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1- Stress Susceptibility Index (SSI)

4- Yield Stability Index (YSI)

7- Geometric Mean Productivity (GMP)
10- Relative Drought Index

2- Tolerance Index (TOL)
5- Stress Tolerance Index (STI) 6- Harmonic Mean (HM)
8- Yield Index (Y1)

3- Mean productivity (MP)

9- Stress Non-stress Production Index
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Table 1. Drought tolerance indices used in this study
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Index calculation formula
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Index name

_Ys
8 SSI = ?
1-=
Yp
24 TOL=Yp-Ys
24 Mp = YSEYP
2
7 STI = YP-YS
(vp)
; HM — 2(Yp.Ys)
Yp +Ys
7 and 16 GMP = /Yp.Ys
9 Yl = Ys
Ys
2 ysi =78
Yp
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Stress Susceptibility Index
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Tolerance Index
(MP) (559054 (50ke sl
Mean productivity
(STI) 25 Joss s
Stress Tolerance Index
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Harmonic Mean
(GMP) 3,Skos witn Sike
Geometric Mean Productivity
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Yield Index
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Yield Stability Index
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Yp= Seed yield under without stress condition, Ys= Seed yield under drought stress condition, \Tp _ Seed yield mean under without stress condition

Yisz Seed yield mean under drought stress condition
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Table 2. Analysis of variance for seed yield in safflower genotypes

Slagye :Sike sl as e
Mean squares df SOV
4622.6™ 2 NS5
Replication
42817354 2 oS
Stress
2032.2 4 kel sl
Main error
425610.7" 9 095
Genotype
19132.7 18 TR O
GenotypexStress
5187.6 54 oo sl
Secondary error
5.3 _ (%) &l g >
CVv

" and ™: Non-significant and significant at 1% probability level respectively

oy ) Jlain] o 50 )b gixe g 4l gine et 9:3')3'4{:**5"5

P @S doye o (SUS I g QI e bulpd o aib oSles 5 (S oot (o5 slapadld uibly ws T gl

S5 lacy;

Table 3. Analysis of variance for drought tolerance indices and seed yield under without stress condition and drought

stress at flowering stage in safflower genotypes

(Mean squares) clayo (1Slo 4 be
sl vi STI HM GMP MP ss| TOL Ys Yp e
df SOV
0.0006"™ 0.0003" 0.001" 1241.9™ 1738.6™ 2464.2" 0.003™ 6537.2"™ 275.4" 7921.6™ 2 )I’SJ
Replication
0.01™ 0.1" 0.11™ 138299.3" 141000.6™ 144648.5™ 0.05™ 63596.8™ 97303.2™ 223792.2" 9 o)
Genotype
0.001 0.003 0.002 2584.1 2782.7 3378.1 0.008 11273.7 2633.6 9759.4 18 s
Error
Gyl
7.2 . 24 41 411 434 14.1 7 - SNy e
9 5.33 8 3 3 9.36 5.3 5.76 (/)u]/w.u
CV
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Table 4. Analysis of variance for drought tolerance indices and seed yield under without stress condition and drought
stress at seeding stage in safflower genotypes

(Mean squares) Clsyye (ke &5 &le

Ysl v STI HM GMP MP ssi ToL Ys Yp I
df SOV

0001” ns ns ns ns ns ns ns ns ns )I)ﬁ
X 0.0002%  0.002 2301.3 2535.1 2802.9% 002 845 490 7921.6 2 Replicatio
n

001™ 007" 019"  171808.4™  172770.6™ 173846.8™ 0.06™ 28.47° 1427805  223792.2" 095
Genotype

0.004 0001  0.004 2757.6 2047.3 32118 002  9.48 3169.9 9750.4 18 Eu”
rroe

oo
7.84 4.04 7.3 3.42 351 3.65 1586  17.26 4.04 5.76 - el
cv

"s and ™: Non-significant and significant at 1% probability level respectively
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Table 5. Mean comparison of drought tolerance indices and seed yield under without stress condition and drought
stress at flowering stage in safflower genotypes

