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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
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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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(MP) (559054 (50ke sl
Mean productivity
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Harmonic Mean
(GMP) 3,Skos witn Sike
Geometric Mean Productivity
(Y1) 3,5kes sadls
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
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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
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“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)

¥ oo Ve F slacss; & b gl (F JSs) ganal
F 90 Sl A og)S )3 (ol 5 plo)S 0395 i)
VsV AN Glacss o B og)S 0 (Glin 5 abo)
29,5 > (el (e 5 uddlS (el B ¢le S 0395 igws)
@ dg b S 8 (055 Cog)S o g w85 )15 D
0395 i lacwins 45 58 plo (lFe anaw Hlge
2 Hal g (a5 (i klps 93 e 5 gl g ple)S
Wb cde 4 oyl ool cnlple 9 285 )13 A 098
Jeo5 5 5 A5 (gl bl 93 0 53 Wl 3 Skec (3
g 2 S lalpd 93 e (SiS AT 4 e
09,5 S8 (gl (dmdw Hdgad 3l eolatwl L)l ganal
5 b sl S sbgiagh 3 oS ple 1A
WSS (W) e 5 Sl Sy (VF) oSen
2 (V) GhlKen g (o235 5 LIS )5 (V0) )0 5 LB

FE W ui‘:)‘)'f B O‘J)iljé\

S 4 Jood (S et LS gamdw 13505 (o) 52
P YL o Sles b Jostio sacaisl Gaouis jslaied
o3lisul (gay A l3g05 5l AT g T (g Ll 93 o
20,5 oolatwl STI sl 1 bbged cpl puw)y lp b
(YS) 25 Lulyd 5 3)Sles X joe 59y ysaie (s
Z jpre $9) 9 U5 G llpd )3 0Shes Y yoe (5
|, wlbewis) STI Lasls 0 oy olis STI Lasls
ShI> G5 9 U5 (o kaalpd 93 > &5 S e Sl
9 YS YD (gamdw bbges (owyp s oYL 5Sles
S b gl (Y JSs) a8 i klys s STI
09)5 2 (Olel% 5 glo)S 0395 i) ¥ 9 )+ ¥ slacusy)
0593 ;ULAK DD9§) Y 9 A dbwy) 9 B Ds)f 2 (4.0.;0 9
g 5 )5 518 D og)S > (AW S Joxe 5 5l
b oyl @auog)S )5 )18 C oog)S 0 (59
oS bles 33 STI 5 YS YD (gamdw jlages 5l ool

S, slacwig; ST jadls g aA8 65 o (i ool bl )0 aild 5,Sles (gim dw o505 =Y IS5
(wdliso 0 0)lad Joior (olsl 2 locedgi ojlad g (colul)
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)


http://dx.doi.org/10.61186/jcb.15.45.11
https://jcb.sanru.ac.ir/article-1-1378-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-03 |

[ DOI: 10.61186/jcb.15.45.11 |

Sl 3gae

Jos slayad i ) edlinul b 5,5 clacaigs 1o (Sis Joss (b))

s

S, slacwsys ST adlis g (saualy i o i o bl )0 aily 3 Sl (gam dw Hlges =¥ S5
(Ailiee 0 0)lod Joio (bl 2 logaisi ojlad 5 (oolul)
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

Iy Loaly (y Slpss IS 51 duoyd QY wiwilys (gaasls
e 93 5l Jols sl oo iz Jlaged g LS 42y
&S ol i ganail 5 aaE i kylyd 0 ya ol
Oyglre > glehd g ploS edg i ey
STI HM GMP MP iy Sis & Joss gl asls
olysa ) bewsl ool plyie el 9 550 518 Y1
@ip )5 Vb aSles el b laciy
On S g dgry sl lad gy
ul“‘“" Sis oS 4 fozs (gl sl S I o)
oS kulys 2 ST 5 YS YD dmau Jlges (w00
05 diw lacwg; a5 b ol gandb 5 el
ol oalple g $pS (0 1B A 08 plald g pleyS
byl 90 0 Yh oSl (g Db cde @ lacuwisi;
92 0 ) (S A 4 il Jood (A5 g GRS (9

