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Table 1- Analysis of variance (ANOVA) of studied traits in four spring cultivar canola under drought stress and spraying with salicylic acid

Ol kS galio b,’a, Ol Jge Sl gl s, RO e sy
(Source) &l Relative water Soluble carbohydrate Proline content O399 MDA content
d.f content content H,0, content
Sl 2 42.88" 0.11"™ 408.08" 0.463" 0.18"
(] slos) @ 56 . e o -
(Factor a) (Irrigation 2 282.95 0.40™ 7039.08 14.424 12.48
treatment)
(aerror)a olusl 4 31.47 0.29 505.18 0.082 0.25
(SAL s3lisbne) D 55 1 43.36™ 2,23 945.78" 0.894™ 231"
(Factor b) (Spray with SA) N - .
axb 2 14.61™ 0.27™ 192.98 0.157 0.26
b (b error) oLzl 6 2.59 0.05 16.53 0.008 0.01
[l € 5t 3 43.49™ 0.13™ 16.41™ 0.129" 0.42"
(Factor c) (Cultivars) . .
axc 6 10.62™ 0.16™ 35.11™ 0.029 0.09
bxc 3 5.40™ 0.07™ 31.46™ 0.009"™ 0.12™
axbxc 6 2.21™ 0.07™ 29.90™ 0.006™ 0.04™
(c error) C oLl 36 17.55 0.20 48.53 0.012 0.02

bl o RGS003 5 805 pldyj yils ol plB,l L jls e MR pae NS 4o )d S 9 O grdaw )5 (63 e o Sy 0 o
*and ** Significant at the 0.05 and 0.01 probability level, respectively. ns, Not significant. Cultivars were Zafar, Zarfam, Dalgan and RGS003.
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Table 2- Mean comparison of some traits under drought stress and spraying with SA in four cultivars of spring canola

Sl loss 2455918 (gl b Jadg 5" (slgine O (o glione oz slgioe
Irrication treatment Carotenoid content (mg g™ Chlorophyll b content (mg Relative water content Proline content (umol
g F g* Fw) g* Fw)
o= P 0.376 b 1.207a 78.305a 9.801 b
Control
u.m..\lf Al>)a )) L)Cv.:
stage
41>)A ).) L)“'“')
s te 0.438a 0.5b 76.952 a 44012 a
Stress at podding
stage
Sl b (Sl Jglore Jobre Sliamg S (gt 8 Ul lgione 2 Jedo)lS (slyiome Odon Sl
Sl Soluble carbohydrate content Total chlorophyll content (mg  Chlorophyll a content (mg Proline content (umol
Spraying with SA (mg g* DW) g'Fw) g'Fw) g'Fw)
0 ppm SA sl 24,902 b 1911b 1.237b 22.798 b
150 ppm ¢l ;o VO~ 25254 a 2.136a 1.385a 30.046 a
5 ¢ Sisen Sl Sl Carot Jﬁj}?)g f‘y:m 1 chl ¥ ﬁf d‘ﬁmt
Canola cultivars H,0, content (umol g FW) arotenot Fcon ent (mg g orop g.l F\?\?)n ent (mg
Zafar ,abs 1.327b 0.350 b 0.499b
Zarfam sl ; 1.383b 0.416a 0.727 a
Dalgan & 1.526 a 0.350 b 0.799 a
RGS003 1.386 b 0.454 a 0.822 a

A 20> O Jlazn w53 (6ylol I3 ime BMES] 1315 < ygis y2 3 Sy SoroS gy b olio

Values with the same lower case letters in a column are not significantly different at P < 0.05.

