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Evaluation of Drought Tolerance of Rapeseed (Brassica napus L.) Genotypes
in Laboratory and Field Conditions

Y . Y e . \ . .
S JUls 5 ua i Lo e ¢ (6355 lhe

sLiile S (631 o8> (55 5LaS 08Tl Ll 5 DB Olol )l (ol )87 il (5 smetils 3 5 4= )
PRSIV s bpds gusb VPARNY/IA iedls8 gu b

oS>

3

W&o bejT 5 ae 50 Lol -5 55 (Brassica napus L.) 138" glac—s 55 St Jraos (b5 AT L0 (831585 9 & (S 1 o) (6995 i
AV=YAYA-Y 50 9 e o154 dlxo

20 Ay Sur S0 5 (Fidilar Al 0 53 (B9 R (S G 4 1T B9 19 (2L sgtied:
I gl 38 5 54ilga (39037 . plowil (835 olREIIS 33 1FAB-AF (aly) Jlw 33 4e )30 g olislo3T
Y 9A P ao) ST il gxda 5lez 39 5150 4w b (Il Sols” b CIB 3 s 395576 & yg0d 0
ST S pas g T Tulad 98 50 51T dw b Bolai ol s gl b CIB 58 (Slas s wyy 9 (b
Olio 351 (G =17 4 50 31) (S yow! Jawily Sl b 457 318 L5 gubs ( AEELIT vy 38 .0 1
O DT oy s 4 1) 519 (3 iy Bl Jobo 9 bl S 10 e s9b S34192 4 Loy
oul ddflln  Jidilex Dlao degazme (wlel ¢ (J9 cbld Lincord cuwighl 1y Jidlea oLl o glu 010
O e @l ol Sl by adgl o500 50 et Sdwigi Olgas 4 Licord g Dante by wiss}
Lyl 90 58) 4018 8 pChos 9 Jood (SLd Ll 4ls” 35 51 B uigif o (518 xo OWS1 (4l 519
Ol Camglio Sy aslh g il pus 9 i Lyl pd 50 410 8 Khos g (Sumod e 018 OGS 1 ( Jawomo
(MP) (5386 @ o555t § (GMP) (st (590 3t 1S5l (STI) i Joowi (Sl oLl 45”318
Slon oy il ZarTam o 9 992 (KiS 1 53 I S wigi Jodl ke Slb ol (32l
YU 5 Khos b i gid oy 5 Josxio Olgie 49 9 Calld [y MP 9 GMP STI (sla yasli 3l oy yidw § 5 5Shoe

A bl

(Sl L el ( i 4 cwglio Sl ety ( J g il b 3 sl slaels

CAVVAVYEVEY : il zebarjadiali@yah00.com :J s odiws

\V



AN Jlo o) oyled YASY Al " 3y 9 Jlgi (83154 dlxa”

ST 085 i G5l sl el (St
il Lo a8 A 8w A o]
O 5 3m (S (55 & Sk (5 ol
N e e ol TR P SERCENTP
A sl gyls e Al S Ol
S s 5 15 s AL
(Mazaheri Tirani and Manochehrikalantari,
s S Sl sy g slate 4y 2006)
L =l =T sla ity 5SS (540
L JE b A/ 5=/ v /8 o /F
o3l ul #1 v v J 4 SUE st 3 eslisul
Loy s sl 53l LoaS Wsls Olis g s S
Al o Al Gial e
o) 6l ol sloa ta LT
S35 = Sl o e 55 (S fans
5 5 s ey Al s DLalE
«(Ghajari and Zinali, 2002)
«(Bouslama and Schapaugh, 1984 ) L ..
al., 1990)

1983) ols KT

«(Kpoghomou et
«(Somers et al.,
¢ 55 5 4 «(Parmar and Moor, 1968) 3
d—s «(Smith et 1989) 05,1 s
«(El-Sharkawi 1977)
«Jamshid Moghadam and Pourdad, 2006) > g
5,8 (Farshadfar et al., 2002) paS
03,33 ¢85 (Jamshid Moghadam, 2002)
> «(Falahi et 2011)
rvuf,(Wayssi Mallamiri et al., 2010)

