR: 20.1001.1.23222727.1400.10.45.18.6 ]

YV oS it e S 55 alendig 9 (S5 P s sla SST UL 5 s5les

Physiological and biochemical responses of different sesame
(sesamum indicum L.) genotypes under salinity stress

Nader Shahbazi !, Seyyed Kamal Kazemitabar »*, Ghaffar kiani !, Ali Pakdin Parizi 2, Pooyan
Mehraban Joubani 3

1Department of Plant Breeding, Faculty of Crop Sciences, Sari Agricultural Sciences and Natural Resources
University (SANRU), Sari, Iran. 2 Agricultural Genetics and Biotechnology Research Institute of Tabarestan,
Sari University of Agricultural Sciences and Natural Resources, sari, Iran. 3 Department of Basic Sciences,
Sari University of Agricultural Sciences and Natural Resources, sari, Iran.
(Received: 30/04/2021, Accepted: 07/13/2021)

Abstract

By examining physiological reactions related to salinity tolerance among different landraces and cultivars, tolerant and
sensitive cultivars can be selected and used in breeding programs and cultivation development of this important oilseed.
For this purpose, physiological reactions in eight different sesame genotypes in a factorial experiment based on a
completely randomized design with the main salinity factor due to mixing Caspian Sea water with normal water at 3
levels (control, 6 & 9 dSm™) and sub-factor 8 Sesame genotype including Babol, Dashtestan 2, Oltan, Pakistani, tn-78-
389 and tn-78-393, Halil, Naz single-branched genotypes in three replications in pots in the greenhouse of the Plant
Breeding Department of Sari University of Agricultural Sciences and Natural Resources in the year 2020 were
examined. The results of this experiment showed that at salinity levels of 6 and 9 dS, among the eight different
genotypes of sesame studied, Oltan cultivar with the highest amount of total dry weight (8.42 & 5.27 gr), amino acid
proline (10.35 & 15 umol/g fresh leaf weight), membrane stability index ( 82.65 & 74.14%), relative water content
(81.33 & 69.33%), leaf chlorophyll and carotenoid content (based on mg/g fresh weight), chlorophyll a (0.74 & 0.7),
total chlorophyll (1.12 & 0.95) and carotenoids (0.41 & 0.46) and antioxidant enzymes activities (based on enzyme unit
per gram fresh weight), superoxide dismutase (18.22 & 29.05), ascorbate peroxidase (14.9 & 19.21), catalase (1.51),
guaiacol peroxidase (4.8 & 5.43), potassium concentration (6.6%), sodium to potassium concentration ratio index (0.06
& 0.12) and the lowest amount of sodium ion concentration (0.41 & 0.7) were more tolerant of stress compared to other
cultivars. In contrast, Pakistani cultivar with the lowest amount of total dry weight (5.12 & 2.14 gr), amino acid proline
(5.86 & 6.7 umol/g fresh leaf weight), membrane stability index (66.31 & 57.86%), relative water content (58 &
48.33%), leaf chlorophyll and carotenoid content (based on mg / g fresh weight), chlorophyll a (0.46 & 0.37), total
chlorophyll (0.69 & 0.5) and carotenoids (0.25 & 0.27) and Antioxidant enzymes activities (based on unit of enzyme
per gram of fresh weight), superoxide dismutase (11.61 & 10.31), ascorbate-peroxidase (8.61 & 8.78), catalase (0.84),
guaiacol peroxidase ( 1.77 & 2.16), potassium concentration (3.68%), sodium to potassium concentration ratio index
(0.59 & 1.12) and the highest amount of sodium ion concentration (2.15 & 2.57) were the most sensitive cultivar in
stress tolerance compared to other cultivars. Based on the evaluated traits and the response of the studied cultivars to
salinity stress, oltan was identified as a tolerant cultivar and Pakistani as a salinity sensitive cultivar compared to the
other cultivars. Therefore, these cultivars can be suggested for use in future breeding programs to introduce new
cultivars.

Keywords: Caspian Sea water, Proline, Oilseed, Membrane stability index, Chlorophyll

Corresponding author, Email: sdklkr@ymail.com



mailto:sdklkr@ymail.com
https://dorl.net/dor/20.1001.1.23222727.1400.10.45.18.6
https://jispp.iut.ac.ir/article-1-1533-en.html
http://www.tcpdf.org