4 95108 ol el lalS )3 ROS maw iol3sl oyl (1994
Sl g slaspl g gy dadeed o I ) s J5Sg
3o rSI3sy 3limgon 5 yd el Ly g 00
P SA 45 (sBgo dad o olis ©lllas (Smirnoff, 1993)
i loily )3 ul38l el 245 o o3litw] cunlio slacdale
oaaliio (Knorzer et al., 1999) 545 o ylalS  las] sl
33 gl 25 5 5b sl ol el SA Lo oS o
4, (Strobel and Kuo, 1995) 55 & o ;Ls 5 555 olals
Colans1 5l (la 5l clled (133l 4 2o SA L Jlo ode
slrdis 1 baewd buwSTpow o ISy YUK ales |l
(Hayat et al., 2008) >4 o [ Sis i Cod S5 y8dn oS
B 5,8 L (Krantev et al., 2008) 5o gladllas j> piscen
9 5hSTy byeSul colaws sl lae 5T culld j> il53l SA
O laass 1) YUK clls  jial b 5bgeuwsd dusTyow
ool LS 4y ode (e tman SA (2B )18 3505 snlie
L el u_iw s ..\g..))f P Lgl.mé.’{y ‘_991»4 slalie 4 9»|J.w§|
A3l Al (o) me bLS ) Ol 598 oL Jood il 8l

250 wlgs blize @l gl soled 48 sl ol psls oo ol
() Jssz) axals amall oo e (ggme line 2 5o
sy 3 05edy (S i b L G0 bodly (1 S0ke duslds
Syl (5 18 o ol Jaine Gl ol oS
i Jlas] dls o 93 2 )3 MDA (lgizes jls sine 20l cesly
g DA dls o > codpa Gials ao pYV/VE 5 VAAY) s S
i bl 53 MDA (slgimme oyt (¥ Jgi2) (o095
alsye sl 0 oo plE) a S ol Cowday (205 Al yo o Sis
5 P ol o) Lol a2zl (g o shne glE5 St 5
duglde )3 (23029 Ao )3 (Sid A5 lalyd 5> RGSO03
(¥ Jgiz) 2l |y MDA (slgioeo oS (LS -5, L
P pials el |5 Sl al U (3L Jgloc
9 86 Bl > sl nl (Jg 03)5 Bl (sles > MDA (glyies
(0 Jsas) 59 dlasMe 15 RGS003
(ROS) Jisb (5uST glssl 2y ol sl 1505 sl e
d9dee LS )3 08 9 OHH0; caaSTygw sl JUS03)) i
Asada, ) 355 0 HLalS 13 splias] (25 sbul el bl



WAV oyl F 0 yloids I8 s ol ! (8155 Slosindgly 4 ot AVY

el dls o 93y > (SCis (15 (Y Jgdo) (o VW/VY
5 OB pld); plB)) g 03,5 hidg)lS (dlgime )3 o gne (yialS
g > 1y Jdg IS (slgiomo o yiaS il 03 9 (p iy RGSO03
Joi2) 3l Sl ol Sgles al> po 93 50 55 (15 Ll 5o pB)|
@ oSy 395 allae > (Khodary, 2004) ,las (¥
Slymome by 3 1) oyl ine ol SA L oad (o3 Joles

339 GBS 5 iy 3 i

SA & ¢S (g oo il b (Bandurska and Stroinski, 2005)
ROS gslaws > ials 4 oeie sl 5] ol 3900 G20
25850 i <05 3,Slas 900 & 2o Tl 5 HO; e
Jolize )_:l FLERIN ULM: @L; :JS 9 b a Jﬁﬁgﬂs ‘5'93'9:0
5 3mopd S g 3 ()b e ol pLE)l g (Sis i
loe (s ine 8l Sl dl b (8L Joloxa (piomen
aS ol ol Laooly uSle dslis (F Jods) cudly Juds IS
olal33l) il Ji8g IS (elsima (it s 25U ol Jybes

I35 050 P81 53 Sibomd Lo sl Uy (ol Jglono 9 (Subd (T Codf Glho 51 (5315 (le Ao -V Jgaa
Table 3- Mean comparison of some traits under drought stress and spraying with SA in cultivars of spring canola

