[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

Sz
Sz L o
of IYAY lies) 9 5mb N F o)l [t Jlo [ l)5 (lS ol aslizags,

.
Gl b @il 9 (55,9LS pole olkitils

=133 QLS ol acliiingsy

Sl By el (5 90 Joxd HIaS5 5l pudS alizko p8 )l (gudyeg,S
S95e0gs b g (2 londigu

JTSYIRCERPURS PR E JVE R

(Shokrpour@Ut.ac.ir : Jgtus odiem 53) oyl 5 ol8isls « Lokiwl -
aclye ol&ils ¢ Loliw! ¥

YNV 1 by s VNS il o b

ouS

9 1ok Ol 15T (slom 5T cadled JLis 5 pusS o8, OF (505s09,5 3 dunny i jglico 43 aslllao
U 50 adlre olRiils (ALS (59l 5 olilojl o (AKulosT Lyl 3o pl)1 (oawyy s [y
Goo & TR0 U F alopo s iy 5l (g (eliSga (g 1 4Bl ()99 ezl ub plil 17A)
S 3T called f5m0 5550 (loj (ol (6w 31 dry 0358 )5 )15 Y g0 ne Yoo (5594 (T 55 39 Ve
Wl (68 (yallo 5o <3l gomund STy g £l ¢l Ol yeSul oSy (33l olS YL
dw 30 Sladbes a5l eolistwl b g ad (6505wl IS g by cpaiuw (90 dnST
45 Wod (goigaiuwd lode 09,5 K 50§yl g )T s S wiile oyl ain gulseg S I3zxe 09 S
axgi BB polie g udull 3 9l 9 (yigrimdanmsTly VUL loyiol)ly ol o yies syl
! 20 g T Lyl 50 IS 9y polie gezd 4z ST S jebay idg Gl T slogs 5T
adly pals b JeSg0gm 4 ol Gl (e | 5T sl 31 Cadlad (u 381 Judo 4 Lol el o)
9 mow polie (2105Caom (Ulgh vy oo JA 4 (piores Cuvlond Cailon guilons| i3 592 51 9
Joxi ilie b Shg 4 azsi b (U5 job 4 adl Wil pe sl The 3 Sp sleske yo 8
S18 51,8 solawl 8590 (Mol sdaol o 50 1, Wil a5 oo cardllan )90 pB5 48 (59

PRECPRY PES T SN [ PRSI PO PEPTRES RN KUUW 1 | I P SURH PR L T Y

ey 0,5 Comez By 5LA) Wl oo ey o

ot Sl Gl b e aegs Ngame  (piege 5l S8 paS

e YYD Jlo b o> Comaz 3550
G Axg Dy 45 Sy i 0,Lle AD @
P ohes (63,9leS DY gams adgi il
Ol A oewy bl e ams o lis

AR5 )0 (coge Hlemy LS AT Cawl (3,0LaS
2 SlrygiS yo aSG sk ol gty anele
e @ Seoy olpl ks aswy b
PSS i Bras 3l poye allis, 655


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

80 VAT lias 5 5l NF o )led foins Jlo [l Hlals Lol aclizags

SIS 555 4 joie 0ol 3l sl JoSses
b Jsbe Sy lgioe o5 00l (comdlie
ahaly e jo (VYY) alb alils o o
L plalS a5 wiles )57 5155 (ke (lddons
2 oS ET Glam il coled Gl
s oSt glgl Ol 698 Lalys
GRIB L Goed 4 Jeo g 0oses 55
k=l (Y IYNANVYADNYF) s
oyl @Y cdld a5 wdie
o sl ety gals cow GlasT
5 Sl GamlanaSTn Gl cglanns]
» Sposledske 0 (ieyee aSTy
Wgd oo 5 9l Ll
Sl b ablis cox olS sl ok
ool e St gl oyt
) Sl a2z b oo slopucilSs
iz oy OF) SbysSul-palsls a5z
b slads 2 sl Wpee oyt Jd3gilS
Caloo b g Jd 50nST glgil Q> b oals

S G rXie 5 Jske syll 4 Ll adgs
Sl S S gSlalST i 5 59 p

J

G2 jload ol slva 5 > ailes
loonaST 5 5 STl slops ;]
Bilganss  nSlpaw  aiload LSS
O3Bl Sl SlysSal VLIS
GlaeeSTr SbyeSwlg s Glacsty,
YT T PR KWW JURCH PP S PURW XY
Slowmpl  nege e Gl 5LSge,
(Sl g (VANAY) oS ]
doadsio)lS (Jo, 3955 el —olS
ke Bosbesil g leassadls

