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Abstract

In order to study the effect of drought stress on wheat, three cultivars (Azar2, Alvand and Zarin)
were selected and grown in a hydroponic medium. At the stage of 4-5 leaf growth, the plants were
kept under 4, 8 and 12 bars potential by using polyethylene glycol 8000 (PEG8000). Hogland
solution was used as the control. Then the amount of total ascorbate and glutathione, their reduced
form, lipid peroxidation and proline accumulation were measured in leaf samples. The results
showed that in Azar2, total amount of ascorbate was increased but total glutathione decreased at 12
bars in comparison with the control level. In Alvand and Zarin cultivars, with increasing osmotic
stress, tota amount of ascorbate and glutathione decreased and remained constant, respectively. But
reduced form of both antioxidants decreased with increasing osmotic stress level in all cultivars.
Moreover, with increasing of osmotic stress, proline accumulation in Azar2 was higher than other
cultivars. These factors increased osmotic stress tolerance of Azar2 as compared with other
cultivars. The results indicated the negative relationship of ascorbate and glutathione content and
proline accumulation with lipid peroxidation.

Key words: Antioxidant, Ascorbate, Cell membrane, Drought stress and glutathione

JLad (530S 6153, (5 heaadl ¢ 50 YA ,5.(2002
s slad s om b (Vb Sl (S5 o )
AN S5 e a4 shas - nd Sl sa 5 sl
5 OLE SR 5 bl s Cpisien aa el slane
Cpaticasa (2001 GILSan 5 a 30 50 5) wled suses)
SILSan 5 (555) Wl Hsaa Ll Jlad olKils o
w58 50 S el Aol wenl il s eate (1371
OB g 55 (2002 L5y 5) w550 HLSs (s5Lui g
3 3500) Sl G 5o 58 S g gl sule ol i
51(2002 1 L<an 5 5513) o s30e (ylanen ST T

dauds
YA, (Saa il St slagis plals s
Ol 38 3 8l e S Gl 5oy e gl
It 030eaS) gl bl n ' Jlad 5] gl ) 5
Jobor slaa slaanl b 5o o5es) all glal 3
S Wi oo Juola (555 el 9 udl ) S 638 5l
S8 o oSl g I3 52, 1aal b
LS5 5 050088 waea Sy el o 9o JLS000,
Hiae) ale ssm s JrnSgonn o sulallz s

! Reactive oxygen species (ROS)


mailto:esfand1977@yahoo.com

141 O sk claliss ) cdatloce 55 s s T 55 obre slb lansT 5T Gl o 2

=059 as sl ,ZJAT ‘,4_'5 ‘1—3‘) s a0 o u‘-."‘:"i" Sl
S sladisas B 50 Hlad Jlael 51 Gy 5 LA
DR R R o P e e

O PR IS R R LY R TTR AP RV

Lagdiyy  olse
Soe 3oL aa€ Gany 5wl 2,57 Al sk
Ol D9ios o gl 4l e 5o p81 5 5 5aS pao liidas
%0/1 Joslas 5o 483520 cae @ Ssie ws (gl oS
Wl e su)an aglis ol € Ol g Jrws gu paa
paS i i Gl Gl (g Bl s i S 18
L).ué._t.u.._ﬁd_:ln GJ‘JM b:):\:!J:\J %J“‘L.! JA‘S ‘)Jja..l
sad smy (s e Bl 9 slagius (o5 L9 pas b
520 20/5C slcs o ,0ud Hlaaslea Loy LS
A J e Sy goaaa Gl e made slacS
2o Jodao b (£502-3 dla 5o G o€ (sladgalS
U Sl 3 ssliiaal Ly S5 45 s e
ISl 3k 512 58,4 (el slaJanstsy 8000
Olsaas Jol€ 0 g Jolas 3 mas Jsls (1983)
2950010 mae U Ladgal€ a0 S solat) aals
Ol O o ) a5 (5,10 5 S3e (slales
34 S slas s {5 Ol LS 5l o
slacsa aiiaS gab st ple (55550 59 balidl
=70°C (Lo Lo Lasiel b s 5So3lasl ley B (S
°C Hoyobd ool las,LacsalSy s,
o oad g aelw 12 b, ole) oae, 2042