&bl o Sl b (b Jglone o g Dl ala,Sles  waligangdl slgow M"' gl
Irrigation Subpnd Ls number of pod  Grain Yield (t MDA content (nmol 039
treatment SA Spraying plant* ha™) gtFW) H20, ;Tlt:evltlt)(“mm
A pas 0ppm SA  als 55.167 a 3.122b 1.098 d 0.575d
Control 150 ppm ¢l g o V0. 52.583 ab 3.874a 0.976d 0.539d
o8 als o > 55 0 ppm SA aals 33.833d 1.054d 2.737a 2229 a
ﬁ};ﬁjﬁ,ﬁ; 150 ppm gl V0 40917 ¢ 1297 d 22181 1923b
als yo )3 S 0 ppm SA .als 50.917 b 2344 ¢ 2.042 b 1.748 b
S
Stress at podding 150 ppm el VO- 52.833 ab 3.093b 1.610c 1422c
stage
s doyd O ez pdaws 55 (gylol I3 gme BB 28l (gt o D sy SogS Bgy> b plie
Values with the same lower case letters in a column are not significantly different at P < 0.05.
0,0 TS o5 Jlar )P S ST o Ol ) (3105 (eSilen Ammlle —€ Jpu>
Table 4- Mean comparison of some traits under drought stress in four cultivars of spring canola
Tl . i . " . . . . ) -9l slgixe
Solel Lo I35 e o dla Al o Sles 2 Jadg 5 (sl JS Jedg k5 slyome waslles
Irrigation Canola number of  Grain Yield Chlorophyll a Total chlorophyll NS
treatment cultivars  pod plant™ (t ha™) content (mg g FW)  content (mgg* Fw) MDA content
(nmol g~ FW)
Zafar ,ils 55.33 b 3.715a 1.067 cde 1.873 be 0.871f
A pas Zarfam pb,; 54.67 b 3.599 a 2071a 3276 a 1110e
Control Dalgan & 44.00d 2.929 bc 2.029 a 3.336a 1.087 ef
RGS003 6150 a 3.749a 2.24a 3.759 a 1.081 ef
doyo > A5 Zafar il 40.83d 1.013d 0.597 f 0.929 e 2.310c
a5 Zarfam sl ; 44.00d 1.289d 0.806 ef 1.221 de 2.590 ab
Stress at Dalgan & 32.83¢ 1.183d 1.096 cd 1.585 bed 2.645a
flowering stage ~ RGS003 31.83e 1.219d 1.066 cde 1.547 bed 2.365 bc
dye 3 ST Zafar ,ab 54,50 b 3.091b 0.975 de 1.337 cde 1.619d
SRR Zarfam pls; 54.00 b 2.509 ¢ 1.038 cde 1.603 bed 1.694 d
Stress at Dalgan & 46.67 cd 2.741 bc 1.277 bc 1.883 bc 2.178 ¢
podding stage RGS003 52.33 bc 2.535¢ 1.472b 1.944 b 1.813d

A 203 B Jlain] s ;3 (glol o ime BB 18 gt 50 )3 Sy Soo8 gyn b polie
Values with the same lower case letters in a column are not significantly different at P < 0.05.
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Table 5- Mean comparison of spraying with SA, drought stress and cultivars of spring canola

Sawl b (ol gl G 4 aa i35l glgione
Sl Lt c £ 059 MDA content (nmol g
] ultivars Seed oil (%0)
SA Spraying FW)
Zafar b 41111 ¢ 1.770 ¢
Sl olxe pas Zarfam pls,; 40.444 c 1.905 abc
0 ppm SA Dalgan s 42.000 bc 2114 a
RGS003 41.556 bc 2.047 ab
Zafar il 44.667 a 1.430d
plistes YO+ Zarfam pls,; 44.444 a 1.690 ¢
150 ppm Dalgan K> 43.333ab 1.826 be
RGS003 44.778 a 1.458d

s Joyd O ez pdaws )3 (gylol I3 gime BB A8l «yga o D sy SogS By b plie
Values with the same lower case letters in a column are not significantly different at P < 0.05.

