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Table 1. Names and pedigree of rapeseed genotypes used in the experiment

) <5 S 55 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 SiLs
35T 4 55 S8 L ety Jsb rale dsb S8 o) el dgb S

4?45[.«'

S.0.V. L df. Germination Root lenght Shoot lenght Germination RI/SI
k< rate percentage

Genotype (G) N~ 15 209.997" 27.161" 40177 1921.865 7.661"
Stress (S) S 3 0618.329" 26.323"” 32.663" 36229.118" 23.064™
SxG S X S5 45 78,3217 10.659" 1.037" 508.896" 3.052"
Error s 128 2.613 0.048 0.011 9.618 0.046
C.V% Sk o 5.95 6.51 5.26 4.36 14.36

o (S o 25

Aoy ) Jleasl el 53 5l ne xx
**: Significant at 1% level of probability.

S0l 05031 03 15 Calibes gl )3 S3ailgr A et le il yls 4 Y
Table 3. Analysis of variance for germination stress index in different levels of stress in germaniation test

MS ol e Sl

35T a3 Skl AT esls
S.O.V. Sl i s df. Germination stress index
Genotype (G) =5 5 0.224"
Stress (S) i 2 1.455"
SXG sxassy 0 0.033"
Error st 96 0.006™
C.V-% Dl 15.86

o3 ) bl pebas 53 513 gne 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 Ce 0,607

Root length (2) ety sl 0.493™ 0.682"

Shoot length (3) eéldb 0857 0.065" 0.122"

Germination percentage (4) Sl ey 08947 0.594" 0.370"™  -0.003"™

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

** * ns

53 &S5 5 i il o 53 s gme 5 s gme b o5 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 esmotic 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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Table 5. Drought tolerance indices and seed yield in rain-fed (Ys) and irrigation (Yp) in rapeseed

e S 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 325177
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° 222767 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 12 0.70 1073.47  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 11 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 ARCS 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 - - - - - - - -

Sl 0 lid rlau" LOT G5 omiliols 42 5 Llodds acloes Laosls . &Kke ol s la e ls 5510 V.AL:L;)\:_;'M Syl 70 Jlax| én.»): ;Sb 05051 ool s O si o 53 aslis U o 6l)ls o 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

YI: Yield Index DRI: Drought Response Index
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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 0.9617" 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

.u\..é).!\}M)deb‘cha)b)b@#%ﬁq:*j**
* and **: Significant at the 5% and 1% levels of probability, respectively.

u&h&c:ﬂwyugdd@MLPU‘JUQQML“&U&U%;MDRI)YSI cGMPcMPLTOL‘YI cSTI cSSI}ﬁQ}&}ﬂ@\ﬁ)JJﬁW@‘;Q Yp}YS
S gl ety s Sl (51l Gast L () se s srrkin e (8550 8 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.
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Fig. 5. Biplot for drought tolerance indices in genotypes rapeseed based on first two

For genotypes name see Table 1.

oL bl ol it (Soen 4 5

components

Yy

5Bl B g A5 O kol i s s Shes



AN Jlo o) oyled YASY Al " 3 9 g (88154 dlxa”

Slac—s 850 JSb Cmnly S 5 oy
s omb a,Se Lasb ;39 5 A Y o) ojled
Cand) Wl § 515 St 4 Vb Sl
(O S Cnly Cow 5 YL
L 487 303 Ol G () 1 ool ol
Sl plad i)l (St 15 o )31
Sl Eals” Ghaler b dad je odds g
e ez dle dsb objols)5e sle el
Lol olis Sas i o 1) Camla>
clacbile 53 J oS sl L 5l eslical
2> S i Ll b les] 5 Calibes (6 o
3 sme gl otalive 5 andllae b 5 ot Lo 3T
ST el oty 4y ARl Sliv
)y sy S 85 Ol g oo S340s>
VF Vol glacs 55 pRuLsT )
(Las uil_wl.m J_pc.» ‘_;\_A%};) Olge 4
S a2 35 m o8 ST Ll 5 I
Jromie 5 52 o5l Sl s 5313 513
ol slaasl p 4oy e dal > o S 4
a5, |y el S5 (oS 3 s g
sl slacs 55 Ol L s 5 )
Sldes o ae 50 55 chalajT olse iy oon
el b o ) (Pl 5 215 Fos S
e Lo i la T b plail a5 3 55 0
S 5 ol el 355
Slas,yie g u.ali&.lb)'-" Sl o GHld Sre

i edalin

Y¥f

a5 § YU Jsl il 3o 0l e ST DSI 4SS
Shls &5 L b on Ol glac s 55 058
by SSI 5 25 05 Lol 5 55 YL s Sles
Olge 4o Ll g o adlie cpl 9y opl 51 dis
B N O A A e T
5oy s YEVYY i jo e g3 . 5 (6,108
adge ol 955 0Ly laesls JS Ol i
Sen 3 15 > Skl e (s
MP STl GMP sla oo b inss sl
poeie Se s sHAM
ol el . als DS 5SS TOL (gla e L