fLI

i &
YsI YI STI HM GMP MP Ssl ToL Ys1 Yp Ger:‘a?r‘épe <595 Genotype
. d
°39’ [ofe]
043 065 0319 8764° 95349  1037.3¢ 128° 8167%  629' 14457  Kashan Sl 1
054>  101° 058 1250.2° 1308.2°  1368.8°  1.03° 8043  966.7°  1771% Goldasht  cusuls 2
L;lm
063 087 03 10215 104740 10738 08r 4723 sar iz ORAK g 3
YAV
056> 114 074> 1408.9° 1470.1°  1534> 101> 871.3% 10983 19697  Faraman BRI 4
065 1.08® 056°  1260°  1291.1°  1323°  0.79°  566.7%  1039.7%  1606.3% Sofeh dio 5
055 103 061° 1279.7° 1337.5° 1398.2° 1.01° 805.7%  995.3° 1801 Parnian ol 6
057% 126° 087a 1541.2° 1600.2° 166152 0.96° 8923 12153  2107.7° Sina Lo 7
03¢5
052 077° 036" 976.4% 102919 1084.80 108>  684.3%  7427°  1427f Shiraz ‘ ” 8
Sy
058  1.01° 055 1227.9° 12734° 13205 095  6ogd 971°  1670cd Local © 9
Isfahan Olees!
03¢5
055 1178 078" 1452.3" 1517.6®  1586®  102°  9167°  1127.7% 2044.3a  Kerman lj; 10
o

L6 e b oSSl Qyﬂ YA d)hj Jlein] mdaw )3 (g5 gxe BB (gt b )d Syiiie Bgy> b gla 1 Slo
Means in each column followed by similar letter(s) are not significantly different at 5% probability level by the Duncan’s test.
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Table 6. Mean comparison of drought tolerance indices and seed yield under without stress condition and drought
stress at seeding stage in safflower genotypes

Yl STI HM GMP MP TOL Ys2 Yp Genotype name g5 pb
0.77¢ 0.52¢ 1226.9° 1242.5° 1258.3° 374.72 €1071¢ 1445.7¢ Kashan oWl
0.93° 0.78¢ 1497.69 1515.8¢ 1534.24 473.7° 1297.3° 1771 Goldasht CubAlS
0.85¢ 0.53¢ 1240.9° 1243.2¢ 1245.5° 129° 11819 1310° Local Arak 2811 YA Sl e
1.16% 1.08° 1770.8° 1780.5° 1790.3° 358.7% 1611° 1969.7% Faraman olelyé
1.05° 0.79¢ 1526.49 1529.3¢ 1532.24 148.3%¢ 1458° 1606.3% Sofeh Ao
1.07° 0.92° 1631.3° 1639° 1646.8° 308.3%¢ 1492.7° 1801°¢ Parnian ol
1.212 1.2# 1873.9° 1885.7° 1897.5° 420.3 1687.3 2107.7° Sina oo
0.82¢% 0.56° 1269.3° 1278.1° 1287¢ 28080c 1147¢% 1427° Shiraz s
0.97¢ 0.77¢ 1493.69 1502.2¢ 1510.8¢ 318.3%° 1351.7¢ 1670% Local Isfahan Olduol (Joxe
1.17° 1.14% 1818.7% 1829.9% 1841.2%® 406.3° 1638° 2044.3 Kerman obyS
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level by the Duncan’s test.
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Table 7. Correlation coefficients among drought tolerance indices and seed yield under without stress condition,

drought stress at flowering and seeding stage

Stress treatment

Ysl ' STI HM GMP MP Ssl ToL Ys Yp O e
) 0.87" Flowering stress s s v
0.92™ Seeding stress il i
0.4 0.79" Flowering stress ST oL
0.29 0.64* Seeding stress il s
0.58 05 -0.02 Flowering stress s s
1 . Ssl
0.9" -0.13 0.26 Seeding stress il i
. 022 066" 095 098"  Floweringstress s s -
0.09 0.5 0.97™  0.98™ Seeding stress el i
0.99™  -0.29 0.6 097" 096"  Floweringstress 2 s
1 , GMP
099™ 007 048 097" 098"  Seedingstress gl s
L 099" 098" -036 054 098" 094"  Floweringstress s 5 "
099" 099" 005 046 098" 097"  Seedingstress iy
) 099"  0.99™ 099” 026 062 096" 096~  Floweringstress 2l s .
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) 0.96"  098™ 097 095"  -05 04 099 087  Floweringstress a5 s "
0977  098™ 0977 097" 013 0290 099" 092~  Seedingstress il i
05 026 03 020 02 o 058 051 008 Floweringstress ¢ s
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013 007 005 007 009 (g 097 013 026 Seedingstress gl s