(Singh and Usha, 2003) Ligl 5 S (Ramanjuam, 1997 Slgize yd L3l 50 (Hayat et al., 2005) ) San 5 ol
 idgad il Jylne SA LTy (Sis (i cov paS Slodig dges 555 SA L ead e pS el 31, s,
o] clled g Lo IS clgimme bl ys ol o a8 W58 b 158 lgme 3 iol5-8l 35 (Ghai et al., 2002) Lo g LS
gty ola ST ] o 3l cdld (5 ial38l b ol yon 9l Jls a4 0505 0155 SAL Jlew bl s o 1S o 1y bao 1,50,
Ao ialisl s oole meos Culys o g widly L oas jlaw LS o & dad o L 5 (olate b iyl5S

Akandhi and ) 5 o sdalie Jidg S (claxe 3 yials SA

Sk lr ol b (il Jglone 9 (SWid (WS o 0o 155 03, )l 45 addllas 3590 Claw (il ylg 4500 - Jou
Table 6- Analysis of variance (ANOVA) of studied traits in four spring cultivar canola under drought stress and spraying

with salicylic acid

oS gslio @ a by IS (slgime D by IS slgie J5 Jedg IS (slgie sigda, |5 glgime
S 83! Chlorophyll a Chlorophyll b Total chlorophyll y .
(Source) Carotenoid content
d.f content content content
Sy 2 0.151" 0.079"™ 0.448" 0.060"
(ke slos) @ 95518 2 5.810™ 4.444™ 20.166™ 0.039™
(Factor a) (Irrigation treatment)
(aerror)a oLl 4 0.155 0.053 0.156 0.039
(SAL 2l sl) b_ 95t 1 0.398" 0.105"™ 0.913" 0.020"™
(Factor b) (Spray with SA)
axb 2 0.008™ 0.006™ 0.002"™ 0.007™
(b error) b olusl 6 0.006 0.015 0.020 0.015
(PES) € 5yt 3 1.741" 0.3917 3.771" 0.048"™
(Factor c) (Cultivars)
axc 6 0.300” 0.122" 0.652" 0.023"
bxc 3 0.014™ 0.002™ 0.007"™ 0.003"™
axhbxc 6 0.006™ 0.002™ 0.010™ 0.006"™
(c error) ¢ oLl 36 0.027 0.081 0.115 0.007

b o RGS003 ¢ 85 pldj yals ol plB,) . jl5 sime S| pae NS o> G 9 O pdaw )5 (4515 Jxe o jy s o

* and ** Significant at the 0.05 and 0.01 probability level, respectively. ns, Not significant. Cultivars were Zafar, Zarfam, Dalgan and RGS003.
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alaw Jlite plas ol (Lis guls tome 98 )3 Aild dlaas
Goldsine b pB,) g Silials el b 5l Jglomo o Suts i
auwlis Jodn (Y Jodn) aiih o5 50 db olis Cao p
2 o pe 0 aOb ol o by a5 ob LS 35 ool 1,Sle
P OES A bgye e 9 (St i pas Lulyd 4 by e bt
P8 5 ol Sl ol 3k Jsbro b 5 (a3 55 oo
alsyo 9 10 > (Bl gl 4 gy STy RGS003 g (5>
1A iy 5 cwdye 50 b olaw (A Jgia) cul ooy L
Angadi et al., ) xsb o 18 50 5 Slas osind JoSis gl 5]
LS e yss > 4l slas Lials 1 S b 3,155 (2003
saog .(Ma et al., 2006) wsb o ol o5 (55 51, 158
UiselS 50 (Tohidi Moghadam et al., 2011) f,San 4 pado
P23 e YA IS 8, (i o1y s yss 50 db ol wgusre
5 M5 olhe 3 ol o5 i balys )3 sae VW/F & sals oy
3,8 IS (p3ess

