X = pole 50 (e Sy pid dxe
) 9l 4ow ¢ J9f oslad oy Mo

e,
Ay ¢1-0¢

i,

c_-;'qj_) g].c. ) G.}aﬁandc%..:;:ﬁ

Environmental Stresses in Crop Sciences

Ofs | BT O™ 5 9 by 3T cudled y el dpl 15T )y y
S i b ag>1g0 53 (Cicer arietinum L.) 3455 pl6

Tz i gl gy aaiS e Sl jedh o e

gl gwgd B oAl eyl pole 0uSisls ( pwlid Cannj 09,5 )l cwlid IS gemmiils N
s (w98 olRiils csly pole oaSlailae pwlid Cuns 09,5 sole Ol slacl Y

QVIVIF 1oy gyl Ae/A)) sl yo oo ,b

oSz

2 S G 3 U g TS| o] ki 50 (AL W) Go0iS i Sy olgie 4 (SA) Skl s
Jolge e Jolo loimiisy olimo 32 SA ik zokms 13l (o) s5kiio 423,10 oe & (oaten G5 (ALS (sloJbus
9 St ya5anl ol Gl Ty ol yaSanl U gaunnsd a3 e 3lotmanS Ty Sl 35T Jolid (o0 3T 3o 9 (gou 3T oyloanssT 3T
515 3 (MCC361 ) par Jolds 0956 o5 90 (359192 b liwo 51 (55 9 wdelll (60 (yallo 3 359 00 a1y (3l (yuicrnd
099 9 () Cad s 1Y ) aidly (hals g5Lal b 93 9 (Yo (Lo ) g +/0 «yio) SA clilé aw b Siabojl (MCC414)
3 TO O b plosl oud J S balpdh )0 51,55 dw b (B0l SolS g5l B 3 o555 @y 4 (lS (o815 S yB) 5
Sl S 1 535 3 (Wald lgie 4) shaiio O 9 (Vg0 (hao ) g +/8) Sebrmddlis sl Jolo b HloLS eubls’ 51 was 53, YO
STy 02 3T Cadled ()l Wil eigiS 90 50 50 (ofly) Cad B YD Ll 50 ol Gli GilejT 51 ol gl caiads
Llypd 59 g MCCA14 Cuigif 5o Lss SA 015 (ials 1) TT piawgid 1,5 g slié g)laaly (SCis ids .,5 oy ial3l
Jolis st (T sl 5T cadled g 0wl (60 (yllo 3 5gsoed dmnSTy lime Salidl Cacly (ooly) Cad b 7YO
s MCC414 uigij 50 52 30 1y slamSlyy ©ljaSl w3l cudled g qaigif ol 30 1) SUgomd dST ygm cjliammyy
CaudyB YD Lulpd 50 (PS +/+8) ol S ygSml dul 1 5510 (o 13T SA Lols (2g1381 5,10 Sro ©5y90 4 MCC361
Jedg S il jold (ialS b g 99h sLid (55l (pSLD Sete g0 Cundlyl Vg0 (hae ) g /0 Gclle ;3 SA (2l
RV VTEITT | PETRICT B N4

I incsgid 1)1 g sl (5,00l (a3 L U goma s domsST g ¢SloeansS gy (3l Ty ol yoSw s g ls” Lol

(GooiiS bl Galizee Jalge ey 3l conds plowl colalllas
150 6 1, 555 oS s Shee et 4 S5 i
2oy B g Yo b Ol e 2alS aas e rals
S ol 5 st alS g S ol b
Allen, ) 00,5 oo 0550 oS o als ol 5 g 20
(1995
S 25 b azlse p3 ol S 5L @ o, als
by Sy of ey (S i lalyd o ol

doddo
-ails OYeiy sl 5l S (Clicer arietinumL.) sgs0
5 ol Jo s g ead ol b slis o a5 el 6l
9 e pgebee V) 5l e (e b ol eiS FA
FAO, ) 050 2tS (5 saken Sd 31 o 5055
LIS duw O Jpaze pl Kl 4 4z L (2010
Sk S ERg% «s55y0leS olatdl T b 5 lgls
M)y gy b g Sy SRS Elgil 3l e 5o
bl g o Sl 485 D90 olS (nl (B9 Jyaze

hamraz1211@gmail.com : sy xS G .(55,9LaS 008 isls —dguinn cmrgd 8 olKSls —dginn 1w y0T - Sl 59 o2y 19SBly 005,155



