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Evaluation of Terminal Drought Tolerance in Spring Rapeseed
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Table 1. Mean air temperature and rainfall for 2008-09 and 2009-10 growing seasons
and long-term at Agricultural Research Center of Safiabad, Dezfoul, Iran

Rainfall (mm) (e Joe) S,b Temperature (°C) (51, slo) Lo
2008-09  2009-10  1985-2010  2008-09  2009-10  1985-2010

Sep-Oct S 3.0 12.5 0.8 33.1 30.9 31.1
Oct-Nov oLt 8.0 66.9 11.1 26.2 26.5 26.0
Nov-Dec ST 841 38.0 35.2 18.9 19.3 18.9
Dec-Jan «3 0.0 46.0 72.0 13.2 14.7 13.9
Jan-Feb e 225 36.7 69.8 11.2 14.3 12.7
Feb-Mar Lisl o 16.0 25.1 46.5 15.6 16.1 13.6
Mar-Apr 234 109 1.8 49.8 18.0 20.3 17.3
Apr-May Ciges) 187 69.3 28.3 223 243 22.9
May-Jun oo 5 7.7 33.0 6.1 30.7 29.5 29.2
Jun-Jul # 0.0 0.0 0.1 34.7 35.5 33.8
Jul-Aug sl o 0.0 0.0 0.1 36.1 37.6 36.0
Aug-Sep BT 0.0 0.0 0.0 35.9 30.8 354
Total JS i 1709 329.3 319.8

o5 2xte) Ol ol e 833 LT i ol g8 o i Lo
Agro-meteorological office of Safiabad, Dezfoul, Iran (unpublished date).

7 ole slagn Y oo =Y Jgor
Table 2. Pedigree of spring rapeseed lines

R R
Line Pedigree Line Pedigree

L1  Sarigol x Bolero L7 Fusia x Goliat

L2  Fusia x Goliat LS8 Option500 (Selection in OP cultivar)

L3  Hyola420 (Selection in OP cultivar) L9 RGS003 (Selection in OP cultivar)
L4  Option500 (Selection in OP cultivar) L10  Sarigol x Bolero

L5  RGSO003 (Selection in OP cultivar) L11 Option500 (Selection in OP cultivar)
L6  RGSO003 (selection in OP cultivar) H401 Hyola401

A& delous SPSS 1 j3lp 5 oSS 5(Yp) s s Lol i 5 il 5 Shes
MSTAT-C 353l 5 3l s3bizal L (Ys) 25
S g b FRCNER § g JUE S W PSS By P
5, Shae gl Laosls iyl 4 o =SSl O e 3T Sl esliul Ly Loa o KL
313 Olis R0 O 5 Jiis Ll 5 s 4l A e e 0 Sl mla
255 SLa Y e 5ol e SVl 48 CYs 5 Vp sl als by (Soen ol
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Table 3. Combined analysis of variance for seed yield of canola lines under stress (Ys)
and non-stress (Y,) conditions

3137 4 MS Sl o oSk
S.0.V. Sl pile df. Y, Y,
Year (Y) JL 1 9116378 34589571
Replication/year BN 4 63870 10419
Genotype (G) <555 11 290743 296544™
Y x G 5% Jl 11 203259 102896"
Error st 44 58013 22673
CV.% (1) Sl is g 2 10.65 8.91

AW -bd\.«::-‘c]a,ﬂ):)b@”%??jyi**}*

* and **: Significant at the 5% and 1% probability levels, respectively.
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VAVF 53445 Slee L es 5 4o L1 4L
i Jromze pL5 1 Ol g a0 5L o D?,L;
3SSI e li (W Jgds) il bl i
5 Coslie bl Ladb |y 2ule3T 515 TOL
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(Ghodrati, 2012)
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Table 4. Means for seed yield under stress and non-stress conditions and different
drought tolerance indices for canola lines