Al 2wy T9las a8 dmd o Ll Baisd ol 5l il s
o po ) (Sid i g (i e slaledd ) ()9S
OB g8y &Sy oo a5 (A Jga2) 395 )l (B0 y05
o1 byl )3 &y sl aals 4o 5 g by yed (Ser il
L il s lome 8 sm3o o5 Gialef] ) ol (ol 51 ol
i by oli8l g (giniwgid 3 Slas gy 31 b | Vsl SA
Caol 030)5 py95 43 ild olawy il58) &

i el Jolite Sl as ol flis gls 1y 15 3
Sl e iy o shasine 8B pB)) 5 bl glome ¢ S
aS ol ol 5 Laodly :80ke dunlie Jodo (Y Jodo) sl
oo 9 O pae bl 4 bgyje bl )3 &yl 59 n pien
Al Ly (8l oo Ly (o3 g dls o p3 (5 4 bguje
Sty (LS (g)lge 53 9 RGS003 cyils l8) ccuns] Silimullis
(A Jgaz) asls luis lauly 95 o )3 (3l Jsloee 4 s p00
d jd g P SoeS sdl Mg 4 poxie Gliwgd Casyw ialS
ks 4 (Sadagat et al., 2003) s o0 135" by 5 459 bl
Gkl (23053 9 (2 Jolye 5 (Sdd A5 oS A
9 S5 952 (Mol Slge s ialS 5 jiwgis )3 IS

o Joldie y 31 as ol lis gl :%59»55)5 L;!,bu
2 S oisin lis ) g Sl il b 3l Joone s
Sleeas pL5)l 5 il i Lol s IS 55658 st
(5 Jsis) 2izsls 15556)8" (laie (o)l sino 4l Lol gl
2 335598 e o iy 4 S o lis edly 1 Sle duslde
O 3 AT Jgaz) sel Cusday (o058 alse o G5 Ll
o2 Juol> RGS003 8 & bgwye 4595 (ljse oyt £
g by i IS s, 55 as ool s Sldllae (Y Jgds) Cunl
Ol UBBLS G (B0 )95 5 (S gy A5 Sy
O pae kel byl L dglio )3 aadssig)lS 9 b @ g S
.(Din et al.,2011; Qaderi et al., 2006) cuwl o0 s,
ol adgs Jdo 4 (Sis i &S ooy L (6,500 la iyl5S
5 Lo b clile il o basseS M 5 Jké ;5]
Farooq et al.,2009; Jaleel et ) 33,5 o ;Lals y5 05450,l8
(al., 2009
olis Laodly wibylg 4355 51 Jeols gl toma y95 dland
5 Sl sl b o5 Jslomo 5 (St 55 Llize 1 &S ol
3 I ime Lo yd S e 3 pLEHI L SLiS IS eiocen
Sl oy i a8 ol Lis Laodly (S0Le dolds (Y Jois)
ol Ly (il Jgloe 2l )3 o2 CLJB Lald 4 bgrje oy
s iy iz D9 (Bl gl (gar 9 Sl
3 s oS Skl 3l b (o8l Jgloe b asigy 5> 0y
20l a8 g b edamlidie (S (y9ar g (B0 yg> Ay
it g ynien (¥ Jsir) ol Comsty (25 s po 5> (5 Ly
O pe Laulyd 53 RGS003 3, & bgiye Jol alsyo )3 ()95
g o pe balpd )3 p)5 il pB)l @ bgaje (sim dl> e 3
odmliio (803 08y 13 o (pyieS 9 091 (B9 e y3 IS
23 Sdae ol cppnte S92 9> Ggp S (T Jgaz) 20,5
ol clllles ((Angadi et al., 2003) 55, 0 Clus 4 1515 oLS
g )D cpayed i ialS el  SLis il &S sl 00l
IS als oy Sid iy (Gan et al., 2009) 555 o
O S dagi BB alS o J5 5l () dawlgds
Gk il (Sis i ke 4 (Sinaki et al., 2007) 5,5
ool Gy daJS 5l ool (6500 pis 25 0)93 (3905 oS
S5 036 sla e jot 0 JUi) S (s5tmgid dlge Mg ialS
JLos @]y g2 33 2y Slas ials ol 43 Jbs 53 9 48)5
Cably dalgs
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Table 7- Analysis of variance (ANOVA) of studied traits in four spring cultivar canola under drought stress and spraying
with salicylic acid