Gogd a1 e sla S g Bon
Cowe Iy il cuiSogame  ele
Ol 2lde ol glp snag g oad
Sl (nyege 3l )98 wloe Jleba
Ogedee Are 5l i o a8 cnl e
STy s s dezse LAl LS
Ly ok 2l IS 7F Glime cpl oslazdly
$3,9LiS DY game adgi (YA) 0,5 0 yo
Sype b8 Ll je baes olpl
Ogekee AD 350> 0 ] e 4T 5,5
o o) ol T 5| i 45 el S
ogdlay 3 yls 18 (5,00 i Sl elgl 5
5 sl ol S 5 s 5l i
ol = y0 e )lsen j5h ool eolarl
(YY) el
kol Jale oy ,ls (VL polie
Mo gble 25T s S g5
2 eSS ol w gl G gz (VAP
2 Sl g S BT 3 e S
I del Sa iS5 (YA) 005 0 LS
oLS 5L 0)50 p9p8 polie Dl ()9l
el 1y e g peedS el ol
ORS00 el i (YATY) weo
i el caw a5 ol (6,90 5 Jol>
(YA) 8500 LS 5o 635 &Yols 4 ol
o 699 5 el Sy el S
AL Sk ) 5 £y
glel s Sldl I il oS al salss
Sk sbanl s ool b s Jbs i
=5 5 e S 8 ST el ol b
@ ol o g 009 )55 YL L
ol 5 o) degsyy sl


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

oF slooall (S p elol 2 59t Jood )l 5l pasS itz o8] gane S

oS pB)) STy o)z ysbaie 4 il
5 b el 5 4 (Glpl a6l baee
o550 LB slerdsn slajlae 5l (S
slawmpl 5l (Fp ool Ll geb
2 Sl slolas g lasT sl
Sse mely 5 5 moe polie (lie
Loy 0590 pB)) g 285 18 emis
o Jole 4y 4505 5 (gladsgs 5o 5l eolaal

gy 9 Olgo
08 OF coless jsh Sresh cnl o
(Slpl o8 ¥F 9 (2,5 o8, A Jolds pus
2 99750 pB) lee 5l (Bolal Djp0 oS
ol ol agl e olBidly (5,9liS easliils
do,d o[V Jelore b dado Vo Dok 4 Widg
Al Feaeds (SDS) Gldguw Jawdgd modw
9% 98 de pley Soe (A G Sl
Ao S it Hhie Ol L ag,e iz
a0 YO ) leo jo oul Jskeds jod
S 1EEY s Cogb, 4 oI5 ol
boe 4 e g oad jlodilex g3l s
43 gly wiad i Sggpl cus
s @lae Jolows 5l pasS slaazals
oolaiwl (VAND) Bras oS 5 B pasy nolic
gled bazals ab) oy Jsb ;o
0,50 Job ¥ cile a0 YOV laows
oS YO+ yo Lol g el VP oLl
F-0 ao o @ boazalS Gaew; 5l om 0p
S5 Goges adlal b g)sd Jled oSy
o WA o) Yoo Voo o
Jlesl (@l3e Joloes ay (roils r ion

Sleday 2lS sla sl o Lol gl
G5 Jess Gl (YOYEY) ol e
S|P OO VOV 3 U WAL R KW
s QL:al,S 49 La,)'lm" lp ¢ YU
Ao sloas > a0 lanSTy obyeSl
oS i (V) b, el 9u5G 65 4 (Y)
b ol a1y 35,0 anSTy 5 ansls
o ml ol el LYYYE) sl
ST YL 5 slanSyy 556 6lS of o
SrSin ol e 5l s @i Uisae
03gs gomw (Slodle (59,000 aST P
2550 S Slawdgige jelem, g Blaws o
L mals (1) widl e 3l o)l a5 > 5o
seeSlpe Slomy] gyl Coled Gy
saiS oy ooyl cdld o Joles 56 geunns
5 bgemnd SSTpgw (g STy
L 039500 STy 0aiiS (g pslanz ool
P 3 Sy S9zg poe Wi R
5 Jsbo Joo ol ol s paiS o)
gl oS i slam Bl el ol
idolae 1oLl 8y90 Jd 5S]
o] 6)5-:’ J.oz.- Lgl.aw‘)
S pogar ;o sob Oldlas ax 51
Gype Gygh S 4 paS el (5)LS,
a5l gyed Jeod ase) jo Lol ccnlas
L Sl adlas oleoslion 5 Soielg s
ol ayoml 3l casloais ploel ol 8,1 slass


