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1- Tolerance

2- Mean Productivity
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1- Stress Tolerance Index (STI)
4- Stress Susceptibility Index (SSI)
7- Stress Non-Stress Production Index (SNPI)

2-Geometric Mean Productivity (GMP)
5- Relative Decrease In Yield (RDI)

3- Harmonic Mean (HARM)
6- Stress Susceptibility Percentage Index (SSPI)
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Table 1. Grain yield under non-stress condition and water stress at flowering and seeding stages
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Table 2. Correlation coefficients between drought tolerance indices under stress at flowering stage
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Figure 1. Three dimensional plots of cultivarsusing STI, MP, GMP, Yp and Y's under stress at flowering stage
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components under stress at flowering stage
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Figure 3. Three dimensional plots of cultivarsusing STI, MP, GMP, Yp and Y s under stress at seeding stage
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under stress at seeding stage
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Table 4. Estimation of cultivars susceptibility under water stressat flowering stage by drought tolerance indices
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Table 5. Estimation of cultivars susceptibility under water stress at seeding stage by drought tolerance indices
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Table 6. Correlation coefficients between drought tolerance indices under stress at seeding stage
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Table 7. The two first components values for yield under non-stress condition, water stress at seeding stage and drought tolerance indices

ST SNPI  SSPI RDI HARM GMP MP TOL ss| Ys Yo o3y polie IS oally oy adge
iad Iy </ — vy -IyY iad Nias -1 YY e iad AIYA va/a )
—/\Y —IfA YD — /YA —I\§ — Y — - -IYo JEA ey —/.ey v/Y- \E Y

Ab

Kl oo v ors™ (99 09 Ao e | 97 b o orepe (¥



a0 WA (lasls VA ol [iin Jlo /ey aLS 3ol daliing,

&b

1. Abolhasani, Kh. and G. Saeidi. 2006. Evaluation of drought tolerance of safflower lines based on
tolerance and sensitivity indices to water stress. Journal of Sciences and Technology of Agriculture
and Natural Resources, 10: 419-422.

2. Bidinger, F.R., V. Mahaakshami and G.D.P. Rao. 1987. Assessment of drought resistance in pearel
millet [ Pennisetum americanum (L). Leeke]. I1. Estimation of genotype response to stress. Australian
Journal of Agricultural Research, 38: 49-59. _

3. Choghakbody, Z., E. Zebarjadi and D. Kahrizi. 2012. Evaluation of Drought Tolerance of R
(Brassicanapus L.) Genotypesin laboratory and field conditions Seed and Plant Improvement Journal,
28: 17-38 (In Persian). ) ) o ) )

4, Fernarp‘dez, G.C.1992. Effective selection criteria for assessing plant stress tolerance. In: proceeding of
the 4" Symposium, Adaptation of crops to temperature and water stress, 13-18 Aug., Taiwan.

5. Fischer, RA. and R. Maurer. 1978. Drought resistance in spring wheat cultivars. |: grain yield
responses. Australian Journal of Agricultural Research, 29: 897-912.

6. GolAbadi, M., A. Arzani, A. Mirmohammadi and S.A.M. Maibody. 2006. Assessment of drought
tlcggrilr;(ie in segregating populations in durum wheat. African Journal of Agricultural Research, 1:

7. Hayashi, H. and K. Hanada. 1985. Effects of soil water deficit on seed yield and yield components of

flower. Japanese Journal of Crop Science, 54: 346-352.

8. Kakaei, M. 2009. Effects of genotype and drought stress on physiological, morphological, phonological
and biochemical traits of winter rape (Brassicanapus L.). M.Sc. Thesis, Islamic Azad University,
Branch of Kermansha, Iran 245 pp.

9. Moosavi, S.S., B. Yazdi Samadi, M.R. Naghavi, A.A. Zali., H. Dashti and A.Pourshahbazi. 2008.
Introduction of new indices to identify relative drought tolerance and resistance in wheat genotypes.

DESERT, 12: 165-178.

10. Nasseri, F. 1991. Qil Seeds Publication of Astan Quds Razavi,Mashhad. 823 pp (In Persian).

11. (Omidi, AjH. and F. Javidfar. 2011. Safflower. 1¥ edition. Agriculture Education. Iran, 118 pp
In Persian).

12. Omidi, A.H. 2011. Effectof irrigation with hold at different growth stages on grain yield and stress
E(I)Ielg_)anc_e |) ndices in threesafflower cultivars. Iranian Journal of Crop Sciences, 13: 116-130

n Persian).

13. Patel, P. and Z.G. Patel. 1996. Effect of irrigation on growth, yield and water use efficiency of
safflower. Field Crop Abstract, 50: 272.

14. Prelahsad R. 2002. Textbook of field crops production. Indian Council of Agricultural Research. New
Delhi, 821 pp.

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

16. Singh, L.D. and N.C. Stoskapf. 1971. Harvest index in cereals. Agronomy Journal, 63: 224-226.

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



Journal of Crop Breeding VOI. 8, NO. 18, SUMMEE 2016 ... .. cuuuiuueiniiniet et et et et e e e e e e 96

Evaluation of Water Stressin Spring Safflower (CarthamustinctoriusL.) Cultivars
using Tolerance Indicesin Hamadan Region

Parvaneh Yari', Amir Hossein K eshtkar? and Hojatollah Mazahery L aghab®

1 and 3- M.Sc. Student and Associate Professor, Bu-Ali Sina University
2-Assistante Professor, Bu-Ali Sina University (Corresponding author: akesht@gmail.om)
Received: May 12, 2014 Accepted: September 15, 2014

Abstract

Drought as one of the most important environmental stresses causes serious threats in
amount and efficiency of crop productions. To evaluate drought resistance by using drought
tolerance indices in safflower varieties, a research was conducted at the Research Farm of Bu-
Ali Sina University. Experiment was planed as split-plot on the basis of randomized complete
block design with three replications. Irrigation treatment as the main factor was including three
levels, such as without stress (control), cut off irrigation at 50% of flowering stage to maturity
(flowering stress) and cut off irrigation from the onset of seeding stage to matugia"cly (seedin
stress). Six cultivars of safflower including Pl, loca Ajabshir, Mecl1, Faraman, local Zarghan
and Sina were compared in three levels of irrigation treatment. The results of correlation
anaysis between drought tolerance indices and grain yield indicated that MP, GMP, STI, SNPI
and HARM in flowering stress, and GMP, MP, STl and HARM were suitable to select high
yield cultivars in seeding stage. Sina were identified as the most tolerant cultivars, while local
Zarghan6 and local Ajabshir were sensitive cultivars under two stress conditions. The above
g‘?l mgds e/;v’slrg also confirmed by the results from biplot and three- dimensiona graph of MP,

an .

Keywords: Drought tolerance indices, Flowering, Grain yield, Principal component analysis,
Seeding



