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Table 1. Number and name of safflower genotypes evaluated under saline conditions

S eoled ) s eoled D)
Genotype no. Genotypes name Genotype no.  Genotypes name
3 Faraman (check) 26 Local Kurdistan
4 LRV-57-57 34 Isfahan- 4
6 26-s6-58-11 35 P1-537682
7 308LR5/S3/697 41 P1-198290
11 825-/59 43 47
15 32-PACIFIC-3164 45 Isfahan- 3
23 750/S3 47 P1-253384
24 12-LRV-55/277 48 P1-250190
25 Goushkhani Dorosht 49 P1-253559
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Table 2. Soil analysis before starting experiment

S gLl olas 550 STos ol MBS ol b el
(o p ko3 (53) e e eSS LS S Sl Cdr M pde e (o)) (Opke s Sand) (Oske 53 Ced)
ECe Na Mg Ca Cl CO3z? HCOs SO04? SAR OC (%) P Kav
dS m' meq I mg kg*
7.5 451 122 106 52.2 ns 2.3 13.9 13.3 0.38 42.5 137

B (635 Dl o8] (65T OT LS ¥ Uy

Table 3. Quality of irrigation water of Saduogh salinity research station

S plileslas 655 el eSS S, Sl
ST T ae (o g omimsl o3) 4kl Sdr B e cs  Na Ca Mg COs? HCOsy CIF SO4?
Source of irrigation water ECe (dS m?) pH SAR meq 1123 s oWy (ST L)
Saline water ssh T 14.52 7.30 23.18 10457 13.20 2852 0.0 3.30 1340 8.99

055 T heds T Calsbee (slasles 53 (e e (o2) ST plidl e jlas (6558 —F Ul

Table 4. Electrical conductivity (ECe) of the saturated soil extract in different treatments irrigated with saline water

(o ety o0d) GOl ST (5558 \Y"\b—‘\?Jb)}(ﬂﬁﬂjwb)gl&t}lea)wd)ﬁ \\"ﬂ?—ﬂVJLwa(,uf.ﬂjw:)SB&@|AJL¢_¢L§J).L

Water salinity (dS m) ECe (dS m?) in 2016-17 ECe (dS m) in 2017-18
2 4.89 5.70
6 10.88 6.15

12 15.36 10.15
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Table 5. Analysis of variance for seed yield of safflower genotypes under

salinity stress coditions

35T am s 1r40-48 rag-ay
S.0.V. st e df 2016-17 2017-18
Replication S5 2 4178.30*  32705.70
Salinity (S) Sosh 2 37195.00** 213885.20**
Error 1 ) olzal 6 548.00 7384.90
Genotype (G) sy 17 5052.90** 12580.60**
GxS Sosx sy 34 861.80 4532.80**
Error 2 Yolzzl 59 651.20 1410.00
C.V. (%) O ok o e 21.60 19.80

NSINU SN WIN ) Jlee| Cj““)’)"gs"*" G A g
* and **: Significant at the 5% and 1% probability levels, respectively.
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Table 6. Analysis of variance for seed yield of 18 genotypes of safflower under different salinity levels (Physical slicing based on salinity levels)

Salinity levels (dS m) (oo oias) (go0d) S5 7 sl
2 6 12
3T amys  WWA0-4% &ls 5 Slas 19—V @l 5 Shes 14047 wls 5 Shee 17—V wls 5 Shes 1F0-47 wls s Shee AV-1¥42 Lo ails 5 Shes

5.0.V. g df  Seedyield 2016-17 Seed yield 2017-18  Seed yield 2016-17  Seed yield 2017-18  Seed yield 2016-17  Seed yield 2017-18
Replication SSS 2 1947.90 13933.80™ 568.20 32062.90™ 2758.10** 1478.80
Genotype sy 17 1592.30 7322.60™ 2772.60" 4977.20™ 2411.60™ 93045.30™
Error il 34 839.40 1658.10 768.30 1690.40 345.80 884.10

CV. (%) ol ks o doys 20.00 17.40 23.70 18.90 20.10 25.40
*and **: Significant at the 5% and 1% probability levels, respectively. o3 ¢S5 o s g ezl o )3 I gme 5 5 T 5

Q_SJ‘}*SJL'..?:AC}JQM)J&K&LA%‘}JS(GJAJ:AJ{C;)ﬁ‘))ﬂs&ﬁ\tﬁwuﬁ—v‘_jjdq-
Table 7. Mean comparison of seed yield (g m™) of safflower genotypes under saline condition