(Farshadfar and Mohammadi, 2006) oL

al.,

and Springuel,

al.,

A

dockio

S Ols=s 4 (Brassica napus L.) 1518
s Jo¥s 4 28, QLS oy g
S e byl n ool ol
GE90 5 s Slaadls L5 4 ) 5iS o
Sl P I 53 0T ciS 5 e AL
S5l e sl G5
|5 ol ¢S glada s 3 OLaLE
cbb\))akmol:f.ﬂu\:ﬁjﬁij‘ S5
Col oS i J e S 5 6l
eSS L, 5l eslazul L(Pessarakli, 1994)
s oS5 slowl 5 O gllaa Rl (sl VY
3 e by 1SS g as ey Lak g
ol 3300 HalS VL 5 Shes oS
s el (Elias and Copeland, 2001)
a3l 5 e e S Ol 4 S50l
S 53 ar i oS LT Ll s
Il ooyl (Sist 4 e slacd 55
5 S ol s 4 (g jeml 5l se 3l eslizal LSl
RS PR RGO o SN S S
e SP-T W  N P S W Y I o
)guzugt_?ﬁ\‘suox_;d;@\,,wé
.(Mohammadi, 2000) ¢l 5lalS

A Sk Vb (J oS pe p 2 b 3lge Ols 5o
o> Jsdows sl s 4 (PEG) J, U8
03 S 1y 1y 3 LS o iy ( omeb Lail 2
.(Emmerich and Hardegree, 1991)c_.I
(Andalibi et al., 2005) 01, Ko 5 e



G VoS B3

2odd i Gl 55 U 5 eny ol
> s Jouilly (25 05k Jool 5 55 OT el
[ERYE S P E SN I
34565 .(Quisenberry, 1982) .S ,ls oYL
ot Sl e L (Fernandez,1992)
03 ,ela ol s gl 4141 1, (GMP) (6590 ¢
£ 51 Lo £S5 55 MP Uy sl
S 5,55 arla . ooal lsy e s 5L
i 451, (Fernandez, 1992) ;ut 5 Lbw s
Golama 1) OT Sl ST 25 oo e la
(i 25 el fasd o)) 20 5l
Olis sl ool YU polie.s S slgiiy
YU ol 5, Shas 5 2 505 Jaos odias
3 Shee DRI Sz 4 fraly jastls ol
238 Gl S S s s 4l
S Ok sl 5 55 5 Shes 5 AW 5,
45T doas e OLabl (pl s (ST (oo e
Si e Dlas ol Ol sl 55
(Ouk et al., 2006) il il g5 1
§35 o2 G ) 8l 3l o
o i 5ol @IS Glcs 55 (S5
2GS Al 6l e T 5
s Caslis la el i 5,0 0 Ll
Ll 3 5 (Sl o b e slaja s
s anmlie pomen 5 o8 l5T 5 4 5

Dy a\i&‘bj-") 4e )y L{‘f:‘ BE odw] Cwd

lib‘_;ag) 9 015.0

33 33 \WAD-AS ely) Jle y3 Jiags oyl

14

ROWPREIES

Ay Calisen ladersms 53 g5 & OWLE
Sl s 0 8 5L ULy aSL S
a3 3 9yl S Als 1y RS (ki
pslin oS 4 olaws 5l 38l on s I
Sl DS U5 Opal st 5 (o
St sS Lol (Tl Lo i 4 Joss
|y Sis 4o S glis (Quisenberry, 1982)
e phn W5 5 s SG SUlS
ETUSR NP R PN P SRR
255 e iy g5 1 858 Gy DL
ol AE OS5I a5

(Fisher and Maurer, 1987) ;40 5 i
3 e Condy (S o Coaglin Hlone
e g Sl S Ll s ashs
(SSI) [ 4y Gl st ull
e 5 S sl )
=3 (Rosielle and Hamblin, 1981)
3 Shee SDest| Sy o 4 1, (TOL) st