Y L

4 Sl adl3a Ol e 4 Ol 5 00 1) oo adl 5o
5% Gl Nes Ly (plac—i s 48 2
Lo, S olKab S ol 1y 25 Lol i
HAM (ls osla VU pslis oS cpl 4 4 55
SSI 3 TOL sl slée o,MP ,STI ,GMP
o3t F ol 135 e S e sl
GMP (gl,ls 45 L8 o0 OBl oS 55
el SSI , TOL 5 YL, HMP (MP STI
5 S s s oYL Slas 5 s
o s 5 I 6L bl ST e
(& JS5) p 33 5 Jsl (Jool (sLaail se sl
L5 45T ik s plaes 5 4 oS 55
Lo 55 5 4 Joows 53, Shes o500 L
oylai G 55 48 sl Ol Hls g ol 5 g
Yo 5 ol Lasb 5318 5 0F Y Y o8
Soslome 53 5 (S o mly Sl
e Joo oo Gl e 4 by e ol
Coamnd) 45513 41 5 STl s GMP MP S



o (i 4y el b5

References

Andalibi, B., Zangani, A., and Haghnazari, A. 2005. Effects of water stress on
germination indices in six rapessed cultivars (Brassica napus L.). Iranian Journal
Agricultural Sciences 2: 457-463 (in Persian).

Bidinger, F, R., Mahalakshami, V., and Rao, G. D. P. 1987. Assessment of drought
resistance in pearel millet[Pennisetum americanum (L). Leeke]. 1I. Estimation of
genotype response to stress. Australian Journal of Agricultural Research 38: 49-59.

Blum, A. 1988. Plant Breeding for Stress Enviroments. CRC Press, Boca Raton,
Florida, USA.

Bouslama, M., and Schapaugh, W. T. 1984. Stress tolerance in soybean. Part 1:
Evaluation of three screening techniques for heat and drought tolerance. Crop
Science 24: 933-937.

Elias, S. G., and Copeland, L. O. 2001. Physiological and harvest maturity of canola
in relation to seed quality. Agronomy Journal 93: 1054-1058.

El-Sharkawi, H. M., and Springuel, 1. 1977. Germination of some crop plant seed
under reduced water potential. Seed Science and Technology 5: 677-688.

Emmerich, W. E., and Hardegree, S. P. 1991. Germination in polyethylene glycol
solution: effect of filter paper exclusion and water loss. Crop Science 31: 454-458.

Fallahi, H. A., Alte-Jafarbai, J., and Seyedi, F. 2011. Evaluation of drought tolerance
in durum wheat genotypes using drought tolerance indices. Seed and Plant
Improvement Journal 27-1:15-22 (in Persian).

Farshadfar, E., and Mohammadi, R. 2006. Evaluation of drought resistance of bread
wheat genotypes using agro-physiological indices. The Scientific Journal of
Agriculture (SJA). 29(1): 87-97 (in Farsi).

Farshadfar, E., Mohammadi, R., and Sutka, J. 2002. Association between field and
laboratory predictors of drought tolerance in wheat disomic addition lines. Acta
Agronomia Hungarica 50: 377-381.

Farshadfar, E., and Shutka, J. 2003. Multivariate analysis of drought tolerance in
wheat substitution lines. Cereal Research Communications 31: 1-2.

Farshadfar, E., Zamani, M., Motallebi, M., and Imamjomeh, A. 2001. Selection for
drought resistance in chickpea lines. Iranian Journal of Agricultural Sciences 32: 65-
77 (in Persian).

Yo



AN Jlo o) oyled YASY Al " 3 9 g (88154 dlxa”

Fernandez, G. C. J. 1992. Effective selection criteria for assessing stress tolerance. pp.
257-270. In: Kuo. C, G. (ed.). Proceedings of the International Symposium on
Adaptation of Vegetables and other Food Crops in Temperature and Water Stress,
AVRDC Publication, Tainan, Taiwan.

Fischer, R. A., and Maurer, R. 1978. Drought resistance in spring wheat cultivars.
Part 1: Grain yield response. Australian Journal of Agricultural Research 29: 897-
912.

Garavandi, M., Farshadfar, E., and Kahrizi, D. 2010. Evaluation of drough tolerance
in bread wheat advanced genotypes in field and laboratory conditions. Seed and
Plant Improvement Journal 26-1: 233-252 (in Persian).

Ghajari, A., and Zinali, E. 2002. Effects of salinity ‘and drought stresses on
germination and seddling growth of two cotton cultivars. Seed and Plant 4: 506-509
(in Persian).

Houls, T. 2001. Conditions under which selection for mean productivity, tolerance to
environmental stress, or stability should be used to improve yield across a range of
contrasting environments. Euphytica 120: 235-245.

