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Table 1. Analysis of variance for studied traits under non-stress conditions
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fﬁ*l’( 2 557 276.08"** 19.41%* 24.11%*  334.60**  0.77**  19.67** 35377939.49™  120.86"" 26,57 1260469.54**
Bloc
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NS *and ™ : Non significant, significant at 5% and 1% probability levels, respectively.
oS o5 Ll s aadllae 3550 Slio bty 4 - s
Table 2. Analysis of variance for studied traits under water deficit stress conditions
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NS *and ™ : Non significant, significant at 5% and 1% probability levels, respectively.
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Table 3. Combined analysis of variance for studied traits in safflower under non-stress and water deficit stress conditions
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NS *and ** : Non significant, significant at 5% and 1% probability levels, respectively.
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Table 4. Mean comparison of different traits under non-stress conditions by Duncan's multiple range test
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Kino-76 G8 6.733C 64800  5gzabc 8.66 P¢ 35402 0.9 bed 4.76 P¢ 125118 18844 29.43°  1508.60 P°
Yenice G9 6512 g paP 4.93¢ 6.80 g€ 28.60 bcd 0.76 Ped 3.50 def 99.590cd 16659 26680 1019009
Zarghan279 G10 6.04%  6360¢0  453°€ 7.46 ¢ 27.40 bedef g 79 bed 4.00 cdef 99.23bcd  19908¢  2891¢d 162220°
Isfahan local G11 6.53P¢d g9 g3 @b 4.73¢ 7.40 cde 24,60 bcdefg (g4 cd 3.05 9 10091 ¢4 1523 26150 1044.40 €
pca
Hartman G12 6.323°¢d g4730C  526¢ 7.20 de 223319 0.64 ¢ 3.5 def 94.440¢d 1820, 28.20 def 1067.70 de
Varamin295 G13 6.743¢  g9.80 7.062 9.13P 24,00 Cdefg g5 cd 3.75 def 121.09%¢ 1539 24341  777.90¢
cyprus  Gl4 67530 g4eC  ggpad 10.732 29.93P 0.77 bed 6.002 150998 19873¢ 26200  760.30¢
CwW-74 G15 6.08Pd G953 5,66 20C 6.00 &f 20.06 9 0.61¢d 2.459 81669 1526¢ 26559 133560 PCd

2l b Sl e SN (gl A3 0 ez a3 lie Uy > gl S Sl Oyt p 53
The columns having common letter(s), do not differ significantly at 5% probability level.
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Table 5. Mean comparison of different traits under water deficit stress conditions by Duncan's multiple range test

8 ¢l sl Sl sl <ls 035 <ls 033 > Sas . Ak Sl
55 el el < B b <l Gk o Syl S5l s _,{}LA (r.5) s «ls
Genotype A = 5 P sk s 9 (05 OEHSAS) Q\ZQ _glrg?no (/e S 1)
name digﬁggt]er Plant height No. of branches No. of heads No. of seeds Seed Wei%ht per Seed weight per  Biological index weight ~ Grain yield
(cm (cm per plant per plant per head head (g) plant (g) (kg/ha) yield @ (kg/ha)
IL-111 G1 5809  g2eobode 4 470de 5.13°¢ 27.80 2 0922 3.3 68.94 18.64 2 34712 969.40°
LRV-5151 G2 6.410¢0  g5208C 400 €f 5.80Cde  pg73abe 0.69° 2.13 bed 84.6630cd  1p50Cde 24739 g4p.50 Dode
S541  G3 6.36D0cd  5gopef 4.13 def 6.47bcde 19 g7 bed 0.62 bc 2.20 bed 75014 1291¢d  29ggb  gpp 70 bede
Lesaf G4 5789 68132 373f 5.13°€ 20.60 20cd 0.54 bed 2.84.8bC 78414 18033  2877¢ 862.80PC
Dincer G5 6.25D00de g1 pgbede 4 q3def 7.738C  1933¢d 0.59 Ped 2.13 bed 80.38Pcd  1318Cde  p751de 9ga50 P
Syrian  G6 7.252 62.40 bede 4 33 odef 9.402 22.33 abed 0.53 bed 3712 97522 14.793cd 342328 1218508
Gila  G7 64004  gapphbcde 4 ggcde 7.07bcde 1947 cd 0.51 bed 2.96 abc 96533  14.4180cd 2560 €f 93730 bC
Kino-76 G8 5.66 ¢ 67.802 5538 5600 2267 2bcd 0.58 bed 2.6980cd  gggyabed g5 opabc  ogg3cd g9y g b
Yenice G9 6862 66,002 5278 80738  2293abcd 0.57 bed 1544 89.433¢  g4ge 2576 870.000¢
Zarghan279 G10 6.71 3¢ 0. Cde 433 cdef 84038 17934 0.51 bed 2.4gabcd  ggogabcd  gppgede  pg77C  ggp 30 bed
Isfahan local G11 6.40 P64 g5.3380C 4.73 bed 7.4780Cd 57 578b 0.68° 2578bcd  gggpabc gy ggabcd  pg09f 712 70 cde
Hartman G12 6.06 ¢%  636630cd 480 b¢ 6.g7 bcde 197 cd 0.59 bed 2.07 ¢ 76594 1347bcd  p7gg0d 779 70 bede
Varamin295 G13 6.62 3¢ 55537 3.73f 8208 20,00 bcd 0.41¢d 1.97°¢d 88.053¢  1053¢d 26766 72140 Cde
cyprus  G14 6.08°% 5746 ¢f 4.93b¢ 6.67 bcde o0 gp abed 0.48 bed 1.76 ¢d 7952 1092 24089  605.60°¢
CW-74 G15 6.05C0€  5g g3 def 373f 6.27bcde o7 g7 abed 0.404 1.69 ¢d ga7gabcd 101098 23819 611.00%

