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Evaluation of Autumn Sown Genotypes of Safflower (Carthamus tinctorius)
for Tolerance to Drought Stress
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Table 1. Names and origins of autumn sown genotypes of safflower for evaluation of
drought tolerance

S, elida

Genotype Origin

678 USA

753.2 USA

Arak 2811 Iran

562 Afghanistan

532 Spain

582.1 Kazakhstan

IL111 Iran

622.2 Turkey

633.2 Iran

634.2 Syria

581 Kazakhstan

572.9 Unknown

633.1 Iran

642.2 Iran

772.1 USA

055 K I8 o 55 5 S i Jeew sla e li 5 4l 3 Shes - Jgul

Table 2. Seed yield and drought tolerance indices for autumn sown genotypes of

safflower

Genotype  Yp (g/plot) Ys (g/plot). | STI MP GMP HM TOL SSI DRI
678 624.14 383.86 0.574° 504.00 489.47 47536 240.28 1.18 -0.42
753.2 598.73 244.92 0.351 421.83 38294 347.63 353.82 1.82 -1.27
Arak 2811 567.66 433.20 0.589 500.43 495.89 491.40 13446 0.73 0.64
562 665.37 383.04 0.610 52420 504.84 486.19 28233 130 0.25
532 767.97 455.01 0.837 61149 591.13 57145 31296 125 -0.63
582.1 636.00 445.46 0.679 540.73 53227 52394 190.54 092 0.09
IL111 804.05 620.78 1.196 71242 706.50 700.63 183.27 0.70 0.20
622.2 63940 340.98 0.522 490.19 466.93 444.77 29843 1.43 0.07
633.2 548.49 450.22 0.591 49936 496.93 49452 98.27 055 049
634.2 598.37 467.00 0.669 532.68 528.62 52458 13137 0.67 -0.08
581 44421 244.65 0.260 34443 329.66 315.52 199.56 1.38 -0.07
572.9 556.33 356.05 0.474 456.19 445.06 43421 200.28 1.11 -0.48
633.1 653.61 534.13 0.836 593.87 590.86 587.86 119.48 0.56 0.56
642.2 721.61 635.97 1.099 678.79 677.44 676.09 85.64 036 0.96
772.1 866.28 542.83 1.126  704.55 685.74 667.43 32345 1.15 -0.31

Yp: Yield in non-stress condition; Ys: Yield in stress condition; STI: Stress Tolerance Index; MP: Mean
Productivity; GMP: Geometric Mean Productivity; HM: Harmonic Mean; TOL: Tolerance; SSI: Stress
Suceptibility Index; DRI: Droght Response Index.
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Table 3. Correlation coefficients between drought tolerance indices for autumn sown
genotypes of safflower

Ys STI MP GMP HM TOL SSI DRI
Yp 0.699™ 0.880: 0.915: 0.877:: 0.838: 0.304 -0.130  0.000.
Ys 0.946 0.928 0.956 0.974 -0.469 -0.794™  0.581
STI 0992 09937 098"  -0.173 -0.559° 0372
MP 0.996" 098"  -0.105 -0.515" 0327
GMP 0.997"  -0.190 -0.578" 0392
HM -0.263 -0.646™  0.445
TOL 0.897"  -0.774"
SSI -0.802"

VA )Zb‘_jub\c]a,ﬂ):)\:&.u%f“qi**;*

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

For abbreviations see Table 2.
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Table 4. Regression analysis between seed yield in drought stress condition
(dependent variable), seed yield in non- stress condition and days to flowering

(independent variables) in autumn sown genotypes of safflower

Al 35T,

tluie

e ol O P
PRIRUE!
Variable Parameter Standard Coefficient of
. tvalue  Pr>|[t L
estimate error determination
Intercept 3650.46 1494.80 244 0.03 0.61
Yp 0.55 0.20 2.80 0.02
DTF -17.21 6.93 -2.48 0.03