N Jsl dors o al> « sl psle o dame sla i FY

sislesl o (Tongden and Chakraborty, 2005)
Poa pratensis ) e oLS o o ool ylis (5,50
GLelale b SA Lo 5l as YBLS 5 SOD clss (L.
He ) wbco (a3 QYoo (hoo VIO o IY0 ¢ jan) cilises
solazwl s ,S” s (Yordanova and Popova, 2003)
5 SOD el i3l el doyes olpom 4 SA
3 STy cdld 6 g ssi e APX
‘;:ﬁb;aw)www|owww
51 ST (5T slor T ial38l 3 5| SA Jolona |
599 5l AU gwilonnsST 25 slacew! APX alox
Tari et al., 2004, Szepesi et al., ) aisy o Souge
(EI Tayeb, 2005) ol lie (5,155 50 (2005
Voo bo K Jsbra ;5 52 sl ails il ols les
oSl mpl cudled olidl @ e oS 5l L8 SA
SA a5 el Q.ﬂ o olazel el el D9 oo QL“L.S ol e
Qg 6‘).| os.dl) 604*.5 p...]a.u sSa U‘?"‘c Le) ..\)‘94‘5‘0
SpS 18 soliiwl 890 col gueS Ll yo 0,

oy B b ol aallae (§9d o)l 4 4y b
ST alge b 5 e Sl sl 3G
iS4 Joot 25 5 3l pf g o3l Gl
W) ﬁl?u‘ ~>95L§ r;l.’é)l

g, g olge

“igni 3 Bylai Jlosl (alf 4 GlalS cblS i
$olor

90,8 oRiils ol pole cuSimgl o Sinlesl !
o ,d elite pl 4.8 )5 & jeo VWAL Lo jo spiee
0> 9 o0 s Sl MCC4A14) 515 Jolis 0550 o8, 9o
,5iS o ) Sy 4 aS LS s 5l MCC361)
2R Sl Wb oo gee 538 a1 g ciS
)5 50 e lejl asly G plsie a4 IS e aias
WAl Y AT el 4 dnle g A e S LS Al
» Sl 455 5l e g plle wjlal ga sla )l
£lS e olo Yo sailas b by Sedly slaglls
FO-DD o Cash, by BT 40 e 5 i
JpaS bayls o WSg) Feeen 1.53»)93 RIRWIPIR VRS
(O Jgoz) azd 8 18 oas

S il 5 sk 03y asy o Jshe il
cel (Sis wal gl s oS e oy relS il o
15 5 0lge JED cqmdarlio ;o IS iiaszd 5| Conilas
(Jaleel et al., 2007) wgs oo oLS S o a4 yoxie Colys
g0y ol JWs 4 g Jshe sarwy 5l (Sas
L0y et 58 08 oo anileos oS lis ) Sl
bl il aa Jolo go)lpe sarwg o oS
L e ol o ansge 2l dnogs sl Ty L5k
Sl Caiyllas (iad byld cod ol o, ollyy ualS
4 W8, p Sis 56 (Ghassemian et al., 2008)
2y Al e 5 (LS GasT (i Gloy Dde 5 Dal
S yus (Jaleel et al., 2009) oy Sy oS
O amis aS sl lalS o gslanST i sl Coge
colld Lyls ol s ailos ROS @loS s il
VB 5 5lowsSTy, SOD wiile oSt T slaes 3l
.(Hayat and Ahmad, 2007) sl o (il
2lr 5 Ceglie 5 Jod ol o a5 SLaS 5 5l (S
S50 A oS el ke ol o (Sas 25
ol el (Salicylic  acid)  SLledle ol
b oS el oS 5 5 S (SA) Sl
Sl ab) oS i g (BLS (geyer S Olye
plp 5o 2B GlopuodlSe b bLs o ol 15 g oas
i (9% 4 ey gf 5 St Sliom el Jelse
5l Jel> s (Hayat and Ahmad, 2007) ol oas
@ ol Fwl oebas o 1) SA e S8 damie Slddow
e 5 Wl cal ool olas Sis
51 e (2 ST L (Senaratna et al., 2000)
U gt as SIS g5l i wl B e plans]
(FR 4255 g Lugl oS g0 0 LS g Loy (S
2 2B Oyee 4 SA op 5 4 as wisly ol
oz 5l ST (ST glap 3l colled (i Lyl
Sy iFuoe g |y jlanS Ty 5 Sbgenns wpnST psm
cos |y mpl g0 ool cudled Bl 5o alie Gdos
Janda et al.,, ) 5,5 5,155 1, &5 olS o lojuw i
oolaiwl o I i Cod 956 oLy puizen (2001
Sialil o eole ol b Yo o o/ cllale L SA
5,5 L) slassly SlbysSul 5 slasly colls

! Down-regulated genes



oy CSBGT oo J piiS byl s 1) Jgu

Tablel. Controlled conditions of growth chamber .