oY &l zjgl.q.c 4l :)Qw.; Sl s
Ll A5 kls s
oSOk
Line Y, Y, SSI TOL MP STI GMP YI YSI %Reduction
L1 2362 1974 0.65 387 2168 091 2159 1.17 0.84 16.4
L2 2276 1644 1.10 633 1960 0.73 1934 0.97 0.72 27.8
L3 1919 1420 1.03 499 1670 0.53 1651 0.84 0.74 26.0
L4 2511 1790 1.14 721 2151 0.88 2120 1.06 0.71 28.7
L5 2142 1909 043 233 2025 0.80 2022 1.13 0.89 10.9
L6 2208 1671 0.96 538 1940 0.72 1921 0.99 0.76 24.3
L7 1826 1318 1.10 508 1572 047 1551 0.78 0.72 27.8
L8 2282 1649 1.10 633 1965 0.74 1940 098 0.72 27.8
L9 2414 1746 1.10 668 2080 0.82 2053 1.03 0.72 27.7
L10 2207 1419 141 788 1813 0.61 1770 0.84 0.64 35.7
L11 2446 1718 1.18 728 2082 0.82 2050 1.02 0.70 29.8
H401 2537 2025 0.80 512 2281 1.01 2267 1.20 0.80 20.2
Ys: Seed yield under stress conditions (kg ha™) G s pf,l-_.f) S 55 bl s s ails 5 Sles
Y,: Seed yield under non-stress conditions (kg ha™) S 3 p 50k (S 25 0y Loyl 555 4l 5 Shes
TOL: Tolerance index Jos Lasla
MP: Mean productivity Lous ge (550 0 oo

SSI: Stress susceptibility index

STI: Stress tolerance index

GMP: Geometric mean productivity
YI: Seed yield index

YSI: Seed yield stability index

3, Shee 035 YU (slms 4 LI TOL st L
s O kbl b SE5 D5y Jams 53 03
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Table 5. Correlation coefficients between drought tolerance indices and seed yield of canola lines under stress and non-stress conditions

Y, Y, SSI TOL MP STI GMP YI YSI %R
Y, 1

Y 0.747" 1

SSI -0.015™ -0.675" 1

TOL 0.343™ -0.368™ 0.932" 1

MP 0.934" 0.9357 -0.370™ -0.015™ 1

STI 0.906" 0.955™ -0.428™ -0.082™ 0.996" 1

GMP 0.915" 0.9517 -0.416™ -0.064™ 0.999™ 0.998" 1

YI 0.747" 1.000" -0.674° -0.367™ 0.935" 0.955" 0.952" 1

YSI 0.019™ 0.679" -1.000™ -0.9317 0.375™ 0.433™ 0.420™ 0.678" 1

%R -0.020™ -0.679° 1.000” 0.931" -0.375™ -0.432™ -0.420™ -0.678" -1.000" 1

* and **: Significant at the 5% and 1% levels of probability, respectively.

ns: Not significant

Yg: Seed yield under stress conditions (kg ha™)

Y,: Seed yield under non-stress conditions (kg ha™)
TOL: Tolerance index

MP: Mean productivity

SSI: Stress susceptibility index

STI: Stress tolerance index

GMP: Geometric mean Productivity

YI: Seed yield index

YSI: Seed Yield stability index

%R= % Reduction

.Z\,Zadu;,\cla.ﬂﬁ)ugm%;@;**,*
D13 gxa e 1S
(J&)br;%)&ﬁ@lﬁ)zdbsﬁw
()&A))C;}l:{)é‘iﬁ-uiﬂojiijm_‘ﬁ)éﬁb:ﬂc
|.~>JUDL:~

‘]a‘ﬂj.dd)}njeua;'-u

5 4 Jend 2l

Gos b (omin Sl (Lo

45\::J§L>.cu.a:'-h';

5 Shes (golL Latls

oal A3 =%R

YYf



sl K25 4 s S5

2 St i eos b e la b A5 O Gla ol wlwl o aSLS 311 gla Y
Sl st 48 doas e L g o Olsme o el Lo 95 pla 3l 50 G b
S = 6l o 2 MP 4 STT (GMP wslis oLl Ll b 95 8 55 55 slapY
S et S 55 e 5 R F St il S AL
oslg S oS0 s 53 o 5T (Ss 93 a4l s, Shee U B 4b sla el
O 5 osl3lis iyl F L oS il S aS A gl g LT s
3 s—= (Shafazadeh et al., 2004) ol o Lo o L 4k ol o YT e ls
LS (Naeemi et al., 2009) of,LSan AL T = /A s gl Siren
s o L1 ¥ ¥ N Ygla 035 0,0 Sl s N S ole sl 53 2l
Jrad 2T (S 55 4 Jaste 6,1 Ol g 534l 5 Shes (Saan ol

L ol 5olE wi)y Jead ol S 25 bl
References

Ahmadzadeh, A. 1997. Definition of the best drought tolerant index in corn selected
lines. M.Sc. thesis in plant breeding. The University of Tehran, Karaj, Iran. 238 pp.

Behmaram, R. A., Faraji, A., and Amiari-Oghan, H. 2006. Evaluation of drought
tolerance in spring rapeseed cultivars (Brassica napus L.). Pp. 496. In: Proceedings
of the 9" Iranian Crop Science Congress.

Blum, A. 1996. Crop response to drought and the interpretation of adaptation. Journal
of Plant Growth Regulation 20: 135-148.