(o g ety o) GO ST gops IA0-98 Jlo ails 5 Shes 6l s Shes 2alS Aoy 1¥45-aY wls 5 Shas 6l s Sles j2alS Aoy
Water salinity (dS m™?) Seed yield 2016-17  Seed yield reduction (%) Seed yield 2017-18 Seed yield reduction (%)
2 144.8 - 239.9 -
6 116.8 19.30 216.9 9.50
12 92.3 36.20 116.8 51.30

LSD5% 125 45.9

A
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Table 8. Stress tolerance index, yield reduction at 6 and 12 dS m™ levels of water salinity for 18 genotypes of safflower

(Data were average of 2016-17 and 2017-18)

«ls :JSLJ Sl A s
ol oe oSle oals oSle el el oasls ol el el Seed yield reduction
NPT oo oSl Gl sl el s Sles edin 35 e 5 bl s Ses 5 0sk Bld oo S s Sk olbl ) el i Y el Lk (%)
Genotypeno.  TOL MP HM SSI GMP STI Yis Yip YSI MSTI1 MSTI2 6dSm? 12dSm?

3 85.32 169.45 158.71 0.90 13446.23 0.50 1.09 0.91 0.60 041 0.58 0.00 40.22

4 5241 198.75 195.30 0.52 19407.93 0.72 1.48 0.97 0.77 0.67 1.56 0.00 23.30

6 96.99 169.12 155.21 1.00 13124.84 0.48 1.03 0.93 0.55 0.42 0.52 2250 4457

7 59.93 135.23 128.59 0.81 8695.18 0.32 0.90 0.71 0.64 0.16 0.26 3.56 36.28
11 10146  141.84 123.70 118 877243 0.32 0.78 0.83 047 0.22 0.20 1.04 52.69
15 62.32 159.08 152.98 0.73 12167.67 0.45 1.09 0.82 0.67 0.30 0.54 1711 32.76
23 65.86 144.23 136.71 0.83 9859.04 0.36 0.95 0.76 0.63 0.21 0.33 0.00 37.18
24 78.48 138.71 127.61 0.99 8850.84 0.33 0.85 0.76 0.56 0.19 0.24 0.80 44.10
25 97.66 14431 127.79 113 9220.40 0.34 0.82 0.83 0.49 0.23 0.23 0.00 50.56
26 75.81 190.87 183.34 0.74 17496.67 0.64 131 0.98 0.67 0.62 1.10 19.61 33.14
34 36.46 173.70 171.79 0.43 14920.36 0.55 133 0.82 0.81 0.37 0.97 1321 19.00
35 61.57 172.23 166.73 0.68 14358.32 0.53 121 0.87 0.70 0.40 0.78 13.57 30.33
41 11831 14858 125.03 128 9288.02 0.34 0.77 0.89 043 0.27 0.20 19.61 56.95
43 108.87  116.74 91.36 143 5332.54 0.20 0.53 0.73 0.36 0.11 0.06 4.72 63.60
45 98.20 141.06 123.97 1.16 8744.09 0.32 0.79 0.82 0.48 0.21 0.20 14.87 51.64
47 14661  116.55 70.44 173 4105.16 0.15 0.37 0.81 0.23 0.10 0.02 27.86 77.22
48 116.67  109.28 78.14 1.56 4269.74 0.16 0.44 0.72 0.30 0.08 0.03 0.00 69.60
49 54.28 71.86 61.61 123 221391 0.08 0.38 0.42 0.45 0.01 0.01 11.68 54.83

TOL: Tolerance, MP: Mean productivity, HM Harmonic mean, SSI: Stress susceptibility index, GMP: Geometric mean productivity, STI: Stress tolerance index, Yis: Yield
under stress conditions, Yip: Yield under non-stress conditions, YSI: Yield stability index, MSTI: Modified stress tolerance index.
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Fig. 1. Mean comparison of seed yield of safflower genotypes at three levels of salinity:

(a) 2016-17 and (b) 2017-18
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Fig. 2. Seed yield reduction of safflower genotypes in 12 dS m™ relative to 2 dS m*

level (Data were average of 2015-16 and 2016-17)
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Table 9. Correlation coefficient among seed yield under saline condition with stress tolerance indices of safflower
(Data were average of 2016-17 and 2017-18)