Byl sl g aalS 55 bl s

on Table 5)

A5 (8 5 don
Al e o gl ubly wps @i IS jsba
oy S Jlis] maw jo bicwiesl om ab o Sles
ol uilyly 4o puld Lcuil dgg b gme B
St G 4y S oS slasls 5l 5Shee
O Lulyd )3 cw)p 3)90 S o Sl ol
g adllas 3590 slopadli plos 9 YS 5 Y s I (oaulS
sl adls 5 YS 9 Yp bl sanab i klys o
oy Ky Jloisl gdaw 3 Y1 5 STI HM GMP MP
b jas bl oy (Siued ol s (Cubld 2939 40 Gxe oglas
aS oy i S g LT g blpd o all 0,Sles
srcwle YI g STI HM GMP MP ¢la jasls
O lulyd 93 p 3 byl Sl bpasls
dl.mté.]‘}a LYREYRC ) u»L.:I)_g A gl 9 u_mJ.lf
9 2 GRS Lulyd 93 a0 pgd g Jgl adlhe 9 (Lol

&l

. Bagheri, H., B. Andalibi and R. Azimi-Moghaddam. 2012. Effect of atrazine anti-transpiration

application on improving physiological traits, yield and yield components of safflower under rainfed
condition. Journal of Crops Improvement, 14: 1-16.

. Bouslama, M. and J. Schapaugh. 1984. Stress tolerance in soybeans. |. Evaluation of three Screening

techniques for heat and drought tolerance. Crop Science, 24: 933-937.

. Camas, N., C. Cirak and E. Esendal. 2007. Seed yield, oil content and fatty acids composition of

safflower (Carthamus tinctorius L.) grown in northern Turkey condition. Journal of Faculty
Agriculture, 22: 98-104.

. Darvishzadeh, R., A. Soleimani Gezeljeh, H. Ali Pour, A. Ebrahimi, M.R. Bihamta and F. Morsali.

2019. Selection of oily sunflower (Helianthus annuus L.) drought tolerant lines using tolerance
indices. Journal of Crop Breeding, 10(28): 133-144 (In Persian).

. Fanaie, H.M., H. Keikha and E. Piri. 2015. Effect of seed priming on grain and oil yield of Safflower

under irrigation deficit conditions. Journal of Seed Science and Research, 2(2): 49-59 (In Persian).

. FAO. 2019. Agricultural Data, FAOSTAT. Available at Food and Agriculture Organization of the

United Nations. http://faostat.fao.org/faostat/collections.


http://dx.doi.org/10.61186/jcb.15.45.11
https://jcb.sanru.ac.ir/article-1-1378-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-03 |

[ DOI: 10.61186/jcb.15.45.11 |

Sl 3500
- VY Jla /50 o)l /omoly Jlo /sl bl oMol asliimgly

7. Fernandez, G.C.J. 1992. Effective selection criteria for assessing plant stress tolerance. Proceedings of
the International Symposium on Adaptation of Vegetables and other Food Crops in Temperature and
Water Stress. Taiwan, 13-16 August, 257-270.

8. Fischer, R.A. and R. Maurer. 1978. Drought tolerance in spring wheat cultivars. 1. Grain yield
responses. Australian Journal of Agricultural Research, 2: 897-912.

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

10. Ghasemi, M., S. Aharizad, A. Bandehagh, M. Norouzi and R. Azhdari. 2019. Evaluation of water
deficit stress tolerance in populations of fennel (Foeniculum vulgare M.) using drought tolerance
indices. Journal of Crop Breeding, 11(30): 118-125 (In Persian).

11.Ghorbanzadeh, M., H. Marashi, F. Shahriari Ahmadi and S. Malekzadeh Shafarudi. 2011.
Determination of seed yield, oil content and fatty acid compositions of exotic and local safflower
(Carthamus tinctorius L.) genotypes. Iranian Journal of Field Crop Science, 9(2): 182-189 (In
Persian).

12.Hay, R.K.M. and A.J. Walker. 1989. An introduction to the physiology of crop yield. Longman
Scientific and Technical, 292 pp.