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.

Choukan, R., Taherkhani, T., Ghannadha, M. R., and Khodarahmi, M. 2006.
Evaluation of drought tolerance in grain maize inbred lines using drought tolerance
indices. Iranian Journal of Agricultural Sciences 8 (1): 79-89.

Debaeke, P., and Abdellah, A. 2004. Adaptation of crop management to water limited
environments. European Journal of Agronomy 21: 433-446.

Eberhart, S. A., and Russel, W. A. 1966. Stability parameters for comparing varieties.
Crop Science 6: 36-40.

Yo



WY Jlo oY o led YA-Y dl” 5y 9 g5 (81034 dlxe”

FAO. 2007. Food outlook: Global Market Analysis. http://www.fao.Food outlook.com
Farshadfar, E. A., Zamani, M. R., Matlabi, M., and Emam-Jome, E. E. 2001.

Selection for drought resistance chickpea lines. Iranian Journal of Agricultural
Sciences 32 (1): 65-77.

Fernandez, G. C. J. 1992. Effective selection criteria for assessing plant stress
tolerance. Pp. 257-270. In: Kuo, C. G. (Ed.), Adaptation of Food Crops to
Temperature and Water Stress, AVRDC Publication. Tainan, Taiwan.

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

Gavuzzi, P., Rizza, F., Palumbo, M., Campaline, R. G., Ricciardi, G. L., and
Borghi, B. 1997. Evaluation of field and laboratory of drought and heat stress in
winter cereals. Canadian Journal of Plant Science 77: 523-531.

Ghodrati, G. 2012. Response of grain yield and yield components of promising
genotypes of rapeseed (Brassica napus L.) under non-stress and moisture stress
conditions. Crop Breeding Journal 2(1): 49-56.

Khalilzadeh, G., and Karbalai-Khiavi, H. 2002. Investigation of drought and heat
stress on advanced lines of durum wheat. Pp. 563-564. In: Proceedings of the 7"
Iranian Congress of Crop Sciences.

Koocheki, A. R., Yazdansepas, A., and Nikkhah, H. R. 2006. Effect of terminal
drought on grain yield and some morphological traits in wheat (Triticum aestivum
L.) genotypes. Iranian Journal of Crop Sciences 8 (1): 14-29.

Ma, Q., Niknam, S. R., and Turner, D. W. 2006. Responses of osmotic adjustment
and seed yield of Brassica napus and B. juncea to soil water deficit at different
growth stages. Australian Journal of Agricultural Research 57(2): 221-226.

Moghaddam, A., and Hadizadeh, M. H. 2002. Response of corn (Zea mays L.)
hybrids and their parental lines to drought using different stress tolerance indices.
Seed and Plant 18 (3): 255-272.

Naderi, A., Majidi-Hervan, E., Hashemi-Dezfoli, A., Rezaei, A., and Nour
Mohammadi, G. 2000. Efficiency analysis of indices for tolerance to
environmental stresses in field crops and introduction of a new index. Seed and

Plant 15 (4): 390-402.

Yy¢



sl K25 4 s S5

Naeemi, M., Akbari, G. A., Shirani Rad, A. H ., Modares Sanavi, S. A. M., Sadat
Nouri, S. A., and Jabari, H., 2009. Evaluation of drought tolerance in different
Canola cultivars based on stress evaluation indices in terminal growth duration.

Electronic Journal of Crop Production 1 (3): 83-98.
Panthuwan, G., Fokai, S., Cooper, M., Rajatasereekul, S., and O Toole, J. C. 2002.

Yield response of rice genotypes to different types of drought under rainfed
lowlands. Partl: grain yield and yield components. Field Crops Research 41:45-54.

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

Sadeghzadeh-Ahari, D. 2006. Evaluation for tolerance to drought stress in dry land
promising durum wheat genotypes. Iranian Journal of Crop Sciences 8 (1): 30-45.

Shafazadeh, M. K., Yazdansepas, A., Amini, A., and Ghannadha, M. R. 2004.
Study of terminal drought tolerance in promising winter and facultative wheat
genotypes using stress susceptibility and tolerance indices. Seed and Plant 20 (1):
57-71.

Sinaki, J. M., Majidi Heravan, E., Shirani Rad, A. H., Noormohamadi, G., and
Zarei, G. 2007. The effects of water deficit during growth stages of canola (B.
napus L.). American- Eurasia Journal of Agriculture and Environment 2(4): 417-
424.

Sio-Se Mardeh, A., Ahmadi, A., Poustini, K., and Mohammadi, V. 2006. Evaluation
of drought resistance indices under various environmental conditions. Field Crops

Research 98: 222-229.

Yyv