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

oY VAT lias 5 5l NF o )led foins Jlo [l Hlals Lol aclizags

Syge slades wies I Jel> sleeg S
FB S eg 5 e Dlogad (e 28,5
S Sl auloe @ )b 5l (o) 9590 Slao
log S 51 SO ol che 5 S5l
Ly, oy Slp orized 235 O jge
e O L e S R
sloele a4 45 dacuds) gy S o
Sas jelate 4 ol 0oy 5 4 Lo
o bl colyo dafele sl sl
slodyson aiidl (13> (WSleys (s,
ity SPSS fisle s 5l eslicl b 5 i

b ge Kbl sladgs i mls

Ayl Jol> pl 55,000 j0 g Wog,S
5 TV ajsm ¥ 25 (lloge 05
O JS8) s, s L8 ol 098 50 ey
Sloakol i Gl 095l )
SbygSwl sloyell a5l U5 oSl
ST pgw GlaeSTn 09bslS lawaSTy,
Mn 5 Fe CuiZn glgl 5 JS Lgomss
Pl pgd 09,5 ;5 509) jBgensd 9T g
o FFU s )] lidS o)l az calns
9 3PS Gl Dl DAY pas )T (035
309y iy plyl nl w8 518N 78
DS Glyls 5 wog HIS s maas (i Sl
Salles odle 5 G390 amSly Glie
09,5 U )0 b okiledl 3, YO Laiog
SIS 0555 ol pli,) ciad ok jylaze

259 )V Soe 4 puiS glaazalS g wb
S 3 dny bl ab, end ol Lyl
HL S 5 plyz slasn 5l ey cnl s
Oj9r 5o alolddl g 00,5 4 (S diged
oley U laiged ol jgabee  mle
sbod )0 2b3l 950 oyl (6ol
IR PR KVE I JL g WIPEN

bl oS 6T slags 5T ! 5el
CB,S Syee (V) a5 ool alyl s,
ISty CUZN  lampl  culled
MN Glgens deSlpsw FE liganss
(CAT) B bganss  owuST
DSl 5 GPX) SaneSly (ligls
Slol s a4 APX) Sl
XVXYD) mlie o oad @) cloibs,
63 ol e g pSoslul b g uFojlul
(H202) (y55,008 9STy 9 (MDA) w501
glo 5o o)Ll 0)90 iy wlel p iy 4
(i polie Gl ol Sbg,l (FERYYLY)
2 ol 390 ey elul 2 LIS 5 ey
2 5 pSojlail g homis A gt

PS5 Slacaisly Gdes, S jolaie &
SSoshal slaally 55 5l allas 3,
GFsd Oy slades ases gl ead
p90 Olet aold Jlas 3l colaiw! b laasluos
0sds 5,Jailil il ol g ol
Gl A eolitd o als @l fb)
e &g leog,S sllae Slasd (el
o 5 oS Sl Ayl
oo wiz (pil)ly 43S 0l (5 S el
Slr Jobial a8,bSG Guilyly 4520 by


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

OA slooall (S p elol 2 59t Jood )l 5l pasS itz o8] gane S

55 onl 5l ol Jloges sl s asllas 5,90
(7 JSC8) Dl oS 09,5 a4y Jol Jole
Gakog S b ool cdllae (saieg S (pl
w0g,S U o by glades il ol
ped ole sl Yo polie b lacasiss)
095 b Lol @llai 09,5 (l aind et
O IS8 slasgs apes )5 szee pgo
Ol Al cglabigs 4o ol asline oils
50 055 G Y pas L1 Jols 095
slopsl s 2B olie )l
WCdidgpe o STy el s lanuST
g el ioped VY 4 j9m F 2,5 die e
2 Jol 095 alie gnleie 05,5 13 ez
sy cpl w85 )15 (slades 450
Vb polie 5 pgo Jolo lawgio polis sl
ole ulpo @y azg b oaiog Jsl Jele
bogie polie hlo Jlai 9,500 slacais)
Glaw sl 5l Vb polie 5 59,008 auSTy,
Joz Sl 1 ke 4 isg gl ]
Jood ol 1 6nSone 9 So9d
bowis) ple Wgee Hled 4 Lavlgas
@ lades wies jl Jol> pgw 05,5 aliv
Pyl Gl s S ganes S Tzme &j50
4 Nog ped g ol Jole o5 polie lls
eyl cdled (i (nyeS K00 S)le
wile 09,5 cpl slacedsy 5o plasasT !

