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Abstract

Considering the role of wheat in food security of Iran and its yield reduction due to drought stress,
three varieties of wheat, Azar2, Alvand and Zarin were selected and cultured under hydroponics
condition. At the fourth to fifth leaf stage the seedlings were kept under 4, 8 and 12 bars potential
using polyethylene glycol 8000 (PEG 8000). Hogland solution was used as the control. After 10
days, leaf samples from the seedlings were obtained and antioxidant enzymes activity (Superoxide
dismutase (SOD), Catalase (CAT), Ascorbat peroxidase (APX) and Glutathion reductase (GR)) and
lipid peroxidation were evaluated. Results showed that increase in the strength of osmotic stress
increased lipid peroxidation. Moreover, the activity of SOD was declined in the varieties, but GR
activity was enhanced with the increase of osmotic stress as expected. This enzyme was not the
restriction factor of wheat defence mechanism activities againgt the environmental stresses. At 12
bars, the activity of APX in Alvand and Azar2 cultivars, contrary to Zarin, showed a significant
increase (P<5%) as compared with the control. Nevertheless, the CAT activity was equal in all
levels in Azar2, increased in Zarin and declined in Alvand. Subsidence of the enzyme activity of
SOD, CAT and APX in Alvand and Zarin cultivars resulted in lower yield due to loss of balance
among the elements of defense mechanisms. Thus with accumulation of reactive oxygen species,
the key points of the metabolism and cell defence mechanisms were damaged. These factors
resulted in the sensitivity of varieties to osmotic stressin contrary to Azar2.

Keywords: Antioxidant enzyme, Drought stress, Lipid peroxidation, Wheat seedling


mailto:Esfand1977@yahoo.com

131 P8 slaaoralS e gmsionsSly g ST Bl slom 3T clad  (Siis i5 clgl

5(2003 oL Sen 5 Laa ob) (52 5 Ladhases <1
oKa wlonts S5 (2002 L) (808 5 0536 5K
e b lada sn ST s Sssaa L 32 0l
3958 e Jb B Slen 1555 5K S5 Sl s
Oleta Laca o ol 5121 (2004 () iSan 5 lise)
Ll Sl b 5wl (5588 50l Jlad slag 8
MJWS‘JL@JTF_AQ‘A‘JQJMGJJT&
il 581 e lada s ol (sla 85 (2000 1sL])
09 (shas (5 Ll 5 5 J sl (Sl slad S 5o 50
OloSea 5 sobaiil) uyge e 0 sSRsle curs
(1387
o8 e (138 5L GaelS lasl, S (S
Y geaas a5 Gl 58 O lga 5 LsaS Gl Ul
Hla) Wb (il 581 %1/6 o gan o dlw 58 el TS
JHJA_J-JQA_\JSJJAAA&‘JL*MAJGSJIA
©slagi s s sdle cagias Gl o le sl
OO LB, Pl o s G5 e 2105
sLS biadion 5 S35ln0 sla S calis age
85 e s a4l Dlasea s sleSay cueal )
oS Jlael 5y s SLAT o5 5wl 2,31 auk
;Sﬁaﬁj‘)d_..\.émlaeé.adﬁu leo_‘.u 09 (8 yaeul
sl e 4 (Ul selin sla praiilSe ago (slial Ol gie

LA 6):‘§ a")‘._ﬁ‘ 6433:\.‘ u\’*.u‘.{'.u.us“)ﬂ

SsA (g a8 Jsb Lu sel)) lals
9050 Sid 5las goanie huas sla S L o)) san
=2 O a5 JmlB i 5o (RS ) 4S wies
bl co (Saa GBS 5550 a8l e B paS
S 00,8 (ALS slad sl 5o pand lie YA
Ol (5aea ST JLad (slaa 8 a5 (ol 531 45 ) 55
Jobos (ool salie VAT Laal sla) 5B 51 (S
(2002 )54 5.5 oL