S aalic “r O 9 Sl g 4 Al Blasd ARG GaSlas ks ok,
(Source) &33! number of pod Number of grains pod™ 1000 Seed Seed yield Seed oil
d.f plant™ g P Weight y
Sl 2 79.63" 0.29™ 0.004"™ 0.003™ 0.88™
(bl o) @ 5510 1946.00™ 488.54™ 1.582" 33526 088"
(Factor a) (Irrigation treatment)
(a error)a oLzl 4 24.63 1.33 0.009 0.046 2.13
(gﬁtgrﬁl}gﬁi}ﬁ Z) 1 82.35" 401" 1.628" 6.092"  165.01"
axb 2 140.39™ 8.18" 0.008" 0.516™ 0.68™
(b error) b olzsl 6 2.54 1.21 0.008 0.051 1.46
(Fact(gf;'; ‘Eéjt Liévars) 3 350.68" 22.46™ 0.102™ 0.324"™ 1.72"
axc 6 12450 8.21" 0.042™ 0.540™ 1.36"
bxc 3 2.20" 7.94™ 0.058™ 0.128™ 6.20"™
axbxc 6 8.74™ 6.22" 0.048™ 0.085™ 2.53"™
(c error) ¢ oLzl 36 13.44 1.15 0.005 0.072 1.66

b o RGS003 ¢ 85 pldj yals ol plB,) . jl5 sime BMB] pae NS o> S 9 B pdaws )3 (6515 Jxe o ey s
*and ** Significant at the 0.05 and 0.01 probability level, respectively. ns, Not significant. Cultivars were Zafar, Zarfam, Dalgan and RGS003.
155 0, 8,1 § (Subd (A5 5 Sabpmd s ! b iy Jglome (0l Julite 51 (ile dumplia -A Jgar

Table 8- Mean comparison of spraying with SA, drought stress and cultivars of spring canola

Sskl o Sl s ol U o0y J gl P8, Oy 5> I3 dlaas al> 2 o9
Irrigation treatment SA Spraying Cultivars Number of grains pod® 1000 seed weight (g)
Zafar ,ab 16 cde 3.47 ef
Joli Zarfam pls,; 15 ef 3.26h
0 ppm SA Dalgan 5> 18 ab 3.64 bed
OES pds RGS003 17 bed 3.45 ef
Control Zafar ,als 16 cde 3.79a
pliss VO- Zarfam pls,; 15 ef 3.68 abc
150 ppm Dalgan %> 15 def 3.69 abc
RGS003 17 bed 3.723 ab
Zafar il 7ij 2.93 jk
b sle pas Zarfam pls,; 7j 2.87k
0 ppm SA Dalgan s 7ij 2.88 k
o8 als e > i RGS003 8ij 3.31j
Stress at flowering Zafar il 8 ij 3.43 g
pless VO Zarfam 5,; 8ij 3.24h
150 ppm Dalgan .,\5s 9i 3.07i
RGS003 11h 3.32gh
Zafar ,ab 13 gh 3.59 cd
b Jgloxe pas Zarfam pls,; 18 abc 3.30h
0 ppm SA Dalgan %> 18 ab 3.28h
20y Al ye 3 IS RGS003 15 ef 3.12i
Stress at podding stage Zafar il 14 fg 3.70 abc
pless VO Zarfam 5,; 14 fg 3.55de
150 ppm Dalgan 5> 19a 3.46 ef
RGS003 18 ab 3.79a