A oddlice O g jplis ) ylee !

sl S 5l Sl (p e g asallse
2iog aslllas 50 sla sl )b
05 5Nl bl 2 b Jole @y a5 5o
PSS gy OF 5o ool (S oslail sl
Sl S5 oy polie b ol Jele g0
QoS Ay | IS SOlhsd oo FY sgus
oy @ pe g sl sladele () Jso)
s 1y S 95 5l w0 YV g FANY
o> LSl dele (nl & azgi bis,S
Jsl Jole o osalice alllae 550 Slio o
slp e le ol 8 ,n L
GlawnSTn SbysSwl GlaaSTy  esbols
P Cu/Zn 9 )Lawo ».\Ms‘fs.w Mn
L slocsos) penly yaie 5 jLgemmsosns|
o5 sleie |y byl b opl ey YU jyolis
aenSTy g asall 60 ol ey Jule o
5 e skl calpe Glls gy
Fe opa 4 5 5 mow  ole
FB e olpe Sl gennsnnnSTn g
&S Cewl S5 4 3 iog )95 e
Soi basd cpo b pgs Jole po Lo jYBE
Sl 4 axg b oog oul o)ly e g
2olie b slacaisss (olegs j2 50 ulps
oS polie 5 placst T slaw Bl G
2 oSVl @ oglle 5 g aeSTy
o Yl zshe el S Ll
slcawigs wine gluls LB b Ll


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

AR

53
alvand
moghan'
darab2
karai2
yavaros
akbari
sepahan
maroan
shahi
sabalan
azadi
ram
verinak
darya
ehahpasand
pishtaz
shiraz
shiroudi
c-835-13
tabas
sistan
tajan
arya
gods
backcross
talat
roshan
shahriar
[ZEINED
arvand
azar2
=arrin
mahdavi
tous
armic
hirman
syria3vl
karaj3
LEgI s
marvdasht
bayat
mosrsSsT
karkheh
sorkh tokhm
mesrdds
chamran
shaoleh
niknejad
alborz
karajl
arta
golestan

8]

P9y & plerdsn 5 Siln i slo el (bl puiS aalllas 9,90 Bl (sladigs ars -V S

44

o1

3g
36
42
52
42
a7
31
34
37
20
48
50
20
46
27
an
45
19
23
35
41
18
21
29
22
30
24
3g
49
a8
26
33
kle)

12

15
10
17

14
16

Rescaled Distance Cluster Combine

S 10 13

20

VAT line) 5 5ml NF ol /i Jlo [2]5 ol ol aoliiungs,

25

=i
1|

|

(complete linkage) baluar ¢y 55,90



http://jcb.sanru.ac.ir/article-1-319-en.html

slooall (S p elol 2 59t Jood )l 5l pasS itz o8] gane S
0.6

0.1

0.2
clusterl

oz
|3

CAT |

30.0
20.0 -

10.0 -

00 -

MDA
C

-10.0 .3

W,
Mn-Sod @

CufZn-SOD

@L R clusterl
_- N = L2

O

v

a

|

-20.0
-30.0 -
-40.0 -

-50.0

-60.0

o Gl 455l ol cslaog o oottt o0 sloyiallh Sis sl JS (s 1 Sl ¥ IS5
asluod (32 5,98 b9,

Slr bl Gladele iz jo ladole Lo ool auzgi (il )ly ot 5 0525 polie o Jle culyo ) oo
poiS alides pb)] pleardon 5 Sujole b Sloogas

P93 ol Jsl Jele el
YN < IVY (APX) 3laenST s b o50]
-[FY - 1YY (GPX) jlawanSTy oyaulisls
YN YR (MDA) o531 (8 yells
ol+q < IAA 3B gonnd ST 9 CUZN
< IVY - IA? 5B gonmss ST gus MN
NN - 1OA 3B gonnnd 0nST 9o FE
—IVY - I¥F (H202) (39,048 3anST
Y -IvF (U EVINEW
/Y I8y K) pomliy
-IVE - I¥ @l s
- IfF -/ (CAT) VLIS
N A2 oy laie
\YIPA FAIV- odd daz i uily,lg pogens
FYINA FAIN- ol ezt e