052 4B 0 e e 5 o B8 Jse s Sae 200

axdllas 3590 (5la it (5 S0l
3 Ol ol Sl 58 L S8 Gl
oLl 3590 GBs Bk S5 sl O sl

5K slaa S AK S g5 JLS NADP?
GoaS e G-I JEBI Haas)y (51l ol o s
3 ok wl) e ceal Sla Sl ey 5
592002 1 tSan 5 J) 90,8 o J 55 sLasy S
>t L Jltd Gl 531 g Lo 3T Jae 0o 4
Lo s oo Jlad (50l a8 G siSUskA JaiS 5500
OSana S el ol o s o i 1) sl gannd i
ulS LLE o paS Jals 4 (anbs 5ad saolie o Jlad
2% il Gloma pal e o e i pilie 5u
B3 8 5T S se el (el o g sud Sl
(2002 ,k.s)
glol (e ol BTG plalS ablis slasl 51 (S
SN Uit elis slaaunlSe 5l solail, Jlad ;35S
2S5a) enlag ol BT 5 ol T glaas 3T
Ol Sme OIaSI BT (o siage 512002 o1 e
pod 0 o 4 u,Sa,lal sl K 5 ol Sl
3L asyls hea s ol 5o Laal g asn <
oa eSS s s e ol 5 040 .(2003 ) ,L<an
oD 9 oSsla 5 1372 suly aal ) b gl S
Iy Jlad 3l ¢l 5l b aditews (2815 U0 53,(2003
LT s ol 31,0l o LT glaal Ly 5 aasls
963552002 1 ,LSan 5 55 5) w8 oo Sy
ol Jans Laglanea SI T ol (e il 33l
5 obuii ) aias e Giulyal | s sla s
S5yl sl su i S8 lllas s L

._S_J..L@:i‘)..s ;.‘.HA:' N ‘M;.“J&JLAQM‘ 4:'4’3‘)4‘1\.3-5



1388 JLu 12 o)l 19 sls [ 65,5l yils alomo

g oo (8l iduwl 142

03 Ol slade il g cndls gladaadle LG nalK
(L Jssa) o sunline ,L12 phaus

8 s L3 2,37 a3, Lo Lial by Sl ole
o2l (P<E%) (s ola e oy a5 (il 381 5L
Ol G205 5wl aLB,) Lo Sl o uls Gl
OS5 LS (g 95 (2B e Lal ol Sl
oo o 5N a3 S sabiie HL 12 e o T e
Ol L aa i€ s i 5o 5o IS @ bal ol Sl
S0 2l o 5o Lol ool (RAIS (6 aml GBS ot
2,30 a8, 40 512 58 gl 5o T (loae (it
(1 Jsan) etls 3la3

(1980) Js— 5 = lsial 5(1973) olL<an 5 550

A G

2,51 235 59 (Larasas)) US bl Gl

Aoy Sy el (B3 s G5l L
DL 12 58 b 5o SlasaSI BT ool Gloae it
4 7 sl L (P<B%) (g,lu a0 AT S wol cacuny
A s G s Sl bl Lo Ll ol las sala

el RS sad Gl 580 b JS el Sl olae 2,37

(12,3) JS Dby Sl 4 Lol Dby sl S (K25 035 08 2 dgm,5) OF Ll p 3, IS Sy 5Kl Ol =Y gt
Sl iises C‘,k.w 9 f.\.f &5"‘“?,‘“".5

sl 6;5).&.” 6\.&%

J5 4 bl o, Sl bl S 5Kl Js ol S5 (ol
ST LA SR Aals ST LA St Aals LY LA SR Aals
o/ WwhY v ISY/NS WA MEY Wy es/ay AY A v /yy AVIYY WYY Y50
volov  tAVA AY\Y LATAVA WWEA oAy ve/ay  Aveo Va0 YA AVRL 4d/Ys &£
YAIVY evlsy VAV LHAR va/ay  ve/Ad glve veled oV eYeA MV vilsy R
- (A2 VI/ay L SD5%

ol >81 L 2,507 a3, 5o lial (586K o)l hae olouis
Al 5o Lol s (P<BY%0) Hls fae (s aml (15 a
088 Gloe 5L 12 58 s u cny) 5 Wil
835 oMy 8l ualS (P<BY%) (s ko fae 5 shas Lia
35 58 L cued s Lial (o8B K s 51 2,31

(Y Jsan) wse Shaosd o Ko

Ol >3l 5L 8 i L5 2,3 435 5o IS 0 98l 5K ol s
2883 035 53 JS (SR Ol S ol G S 428l
olane ol aali 5 5L 4 polans b o Col o
D12 50 S 558l K Gloe g als oL (P<E%)
Ll il S gl 4 0 s i (Bl s
23 005 5208l a1 50 GlasasI BT Gl lse @l s