JSaS o (Rl §3uS) (a3l shaal
drenSH o e JLSu0l) 5l (50 ST JLad slaa 8
35— JaeaS goma JLSuals 5 (50t e Sy
O5eeS) JLas slaa ;52003 ol L<an 5 Lus sl)
SAK S glan il aiilaa Jsl Sls slad S 5o 50
3 pedamee 5359) Al o saaaH Lol 5 LG g 5
S e ool (S (55 alKia 59 (2001 ol Ken
Hie) 05 e s LT Wl Lal (slaglSs )
S Lad 559, Gad sy 551 1,5.(2002
Gy aa—e J—ds < NADP'/NADPH,H'
oyn 53 S Sl g st cga NADPH 5 HY
o883 can a8l by oo (RS Sell cpl 5o lS
o0t ey 5 0y S U i) i €y
5 o) ab e (il 8 () 30uS) Jlas slaa s wl s
S alouls Glass LEdas 5 0 (2004 4l L<an
ol Joae gl Laselasl 5 (ol slaln 2
Jbad slaa s bow s (Saa 55 Lol s 5o Lad sl
(2003 Hla,ls o olasl) st & 550w <)
LT olam) (g ,m3 358 5o 5,85 o lala e
HLATP 5w cga ad¥ ol il Lol S
S o silie (a8 shue 5 caedly 5,

e S8 L e blie g oAl slad sl

slod=y ol slap

SISe 31 aias slahis

Olasea S T slaas 3T (55L<an 51 S usjlas i



1388 JLo 12 o)l 19 s [ g5l jisls alma PRSP A 132
Ol 1 5T Mo 5T e (550500 gy 9 3se

SS90 086K 5 Slasasl ol Sl GG sanws

28 K 51,8 Sl

S O sal ST 3 Ol 5 S S5 (5 oS 051!
3 (1976) 55580100 o g, ubinl s US 0S5

a5 :8e 5wl (1980) Jss 5 ol sicul

G_)l:d

63 o3l Lo ol G enlanns Sy Gl5e
aai€ Al A 58 Ko el (IS Sad Gl 381 L asall
Sl il 53 sals 4 s (P<EY) (g ola e sk
Olowe Craoidin 1 UK o s 1,1 s Gulisd 530l
53T a8, 50 ek ) s wsse alBL) Lo L 4
Oloe 2531 a8y 5o caal st sl 5L 12 whans 50 (2
oli s ofetin @il 5L 12 phas o Lol & ]
oo lalae o a il Glyae i «S glo € @ als
cils 3105 w85 ool 4 s hanl GBS e (p Saa
(1 <)

e S g 35T o allad ol it 0 S
s e (g yamul B e gl a3 sans
i3 50 8 et 52,37 635 50 50 parss wanil 53 e
532,531 a8 50 a3l ol cullad Lo S Slaia 5us3
o2alS (ghaul ol sl b dinlio 5o 5012 plae
D12 58 gl as gl a8, o ool e s5 LB
Aaea S g callad 5185 5 glebaadle Job Suals
sl ola LU 4 5 aals U dcaslie Lo 35 samass
Sl g g mllad G i 05 a5 08 Sl

Sad Gl b g ad daadle 5L 4wl 5o 56 sanws

Momod 5 a8l 2,37 al5,)) L au 53

oS g el o o a8l i S Ao oladas K
o $0/1 J stas 50 488520 e 4 oL ol 553
ol o JelS sl 5 (pde wd Sl Joan g
C sl 59 aa ol Gupes Bud pdilewds 8310 000
st Lol sa sl S Jladilsa SuL 4 20 £0/5
Siisa 5008 GEoso pasais slacll 4 oal 5
L oS5 2-3 la o 15 ai€ (sladaal it ki
2l sa Jolase b ala yo Col 5l ams 5450 K sa Jslae
45 ala 5o o LadaalS Gus, b a4 JulS
sLa ety 8000 J S oLl UL 31 soliieal b « S
Jodae O atnes iael sy S 12 58 4 (5eu
O LadaalS s S suliin) sals o) gias JolS K 58
3 o 5 $01S 5 S3e slajlas 50 55510 cue
Lalidl 5 4 (S sladisa {5 Olsa s
U S sladtsd ain € ) 5db g2 mle (35505 59
610K =70°C slos o Lajuaie 5 ,Selasl ole)
slos dadaal€ u i) o)50 Job 5o Gaines L aiud
b, ole) mae 2052 °C 54, wls o GAK
= 0588 Jse5500 200 555 b 5 el W 12

4\9.\4:\4‘3‘)4(:4‘)4:)““

‘;‘S 0/5 QL&...;S\L;\;T GLA‘;_J",JT ABC T UVEN
Ao O 53 L D 5a 5 i (S sladsisa
EDTA (55350 (PH=T/5) J¥ 50 ,Lie 100 o ys olarus
Jsins ol O¥salie B b sl Y 0 1ae 074
slad g s Glsl (ean — 559 U5 cpaa 550
445015 cue 04 °C sles 5150009 Lo sad (5500
solii il Ol S) T glaay 35T cnllad 55865l
(2007 o)) Kan 5 s buiwl) wa S