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

£ WAY bt 5 5l N F o)l /it Jlo /el LS o3lol anlizags,

.................. ]
""""""""" [
an4 ST T '
~~~~~ [
karkheh Y
L]
: bayat [
o 2 :
2.07 *. mesrssT o @
mesrddn I golestan
L
. o K-
“gorkh takhm o kearajt
10 arta ¥ < o
: s ":\!t:':lnd : o Ahes X -
e, FalEE, shalzh hurrians
backcmss O G, : o i niknajad
P roshan Trenp e i ! chamran =
3 o - - bahae _ - sbmbiar oo O ST eas oo ____" L L@ ey e marvdasht
. 1=b=f:', s hd e (kamjz ¥ ||paa‘g'!'|}ljl.!“ SY"EO?.-!”. zagros o
pal tajani Ead ki balan ' i
= } pishtas shiroudi © Zarrin - £ karsd
i sistan @S darab2
el B shirmz 2 004 By
-1 *, maroon wernak af
K akbari moghan1 1
T,
arya darya ™.
L
T
-2.0
. O
¥ omid
] k3
[ By
L]
-3.0— '
L]
:
T T T T T T
2.0 -1.0 n] 1.0 2.0 3.0

9 S5 Slao gl Lol slo fale @ 35 5l Lol Jgl Jole g0 bl 1o (gamgo Jloges ¥ ISS

Jloead ol sleeg S 4 @laie el
A g mow polie olsjiuen slapuslSe
Gl By e p3 Bl lsye5 0 58
YL polie o a5 Slals a5 cenl ouls
A 5 o polie mexd o€ yle (5,00 i
) 093 (smmb god g o) 9> Sy 50
5 lwaslil obly 31 anles oo laa>
)10 )95 5 093 BgSTy ;0 IS 5 mads 0,058
5| 45 Cenl 00 L3S mizen (TV)
3 ool b ailed co (gy00 S 4 palie
P e Gilelie g 0p3d el
(Y9) als paie (pl Caonw 5l cadbgl
PER VRN SRR PR POWRE L S Iy S V-]
g eo)S JruS | Jomgtom ;0 95290 IS 5
Sl S35 alS 0 S0 Wil oo

Olee VgV slaog S 50 35290 Bl )

Wl gz S 0 (b HIS 5 o
oo ol yolie Coow 4 a>gy L a5 Cul
5 BsSsasn 4 ol Sal 09, 00 Ll
ol a Bl pBy1 jo gullalST s g4
oo las Jeols zols Ll okl YU b s
09,5 oz oy S (nl 4 Blate pll > a5
3,50 Ol 5T slaes 3l culad olre o
s 3T Y clled el 059y YU axllias
O Jél.u o 'ALS)‘ UJ‘ o axdlao Sygw
5y o Jlb 5051 Elsil y5laez 5 s
S Ao $nSolr slanS] A5 £,
OsrldenSTr 5 O30, 3eS Ty o5 (e
2 oodle fmizen el o Sige (g0
Al o ozt sl g o Slas


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

al slooall (S p elol 2 59t Jood )l 5l pasS itz o8] gane S

(VF) aSee b Gispe STy
S0 CUZN-SOD w3l el ials
Olseds oo a5 > cdled cél el (6,00
3 J oo GlapaslSe (p oo 51 (S
JGol, aezs FE-SOD cdled 2dl ol jon
PRGN RV P PR VOV SO
@ 0B bl lee a2 cudlad g &S
» O ames 0y Sl bl
(8505 CU/Zn-SOD  culles als
s ge il 1, W o5 glgil adss
Codles Ll caddllan S o pizen (Y1)
SRl 4 e Bgennd SpSl s 03]
o (V) ol Jd ST gyl ol
(Lathyrus sp.) > ol3 o 6,50 adlae
S e st S Wi
03 g 3l SlysSul @l o sne
oS cdled a5 oo 4 ol CU/ZN-SOD
Ao 4352 %l L Gl o b 3T
5 JgilS a5z a5 el T g 0 s
(V) 08,5 o0 035 > oss
Syl cdld ¥ oog5 W)l o
2 Oiaed SeSly eaiS (s sl
5 on o 33 ol 50 05,5 5 L i
ey il 9eSThgm JS00l) goz 1 (520
4 JomaSTy SlysSal o B clags sl
g 039 (whw> ool oL JBGol,) oYL yolis
9 e slaas > o slaasTy ol eSl

Sl sla)ls pbxl )0 sezge el
Vs ) Glaog S pB)l yo sl s S IS
po 09,5 b dunlie 10 39290 pemsliy ()lje
o Lwly en 0 (Y USS) 0 YL
P9 PS5 el o made GV polis
Bl ol s)lo)s5 p Sdedr (558 4 oot
Sl ol (5158 Vb (8L Jood panilSee
()
S50 p5 a5l (g ke Shpg (nl 5o
ST JS8) w8 5 518 pgm 09,5 50 aslllas
@ ol 098 ol el )k sla S
oLl oS )3 SIS 5 maows polic o5 @ead
S ilos S (51 ebizme 5l ()l 0,5
Slpele Gl g0 @ pslie o6
ol JESTL 5 i mle oS s slogag
Ll (PO VN F) 05,5 o oS5y 4 yolic
loasls e o5 oy lis ol mls
5 Giaded SeSln i gslacuST s
ol 4 @late pB)) o s glannST
(Y JS) ol 500 (loog,S 3l ions Lnog 5
on5 dlyd o ead ol sla sl os Y
Bl 5o st 25 £589 5l (Sl (5,98
ol Sep wbliee pgm 098 4 Blaie pasS
ol adld 5l (LBU plgee | A
Bl o addllas 550 lapnST Sl slags 33!
STy gl (Y JSE) el 05,8 oy
s e slaslal o bgengs
Sl Jowgiw g Sedyg IS o5 oS i
Slomsl il ole 0T anlee
slag o cui e Fe-SOD 4 Cu/Zn-SOD
059 JUad el ST slag yiwl 5 (sdeSIS