(2 J392) 255 (P<EN) Ll iae (s el ilida ¢ glacs

(1053) JS 0556 418 4 Ll 0556 8 o 5 (K 035 5 2 dpo 5,500) OF Ll p 3, JS 0556 518 O oo =Y g
ol iiSee C,h..« B r.xS/ s A;E#L:f

sl 6;5)‘44‘ 6\.&%

G,
JS 4 Ll 0556 418 Ll 0530 58 JS 05568 r
LAY LA St Aals ST LA St Aals LY LA St Aals
qo/ty  ovivv AVt 4/ YWee o owave o owvive o wvive o vyleo vvIYY /XYY YAAA ¥,3l
\Y/EA vefos velay AVAA YA VAL A7 274 A N £ 71NN L VAT £ V-V A 4 vA ¢ L0
volsn v N4 AIA q+/av v/oo T/av Yoy YAV Y¥oA  yYloA  YoloY  Yifet )
- LY/A olvy L SD5%




143

5 5 sk ol J claibno 3 il 5 o] 2 Jgbro slo ol 5l Wl s

pl A - 59 Gl gDl (RS sl (il 531 L
OF olafie G it 4 ey 2l et dalllas 5556
Olore sl 52,531 a8, 5o il el caens 5L 12 50
Sagine gl ol 4 a3 5L 12 50 e
S ats e o) a3l 5 Sills o0 (P<5%)
(P<B9%0) Lo ae Alide sl G 0T Gloae Gl

Lo 0ol o ol aliol oo (ol sl @l )l
(P<B%) (s ls mias Hotas (saml (A3 Sud Gl )
e 4 cunl 01500 2,37 485 Huals Glas (il
o8k S0 8 o B (sl (B Gt (Bl L (Sl
2301 Ol (Hy ol (il 531 (P<EY) (5 5la as
Jsaa) oo L (ualS g St Hoks 5L 12 b

(Y Jsus) s (3
(K22 055 085 2 dge o) odan oo e 5 (5 835 p 5 2 d e b)) ok (5Lt & ol Ol =¥ U
ol AiSie g gl 53 p kS laazalS )
ok (g S5l gla ane
oAsn S Dol S pu!
LUy SUA s wls LY LA Sbt aals
EAZ/S T £ A% Ya/y o/\4 WWAA VoA INYAZR 2VA7N Y50
AVIEY WA aYfer A /i ATo/cA VEYIRA WY VaA L0
$¢/AQ VWoo  AaN AA L A ey avUYe oo Yi/eY RS
YAIAL vo/yy L SD5%
e Sy ges a3 5T o dlad (2al 2,37 4 55 50 Eangy

JSouly a3 5l gonls i g 15 3B sare 9
(astonts ooyl mls) BS o Sy arasl 5y e
aas e olas 30 (g o ol 1 USs o slilen
5088l O 5o Jstae sloa Glasa <) w0
O3B 5l cage sl sla A sn Lo ol Sl
(2000 1sLal) 5—Len (2005 | 5ul) by oSl —
uTa,ls 5 saa (2006 ol lSen 5 Silia) Jad sl S
2558 sl il 5SS o) gias 5 K3 sla Gl
pod oS cobie 4 i oo as b a0l o
oY 035098 Janiliy La Glasa S 5T 0l sbis
GLada s 5915 O5soaes wnSly S8 glal sl
A (el e 5ol Sl — (sl K
ST 5o Jslas Lol <1 5T Lial oy aiaas
Laal (sl a3¥ 0500008 J8 5018 4 s 59 5583
Sl (38 0T 4 o a5 (gt 300! Sl
5 ol sl slagluw sl ol ol ,a .55l 5550
5o Lol IS Lad s b 5 il (halS o 565K

slaglaw S BT oy tage 3 b, sSal 5 o586 4K
Jsle slaSalasl 81 5o 4 widbo o 5o Jolas
Laglarea SI BT 01 .(2000 G g5 yral) wils 5 guda
oSl Jlad LadlSouly b e (21 G153
e S a0 (2002 bie) w3 g0 (5591 o
BT 58 G Gl a5 4K sl ol (5 Il 5
el 5 sl aly it 5 S3e slagplas
281 laanil&e 5 005 Hlasa g (potle SS90
JJ&A‘\SJJ‘)SW%A:\_&H‘)JSAA‘:BJ‘)J;%J&‘
D12 50 0T sl sl 4 T (s 5 205