A0S L a RS Osd 5 AT b

2y iy

sy 23] sae o ge ol poeen
L 93 ;3 (MP) ;J,SL.;wi;\_:‘,QU_,
s 8 ey S O
gl by Ll b 5 aS LByl
> s (S 25) 2gdome (25b 5 Lol 2
Sl Jolas L Ll adls o 5oL L
w&»ﬁwwugumﬁw
¢,_f~\>.x_u1}>'$<,:_>~4_“_;;z_g
TOL e>Li S ,slae (Blum, 1988)



AN Lo o) oyled YASY Al " 3y 9 g (881554 dlxa”

(S35l Ao yd) o) (G4l s
Promptness ) —jasle Comw el
B33 59y 93 o> =, (INdex: Pl
(Bouslama and Schapaugh, 1984) ,I <5

% ;J'd ;‘ﬁ u:" ) Pra \ & 9
=L ;! (Germination Stress Index: GSI)

:(Maguire, 1962) wi acslows 55 Jss

Gmax (%)= n8x50-1 x100
Pl =nd2(1.0) + nd4(0.8) + nd6(0.6) +
nd8(0.4)

GS| = Pl (understress)

Pl (undernon — stress)

x100

0334l g (gla,dl sluas 1 N8 Lalgy ol s
e o, b

s slus 5 5 4 nd8 s nd6 ,nd4 ,nd2
5 el pad a3 03 Sl e

o3 B3las yab as o JialasT gl s
5 araile Jgb caraty; Jsb 5 Ol aalS
P A S e dle 4 arad, ob o
A e e s ey 1SS a0

slaeS ol = b B s (clas e SilesT
Ll 2 55 53 55 /S5 a3 slas JlS
SoleT 5 (s Ll 2) 550000 (LT Lo
Sl ey 50 53 (S 2 pie) o sllas
AL il (5315 ol (5,518 0aSCls
T, S

9')}\_?uC)J_<j>4l_~éléjj_udﬁLwY"

S| W) -

A ol oL Ty ey 5ol
Sl dan jo Sl (o) 2 35 50 GG 55
22 A s = STk 5 J a5
Oy 3T (A ST ()
e U oo SLlS 2 b JB s o, 556
a3 YO Glas L iy &SI 15 53 51 ST
(Sl / gla g ) ANE 54 g5 b sl S sl
350 lay ST 51 S s s el
JJﬁMQC}L«rj.s)}:fujuJb
A F o Jals OT Joly e Sler
S ity At 45 S s 5Ly )Y
JsSNE sty oS 3l enlimal U s s 4o
s el b P
+¢ (Michel and Kaufman, 1973) .38
e OT 51 (dald) Jio Jously gl A2
S5 s,b 5l T ool sl eslitl
3de S5 L 0T (oS 4T ud oslizal s 2wl

Dy edd ok g &G o ket peily Sl S
b S IS gp L5 0 Jshoee L
IS s s Jshedd 4285 V0 Oie
Vose 6 b 5 @l sy sue 00
03 b esly 4,8 B ed e sy I 1) e
NS s s aeay 2l a5T oy
S b T s 515 ey ¥
Oljme s 0l OS5 S o ssb 4o 6 2
BLol LaoT 4y e OT sl 035 b Codlest|
(Emmerich and Hardegree, 1991) .
S bog g5 S5l Ol bl sl
bocnys) o ahols g 0k S5 (5 50l



G VoS B3

5 4o YS 5YP (G slaatslas
5 AT sk Bl s s 85 e w5 Shas
oSl o Yo, Yo 5 (S 2
5 S 0o kol i e 55 als 5 Shes
é‘ > 4 L by el &

o 55 ¢SS ¢l » (Response Index: DRI)