& Sl cpl o 1) aeSTyew S50,


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

a1 VAT lias 5 5l NF o )led foins Jlo [l Hlals Lol aclizags

X og)S el po Jlis jo aidlie T ope
P RS E g e Glie RBIS e
YU LT 5o guslonST 25 489 ol oS p
JEsl by @il cailes lapasilSe
Mg n Sp S 4 5 5 o pobie
lpl el g ol a4 0B Ll asil
shls oy 5 a4 3lae pB )| 51 SO o ol
G900 b ablie Cpz e Joou o Sy
) ep SGl 4 Az b ooy o9
P gdie o) ole piltee oS
alllae 5y50 laceis) Sy B 4
2 ol Sk el (S5 Jesly
bl 5,98 Jood lp ol slaasl

ol als s obysSlnilsls
ouls yo,yl38 Lewly e 50 (VYY) aisled oo
oSSy slap 31 o5 cdled a5 Cul
@ Cowles 5 g WSy gesd
Sl alidl g 0 () 93,5 o0 559
STy Ol 2l381 51 sl oSl
Grpimy 2L Gl 0 (39,0
Joi el o e 4 (V) WS oo
2 e OleSy ol Sgzg b puS 68|
(V) G Gl olS glacdly
@ ghie pB)l o ax ST IS eba
A g e polie goxi Vg ) slaLadS
Jdo a Lol eVl (600 s Llyl o
God oS 5T Glags 31 codlad ol
5o 3 g 4l GhalS o JsSUses 4 ol
Oezred Cawlodds Cailes gulonnST il
robes 2ljiaen Ul 98 Jle>l o
s Sny )l Spsladobe ;5 5 5 o

&b

Ahmed, P., C. Jaledl, M. Azooz and N. Gowher. 2010. Generation of ROS and non-
enzymatic antioxidants during abiotic stress in plants. Botany Research

Philosophical Transactions of the Royal Society London B Biological Sciences.

Gomes-Filho. 2004. Effects of sat stress on plant growth, stomatal response and
solute accumulation of different maize genotypes. Brazilian Journal of Plant

Esfandiari and M. Pessarakli. 2010. Physiological response of spring durum wheat

1. Aebi, H.1984. Catalase in vitro. Method of Enzymology, 105(1): 121-126.

2.
International, 2(3): 11-20.

3. Asada, K. 2000. The water-water cycle as alternative photon and electron sinks.
355(1402): 1419-1431.

4. Azevedo, N., J. Prisco, JL. Enéas-Filho, C. Lacerda, J. Silva, P. Costa and E.
Physiology, 16(1): 31-38.

5. Azizpour, K., M. Shakiba, N. Khosh Kholgh Sima, H. Alyari, M. Moghaddam, E.
genotypesto salinity. Journal of Plant Nutrition, 33(6): 859-873.

6.

Benderradji, L., F. Brini, S. Amar, K. Kelou, J. Azaza, K. Masmoudi, H.
Bouzerzour and M. Hanin. 2011. Sodium transport in the seedling of two bread
wheat (Triticum aestivum) genotypes showing contrasting salt stress tolerance.
Australian Journal of Crop Science, 5(3): 233-241.


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

slooall (S p elol 2 59t Jood )l 5l pasS itz o8] gane S

Bradford, M. 1976. A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
Biochemistry, 72(1-2): 248-254.

Cakmak, 1. 2008. Enrichment of cereal grains with zinc: Agronomic or genetic
biofortification. Plant Soil, 302(1-2): 1-17.

Costa, P., A. Neto, M. Bezerra, J. Prisco and F. Filho. 2005. Antioxidant enzymatic
system of two sorghum genotypes differing in salt tolerance. Brazilian Journal of
Plant Physiology, 17(4): 353-361.

Dashti, H., A. Taj Abadipour, H. Shirani and M. Naghavi. 2010. Evaluation of
wheat germplasm against salt stress. Iranian Journal of Field Crop Science, 41(4):
655-664. (In Persian)

Davenport, R., R. James, A. Plogander, M. Tester and R. Munns. 2005. Control of
sodium transport in durum wheat. Plant Physiology, 137(3): 807-818.

Demiral, T. and I. Tiurkan. 2005. Comparative lipid peroxidation, antioxidant
defense systems and proline content in roots of two rice cultivars differing in salt
tolerance. Environment Experiment Botany, 53(3): 247-257.

Edreva, A. 2005. Generation and scavenging of reactive oxygen species in
chloroplasts: A submolecular approach. Agriculture, Ecosystems and Environment,
106(2-3): 119-133.