Aal e Sls pme D] (glsls Ao s 0 Jlaz] Ck.d o3 alie iy > glhls L;Lawfql.:a Ot B 53
The columns having common letter(s), do not differ significantly at 5% probability level.
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Table 6. Drought tolerance indices of safflower genotypes

NICIREIAE RPN (Index) e>Lls
Genotype rqameGenotype code Ys Yp Sl SSI STI  TOL MP GMP Harm DSl
IL-111 Gl 969.39 133155 0.33 0.82 0.79 362.16 115047 1136.13 1121.97 0.27
LRV-51-51 G2 846.50 1558.15 0.28 166 0.81 71165 120232 114846 1097.02 0.46
S-541 G3 822,73 137088 0.28 145 0.69 54816 1096.81 1062.01 1028.32 0.40
Lesaf G4 862.80 1139.88 0.28 0.88 0.60 277.08 1001.34 991.71 982.17 0.24
Dincer G5 984.54 1188.82 0.28 0.62 0.72 20427 1086.68 1081.87 1077.08 0.17
Syrian G6 121850 212175 0.28 155 159 903.25 1670.13 1607.90 1548.00 0.43
Gila G7 937.34 1307.01 0.28 103 0.75 369.67 1122.17 1106.84 1091.73 0.28
Kino-76 G8 991.20 150855 0.28 1.25 0.92 517.35 1249.88 122282 1196.34 0.34
Yenice G9 870.02 1018.97 0.28 0.53 0.54 148.95 944.49 941.55 938.62 0.15
Zarghan279 G10 852,29 162216 0.28 172 0.85 769.87 1237.23 117582 1117.47 0.47
Isfahan local Gl1 712,70 104442 028 1.15 0.46 33172 878.56 862.76 847.25 0.32
Hartman G12 77174 1067.75 0.28 1.01 051 296.00 919.75 907.76 895.93 0.28
Varamin295 G13 72136 77790 028 0.26 034 5653  749.63 749.10 748.56 0.07
cyprus Gl4 605.63  760.30 0.28 0.74 0.28 154.66 682.96 678.57 674.21 0.20
CwW-74 G15 611.88 133563 0.28 197 050 72375 973.76 904.02 839.27 0.54
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Ys: grain yield under drought stress condition; Y: grain yield under favorable condition; SI: Stress intensity; SSI:
stress susceptibility index; STI: Stress tolerance index; TOL: tolerance; MP: mean productivity; GMP: geometric
mean productivity; Harm: Harmonic mean and DSI: drought response index

;;{‘Z’LA%J“’JLSL“U";U“&M_V Jad>

Table 7. Correlation between different drought tolerance indices

ool YS YP SSI TOL MP GMP STI DSI HAM
Index
YS 1
YP 0.718** 1
SSI 0.060ns 0.720** 1
TOL 0.350ns 0.903** 0.9331** 1
MP 0.861** 0.972** 0.547** 0.778** 1
GMP 0.900** 0.949** 0.480ns 0.723** 0.996** 1
STI 0.889** 0.939** 0.453ns 0.716** 0.985** 0.988** 1
DSI 0.060ns 0.720** 0.996** 0.933** 0.547* 0.480ns 0.453ns 1
HAM 0.934** 0.918** 0.406ns 0.659** 0.984** 0.996** 0.984** 0.406ns 1

.MJJ\JWICEMP);S-M})\J@MR%;@:**}nS

"Sand **: Not significant and significant at 5% probability levels, respectively.
¢ foms TOL ¢ 25 o Jeos el STl el 2l :SSH ¢ s s S 25 0 Ll 53 5 Ses Yp ¢ 25 Ll 5 5o 5 Sles 1Y
i b patls DSI 5 jler Sl Harm ¢ s Sl ol GMP thav 20 (6550 60 Laxls MP
Ys: grain yield under drought stress condition; Y,: grain yield under favorable condition; SI: Stress intensity; SSI:

stress susceptibility index; STI: Stress tolerance index; TOL: tolerance; MP: mean productivity; GMP: geometric
mean productivity; Harm: Harmonic mean and DSI: drought response index
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Figure 1. Three-dimensional distribution of different safflower genotypes based on GMP index

Data from: G:\Index.csv
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Figure 2. Biplot analysis of safflower genotypes based on five drought stress tolerance index
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Figure 3. Biplot analysis of safflower genotypes based on the first and the second components obtained from

principal component analysis
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water deficit stress conditions
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Abstract

Drought is a threaded factor in the world production and application of breeding methods could improve
the tolerant and adapted cultivators under drought stress condition. In order to evaluate and determine the
stress tolerance indices and identifion of tolerant genotypes to drought stress, 15 safflower genotypes were
evaluated in a randomized complete block design with three replications in two conditions (stress and non-
stress). Analysis of variance showed significant differences among genotypes for all traits, stress tolerance
indices and yield in both conditions. Significant positive correlation was found between grain yield in the
stress condition with indicators stress tolerance index, harmonic mean and geometric mean productivity
indicating that these indices are suitable criteria for screening drought tolerant genotypes. No significant
correlation was observed between Ys with tolerance index and mean productivity, hence they can be
discarded as the desirable markers for identifying drought tolerant genotypes. In conclusion, using a
graphical approach of three dimensional scatter plots, Principal component analysis and biplot analysis,
two tolerant genotype (Syrian and Kino-76) were selected for future programs in stress and non-stress
condition.
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