5 Ry Al i Aslee Sl oslizal L ol
<, 50 4 (Bidinger et al., 1987 ) ol,Kes
P dloee )

Y....—Y

DR'I — act.i est.i
S.E.ofY,,

Lyl sy il s, Shas Y,y daly s
3587 5, Shes Yo cobis o ol o 55
5ol b s S 85 e Gl el
als JJ._Q.‘J— syl ul Ll S.E.OfY,,
el 5 555 dad (5 0kl 35T

g:_::};jéﬁis\ﬁom:)jTﬁlbaﬁw
€ a0 S el b ols
S Al 55 D) g

Youi =2+ pr.i +cFL,

S 555580 5 Sas Y 0T 02

FL 5 oded =S ol 25 0s Ll 5 s
oS 05 Bl s s | s 85 a5y,
@ﬂf}&uﬂb\;rﬁc , b, a e
Lted Dlay o Pl g 4 o 3,57
sl i i f sl (Ouk etal., 2006)
3:J_A)>‘YQAJ_<L¢:«L336§&_>'¢3M
3_)L§J‘-"’u)b}~‘g:“:@ﬁ'bju:~5 E.?"

Lacsls J_:l’;? 4 gl Al 2 (D plOt

Y

In sl 5 LA Dllas 5 g g Sle
4 Oy y5bte 4 LB Sl ey Al ol ol
ol anlsd 53 1 53 C S s mla
SES o ankad 53 gy Jl e 3 1 pla
2 S and 5 i plol LT (S
)J.Mé)LﬁTgkbgbwjgﬁJKJ:-‘f
o5 el e 2T sl Sk J b
> Do 4 5o slalide Loj)le Juls
L st 3 Slhas (6 8 o3I (sl s ploni]
)y 93 ) oler Sl glasl Sl le
o 4 s gy o dledl s 93 Sl Ol
0S5 Ssgo 4 il s Shas 5 Sl Coslas
Cikiine La pastli s o oo e 5
S eslizal b 55 o (6l (St 4 Zuaglia

L s 5 il

1—(\%
Ssl = g
S|

(Fischer and Maurer, 1978)
TOL = Yp - Ys
(Rossielli and Hamblin, 1981)
Y, +Y,

2

MP =

(Rossielli and Hamblin, 1981)

GMP = /(y)(Y,)

(Fernandez, 1992)




AN Lo o) oyled YASY Al " 3y 9 g (881554 dlxa”

Sledal C o gl odaT ) J g
33 0l (6 S o3l0l Sliws il s 4 o
Olis (F 5 Y ladsds) 2T )
Cadides 7 sbe v dy LS Lo 55 45 0
asls gl [aSTy odd Jlsl OT fuuily
Sl Gl s a5 o NS 3 g2 5 .
03 (S5 g e ksl ol &S o5l
IS8l e o 3 (o) 2 35 50 ST S5

L 5 LS

)u:ac g

. m\szjn

SPSS (MSTAT-C (s LsT sla i -l o))
0337 L Laesls 5 &Kke awlio 5 EXCEL
S Izt e 3 (1SSl (glaals Ao
Al Ly
Sradl go 4 4 25 5 Dlho  Soen O e

A CL>u‘ Laosls 3y » 5u e

e g b

)Jdbajﬁéu%jjoﬁa@jru.

uig‘l.o)'-\').ﬁ oslazwl 340 ‘Jlf‘_gl.h%"y} o 2l rb—\ d)u\>
Table 1. Names and pedigree of rapeseed genotypes used in the experiment

) <55 G55 sl <
No. Genotype  Origin Type
1 Geronimo  Rosticafrance (European=Winter)-(Mexican-China- Winter
Canadian=Spring)

2 Celecious  Sralof Winter

3 Milena Germany Winter

4 Sahra Danisco Winter

5 Sunday Danisco Winter

6 Zarfam Iran Winter

7 Dante Germany Winter

8 SLM-046 Germany Winter

9 Talaye Iran Winter

10 Talent Germany Winter

11 ARC2 US.A Winter

12 Opera SW-sweden Winter

13 ARC5 US.A Winter

14 Licord Germany Winter-Spring
15 Elite Rosticafrance (European=Winter)-(Mexican-China- Winter

Canadian=Spring)
16 Ebonite Rosticafrance (European=Winter)-(Mexican-China- Winter

Canadian=Spring)
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Table 2. Analysis of variance for different traits of rapeseed genotypes in germination test

MS e o SiLe
35T 4 s S8 L ety Jsb erale dsb S8 Lo el dgb S

4?45\,««

S.O.V. L df. Germination Root lenght Shoot lenght Germination RI/SI
k< rate percentage