Night) < (day) 395
J5| ols |a5~> olo J5| ols r;ja ols
1*month 2" month 1* month 2™ month
CLS L) )l 4z Y Yv A 'Y
Temperature (°C)
(el Sblobss, y),y Wy VA/B X
Light/Dark (hours)

R gl 5 ) Ghey S Ueas SThse
codled .o oolais!l (Giannopolitis and Ries, 1997)
O 5 (F55)T sy Gillae sy SbjsSsl o 3l
G XD (g pSoslal (Arrigoni et al., 1992)
OhlSe 5 1995y by, 5l eslitul b (39,008 aeuST
Olie 0 bl (Velikova et al., 2000)
Sl i 0 iowew (Zaho et al., 1994) ) Sa
S8R0z 3 T Ohey Gk SanysSel
&d,5 &,e0 (Mukherjee and Choudhuri, 1983)
WS b B o hysSE Sppo @ il
Gl o plosl o S Lyl o S5 aw b ol
—ail), slo 53l i 5l L yeSiles dumlio g baools 3315
53 o 5l s loges mesy slp g Mstat-C 4 IMP gl
MLM 9 U"""L')‘B J...l?u 9 40 b eolaw! Excel
A bl (P< - 140) Sl yg05] Jawgs aosls . S5lee

s alS el quiy gm0 S i
2 (Yse o 1) SA ol sbus a5 olid (sl
gy o 1y elad gylal el Gl (S i
ol38l )l Sre g @ wald 4 cos MCC414
SO ) ole
2 ot s o IT piewgid TS addllae (ol 5o
ol s 28l els )l pme Sygo 4 o8, 90 2
yi (5,0 Sre Dyg0 & MCCAL4 (555 j0 als
=5 0,8 MCC361 3, ,0 .09 MCC361 43, 5
LSJ)LT (s sl il o cdale g0 oy Silwdle aul

(Y JS8) awiidn Sguge ) I picengid

o5y 99 el clls lalS e o & sue &y
2 Lehy b ae,s YO 5 (o)) cadib) (Sugb,
SE 5 S sy Bilhe (Fig Cughy wops el
Gyb 5l g wal obx! (Ganjeali and Kafi, 2007)
S5 8590 Cugh) (658 ali g oS sailis, (e
Sl sk 4y ol (50,90 Job yo laplals cosh; (5
oS 4w 4 baglals coud e 5l pleebl 51y
bobs ain Foa plalS was S5 ol Loys
ax e, TO 5 YO N0 s o)l wilSen L1aé Joloe
Vg o 10) Sekedlo sl oo b lalE wesls |
Sy 5y » (ol olste @) Jhie OT 5 (Voo (oo
oSy closil § Jsbre a5 (gl o3Il 4y cdiods (g o
Ok e Egezme )3 9 59, YV olsd b e cnl ol )l
o5 s ol b olosd oyl 5l g 5, Ve el
4 olalS 5 B9 laghls ((2al5 0)90) GlalS s,
Fom S dad eedl (2lga plail g ady) i 9
oA S bl Sjse 4 Sposoled Sl g iy
slordon low,r sl SlSSle axe Ve
INCWIP ARV
yo BC olfiws alwg a4 clae 5l baeddy wSIl ez
slie glul asls g ul (6,5 ojlil Jenway  Jow)
(Sairam et al., 2001) Ko ¢ pl sl oo, 51 Joke
|| QPCOWIST I [ RN VORI 2SR R JURRVA RGO
aw 3l g OS5-FI Jaw fluormeter olKiws ;1 «(Fv/Fm)
oo slogtisn b soliial oS o Lol a5
Lowry (g, 42 5 fagidy iSeml oS L ((comdhgiuns)
g5 ol (Lowry et al., 1951) oo Mo
(Hoyle, 1972) Jsa by, Gub jlownSly ool codlad
wpl cdld o Seslul (gl aicren b dwle



N Jol des B sl w2y pgle jo (anmee lagis FY

bogle jsb 4 (A5 e kulyd 0 9 MCC361

Srae Hg) wald & Ced 1) (S Jokone lagnsn
Cud b YO Lyls o ol ol wsye FR/0 (SA

dL"’u-'-i-’B)-’ 5 6)|ob_;.’~c ).».:L: SA f)b »))g)ls su_c‘))'

A JS2) bl 5 oo

0.8 A
0.7 A
0.6 A
0.5 A
0.4 A

0.3 -

(MSI) Lié 551l asls

0.2 A
0.1 A

(O el ksl o ol plas gaass ol il
wald 4 Cawd Veo o +/0 cdale L SA 5l oolas!
@) Sylogire jsb a1y Sy Jgle slaptyn b
+[+0) ols sl MCCA14 (3, ,0 (ao,s Y8 ol