(AU g, 5l 5 25 Os Ll 8y 5 Slesls 5 4 :DTF 5 Y,

Yp and DTH: Seed yield in non-stress condition and days to flowering, respectively.
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Fig. 1. Discrimination of autumn sown genotypes of safflower based on seed yield in
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Table 5. Principal components analysis based on drought tolerance indices for autumn
sown genotypes of safflower
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Fig. 3. Biplot of the first two principal components based on seed yield in drought stress

and non-stress conditions and drought tolerance indices for autumn sown genotypes of
safflower
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drought tolerance indices for autumn sown genotypes of safflower

oS sls QLL.;Q;1£>J &Pi‘GjLi t;_«aﬁ

sHIsHM 3 MP (GMP STI gla e
Jooie Gl 55 oLl o s e 2L
Sla 55 Aoy o3l SO Sas e
D633.1 (O =t GNILTTT o(Wkeul 31532
SNUI D 7721 5 (0F )50 642.27 (01 -
Y0 s, Shee Sl 6115 (IS o T odomze
P 40 S a5 Dplle ks a2
;L&..ﬁdbﬁb‘b‘\_"\_?-jb@)}aéﬁ;-
LSLHQL}JT'j\’YL.¢=—|Laa;rfgjpj o=l e slate
SlapesSa b s MT g 55 5525 ol 03
)st_ng,._gyju_i!):d_.qlbufpf
) (S o Jamsd 5l o500 e b 35
slaasl p 5 S J;frgs‘g*hté Jggstﬁagcg[ﬁ

03 (S o Caglis 3 g 6l 2 031554

Yoy

G554 55 572.9 5622.2 562 678
55 9D aikie 4 572.9 5622.2 678
il Gy 50 2 L;.\;{a)JfB azbaie 4 562
5o lbpsses S
4S 55,6342 5633.2 582.1 Arak 2811
C aiee 4634.2 4633.2 S82.1 slas 55
Aoy, S D aibste 4y Arak 2811 s 45
3 Arak 2811 5 g . aals Gday ja00 5
ey, S D adlata s Bl slagyd sl o
ST la o ls Jldie o 2i (slyls 503
adbis 4 a4 i 3 5 HM 3 GMP
ufjéjcu&hjuuujé Lgu\la.c‘gij
Lo S 51,58 C ailate glad 55 4 by e
Ul s o mls g oo plaer s
Csls Gt 5L 3 sdues S L gals 354
w3 w2 ST 55 Sl

LS S Jii:éﬁ“ 3]



WA Jlo OF o 5led TV=) Al " 3 9 g (88154 dlxa”

L oalan) J;.G &JJ?
References

Abolhasani, K., and Saeidi, G. 2006. Evaluation of drought tolerance in safflower
lines based on water stress tolerance and susceptibility indices. Journal of Science
and Technology of Agriculture and Natural Resources 3: 407-418. (in Persian).

Akmal, M., Cheema, N. M., Khan, M. A,, and Rana, M. A. 1999. Evaluation of
different safflower varieties under rainfed conditions. Pakistan Journal of
Biological Science 2: 1352-1354.

Arnon, J. 1972. Crop Production in Dry Region. Leonard Hill Publisher, London, UK.

Beyyavas, V., Haliloglu, H., Copur, O., and Yilmaz, A. 2011.:Determination of seed
yield and yield components of some safflower (Carthamus tinctorius L.) cultivars,
lines and populations under the semi-arid Conditions. South African Journal of
Biotechnology 10: 527-534.

Bidinger, F. R., Mahalakshmi, V., and Rao, G. D. P. 1987. Assessment of drought
resistance in pearl millet (Pennisetum americanum L.). TI. Estimation of genotype
response to stress. Australian Jouranal of Agricultural' Research 38: 49-59.

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

Chavan, V.M. 1961. Niger and Safflower.. Indian Central Oilseeds Committee,
Examiner Press. Bombay, India. 150 pp.

Dordas, C. A., and Sioulas, C. 2008.Safflower yield, chlorophyll content,
photosynthesis and water use’ efficiency response to nitrogen fertilization under
rainfed conditions. Industrial Crops Products 27: 75-85.

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

Fischer, R. A., and‘Maurer; R. 1978. Drought resistance in spring wheat cultivars. I.
Grain yield response. Australian Jouranal of Agricultural Research 29: 897-912.

Golparvar, A. R.,/and PRirbalouti, A. G. 2008. Assessment of drought resistance of
spring Safflower (Carthamus tinctorius L.) cultivars in isfahan province. Journal
of Research in Agricultural Science 4: 11-20.

Haby, V. A, Black, A. L., Bergamn, J. W., and Larson, R. A. 1982. Nitrogen
fertilizer: requirements of irrigated safflower in the Northern great plains.
Agronomy Journal 74: 331-335.