Genotype (G) 55 15 209.997" 27.161" 40177 1921.865 7.661"
Stress (S) S 3 9618.329" 26.323" 32.663" 36229.118" 23.064™
SxG S X S5 45 78.321" 10.659" 1.037" 508.896" 3.052"
Error s 128 2.613 0.048 0.011 9.618 0.046
C.V% S S 5.95 6.51 5.26 4.36 14.36

o (S o 5

Aoy ) Jleasl el 55 1 ne xx
**: Significant at 1% level of probability.

S5 05031 53 A okt sl 53 5l A asls il ls e oY s
Table 3. Analysis of variance for germination stress index in different levels of stress in germaniation test

MS e e Sl

T 4 S8l A el
S.O.V. Sl i s df. Germination stress index
Genotype (G) R 15 0224~
Stress (S) i 2 1 455"
SXG Axgss 30 0.033™
Error Ut 96 0.006"
CV% DS 15.86

o3 ) bl o 53 513 ae x*
**: Significant at 1% level of probability.
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Table 4. Correlation of coefficients between different traits of rapeseed genotypes in germination test under stress

Traits Slis (1) (2) 3 4) (5)

Germination rate (1) Sl e m 0.607"

Root length (2) eadsydsb0.493™ 0.682"

Shoot length (3) dldb 0857 0.065"™ 0.122"

Germination percentage (4) Sl Aoy 0.8947 0.594 0.370™ -0.003™

Germination stress index (5) S5 4l i el 0.396 0.761" 0.205" -0.015" 0.484"™
** % s

.Mﬁas_,@duwclg.ﬂﬁ,ug;u,,u@”ﬁa%g;4,.:

ns, * and ** :Not significant, significant at the 5% and 1% levels of probability, respectively.
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Fig. 1. Mean comparison of interaction effects among osmotic potential levels and
genotypes for germination percentage in rapeseed (LSD 5%= 4.96)
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Fig. 2. Mean comparison of interaction effects among osmotic potential levels and
genotypes for root length in rapeseed (LSD 5%-= 0.10)
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Fig. 3. Mean comParison of interaction effects among osmotic potential levels and
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Table 5. Drought tolerance indices and seed yield in rain-fed (Ys) and irrigation (Yp) in rapeseed

e i 4 ez b3

No. Genotype Y, Y, DRI Yi YSI TOL SSI STI GMP MP
(gm™) (gm™)
1 Geronimo 3474.33° 2634.27% -0.89 1.1 0.77 840.07  0.24 0.93 302520  3054.30
2 Celecious  3609.47° 2894.07° -0.39 1.2 0.80 71540  0.19 1.06 3231.63  3251.77
3 Milena 2235.40" 2141.93" 0.94 0.9 0.77 9347  0.04 0.48 2576.97  2688.67
4 Sahra 2649.07° 2227.67" 0.07 0.9 0.83 42140  0.16 0.60 2428.87  2438.37
5  Sunday 3160.57" 2067.93% -1.91 0.9 0.67 1092.63 0.34 0.66 2556.00  2614.27
6  Zarfam 2880.10° 1276.10° -2.32 1.2 0.70 1604.00  0.55 0.37 3509.10  3578.10
7 Dante 4042.07° 2968.60° -1.36 1.2 0.70 107347  0.26 1.22 3463.93  3505.33
8 SLM-046  3665.20° 2989.13° -0.23 1.2 0.80 676.07  0.18 1.11 3309.80  3327.17
9 Talaye 3213.07° 2731.30° 0.18 1.1 0.83 48177  0.15 0.89 2962.30  2972.20
10 Talent 2357.20" 1945.40% -0.06 0.8 0.80 41180  0.17 0.46 214140  2151.30
11 ARC2 3694.93° 2759.83° -1.08 1.1 0.73 93510  0.25 1.10 319320  3227.37
12 Opera 2794.27° 1613.93° -2.41 0.6 0.73 1180.34  0.42 0.46 212313  2204.10
13 ARCS5 2263.87" 1876.93% -0.03 0.8 0.63 386.93  0.17 0.43 2063.57  2070.40
14 Licord 4178.93%  2734.27° -2.53 1.1 0.63 144467  0.34 1.16 3379.30  3456.60
15  Elite 2260.73 1225.40° -2.22 0.5 0.57 1035.33 0.46 0.28 1663.90  1743.07
16  Ebonite 3655.07° 2595.13% -1.53 1.1 0.73 1059.93  0.29 0.96 3079.13  3125.10
C.V (%) 2.86 2.75 - - - - - - - -