08, 55 Yee e ) g /0 slaclile L SA Los (P

O 2la
B SAQ.5 (mM
HSAL (mM)

G1 G1, ==

P
e e

G?, ey

&

G2, =

Gl= 5 G2=MCC361) 5955 pli,l Lid gl (asli p Sbs i g pdy cSorkmnadlo dml 3140 JSCo
(PS o[+ 8) w5105 g1 Sxe gl g ylol Blod 51 <5 oo B9 y> b Gy (51,15 slagygins .(MCC414

Fig 2. Effect of salicylic acid, cultivar and drought stress on membrane stability index chickpea
cultivars, (G2= MCC361 and G1=MCC414). Values labeled with the same letter(s) are not different at

the 5% significance level.
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Fig.2. Effect of salicylic acid, cultivar and drought stress on PSII photochemical efficiency chickpea
cultivars, (G2= MCC361 and G1=MCC414). Values labeled with the same letter are not different at the

5% significance level.
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the 5% significance level
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Fig 4. Effect of salicylic acid, cultivar and drought stress on peroxidase enzyme in two chickpea
cultivars, (G2= MCC361 and G1=MCC414). Values labeled with the same letter(s) are not different at

the 5% significance level
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are not different at the 5% significance level.
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16000

14000 a
ab ab

12000 be be

10000 c
8000
B s oy

6000 L

4000

H202 (pmol ml100gr Fw)

2000

G1,0 G1,1 G2,0 G2,1
Genotype and SA (mM)
(Joo Loloo) ol Sidondls § i 085

29 S 2 e denS Ty (i ¢ (S S 9 Seludli sl Y90 (o SO g o glacdale F1LY S
Sgles 5yl Bl I O e Bgy> b By glyld sbaygsmw (G1= MCC414 g G2= MCC361) 5955 i g 98

(P e[4d) wislas g5l (Lo
Fig 7. Effect of salicylic acid, cultivar and drought stress on hydrogen peroxide content in chickpea

cultivars, (G2= MCC361 and G1=MCC414). Values labeled with the same letter(s) are not different at
the 5% significance level



03y 90 51 o e 0 SA g (Sas s blite
Sars5l sl e 5 MCC361 5 MCCA14

O X)) P +740) 0 o Fxe

Sl Ol G ol 5 R (S
olple @=010Y) ab easlie HyOn 5 SojysSul

Seys8nl sl (e G215 L (59,008 a8l

25 1

N Jsl des b ol ely; pole o Jaowe slo s FA

o halesl ol 5o

SIS x5 S e 6<~
(A JS8) P <1+ 0) cusls 09 )’fo,‘flﬁ.

5 Si a5 SA S aw o blie S1 LT o
Vocdale L SA ((Sis il cod oS al oasliee oo,
4 |, MDA 50 MCC414 g5 ,0 bas Yee (o
P< - /-0) ols iul3dl (ulp YY) slaba>de BB & g0
(A S

POX =-0.873627 + 0.0014871 (H,0,)

10 T
000 8000

¥
10000

LI I I
12300 14000

H202

« (H202) (5335008 damnS 153 9 5l 5 03 357 oo (Sotnon A S5
Fig 8. Correlation between peroxidase enzyme and hydrogen peroxide.

0.1
) 0.08
3. 0.06

0.04

Malon-dialdehyde (pmol/gFW)
Wl 2 oelle

0.02

G1,0 G1,1

G2,0 G2,1

Genotype and SA (mM)
(Jge doe) dos! Sadinddlow 3 migi

MCC361) 5955 cuiigij 95 38«5y wbedl (63 allo olpme o (SSlid i 5 oy eSenbommadlio ol 514 JSCS
(PS o [o8) W,y g1 xe gl g yLol Blod 51 OS5 yideo g y> b By (61,10 slagyginw .(G1= MCC414 5 G2=

Fig 9. Effect of salicylic acid, cultivar and drought stress on malon-dialdehyde content in
chickpea cultivars, (G2= MCC361 and G1=MCC414). Values labeled with the same letter(s)

are not different at the 5% significance level



PR 0550 66 laneST (T Bl 5 5 o T llad p Sl S8l 1002 5 o5

0.6

0.5 - a a

0.4

0.3 4

ab

0.2

Ascorbic Acid (mg.I)
(il a8 ohos) S8l

01 -

G1,0 G1,0.5 G1,1

0 55 oan

o s.is i

G2,0 G2,0.5 G2,1

Genotype and SA (mM)
(Jge sloe) dosl Sl dls 5 o od)

5955 g 99 30 oSy Syl sl (lime y Solewdle sl ilise b pSl A lio Ve S
Wyl 618 Pxe gl g beT Bl j S yiiee Bgy> b B yo gl gboysin (G1= MCC414 3 G2= MCC361)

(P [40)

Fig.9. Effect of salicylic acid, cultivar and drought stress on ascorbic acid content in two chickpea
cultivars, (G2= MCC361and G1=MCC414). Values labeled with the same letter(s) are not different at

the 5% significance level.