133 P8 slaaoralS e gmsionsSly g ST Bl slom 3T clad  (Siis i5 clgl

(5 L)

anallad Gas 4 S ulag by sasl cuns ol

sl Gapeelarn Sy Gloae 5 GlaseSI BT slags 3T
9 okl b 55 4o Gl aols s G bLS)
ealaa i o)< 5 (2008 42007 (1387) o ,lSan
o3 Lt 2 4 el (s (samel (B35 Sad (Bl 53
ad, o0 Lol (1 USd) conlaiily s o€ 235 4w 54
bl (50 Gl Ly sl & saeal a0 2,30
o olas (il S 5L 12 mha s o g pSadti gl
OSae a8 ol o s O saeslanaS s e SRalS
Sl Sl a3 5T e llad Gl 80 5 (il el
st rslas sl 4 e 5L 12 gl 53 HlasasS)
5 0l slaglun S BT Gla aan (2530 L
el L aslie o (g al (835 Gl Ha (a8 K
bl ol Sl glacua s s sy ol als))
255 09 US 08K 4 Lal (58658 5 US ol Sl

Al b 5 st (el (15 YL ol 50 2,3

5 OI5A ana Gl (col sads sy Hlas ) s
o e daglanSI BT ) Sl @ Ll s
Jaely e Lo slapenulSe slacus jaas o ga
OIoLSan 5 5o 99) wias e Gial3 8l 1 Jslw (S5,
058U 5 Sl slaglas] BT s ey (2006
sl 5 Sl g JLSouls b a1y U153
ol st w3l 5 e 4 Wl 1 3] Jlad slaa s
5l alisl 59 .(2008 Lol 5l ) wias Saal 1,
oBalS 50 5 Gl BT glap nl cullas (ualS o))
50581 Lagtael T ) aplan) BT 633 aaa
laaa olKe 00 s guns Lol Jol se 5 (casloass
Osmenlana Sy (iald) s 5 sl Hlad 4 peli

coxlenss S (gas

DL 12 5o 5 sl GualS 03T cpl cullad (el i
(2 JS8) aa; 9 5n callad (e S 4

23 S0, Gl w3l callad o i
oty DL 12 e 53 iy 5 950 S a3, 4w 58
59 LS 59,5 8L oI callad Glae 2,37 63,5 50 asl
WA (ghaal 55080 ok b D12 58 £l
SS9, a8l sK edlad . cntls (P<E%) (s5loae
(P<5%) (s ls e o533 5L 8 o B wigll a3 5o
o L 12 5o sl ol ellas (g olas las
Ol 3-8 gl lew b dnlia Lo (P<E%) (55losae
s S5 L8 54 pban G LS () a3, o il
(P<E%) (sl mine N3] 4S5 s 5e 31,0 12 5
(3 U<a) wd swa

59 SaaSly b sl aaisl ol il Wy,
3 el B BiAs r g uagll 52,31 an K a5 )
AL, ol 5 (4 USs) s S crad gl s o S
e 53 15 9 callad G i SlasnS iy b Sl
Sl sSenl edlas ali ) onl 5oty oLis LU 4 (s el
5 2ald ol b dwlio 5o 5L 12 mlons 5o SlaseS)
bl annls (P<E%) (sl ae Giulydl ,Ls 8
o3 1o oA allad Cp il s w85 9 Slara Sy
o e L daslie Hu gulo lins oall mhbo o
35 (P<5%) lo e 0 5o 5o callad GIEAI (g 5anl
(4 J<z)

59 YOS sl e dlad ol 503 2,31 235 50

o9 a5 (P<BY%) Llo e s rawul B Bl £ ok

gl 59 VLIS cdlad o i Wil 035 50 Sills

(8 el (B0 Sady (il 581 a3, ol Ho ol s aals

s o3 a8 aald 4 s GKs el sl
Ol 381 s (el (S w sl a8 BMA s Gas)