ol 0l rlqé\ LT 65y 1 wills o 5 Lilodds dculous Laosls &ke ol s b astli .51 2Ll s Sl 7.0 Jlaz| dn.»;: ;Sb 05051 ool s O si o 53 alis U o 6l)ls Sla 0 SKile
Means in each column followed by the similar letters are not significantly different at the 5% probability level using DMRT. Indices calculated based on means.
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Ys: Yield under stressed conditions TOL: Tolerance

YP: Yield under non- stressed conditions MP: Mean of Productivity

SSI: Stress Susceptibility Index GMP: Geometric Mean of Productivity
STI: Stress Tolerance Index YSI: Yield Stability Index

Y1: Yield Index DRI: Drought Response Index
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il 1y (/AYD ) s O dayl 5 s
55 S = ST YL sl
Jely 5 (St s | KL
- 5507 N s Sles
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Table 6. Correlation coefficients between drought tolerance indices and seed yield in rain-fed (Ys) and irrigated (Yp) conditions in rapeseed

YP YS TOL MP GMP HAM YSI DSI STI YI
YS 0.840"

TOL  0.6717 0.164

MP 0.927” 0.955™ 0.389

GMP  0.9257 0.969™ 0.372 0.998™

HAM  0.920” 0.979" 0.346 0.994™ 0.999™

YSI 0.14 0.413 -0.546" 0.229 0.255 0.280

DSI  -0.058 -0.420 0.470 -0.263 -0.267 -0.309 -0.349

STI 0.935" 0.951™ 0.415 0.995™ 0.994™ 0.991” 0.177 -0.262

YI 0.850" 0.995" 0.191 0.961” 0.973” 0.981" 0.375 -0.428 0.958™

SSI 0.118 -0.402 0.758"  -0.134 -0.176 -0.214 -0.706 0.662" -0.121 -0.374

.M)J\jM)Jwa‘cEa)b)b@M%JJQZ*}**
*and **: Significant at the 5% and 1% levels of probability, respectively.

u&U«L:JSWUA}UGJQ'QMU&U‘&'QQL&UDU%;MDRI}YSI GMP MP TOL .YI STI LSSI)JJQ}AJ)JMSJ@JJ&)::JQAG%JSM Yp}YS
(S 4 gy a5 s Sles (5l et (6 )se s srrkin e 108530 2 SOl ¢ oS

Ys: Yield under stressed conditions TOL: Tolerance

YP: Yield under non- stressed conditions MP: Mean of Productivity

SSI: Stress Susceptibility Index GMP: Geometric Mean of Productivity
STI: Stress Tolerance Index YSI: Yield Stability Index

YI: Yield Index DRI: Drought Response Index
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Fig. 4. Selection of drought tolerant genotypes using Stress Tolerance

For genotypes name see Table 1.

Index (STI)

5 gd dnl e ) J,.\?A{u%:};j(ugﬁ

Biplot of ¥p, ..., SSI
3 g
15 .
.
2] 12
. 551 Tal e
I= 3 epst
g2 1 7
5 16 ipo#
£ s
' 8 » .
- O -
5 .
®
-1 1
. ot le o8
134
L
10 3
_2_
L 9.
= 5 -4 3 -2 -1 0 1 2 3
Arst Compone
[ ] L ] =

Jol &l gn 55 wlal o IS cac s 55 5o (SKis 4 oo sl st ls O ol iules -0 JSKa

Fig. 5. Biplot for drought tolerance indices in genotypes rapeseed based on first two

For genotypes name see Table 1.
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