A Juoyd O Jlais] prdaws )3 (glel Iy gxe BMB] SEE (gt b )3 Gl S oS g b polie

Values with the same lower case letters in a column are not significantly different at P < 0.05.
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Sl i bl > (Ahamdi and Baker, 2001) «ls .,
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(Y Jgiz) el cido nl 95 32 oo 3B (s 15
cesl il Joloe s A oo oyl G ool O&L.o 4w lBo
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(3l ol 1y Lil38l aoyd YIYY :S5ke jsb &) 13,5 RGS003
(6 Jo2)

aa wlgdy  Sid i 4 S aed e il (godaie Cldlllas
Walton ) sgd o 45 (£, Mo yd idlS o &l o0l Lials
Zareietal., ) l)LSen o =)l; wyp ;5 Js (et al., 1998

= EpSenide yialS i i aS W8 asuie (2010
bl &l ey doyd

8 35 4o

o Ol 3l aa8 als e > (Sid i oS ol Ll ol
Slao g aily 3 Slos o9t Sujsledyse cla Shy 2 SRS
2y ddeye 53 (Sds S L duglie > Sujolg
Sl dl b (8L gl &5 3l (Lt ol oizmen 23,5
059 x5 5 b s e yon dli Slas ]38l 4 e
9 (BI0ygS Al pe )3 (SudS L5 )3 by 3 Slas g 4l e
e (2 dloye ) (Sutd G5 e S (SdS IS pae
99y 3 (Sl (5 A0S S Ol i (Slsie talS
Pl 59235 JS g b @ Jdg S slgiee (il &) joxio dl> o
oosad ol 0 |y lgsme ity RGS003 5 (LU s 5
P Sid iS lalyd 50 a5959) lgime (iomen izl
RGS003 5 pls); pld)l g bl (il 8l (230 j95 ad> o
o Jlasl oly olaidl s 4y 1) 43955, (glgee oy
30,2 ;0 MDA 5 HyO; (slgsize 5o jlo ixe Linlidl 4 yoxie
2 shgby G ulyd LS 5 ool Glise bl 135 dls 5
P Al o 3 g by (AT L duglie )3 (2055 A e
9 H202 (s52x0 (5225 RGS003 5 b (plo); p)] § 592 528
dge 4 e 35 Sl sl b (o3l Jole a5l ) MDA
JS 3 )8l 189y 9 S ShigS gy sl
OB (ke Sl g b Cudly el Sl b (3L Jglore
S oLS csiS’ 9 3y Sas 390 4 oo g Sl | (S
Gl 033,5

5 Sedd i Jolie gl as ol ol gl taild 3 ySdes
2 P 5 (S5 G5 pizpen 5 Sl sl b (3L Jgono
Loodly (550 duolio (Y Jgan) 250 )b size do > S gl
DT g i ple et 4y bgype il 0 Sles o by oS ol L
39 (b e Clb 3 ofgd (ca P dge )3 (Sugb,
2 Sid i by o] S s (s YIRS o))
alsyo ) (S cpitren (Y Jodn) del Cundty (2l dls e
g el a3yl o ab 5 Slee 1y il 5 o iy (25
2 RGS003 4 plsyj e, ol sl &y bgyyo ails 5 Slos o iy
2 OB 9,3 pB)l 4 bogrje (g dlayo 3 5 (A pas Ll
(¥ Jos2) 392 (2202 )95 iy )3 5 Ll 3