1388 JLo 12 o)l 19 s [ g5l jisls alma

e 5 LS g At 134

(2002 jtise) wiuliwa 35008 wanl oy (YL ulie
susls slacnal cud | Sie slaa il cullas Gaal
GEalS aas o I3 1 sl il sl oSl pe s 0
O VLIS 5 Sl Sy ol Sl (sLags 55T callad
crgllad (2alS L ol et il 5 mn) alB)) 5o a3
Lol 2 o el (2al38) G 50 s 20l 5y 5
cevulaadd

ol 331 L 5L 505 85 6K 55T callas
5o L €S el il Ul Gube (g hamsd GBS b
JSt) 50 (P<BY%) laae (ralldl loae ) 35
08U saae slaal Joads s w3l cl (2al331(5
(2003 5l Kan 5 p yaes) ool et Bla Sl w2ns)
(1372 ool ypual ml) Jud s8R sla 4 a2 9 0 s8bsK
5 L h) 058l K- ol sl (2000 1ola) Slee
Bl s g oS e i (5Ll (2003 5,
ol Jae 5 Slascly 0 s8l5K w5l K6 S
el G131 L ol (1998 510K 5 0 3e0)
w251 ol s el VL ol 5o S 59, G5l sK
Calllas 550 aliy) elis slapunslSe s sane Jale
< aileu S 3,155 (2003) Golsen 5 o oo
4 Jaad Rl o SUS a5 (580 callad (a3
5 G5 852 L) Gl o (s s oo slanS) (1S
ol 0, Shae (2L 3 il g sm g0 s same ]
sl Glases) BT slaas 3T

S s Ol Ol S oS Ol
e Ol SI BT Lo 3T callad G 5o Jolad pac
sLan s 00 S (o sTpen Lapuusila o1, Saals
oS s 9 e Jobad pac s e 0 5auST Jlad
glol paad 00,8 e Jslw Lo (3l Jlad slaa s
Lo slSe 5 aud 5olie sualS LG 50 Jlad (5008
) A a0 o 8 dlea 5 8e 1y Jsles eli
Ol b st sl Sl 59 eI (IS e
a0 K a5 ad saaliie ) 5 gl 651 5o 4l
09 S A S 4 2,37 a3, b sl 5o iyl ol &S
il Soulas glpalS da

15 Sy g JLSul 50 sarns aaS) 5 50
OlolSan 5 sliae) Wi o JaaS (3508wl 4
d‘jﬂd‘)&f‘.d)‘dﬁ)d‘JM‘#HJ‘S:QJ‘)&.AS
OESls sloal b 5 S5 308 anSlyy b Wl 5 e
1 S soma SUGRA solallg 8 JSul) 50~ ola
Sosme LBl 59.(2004 o, L<an 5 s Biue) Wiyl o gn s
O 12 83 5 (s el (335 YL sl 5o (s
il ca i A s ol 2IS (2aI€,(2000 16l T)
el € au Lo Sl LY Ssesn © Sloss sud
JSul) pand s May onaldl G Jiage O (S Lalaz
@lo5as obE Lay il 01.(2000 ol) was oo Sals
a5l sl 59 9 50 05008 el oslpes Lo
BE (C.\_A.u‘ [P QJJJT @‘:\3) LAC)‘J*.;S‘G:\JT ﬁ“.).; p
il e ol Sl s VB
Sl 4 350008 S s (5T pen slag ]
o 3l Sl sl 5 VB alla 2alS ] o
e s w3l G5 e 05 5 sl Al Ho s 3
oSy slal 5 edle S s (5 aoms WSy
Lam >l 5 A andllad (Al Cis 5 - pla
oS slin d s 50 Sty b (pllS e s n
Ol callas (2al< (2000 foL) S b bl o
Cread GEALS Ly a5 e G IS X sa o Lapy il
ol sea it o3 S Jlad glaa, su s
Oxaed by Gl 580 Laad atas 5 Lad 5 50 50



piiS sloazalS (caed gmibinasly 5 GlensSl ] glag T el (S s ol

135

175

f—
S
N
—
= ™
> N~
—_ —
< I
O X
% i
f—
T o
N ]
<
[ |
(@] Lo o Lo o Lo o
Lo N o M~ Lo N
— — —