08 -
03 -
07 -
06 o .
05 -
04 -
03 - -
02 - '
01

AA =1.1509694 - 0.0000683 H,O, -

r=(. 57

8000 9000 10000

- .H""'H-.__ .
iy
12000 14000

H202

(H202) 559,908 sy 9 (AA) S yg5s] dammsl (ylno (Sotuumnod 1) S
Fig 11. Correlation between peroxides enzyme and hydrogen peroxide.

e sl als 2805 5 o GpmlinSly
5o gadlhae Wo S casline Sis s Wylid o
S8 I e S5 5 Sl oL g hone
{(Eraslan et al., 2007) ol zs2 oLS o slas g pdy
Czge SiS AT bl )0 SA ol Gk o
o as MCC414 48, o slec g lul ol dgupe
s bl o SA a5 wes e ol wline Sladllae

08y 90 o 0 slie gl asls pals 5l S mls
ETEI A CHVA cRSRRCNE [P JSRCNEIN FRYA 7 S UL
e (A 545 0 A1 5 lalie ey
@ ol g polie pB)l o clie gl ey als
5 plple (Borzoi et al., 2006) oi pus  Sis
olj8l pasS ,o (Sairam and Saxena, 2000) LSl



oS e Sas s ks o Fv/Fm Jlade el
(Cronic and Briantais, 1991) ¢l oo

3 Sebedle sl (2B 028 yn 0l 0
w85 50 I tagid QTS » e 8B o Lalyd
5 a8 ol las slalin G b .l MCC361
okl bl ool (Sas i cou (S8 axgS olS
s Vee Vo g Ve glacdale L SA s
(Szepesi et al., 2005) o Fv/Fm cows i3l
ol | FV/Fm s 3 SA [ls 3G pae mlie (S
o955 (Waseem, 20060) gy alaly pl )0 gl
3,8 L FV/FmM jlaie 59 0929 L paiS oS 0 58
g I cae b onl Ll SA

2 Sl Sl (A s ol Glas oy o
pas wlin cimbesl jo cuslas asall g0 el ol
azalS o Sas wd byl o oWl o yglle e
Quartacci and ) cwl ool 5,55 oo, Klsl sla
©9y sy o o abaly ool o (Navarri-1zzo,1992
Syl g Dygo oSl 60 olle (wlus (G435 0
.Janda et al., 1997) cél _zl33l

50 Ls SA 5l eolainl o el)y cad )b Y0 Lyl o
o5 p sl MCC361 13, 10 a5 590 ,0 b
BB Sl poe (A US) el wsdll g0 oglle
2 SA (Sopms Hlg asall oo pglle Gl 0 4z
a8 ol ) Bules 5 e (5T (sl 5T cllad
Hayat ) coul ool (3155 58 Sas ias Lylyd o
(and Ahmad, 2007

2 Sl b Sas A5 Gl pwyn
S g p P Sl S Jele slagetisn Gl
&S GlPl Gkl (Sas S 0gd o oS (Sas
S5 b 5 (Sl il crge dautisn
b 5l «(Hayat and Ahmad, 2007) 548 oo Sis
P RalS g efgn RPN (S s llpd s
oLS o Jsbro lacntisn pals Wl 5 onfgn
(Farooq et al., 2009) ceul oo 3,155

(it s boplg ax SISA ol aslllhas o
el Jalore locsatis n e 2 slalade LB 3G

) Jsl dors o Al sl psle o ama sla s O+

bodg xS cus 5l g ools mlidl 1) slae g,lb
Hayat ) o>l 3 Ol (Jie slp .conl 0050 Canilon
ols s i wisl ol and Ahmad, 2007
YV u‘““’L’ (5LQ"."'£'“’" w1y oS SA L ra.\;f
Slogre Oygo 4 ) body Sl s g cdadlxs
ol rals