Jamshid Moghadam, M. 2002. Evaluation of drought resistance criteria and selecting
resistant chickpea (Cicer. avietinum L.). genotypes in laboratory and field. MSc.
Thesis, Shiraz University, Shiraz, Iran. p: 145.

Jamshid Moghadam, M., Pakniyat, H., and Farshadfar, E. 2007. Evaluation of
drought tolerance of chickpea (Cicer arietinum L.) lines using agro-physilogic
characteristics. Seed and Plant 23 (3): 325-342 (in Persian).

Jamshid Moghadam, M., and Pourdad, S. S. 2006. Evaluation of safflower genotypes
(Carthamus tintorius L.) under moisture stress in controlled and field conditions.
Journal of Science and Technology of Agriculture and Natural Resources 10 (2):
155-167 (in Persian).

Kpoghomou, B. K., Sapra, V.T., and Beyi, C. A. 1990. Screening for drought
tolerance: Soybean germination and its relationship to seedling response. Journal of
Agronomy and Crop Science 164: 153-159.

Maguire, J. D. 1962. Speed of germination aid in selection and evaluation for seedling
emergence and vigor. Crop Science 2: 176-177.

Mazaheri Tirani, M., and Monochehri Kalantari, K. 2006. Effects of the role of

Y¢



LGP VoS B

salicylic acid, drought stress, ethylene and interaction of three factors on seed
germination of Brassica napus. Iranian Journal of Biology 4: 408-418(in Persian).

Michel, B. E., and Kaufman, M. R. 1973. The osmotic potential of polyetylene glycol
6000.Plant Physiology 51: 914- 916.

Mohammadi, R. 2000. Chromosomal location of genes controlling drought resistance
in rye and agropyron. MSc. Thesis, Razi University, Kermanshah, Iran (in Persian).

Nikkah, H. R. 1999. Evaluation and study of heritability drought resistance in Triticum
aestivum. MSc. Thesis. College of Agriculture, University of Tehran, Karaj, Iran (in
Persian).

Nourmand Moayyed, F., Rostami, M. A., and Ghannadha, M. R. 2001. Evaluation
of drought resistance indices in bread wheat (Triticum aestivum L.). lranian Journal
of Agricultural Sciences 32: 795-805 (in persian).

Ouk, M., Basanayake, J., Tsubo, Fukai, S., Fischer, K. S., Cooper. M., and Nesbitt,
H. 2006. Use of drought response index for identification of drought tolerance
genotypes in rainfed lowland rice. Field Crops Research 99: 48-58.

Parmar, M. T., and Moore, R. P. 1968. Carbowax 6000, Mnitol and sodium chloride
for simulating drought conditions.in germination studies of corn(Zea mays L.) of
strong and weak vigor. Agronomy Journal 60:192-195.

Pessarakli, M. 1994. Plant and Crop Stress Handbook. Marcel Deckker, New York,
USA.

Quisenberry, J. E. 1982.. Breeding for drought resistance and plant water use
efficiency. pp. 193-212. In: Christiansen, M. N., and Lewis, C. P. (eds.), Breeding
Plant for Less Favorable Enviroments Wiley Intersciences. New York, USA.

Ramireza, V. P., and Kelly, J. D. 1998. Traits related to drought resistance in common
bean. Euphytica 99: 127-136.

Rizza, F., Badeckb, F. W., Cattivellia, L., Lidestric, O., De Fonzok, N., and
Stancaa, A. M. 2004. Use of a water stress index to identify barely genotypes
adapted to reinfed and irrigated conditions. Crop Science 42: 1441-1446.

Rosielle, A. A., and Hamblin, J. 1981. Theorical aspects of selection for yield in
stress and non-stress environment. Crop Science 21: 943-946.

Sharma, R. A. 1985. Influence of drought stress on the emergence and growth chickpea
seedlings. Inter. Chick. News. 12: 15-16.

v



AN Jlo o) oyled YASY Al " 3 9 g (88154 dlxa”

Sio- Se Mardeh, A., Ahmadi, A., Poustini, K., and Mohammadi, V. 2006.
Evaluation of drought resistance indices under various environmental conditions.
Field Crop Research 98: 222-229.

Smith, R. L., Hoveland, C. S., and Hanna, W.W. 1989. Water stress and temperature
in relation to seed germination of pearl millet and sorghum.Agronomy Journal 81:
303-305.

Somers, D. A., Ullrich, S. E., and Ramsay, M. F. 1983. Sunflower germination under
simulated drought stress. Agronomy Journal 75: 570-572.

Wayssi Mallamiri, 1., Haghparast, R., Aghaee Sarbarzeh, M., Farshadfar, E., and
Rajabi, R. 2010. Evaluation of drought tolerance of barley (Hordeum vulgare L.)
genotypes using physiological characteristics and drought tolerance indices. Seed

and Plant Improvement Journal 26-1: 43-60 (in Persian).

YA