U ol ssas sl by (Al ea 5 LB ks



1388 JLu 12 o)l 19 sls [ 65,5l yils alomo

g oo (8l iduwl 144

lalis Gl oad g oo, > & s hosle
o S el Sl e (g el (IS G (sl 53
oS 4 ol gl Gl S s s vl 51 p30
Ol gt adliely G5 SI JLad gLl
cnllad 5 Lab ) Lad ol Sl e (EalS i8Ea,
Lantp b a anaSh a3 oass 50 5800 slag sl oS
woladls Sl
12 55 e 55 U2l sl ol 2,531 235 5
Slls Hu ol il (il 380 # ghais s @ cus 5L

a3 Lag e <1 wT wilen (55 5 Sl ali) o
L;LA‘S‘)_.'QJM_CQ_..\JJH.JJ:\ ‘13‘) u£|‘)|‘)mu:\]\9‘)g
NADP+/NADPH,H+Q.\.‘.“_' ’UT e g yieus 3
1 Jsbes (S 50, Jaeailiy U8 Gl 4 5 0ala il 581,
La Lad golagly ey aals ) JanS goma JIS0al,
2,31 a8y 53 oals sy pand Ol el (2008 o) 5L<en
5 50 4 e (Joles slalid 4 Gl (RalS o
B S so Sus

S dls 5lebl O e S GoSan Ol
ol JS 4 Lat s G000 YU, 086K 5 ol S
ol slali 2 4 cucal (RalS Ca cnlg o gens
Lol s 5o La il Gl e 45 oS5 by 0 S e
oS deeliy B Jolw wBly by (Saa i
o kol b 4y LS JaaS 5 sk Jlassan (YL
ool s slasiealily Gataea b oo il
SOdeate S 305 4 glaaalS da je 5e ()

.C.u-u‘

08838 slag slle LS (ialS G wal 8L
b o pead Jlas (30l gl gl g sk
SIS GBS S plSia 4 e GlalS o
OS5 Sh gl o3 80t wl 68 Salwl (s Slage iy g,
Lo s, ol s omig 5o 1)l (oo sl 4 Jlas
03 RS Sl (g0 ool Bls fed 4S9l (oo
slagias ol 5o Ll by (oo (Al GasllS <5
slag s sl (e, aore oo Olines olS ol sa
09 (0=S area Sl g0 o Rl S asla 58 (555
P 538 (555 et e gl al 5 (el S e a e
e il < gNADPHH' o _aas
99 s 5ol eail.os £ o NADPY/NADPH,H'
O3 S) a8l slaal o (S A (303 bl b
o3 Jlad 5 Shpl g al ol 8 il 81 5 (g 58 o)
Lo paaS ol LSO s oo oy,
.4_’»4;6_“).;\@.“)1:3\9)5)4)\95& u.i‘-u..t ‘LA.LI;\:"SA
by 5 SlosSel Glasas) (BT GDA (ralS 5ol sl
013 YL ok 50 T US4 Laad s G0 9
aallad GEalS Coes s 5 sl alB5) 5o (5l
sl C_Jl_"u) Gl sud Hlanna Sy b, Sl ‘;:"',ﬂ
‘;_J",_"T Ol oSy ol Sl 8 M (cuulonts
e 5 Dbl = 50K sla A o S
Ol 2,537 a8 o alla o a S e B sl
p85 o9 o e (S 15 YL ol o Ll
b aals (P<E%) (5 1o e W AT , Koo
b [u8 «S el Gﬂid‘s@-a Q\*S\@TQEB\,K
sladdsn 59 oSl s pdle cal plie (ol S g5k
s <l 053l 5 6K a5 3T 5 5SLE S ou b 5 <3
o= sl Gl (al< (2002 ,1tie) wnly s
olS so cusgaae slan) Q‘“‘:""‘A‘u—tj

,2)31?—3)}44\9&34—&‘\95 é\,ﬁ chd(su‘suel‘saa
crealon i el S50, G B K as Bl Gea callas
09 0% 085 g 4 e Ll 085K 0l B
03 (S50 Cnladls Sidu el (35 YL ol



145 w5 Jelw glalie | cdadlow )3 gy g ol Jolee sla s u_u] Y [EPE SN

¢¢ NADEH NADP"

;\Imrmllwe Oxldm
STROMA 5 :H-,,D

| ﬁ"'g'

-.F \---s..