Enayati, V. 2010. Evaluation of salt tolerance variation in wheat cultivars using
physiological and biochemical indices. University of Maragheh, MSc. Thesis, 112
pp. (In Persian)

Esfandiari, E., A. Javadi, M. Shokrpour and F. Shekari. 2011. The effect of salt
stress on the antioxidant defense mechanisms on wheat seedling. Fresenius
Environmental Bulletin, 20(8): 2021-2036.

Esfandiari, E., A. Abbasi, V. Enayati and B. Mousavi. 2010. Different response of
root and leaves of a grass pea landrace in response to oxidative stress resulted from
salinity. Agricultural science and sustainable production, 20(4): 65-75. (In Persian)
Esfandiari, E., F. Shekari, F. Shekari and M. Esfandiari. 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.

Esfandiari, E., V. Enayati and A. Abbasi. 2011. Biochemical and physiological
changes in response to salinity in two durum wheat (Triticum turgidum L.)
Genotypes. Notulae Botanicae Horti Agrobotanici, 39(1): 165-170.

Gao, S., C. Ouyang, S. Wang, Y. Xu, L. Tang and F.Chen. 2008. Effects of salt
stress on growth, antioxidant enzyme and phenylalanine ammonia-lyase activities
in Jatropha curcas L. seedlings. Plant Soil Evironment, 54(9): 374-381.

Heidari, M. 2009. Antioxidant activity and osmolyte concentration of sorghum
(Sorghum bicolor) and wheat (Triticum aestivum) genotypes under Salinity Stress.
Asian Journal of Plant Sciences, 8(8): 240-244.

Kafi, M. 2008. Bio-saline agriculture and conducting necessary in Iran, Key papers
of tenth Iranian congress of agronomy and plant breeding, 137 pp. (In Persian)
Koca, H., F. Ozedemir and I. Turkan. 2006. Effect of salt stress on lipid
peroxidation and superoxide dismutase and peroxidase activities of Lycopersicon
esculentumand L. pennellii. Biologia Plantarum, 50(4): 745-748.

Mansour, M.M.F., K.H.A. Salama, F.Z.M. Ali and A.F.A. Hadid. 2005. Cell and
plant responses to NaCl in Zea mays L. cultivars differing in salt tolerance. General
and Applied Plant Physiology, 31(1-2): 29-41.


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

70

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

VAT line) 5 5ml NF ol /i Jlo [2]5 ol ol aoliiungs,

Mittler, R., S. Vanderauwera, M. Gollery and F.V. Breusegem. 2004. Reactive
oxygen gene network of plants. Trend Plant Science, 9(10): 490-498.

Mittler, R. 2002. Oxidative stress, antioxidants and stress tolerance. Trends in Plant
Science, 7(9): 405-410.

Mudgal, V., N. Madaan and A. Mudgal. 2010. Biochemical mechanisms of salt
tolerancein plants: A Review. International Journal of Botany, 6(2): 136-143.
Munns, R. and M. Tester. 2008. Mechanism of salinity tolerance. The Annual
Review of Plant Biology, 59(5): 651-681.

Munns, R. 2002. Comparative physiology of salt and water stress. Plant, Cell and
Environment, 25(3): 239-250.

Murillo-Amador, B., H.J. Jones, C. Kaya, R.L. Aguilar, J.L. Garc’ia-Hernandez, E.
Troyo-Di’eguez, N.Y. Avila-Serrano and E. Rueda-Puente. 2006. Effects of foliar
application of calcium nitrate on growth and physiologica attributes of cowpea
(Vigna unguiculata L. Walp.) grown under salt stress. Environmental and
Experimental Botany, 58(1-3): 188-196.

Rahnama, H. and H. Ebrahimzadeh. 2005. The effect of NaCl on antioxidant
enzyme activities in potato seedlings. Biologia Plantarum, 49(1): 93-97.

Rizhsky, L., H. Liang and R. Mittler. 2003. The water-water cycle is essential for
chloroplast protection in the absence of stress. The Journal of Biological Chemistry,
278(3): 38921-38925.