Fv/Fm Cnas szjo)“‘\"‘ l) as 11 W}J ‘5;‘)[5
Sl 2 e el o lye 4 0gdoe o
i T 4 LS e sleaisS e 5
Fv/Fm cos el (Kiani et al., 2008) el ke
o] Jo 4 Cuigiy 90 a0 Sas i lald o
Lu and Zhang, ) Il yiwcwgd 1o 05340 D1 px59
oloysls 2l Liles 9 o ol o Dls! (1998
S s (Ahmed et al., 2002) wib o Juds S
Gk 313y 5 CO (gmdliarsl (o yunid 2 ogdle
oboysld Glie (Rl g I pigid LSl o 55
Dulai et al., ) 09,.»‘50 éﬁ‘j f}o °L.5 O)S.Lo.c » sJ.oﬁsle
e B 9deS mexd (S s luls s (2006
ISl sl poe wles a8 asly il sl
ez 3 wilbee BopgidsS a4 sbol A pgidsS
e o Gl 5 bl A 5 e lald
Jlial (Jy s gt Jol5 b 4 9yl
O Ay s 4 COp gdlarsl 201 09500
Ol a3l g NADPH ¢ATP) (9,8l sl o0
U"""‘)B‘ JL..») L Mla Q—‘ e oulds ;L&‘ u....‘SBoﬁ)s
el T STy el JI0], addsi woad sll S 53958
L et Boyb onl 5l g andl (Rl ST s sl
L a5 0,5 o0 Djpge S3gNS clid oty o 50
1 sgis 0y oSl 5 oy, Jlazil 51 conilas
oboyold Gl Bl e 2SIl Uil Ce s 20l e ge
o,8les als g FVIFM cas palS sy kS
(Piper et al., 2007) 545 oo I g

MCC414 o8, o 11 prwswgd o, Slos yiius 2als
op) i Camwlus ailzs MCC361 o3, L awslis jo
(Waseem, 2006) qpws cowl Siz o5 @ o8,
L axlse poS LS 0 FV/FM cos a5 5,5 558
Los) 55, addllae Sy o il palS o Sas



S s MCCAL4 (8, o cwyp ol o

S Dypo ;LS 10 9250 HoO lgiome
@i byl ph o as col cpl e by wy ole iuli8l
o3l e ROS Gi> g odgs o Jols pae o
G el 9 3 Sa s e Gl oL

(Guan et al., 2000) o 5,155 &3 olS yo

4 H0; o5 el o] 5l Sk dilize clos,)liS
slo Sl il 5 S on Joe o pl J5S50 oy
S5l e oly 4y i b ablie o flalS o |, bl
59,0 STy aSyl alex 51 (Wang et al., 2007)
I et eSSl U ol Jlb czge
STy a3l Sl sl Joe (5l panilSo
& gl Sloyes SR8 ol Jlis & a5 ailie 35y
Hayat and Ahmad, ) ol o o, & Sis o
A......J‘ oﬁ)lf sMCC414 pé) ) folD R ) (2007
slyy e b AYD Laylyd s (Vee oo V) Skl
aS ol b wols il warin yb a4 |, H)Oy jlade
HyO, 50,0 5,0 sme s SA MCC361 3, ,o
2,55 ol

sty cad,lb UYO Ll 0 SA adlas opl o
a5 il S yeSn] sl Jlade 1 6yl sime 3G
5 x5 bl 0 SA aS o)l aszy b 518
ol QLS 5l (S g 1y Sl plie (S
(Idrees et al., 2011) el ools

S5 35wl

(90 Ry ol pole (soaSiaghy Sl S b
4l psle gousiails (alS (6590508 oRtglejl 5 wpteo
ol pll cua o3y SUGl a5 ot wg B olKadls
wols JIE L Ll ol 7 )b

e Dyg0 Ay i yhid e Ll il o ool (pl 0,187 Ll
oS dobre loieiign Ol GRS cem )b
w50 oLS yo wisls lid dioe > .o MCC361
(G e llpl 5o (Yge (oo /) clale) SA Lo
S |y ST T slog 5T collad g a5 e
Chakraborty and Tongden, ) osls 33l sals «
2005
b S 25 a8 el o 5l Sl ssrse amles
OlaS Gl cose LS o sslansT s W
S slmpl colld Lulyd onl o 0580 ROS
Wb oo mli8l VB 5 slansTy, SOD wile o]

SA L Lokl op! ,o .(Hayat and Ahmad, 2007)
INO Lyl s MCCAI4 45, jo (Ve o 53
3l Celad o g BB Gl crge (5 b
e Sl L SA s 05 wd jlapsS]y,
s wiil Sl liee ((SiS 5 olen 4 Ve
Sl gl MCC414 (8, 0 1) jbgemns oS
) 5lownsSTy SbysSwl mpl cdld SA s uizes
ol il elys cod B UYD Lylpl (o g 08 90 0 0
KR Az g Lagd oLS 90 5oy hagR

sl 0 SA ) o8 a5 wl esslice
w51 ppge aloz 5l plasT (T Glag T ol
Senaratna et al., ) sls 2138 |, jlacaSTy o 5Bgamsd
P 90 opl el il alie Gibss 4o (2000
Janda ) ool sals (5,155 &3 oS (0 Loy 25 S0
3,5 wyss ol (g9, addlle S o (et al, 1999
Chakraborty ) ai jlocusSly @b,eSwl 5 lowsly
SA &5 ceul 1 wse o yo,l35 (and Tongden, 2005
S slmsl el ABA - o8 a3 b
.(Hayat and Ahmad, 2007) o5 oo J 5 1, ol