LUMEN
| DITA 11202
21120

i
")

A

r

594
\"\.

Siaquiall poyedy

—

3

HHAQYN —*’"\
2l
SNOLOH: AMApine IISd

hled o i sl T 5 04U o8 5 b Kl OIS ST 48 olE slis e pilSe -1 IS5
JEIF o (g 5 DSl m055b 48 5 1 (o e 5 2 (A



1388 JLu 12 o)l 19 sls [ 65,5l yils alomo v 5 g (5 b 146

ouldicul 3 g0 palis
Ol s&ails ol sLaml (Siie 538) (ALS (5355 9558 ATVY o coul sasal

008 s&aasls ollan) (4an 53) (Las TS 5 el g) ALt b pasdisns AYFF g sane

o8 Sloal ol (des 53) i AYVY ¢ o cne 5 a Sba) @ 5o

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

Bates L, Waldren RP and Teare ID, 1973. Rapid determination of free proline for water stress
studies. Plant Soil 39: 205-207.

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

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

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

Esfandiari E, Shakiba MR, Mahboob S, Aliari H and Shahabivand S, 2008. The effect of water
stress on antioxidant content, protective enzyme activity, proline content and lipid peroxidation
in wheat seedling. Pak J Bio Sci 11: 1916-1922.

Fadzilla NM, Finch RP and Burdon RH, 1997. Sdlinity, oxidative stress and antioxidant responses
in shoot cultures of rice. J Exp Botany 48: 325-331.

Guo Z, TanH, Zhu Z, Lu Sand Zhou B, 2005. Effects of intermediates on ascorbic acid and oxalate
biosynthesis of rice and inrelation to its stress resistance. Plant Physiol Biochem 43: 955-962.

Gupta PK, 2002. Cell and Molecullar Biology. Rastogi Publications, India.

Havaux M and Niyogi KK, 1999. The violoxanthin cycle protects plants from photooxidative
damage by more than one mechanism. Proc Natl Acad Sci 96: 8762-8767.

Herbinger K, Tausz M, Wonisch A, Soja G, Sorger A and Grill D, 2002. Complex interactive
effects of drought and ozone stress on the antioxidant defense systems of two whesat cultivars.
Pant Physiol Biochem 40: 691-696.

Jiang, CD, Gao H, Zou Q, Jiang G and Li LH, 2006. Leaf orientation, photorespiration and
xanthophyll cycle protect young soybean leaves against high irradiance in field. Environ Exp
Botany 55: 87-96.



147 O sk claliss ) cdatloce 55 s s T 55 obre slb lansT 5T Gl o 2

Karaba E, Yiicd M and Oktem HA, 2003. Antioxidant responses of tolerant and sensitive barley
cultivars to boron toxicity. Plant Sci 164: 925-933.

Law MY, Charles SA and Halliwell B,1983. Glutathione and ascorbic acid in spinach (Spinacia
oleracea) chloroplasts. Biochem J 210: 899-903.

Michel BE, 1983. Evaluation of the water potentials of solutions of polyethylene glycol 8000 both
in the absence and presence of other solutes. Plant Physiol 72: 66-70.

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

Neill S, Desikan R and Hancock J, 2002. Hydrogen peroxide signaling. Current Opinion Plant Biol
5: 388-395.

Potters G, Gara LD, Asada H and Horemans N, 2002. Ascorbate-glutathione: Guardians of the cell
cycle, partnersin crime? Plant Physiol Biochem 40: 537-548.

Reddy AR, Chaitanya KV and Vivekanandan M, 2005. Drought-induced responses of
photosynthesis and antioxidant metabolism in higher plants. J Plant Physiol 161: 1189-1202.

Sairam RK, Rao KV and Srivastava GC, 2002. Differential response of wheat genotypes to long
term sdinity stress in relation to oxidative stress, antioxidant activity and osmolyte
concentration. Plant Sci 163: 1037-1046.

Smirnoff N, 2000. Ascorbic acid: Metabolism and functions of a multi-facetted molecule. Current
Opinion Plant Biol 3: 229-235.

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

Zhao Y, Hull AK, GuptaNR, Goss KA, Alonso J, Ecker JR, Normally J, Chory J and Celenza JI,
2002. Trp-dependent auxin biosynthesis in Arabidopsis. Involvement of cytochrome P450s
CYP79B2 and CYP79B3. Genes and Development 16: 3100-3112