Sairam, R.K., K.V. Rao and G.C. Srivastava. 2002. Differentia response of wheat
genotypes to long term salinity stress in relation to oxidative stress, antioxidant
activity and osmolyte concentration. Plant Science, 163(5): 1037-1046.

Sergiv, |, V. Alexieva and E. Karanov. 1997. Effect of spermine, atrazine and
combination between them on some endogenous protective systems and stress
markers in plants. Comptes Rendus De |I' Academie Bulgare des Sciences, 51(4):
121-124.

Stewart, R.R.C. and J.D. Bewley. 1980. Lipid peroxidation associated aging of
soybean axes. Plant Physiology, 65(2): 245-248.

Tammam, A., M. Alhamd and M. Hemeda. 2008. Study of salt tolerance in wheat
(Triticum aestivum L.) cultivar Banysoif 1. Australian Journal of Crop Science, 1
(3): 115-125.

Tegera, N.A., M. Soussi and C. Luch. 2006. Physiological and nutritional indicators
of tolerance to salinity in chickpea plants growing under symbiotic conditions.
Environmental and Experimental Botany, 58(1-3): 17-24.

Yoshimura, K., Y. Yabute, T. Ishikawa and S. Shigeoka. 2000. Expression of
spinach ascorbate peroxidase isoenzymes in response to oxidative stresses. Plant
Physiology, 123(1): 223-233.

Zorb, C., S. Schmitt, A. Neeb, S. Karl, M. Linder and S. Schubert. 2004. The
biochemical reaction of maize (Zea mays L.) to salt stress is characterized by a
mitigation of symptoms and not by a specific adaptation. Plant Science, 167(1): 91-
100.


http://jcb.sanru.ac.ir/article-1-319-en.html

[ Downloaded from jcb.sanru.ac.ir on 2026-05-21 ]

Journal of Crop Breeding Vol. 6, No. 14, Autumn and WINter 2014 .........uniini et et e e et et e et e 66

Grouping Different Wheat Varietiesfor Salt Tolerance using Some
Biochemical and Physiological I ndices

Majid Shokrpour® and Ezatoallah Esfandiari®

1- Assistant Professor, University of Tehran, (Corresponding author: Shokrpour@ut.ac.ir)
2- Assistant Professor, University of Maragheh
Received: October 27, 2012 Accepted: May 7, 2013

Abstract

In attention to wheat importance in human nutrition and its production limitations
due to salt stress, this study was conducted to evaluate and grouping 52 different wheat
varieties for activities of antioxidant enzymes. Seedlings in 4-5 leaf stage, which were
grown in aeroponic way, were exposed to salt stress using 200 mM NaCl for 10 days.
After that, activities of enzymes of catalase, glutathione peroxidase, ascorbat
dehydrogenase, superoxide dismutase isozymes along to amounts of malon diadehyde
and hydrogen peroxide, Na, K and Cl were measured. Cluster analysis categorized the
varieties into three distinct groups. The varieties such as Karkheh, Artaand Alborz as a
distinct group had the lowest values of catalase, hydrogen peroxide and maon
dialdehyde, in addition to high values of antioxidant enzymes. However, accumulation
of Na and Cl under salt stress was high in the varieties but damage severity decreased
because of increase in antioxidant enzymes activity that led to stop oxidative stress.
Also, it is very probable that they have a special ability in leaves to detoxification Na
and Cl. These genotypes were known as tolerant varieties which those may be applied
in wheat breeding programs for salt tolerance. Totally, each of the varieties had some
appropriate tolerance mechanisms to defense with salinity and the results clarified
genetic variation in this regard.

Keywords: Antioxidant enzymes, Cluster analysis, Tolerance mechanisms, Salt and
Wheat
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