3fdes ((Sid i balyd ) S 558 poyme o b
ol 48 05 e MBSl (lalS alesdgn 5 (SSdn
(S gl Sy ddy pilygi 3 LS )b I bdes Jos
Janda ) 5,5 0 Syge Joke il a4 cuwl 5 (gl colin
2 ealS i SA 4 ey e ol cllas (et al., 2007
ohlSed 5 Gl csladllas jo o) ( Sid 35 4 lS Joso
SA L oid Hlaw (84565 LS A, (Hayat et al., 2008)
(O Cm 4S5, S 155 g 090 ddllas (S i Cod
Sy O rslly cLtie (0l padls (s5twgd la el
5 J9)l5 il g 5 Sl s ol clled
9 Odan Gl &5 (Jb )3 wboo (Bl S Of (o lgiee
o (Jls o il o iall ol T clap 5T cullas
o0 553 ela ol aslsl 4 oxie SA L i cow bl
A9 )8

Lo Cavica papaya ;lals 45 a2 o olis b s)lis
Loy 0y Slas 5 (30540 1D ()l xe iul3 8 SA L o
2 ol 35 (6,50 adlles > (Martin-Mex et al., 2005)
D555 SA 1 za8 il | odd jlag (S jpdasS 5 ks 3 Slas
P SA o5 5,8 (Martin-Mex et al., 2007) cowl osis
Kumar ) sei oo M S5 9 (25 (ioli8l & oo 5 Low
00 S e a5 lyiedy SA & sl s oyl (et al., 1999
w3 )13 55l cod |y lalS g gy 9 4 Jes g
Lol 5 s5mgid Dl ) asd (ialS 5 g boaodlS b
&l b g 093y o 3gaeS Lol 39 0 3, Shas p3 wad yials
5 Sy ol s Slgime galS w@igr 0 &l i LialS b
Pashan ) sei oo 135" 55 ails 5,Sles ials el dadsjs, colin
3ySlos 2alS 45 w3 e s 6,50 clilllas (Eslam, 2014
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Introduction

Oilseed canola plant (Brassica napus L.) is an important agricultural crop grown primarily for its edible oil.
It is well known that abiotic stresses especially drought stress are very restrictive factors for agricultural
production around the world. Drought stress affects a vast range of morphological, physiological and
biochemical characteristics in plants. However, exogenous application of materials such as salicylic acid (SA)
has been regarded as a good alternative to counter the adverse effects of various environmental stresses on plant
functions. Salicylic acid is a naturally occurring plant hormone that controls plant growth and induces water
deficit tolerance in plants.

Material and Methods

The experiment was carried out as a split split plot layout with three replications in East Azarbaijan Research
Center for Agriculture and Natural Resources. Treatments included three level of drought stress (well-watered,
drought stress at flowering and podding stages) (as main plot), two level of SA spraying (0 and 150 ppm) (as sub
plot) and four cultivars of spring canola (Zafar, Zarfam, Dalgan and RGS003) (as sub-sub plot). The studied
traits were included number of pods, number of seeds per pod, 1000 seed weight, grain yield, chlorophyll a, b
and total, carotenoid, H,O,, MDA, proline, total sugar contents and seed oil percentage. The collected data were
analyzed using SAS 9.1 software and means were compared with Duncan test at the 5% and 1% level of
probability using MSTATC software.

Results and Discussion

Results indicated that withholding irrigation from flowering stage had a more negative effect on yield
components and physiological traits compared to withholding irrigation from podding stage. Withholding
irrigation in both stages reduced the content of chlorophyll a, b and total and increased the content of H,O, and
MDA. Also, Zarfam and RGS003 cultivars had the highest content of chlorophyll and the lowest content of H,0,
and MDA. Salicylic acid (SA) spraying increased 31.79%, 41.1% and 7.33% of proline content, leaf soluble
carbohydrate and seed oil, and decreased the content of MDA and H,0, by 16.1% and 18.67% respectively. The
results also showed that SA spraying led to 31.96% increase in grain yield under drought stress from podding
stage. SA may compensate the negative impacts of drought stress on plant yield and other parameters.

Conclusions

In general, in this experiment, the use of salicylic acid not only improved the morphological and
physiological traits of the plant under drought stress, probably through the effect on the antioxidant system but
also increased the yield and quality of the cultivars.
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