Hamdan, Y. A. S., Perez-Vich, B., Fernandez-Martinez, J. M., and Velasco, L.
2009. Novel safflower germplasm with increased saturated fatty acid content.
Crop Science 49: 127-132.

Jamshidi-Moghaddam, M., and Pourdad, S. S. 2006. Evaluation of safflower
genotypes under water stress of controlled condition and field. Journal of Science
and Technology of Agriculture and Natural Resources 2: 155-167 (in Persian).

Kafi, M., and Rostami, M. 2007. Yield characteristics and oil content of three
safflower (Carthamus tinctorius) cultivars under drought in reproductive stage and
irrigation with saline water. Iranian Field Crop Research 5: 121-131. (in Persian).

Yo¥



O P P P IS '

Karamanos, A. J., and Papatheohari, A. Y. 1999. Assessment of drought resistance
of crop genotypes by means of the water potential index. Crop Science 39: 1792-
1797.

Knowles, P. F. 1989. Centers of plant diversity and conservation of crop germplasm:
safflower. Economic Botany 23: 324-329.

Knowles, P. F., and Ashri, A. 1995. Safflower Carthamus tinctorius (Compositae). pp.
47-50. In: Smartt, J., and Simmonds, N.W. (eds.) Evolution of Crop Plants,
2nd ed. Longman Scientific and Technical, London, UK.

Kristin, A. S., Serna, R.A., Perez, F. |., Enriquez, B. C., Gallegos, J. A. A., Vallejo,
P. R.,, Wassimi, N., and Kelley, J. D. 1997. Improving common bean
performance under drought stress. Crop Science 27: 43-50.

Leonard, J. E., and French, O. F. 1969. Growth, yield and yield component of
safflower as affected by irrigation regimes. Crop Science 61:111-113.

Lovelli, S., Perniola, M., Ferrara, A., and Tommaso,D. T. 2007. Yield response
factor to water (Ky) and water use efficiency of Carthamus tinctorius L. and
Solanum melongena L. Agricultural Water Management 92: 73-80.

Omidi, A. H. 2009. Effect of drought stress at different growth stages on seed yeild and
some agro-physiological traits of three spring safflower cultivars. Seed and Plant
Production Journal 25-2: 15-32 (in Persian).

Pakniyat, H., and Ashkani, J. 2003. Genetic investigation of quantitative indices of
drought resistance in spring safflower  (Carthamus tinctorius). Agricultural
Sciences and Technology Journal 17:31-35 (in Persian).

Pasban Eslam, B., 2010. An evaluation of spring types of safflower genotypes for late
season water deficit tolerance. Iranian Journal of Field Crop Science 40: 197-206
(in Persian).

Pourdad, S.S., Alizadeh, K., Azizinegad, R., Shariati, A., Eskandari, M., Khiavi,
M., and Nabatee, E. 2008. Study on drought resistance in safflower (Carthamus
tinctorius) in different locations. Journal of Science and Technology of
Agriculture and Natural Resources 12: 403-416 (in Persian).

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

Singh, R.P., and Singh, M.P. 1989. Response of safflower to moisture regimes, plant
population and phosphorus. Indian Journal of Agronomy 34: 88-91.

Sirousmehr, A.; Shakiba, M. R., Alyari, H., Toorchi, M., and Mohammadinasab,
A. D.2008. Effects of water deficit stress and plant density on yield and some
morphological traits of Autumn-sown safflower cultivars. Pajouhesh and
Sazandegi 78: 80- 87 (in Persian).

Weiss, E.A. 2000. Oil Seed Crops. Blackwell Science Ltd., Oxford, UK. Koocheki, A.
1998. Production and improvement of crops for dry land. Jihad-e-Daneshgahi
Mashhad Publications. Mashhad, Iran (in Persian).

Yazdi-Samadi, B., and Abd-Mishani, C. 1994. Breeding Field Crops. Markaz-e-
Nashr-e-Daneshgah. Tehran, Iran (in Persian).

Zheng, N., Futang, C., Xinchun, S., and Yancai, W. 1993. Path analysis of correlated
characters on flower yield of safflower individuals. Proceedings of the Third
International Safflower Congress, 14-18 June, 1993. Beijing, China.

Yoo