“and ™" Significant at 5 and 1% probability levels respectively
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Table 8. Eigen values, cumulative variance (%) and eigen vectors of drought tolerance indices and seed yield under
without stress condition and drought stress at flowering stage

. Rlie
(%) ez il il
YSl Yl ST HM  GMP MP SSI  TOL Ys  Yp Cumulative o >
variance (%) Eigen Component
value
0.13 0.36 0.36 0.37 0.37 0.36 -0.13 0.21 0.36 0.35 73.5 7.35 1
-0.57 -0.11 0.05 -0.01 0.03 0.08 0.58 0.51 -0.11 0.2 99.7 2.64 2
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Table 9. Eigen values, cumulative variance (%) and Eigen vectors of drought tolerance indices seed yield under
without stress condition and drought stress at seeding stage

=25 bl »lie

sl Y STI HM GMP MP  SSI  TOL Ys Yp %) o329 «dlye
Cumulative Eigen Component
variance (%) value

-0.06 0.36 0.37 0.37 0.37 0.38 0.06 0.21 0.36 0.37 715 7.15 1

-0.58 -0.17 -0.05 -0.06 -0.05 -0.04 0.59 0.5 -0.17 0.07 99.7 2.84 2
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Figure 1. Biplot chart for seed yield under without stress condition and drought stress at flowering stage and studied
drought tolerance indices in safflower genotypes based on two first components
(The names and genotype numbers are based on Table 5)
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Figure 2. Biplot chart for seed yield under without stress condition and drought stress at seeding stage and studied

drought tolerance indices in safflower genotypes based on two first components
(The names and genotype numbers are based on Table 5)
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Figure 3. Three dimensional plots for seed yield under without stress condition and drought stress at flowering stage
and STI in safflower genotypes (The names and genotype numbers are based on Table 5)
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Figure 4. Three dimensional plots for seed yield under without stress condition and drought stress at seeding stage

and STI in safflower genotypes (The names and genotype numbers are base
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Extended Abstract

Introduction and Obijective: Safflower (Carthamus tinctorius L.) contains considerable oil and
so it is an important oil crop. This plant has been grown for its colorful petals to use them as a
food coloring and flavoring agent, medicine and nutrition of livestock and birds. Moreover
drought as one of the most important environmental stresses causes decrease in amount and
efficiency of this crop production. The pupose of this research was evaluating the drought
tolerance of safflower genotypes using some drought tolerance indices

Material and Methods: This experiment was carried out as split plot in complete randomize
block design with three replications in Abarkouh in 2016-2017. Irrigation treatment as the main
factor was including three levels, includes non-stress, cut off irrigation from 50% of flowering
stage to maturity (flowering stress) and cut off irrigation from the onset of seeding stage to
maturity (seeding stress). Ten genotypes of safflower including Faraman, Sina, Goldasht,
Parnian, Soffeh, local Arak 2811, local Isfahan, Kashan, Shiraz and Kerman were as sub factor.
In this research, drought tolerance indices such as tolerance index (TOL), stress susceptibility
index (SSI), mean productivity (MP), geometric mean productivity (GMP), harmonic mean
(HM), stress tolerance index (STI), yield index (Y1) and vyield stability index (YSI) were
calculated using seed yield under non-stress (Yp) and drought stress (Ys) conditions.

Results: The results of combined analysis of variance revealed that genotype, stress and stress x
genotype were significant for seed yield. Analysis of variance indicated that there were
significant differences between the genotypes for Yp, Ys, and MP, GMP, HM, STI and YI
indices at both stress conditions. Correlation coefficients between drought tolerance indices and
seed yield showed that MP, GMP, HM, STI and YI indices had a positive and significant
correlation with seed yield under non-stress and both stress conditions. Therefore these indices
can be suitable for selecting better genotypes. Comparison of different safflower genotypes
using multivariate biplot graph indicated that Sina, Kerman and Faraman genotypes were
considered as superior genotypes in non-stress and both stress conditions because of locating of
these genotypes next to the vectors of suitable drought tolerance indices. Biplot results were
also confirmed by the results from three- dimensional graph of Yp, Ys and STI.

Conclusion: Biplot and three- dimensional graph results for studied genotypes showed that
Sina, Kerman and Faraman genotypes could be suggested as drought tolerant genotypes under
flowering and seeding stress conditions.
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