12

H 0 ¥ sy b0 (B (afefp € 57966 )

b

WL«g

r.\.f s

W Azar OAlv B Zar

12

o [c0) © < N o
—

AR | sy e 0 (€t € m& H6er)

b

R A S (sl g g SIS -Y IS5



1388 JLo 12 o)l 19 s [ g5l jisls alma

e 5 LS g At 136

42 7y dgb o 53 Ol i) US55, 045 P8

O grslemnS | J g0 (hes) eS| 5 D) Kl b

(45 55 oSsp p 8 oo 2 fo il

(45 52 e 5 e 2 Dls s

0.35

B Azar OAlv H®Zar

0.3

L SD5% =0.067

0.25

0.2

0.15

0.1

0.05 ~

25

S

¢S slaamalS 5o S 53,5 05 S T Cllid (el sk DI S1 Y JSS

20 -

15

10 A

M Azar OAlv B Zar

L SD5%=1.05

b

piS slaazalS 5 Sl S Sl s"u'ﬂ b (gl sk SIS -8 S



137 piiS sloazalS (caed gmibinasly 5 GlensSl ] glag T el (S s ol

1000
W Azar OAlv B Zar
900
LSD5% =194.5
800
700
3‘ 3 "
J 3 600 s
2
vy 2
Ao 500
..\%
A,
N L 400
S5
A £} 300
N5
j, 3 200 1
100 -
0 a
0 4 8 12
B®

piS gloazalS 53 VG 05T CId » (sraml sk SIS -0 S

ouldingl 4y ge pulis
Ol sl ol laml (i 538) (alS (535 50508 1372 o suljasal
3 olS bilae slaaailSe (Jlas (35St ol ol ot @l 1387 B (LK 5 pon wsne o sobui]
122 claiin ¢ S Gl bls lal 5 cely 5 S8 rans gl a¥le 0 4 da 5 @ g un
Aebi H, 1984. Catalase in vitro. Methods Enzymol 105:121-126.

Asada K, 2000. The water-water cycle as aternative photon and electron sinks. Phill Trans R
Soc Lond B 355:1419-1431.

Blokhina O, Virolainen E and Fagerstedt KV, 2003. Antioxidants, oxidative damage and
oxygen deprivation stress: A review. Ann Botany 91: 179-194.

Bradford MM, 1976. A rapid and sensitive method for the quantitation of microgram quantities
of protein utilizing the principle of protein-dye binding. Analytical Biochem 72: 248-254.



1388 JLo 12 o)l 19 s [ g5l jisls alma PRSP A

138

Breusegem FV, Vranova E, Dat JF and Inze D, 2001. The role of active oxygen species in plant
signal transduction. Plant Sci 161:405-414.

Candan N and Tarhan L, 2003. The correlation between antioxidant enzyme activities and lipid
peroxidation levels in Mentha pulegium organs grown in Ca®*, M¢?*, Cu®*, Zn** and Mn**
stress conditions. Plant Sci 163: 769-779.

Dewir YH, Chakrabarty D, Ali MB, Hahn EJ and Paek KY, 2006. Lipid peroxidation and
antioxidant enzyme activities of Euphorbia millii hyperhydric shoots. Environ Exp Bot 58:
93-99.

Dixon DP, Cummins I, Cole DJ and Edwards R, 1998. Glutathione-mediated detoxification
systems in plants. Cur Opinion Plant Biolo 1: 258-266.

Esfandiari EA, Shakiba MR, Mahboob SA, Alyari H and Shahabivand S, 2008. The effect of
water stress on the antioxidant content, protective enzyme activities, proline content and
lipid peroxidation in wheat seedling. Pak JBiol Sci 11: 1916- 1922.

Esfandiari EA, Shakiba MR, Mahboob SA, Alyari H and Toorchi M, 2007. Water stress,
antioxidant enzyme activity and lipid peroxidation in wheat seedling. Journal of Food,
Agriculture & Environment 5: 149-153.

Israr M and Sahi SV. 2006. Antioxidative responses to mercury in the cell cultures of Sesbania
drummondii. Plant Physiol Biochem 44: 590-595.

Mittler R, 2002. Oxidative stress, antioxidants and stress tolerance. Tren Plant Sci 7: 405-410.

Mittler R, Vanderauwera S, Gollery M and Breusegem FV, 2004. Reactive oxygen gene
network of plants. Tren Plant Sci 9: 490-498.

Sairam RK, Rao KV and Srivastava GC, 2003. Differential response of wheat genotypes to long
term salinity stress in relation to oxidative stress, antioxidant activity and osmolyte
concentration. Plant Sci 163:1037-1046.

Shao HB, Liang ZS, Shao MA and Sun Q, 2005. Dynamic changes of anti-oxidative enzymes of
10 whesat genotypes at soil water deficits. Colloids and Surfaces B: Biointerfaces 42: 187-
195.

Stewart RC and Bewley JD, 1980. Lipid peroxidation associated aging of soybean axes. Plant
Physiol 65: 245-248.