N Jsl dors o al> sl psle o dame sla s OY

&l
Ahmed, S., Nawata, E, Hosokawa, M., Domae, Y., Sakuratani, T., 2002. Alterations in

photosynthesis and some antioxidant enzymatic activities of mungbean subjected to
waterlogging. Plant Sci. 163, 117-123.

Allen, R.D., 1995. Dissection of oxidative stress tolerance using transgenic plants. Plant
Physiol. 57, 1049-1054.

Arrigoni, O., Gara, L., Tommasi, F., Liso, R., 1992. Changes in ascorbate system during seed
development of Vicia faba. Plant Physiol. 99, 235-238.

Borzoi, A., Khazai, H., Shahriyari, F., 2006. Effect of drought stress after pollination on the
physiological properties and antioxidants content in different cultivars of wheat (Triticum
aestivum L.) under greenhouse conditions. J. Agric. Sci. Technol. 20, 1-7. [In Persian with
English Summary].

Chakraborty, U., Tongden, C., 2005. Evaluation of heat acclimation and salicylic acid
treatments as potent inducers of thermotolerance in Cicer arietinum L. Current Sci. 89,
384-389.

Cronic, G., Briantais, J.M., 1991. Partitioning of photosynthetic electron flow between CO,
and O, reduction in a C; leaf (Phaseolus vulgaris L.) at different CO, concenrtations and
during water stress, Planta, 183, 178-184.

Dulai, S., Molnar, I., Prénay, J., Cserndk, A., Tarnai, R., Molnér-Lang, M., 2006. Effects of
drought on photosynthetic parameters and heat stability of PSII in wheat and in Aegilops
species originating from dry habitats. Acta Biologica Szegediensis. 50,11-17.

El Tayeb, M.A., 2005. Response of barley grains to the interactive effect of salinity and
salicylic acid, Plant Growth Regul., 45, 215-224.

Eraslan, F., Inal, A., Gunes, A., Alpaslan, M., 2007. Impact of exogenous salicylic acid on the
growth, antioxidant activity and physiology of carrot plants subjected to combined salinity
and boron toxicity. Sci. Horti. 113, 120-128.

FAO, 2010. FaoStatistics. From http://faostat3.fao.org

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D., Basra, S.M.A., 2009. Plant drought stress:
effects, mechanisms and management, Agron. Sustain. Dev. 29, 185-212.

Ganjeali, A., Kafi, M., 2007. Genotypic differences for allometric relationships between root
and shoot characteristics in chickpea (Cicer arietinumL.). Pak. J. Bot. 39, 1523-1531.

Ghassemian, M., Lutes, J., Chang, H., Lange, 1., Chen, W., Zhu, T., Wang, X., Lange, B.M.,
2008. Abscisic acid-induced modulation of metabolic and redox control pathways in
Arabidopsisthaliana. Phytochem. 69, 2899-2911.

Giannopolitis, C.N., Ries, S.K., 1997. Superoxid dismutase I. occurrence in higher plants.
Plant Physiol. 59, 309-317.

Hayat, S., Ahmad, A., 2007. Salicylic Acid: A Plant Hormone. Springer. 97-99.

Hoyle, M.C. 1972. Indole acetic acid oxidase: a dual catalytic enzyme. Plant Physiol. 50, 15-
18.

Idrees, M., Naeem, M., Tariq A., Masroor, M., Khan, A., 2011. Salicylic acid mitigates
salinity stress by improving antioxidant defence system and enhances vincristine and
vinblastine alkaloids production in periwinkle [Catharanthus roseus (L.) G. Don]. Acta
Physiol Plant, 33, 987-999.



Jaleel, C.A., Manivannan, P., Kishorekumar, A., Sankar, B., Gopi, R., Somasundaram, R.,
Panneerselvam, R. 2007. Alterations in osmoregulation, antioxidant enzymes and indole
alkaloid levels in Catharanthus roseus exposed to water deficit. Colloids Surf. B. 59, 150—
157.

Jaleel, C.A., Manivannan, P., Wahid, A., Farooq, M., Somasundaram, R., Panneerselvam, R.,
2009. Drought stress in plants: a review on morphological characteristics and pigments
composition. Int. J. Agric. & Biol. Eng. 11, 100-105.