(o030 8) 4l 3 Shas
(R 2 ot 3 (59) G55 - sl 5
Seed yield (g m?)
el =" = el = Ll Sl ails s She asls el el el at different sal i_nity levels
i Slee e sla Tecobe s Sl s 35 Jeed S lliss o it Sl ) RSl o Y A el o8 (@S
TOL MP HM SSI GMP STI Yis Yip YSI MSTI1 MSTI2 2 6 12
TOL o parls 1
MP sl Sl 0348 1
HM s Sl 0558° 0968”1
ssl el aslz 08797 07437 0878”1
GMP s Shs ot oSle 05177 09747 0987 0839 1
STI U5 s Lesls -0519° 09747 0986  -0.8397 1.000™ 1
YIS Ll s s She Lesls <0649 09397 09907  -0.925™ 0.980™ 0.980™ 1
YIP i Osd ks She Lesls 0114 08927 07577 -0.364 0.782"  0781"  0.681" 1
YSI s Shee )bl esls 0878 0.743" 08777  -1.000™ 0.839™ 0.840™  0.925™ 0.364 1
MSTI1 \ i il e esls -0.382 0943™ 0924~  -0.710™ 0.969™ 0.969™  0.906™ 0.814™ 0.711™ 1
MSTI2 Y s el s esls 05927 08677 0.892"  -0.814™ 0.942™ 0.943™  0.921™ 0.632™ 0.816™ 0.936™ 1
Seed yield in2dS/m o g e g3 33 S)sh 3 als s Slee 0118 0.890™  0.754™  -0.359 0.780™ 0.778™  0.678™ 1.000™ 0.360 0.813™ 0.630" 1
Seedyield iN6AS/IM o, s gws S8 6)s5 o 4l 3 Sae 0.076 0.635™ 0553"  -0.270 0.528" 0.529" 0.488" 0.716™ 0.266 0.496" 0.388 0709 1
Seedyield iN12dS/M  je ) e o3 \Y (osd o als s See 06537 09377 0.9907  -0.927™ 0.979™ 0.980™  1.000™ 0.678™ 0.927™ 0.904™ 0.920™ 0675™ 0485 1
*and **: Significant at the 5% and 1% probability levels, respectively. Ao y3 G 5 s gy Jleil e )3 I an 5 4 i g

TOL: Tolerance, MP: Mean productivity, HM Harmonic mean, SSI: Stress susceptibility index, GMP: Gemetric mean productivity, STI: Stress tolerance index, Yis: Yield under stress conditions,
Yip: Yield under non-stress conditions, YSI: Yield stability index, MSTI: Modified stress tolerance index.
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Table 10. Principle component analysis of stress tolerance indices of safflower

genotypes (Data were average of 2016-17 and 2017-18)

Laad) 50

Components
Index e 1 2
TOL e esls 017 0.54
MP 5 Shes ol KL 029 0.14
HM Sl 5L =030 -0.01
SSi O 4 el Lexla 026 031
GMP odn s See ,Sle - -0.30 0.02
STI U5 e ez -0.30 0.01
Yis o5 dal s s Sles el -0.30 -0.08
Yip O Osd ll s s Slee el <023 041
YSI s She gyl esle -0.26 -0.31
MSTI1 Vi asl L esle <029 0.09
MSTI2 Y i asl uw esls -0.28 0 -0.07
Seed yield in salinity of 2 dS m g e o3 33 Sasb o alh s e 023 041
Seed yield in salinity of 6 dS m™ 0 ) s s 58 oss s a5 Se -0.17  0.36
Seed yield in salinity of 12dS m? < oo ws)Y ysd s abs Ske -0.30 -0.09
Eigenvalue oy polie 1092 2.36
Cumulative variance e Wbyl 78.01 94.86
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Fig 3. Bi plot of distribution of safflower genotypes based on the two first components

which were effective on seed yield (Data were average of 2016-17 and 2017-18)
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Fig 4. Cluster analysis of safflower genotypes based stress tolerance indices using Ward

method (Data were average of 2016-17 and 2017-18)
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Table 11. The average of calculated stress tolerance indices in each group (Data were average of 2016-17 and 2017-18)

(Gjaj;ﬁ)brjf)dl;;‘,gl—o&
(o 2 mies) (o3) G55 C)LM BE
Seed yield (g m?)

oSola oSla oSla el e ls R el at different salinity levels
055 i) Sfes gl Gpulr o Sles a5 Jes 5 Bl 50 Ses A5 0 Bl 500 Ses ) (5 8L ok (@dsm)
Group Genotype MP HM GMP STI Yis Yip MSTI1 2 6 12
1 3-4-6-15-26-34-35 176.17 169.15 14988.90 0.55 1.22 0.90 0.46 209.81 17256 14254
2 7-11-23-24-25-41-45 141.99 127.63 9061.43 0.33 0.84 0.80 0.21 186.28 174.67 97.72
3 43-47-48 114.19 79.98  4569.15 0.17 0.45 0.75 0.10 176.21 162.12 52.17
4 49 71.86 61.61 221391 0.08 0.38 0.42 0.01 99.00 8744 44,72
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Fig. 5. Cluster scatter plot of safflower genotypes based on stress tolerance index (a) and

seed yield under different salinity levels (b) (Data were average of 2016-17 and 2017-18)
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