13. Hosseini, S.Z. 2016. Evaluation of drought tolerance in canola (Brassica napus L.) genotypes, using
biplot analysis. Journal of Crop Breeding, 8(19): 192-202 (In Persian).

14.Hussain, M.1., D.A. Lyra, M. Farooq, N. Nikoloudakis and N. Khalid. 2016. Salt and drought stresses
in safflower: a review. Agronomy for Sustainable Development, 36(1): 4-13.

15. Kakaei, M., A. Zebarjadi, A. Mostafaie and A. Rezaeizad. 2011. Determination of drought tolerant
genotypes in Brassica napus L. based on drought tolerance indices. Crop Production, 3(4): 107-124.
(In Persian).

16. Kristin, A.S., R.R. Serna, F.l. Perez, B.C. Enriquez, A.A. Gallegos, P.R. Vallejo, N. Wassimi and J.D.
Kelley. 1997. Improving common bean performance under drought stress. Crop Science, 37: 43-50.
17.Maleki Nejad, R. and M.M. Majidi. 2015. Screening for terminal drought tolerance in Iranian and
exotic safflower genotypes using drought tolerance and susceptibility indices. Journal of Crop

Production and Processing, 5(15): 69-82 (In Persian).

18. Monajem, S., A. Ahmadi and V. Mohammadi. 2010. Effects of drought stress in Reproductive Stages
on photoassimilates partitioning of Rapeseed (Brassica napus). Electronica journal of crop
production, 3(3): 163-178 (In Persian).

19. Naghavi, M.R., 1. Piri, M. Khalili and A. Tavassoli. 2021. Comparison of some drought tolerance
indices in Iranian and foreign safflower (Carthamus tinctorius L.) cultivars. Arid Biome Scientific and
Research Journal, 10(2): 175-192 (In Persian).

20. Naser Gadimi, F., S. Jahanbakhsh, M. Gaffari and A. Ebadi. 2017. Evaluation of some agronomic
traits and estimation of drought resistance indices for seed yield in sunflower inbred lines under with
and without water stress. Iranian Journal of Dryland Agriculture, 5(2): 225-239 (In Persian).

21.Noroozi, M. and S.A.R. Kazemini. 2012. Effect of water stress and plant density on growth and seed
yield of safflower. Iranian Journal of Field Crops Research, 10: 781-788 (In Persian).

22.0midi, A.H. 2011. Effectof irrigation with hold at different growth stages on grain yield and stress
tolerance indices in three safflower cultivars. Iranian Journal of Crop Sciences, 13: 116-130 (In
Persian).

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

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

25.Yari, P., A.H. Keshtkar and A. Sepehri. 2014. Evaluation of water stress effect on growth and yield of
spring safflower. Journal of Plant Product Technology, 14(2): 101-117 (In Persian).

26.Yari, P., A.H. Keshtkar and H. Mazahery Laghab. 2016. Evaluation of water stress in spring safflower
(Carthamus tinctorius L.) cultivars using tolerance indices in Hamadan region. Journal of Crop
Breeding, 8(18): 88-96 (In Persian).


https://jcpp.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Maleki+Nejad
https://jcpp.iut.ac.ir/search.php?sid=1&slc_lang=en&auth=Majidi
https://jcpp.iut.ac.ir/article-1-2325-en.pdf
https://jcpp.iut.ac.ir/article-1-2325-en.pdf
http://dx.doi.org/10.61186/jcb.15.45.11
https://jcb.sanru.ac.ir/article-1-1378-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-03 |

[ DOI: 10.61186/jcb.15.45.11 |

Journal of Crop Breeding Vol. 15, N0 45, SPring 2023 ..........u ittt e et e et e aeee et et abeten e eeetett e e e e e ene s

OIS

@c‘m

Evaluation of Drought Tolerance in Safflower Genotypes using Tolerance Indices

Masoud Golestani

Assistant Professor, Department of Agriculture, Payame Noor University, Tehran, Iran,
(Corresponding author: ma_golestani@pnu.ac.ir)
Received: 14 May, 2022  Accepted: 18 June, 2022

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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