Janda, T., Szalai, G., Tari, 1., Paldi, E., 1997. Exogenous salicylic acid has an effect on
chilling symptoms in maize (Zea mays L.) plants. In: Crop development for cool and wet
Europian climate. Brussels. Belgium, 179-187.

Janda, T., Szalai, G., Tari, L., Paldi, E., 1999. Hydroponic treatment with salicylic acid
decreases the effect of chilling injury in maize (Zea mays L.) plants. Planta. 208, 175-180.

Kiani, S.P., Maury, P., Sarrafi, A., Grieu, P., 2008. QTL analysis of chlorophyll fluorescence
parameters in sunflower (Helianthus annuus L.) under well-watered and water-stressed
conditions. Plant Sci. 175, 565-573.

Lowry, O. H., Rosebrough, N.J. Rand, R.J., 1951. Protein measurement with the folinphenol
reagent. J. Biol. Chem. 193, 265-275.

Lu, C., Zhang, J., 1998. Effects of water stress on photosynthesis, chlorophyll fluorescence
and photoinhibitation in wheat plants. Aust. J. Plant Physiol. 25, 883-894.

Mukherjee, S.P., Choudhuri, M.A., 1983. Implication of water stress-induced changes in the
levels of endogenous ascorbic acid and hydrogen peroxide in Figna seedlings. Plant
Physiol. 58, 166—170.

Piper, F.I.,, Corcuera, L.J., Alberdi, M., Lusk, C., 2007. Differential photosynthetic and
survival responses to soil drought in two evergreen Nothofagus species, INRA EDP
Sciences, 64: 447-452.

Quartacci, M.F., Navarri-Izzo F., 1992. Water stress and free radical mediated changes in
sunflower seedling. Plant Physiol. 139, 621-625.

Sairam, R.K., Saxena, D.C., 2000. Oxidative stress and antioxidant in wheat genotypes:
possible mechanism of water stress tolerance. Agron. Crop Sci. 184, 55-61.

Sairam, R.K., Srivastava, G.C., 2001. Water stress tolerance of wheat (Triticum aestivum L.):
Variation in hydrogen peroxide accumulation and antioxidant activity in tolerant and
susceptible genotype. Agron. Crop Sci. 186, 63-70.

Senaratna, T., Touchell, D., Bunn, E., Dixon, K., 2000. Acetyl salicylic acid (Aspirin) and
salicylic acid induce multiple stress tolerance in bean and tomato plants. Plant Growth
Reg. 30, 157-161.

Singh, B., Usha, K., 2003. Salicylic acid induced physiological and biochemical changes in
wheat seedlings under water stress. Plant Growth Reg. 39, 137-141.

Szepesi, A., Csiszar, J., Bajkan, Sz., Gémes, K., Horvath F., Erdei, L., Deér, A., Simon, L.M.,
Tari, 1., 2005. Role of salicylic aicd pre-treatment on the acclimation of tomato plants to
salt- and osmotic stress. Acta Biologica Szegediensis. 49, 123-125.

Tari, 1., Simon, L. M., Deér, K. A., Csiszar, J., Bajkén, Sz., Kis, Gy., Szepesi, A., 2004.
Influence of salicylic acid on salt stress acclimation of tomato plants: oxidative stress
responses and osmotic adaptation. Acta Physiol. Plant., 26, 237-244.



N Jsl doss o Al sl psle o e sla s OF

Velikova, V., Yordanov, 1., Edreva, A., 2000. Oxidative stress and some antioxidant systems
in acid rain-treated bean plants, Protextive role of exogenous polyamines. Plant Sci. 151,
59-66.

Yordanova, R., Popova L., 2007. Effect of exogenous treatment with salicylic acid on
photosynthetic activity and antioxidant capacity of chilled wheat plants, Gen. Appl. Plant
Physiol., 33, 155-170.

Wang, Y., Liu, C., Li, K., Sun, F., Hu, H., Li, X., Zhao, Y., Han, C., Zhang, W., Duan, Y.,
Liu, M., Li, X., 2007. Arabidopsis EIN2 modulates stress response through abscisic acid
response pathway. Plant Mol. Biol. 64, 633—644.

Waseem, M., Athar,H., Ashraf, M. 2006. Effect of salicylic acid applied through rooting
medium on drought tolerance of wheat. Pak. J. Bot. 38(4), 1127-1136.

Zaho, S.J., Xu, C.C. Zou, Q., 1994. Improvements of the method for measurement of
malondialdehyde in plant tissue. Plant Physiol. 30, 207-210.



