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Abstract
Objective

Genetic diversity and parental selection in breeding programs are crucial factors for the successful
development of new crop varieties. Plants are exposed to a wide range of stresses at all stages of
growth, leading to quantitative and qualitative reductions in yield and overall crop production.
The present study aimed to evaluate the genetic diversity of safflower and assess its potential
tolerance to NaCl salt stress, as well as to classify genotypes using germination indices and SCoT
molecular markers.

Materials and Methods

In this study, a factorial experiment was conducted using a completely randomized design with
three replications at the Genomics Laboratory of the Islamic Azad University, Khorramabad
Branch, during the first half of 2022. Ten safflower genotypes were evaluated under control
conditions and three salinity levels (50, 150, and 250 mM NaCl). For this purpose, 20 seeds of
each genotype were placed in 12-cm sterile Petri dishes under different salinity levels with three

replications. The samples were incubated for 10 days in a growth chamber at 25°C during the day
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and 20°C at night. Various traits and indices, including germination percentage, germination rate,
shoot and root length and weight, stress tolerance index, seedling vigor, seedling length vigor
index, seedling weight vigor index and reduction of germination, were measured and calculated.
SCoT markers were employed to estimate genetic diversity, and genetic distances among
safflower genotypes were analyzed and clustered based on germination indices and molecular
data.

Results

The results of analysis of variance showed that the interaction effect of genotype and salinity
stress was significant for most of the studied traits. Comparison of means showed that genotypes
number 5 and 7 showed the highest and lowest significant decrease for the studied traits and
indices, respectively. Genotype number 7, along with two genotypes 4 and 9, had greater tolerance
to salinity stress. Based on the results of factor analysis, considering the loading of the first and
second factors, the first factor was called stress tolerance or resistance and the second factor was
called the weight factor. Based on the two principal components, the studied genotypes formed 5
groups. Genotype number 5 was located at a further distance from the other genotypes due to its
greater resistance to different levels of salinity stress. In cluster analysis, the genotypes were
placed in 4 groups. The first group had the highest decrease and the second group had the lowest
decrease for the traits at salinity stress levels. The primers used showed 114 bands with 86%
polymorphism. The highest and lowest similarity coefficients between genotypes were 66 and
34%, respectively. Based on cluster analysis using molecular markers, the genotypes were
classified into 5 groups. The grouping obtained in both techniques showed a high correlation
(R=0.87).

Conclusion

Overall, the results indicated that safflower genotypes possess high genetic diversity under salt
stress conditions, and their responses to varying stress levels differed significantly. These genetic
differences provide useful information regarding enhancing crop production and identifying salt-
tolerant genotypes in breeding programs. Although safflower exhibits considerable tolerance to
soil salinity, developing more tolerant cultivars remains necessary, and evaluating germplasm
under saline conditions is essential. Despite the moderate concordance between molecular
marker-based grouping and germination indices, their combined use is of great importance for
identifying superior genotypes and enhancing breeding efficiency.
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sy 13,5 SIS Sl b b ye slapadli jldine (il cuw (6)98 35 & ol (L ol adllas b
O lizee golaw )3 g o SWS] 5 A8 039381 b jadll 9 Claw (2ol (e a6y (A5 gslaw LRl L IS
9 by Cudgiome ol Siallex (el Buyb 5l (6)90 LIS g Bl (clacuis gy 2 A5 Gglate SISl 58 (5)9d
L1y ool ) 6y (5 45 ools olis L8 Slalllo 39 e (535S 3)Khos alS el o3jalys o) 45 LS ai
lgx Al jo 5 luds ol pae g (6)908 (Sie dlge Lix (35 gd5e (g e eailinnS] g S o i W

(Ashrafi & Razmjoo 2015) sa> o Lials o 5l e 9 55
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Sl sl adls ple 5 Siale Glie gyed paw il L (2011) Khayamim et al. adles )5 (Y Jio) o9
2 b Jooo 5,5 olS &S ool s (goumie Slalllas gy )by e alisee (slacudgi 0 OS] pl g ol lis ials
G55 & Cud agalS Cnglio Jjailex Jobo po a5 03y ol 3] claimgly cnl 2929 b e oo (LS ()98 il
Loy gy asly ol (2011) Cakarlar & Culha _aéss ,> (Kaffka et al. 2000) 18 o lu Lials ao) b-
SYL glackle oS gysbay ol waled L 1y (i sxials @l 3l 3L glacdale g5yl ).u‘.: 5,5 58,1 jailes
@ Blie (Siale Moyd (ppeS (pizmen ad e (S ) SIS B Sl hopd ()l3dne psbas Yoo e VO ]
il sl K58 Siailes el @l 3l (i gl jles dond > gy )Y g0 luo Ve v clale

@ s ()3 dne i (6)98 LA ol ]38l b doads) Job g dodBle Job a5 b (L yols ilejl @ls
g G5 0l Cod dpdile g drady) Fig 9 Job slpadll g Clie el 5o anddS Cldlae 5 45l (JS) sald
S5, andblo g dxaduy Job g 0jg p Sed (a5 a5 wdly L (2011) Laleh et al. aaly cpen (5wl s )15
Sl Jolye > S dpablo iy 5 Jgb 4 Comd dpad) (5 9 Jobo &5 Wl (L U o)l (o)l e otalS” I
S plp > Jood 5 Canglie phe Slao jl dzadey Job cul jl0)es 0 e (R ) )9d A5 51 Sidle
Sy ol L avadyy Job Gl g oo bloy) 3 SB L lgits axay) 1) 93,5 0 Coguime (S 5 599
Llys > asads, Job LialS . (Almansouri et al. 2010) col ygo Jawiby ol cpioman 9 (2l3& dlgo 5 O jin s
lge i (2l g (S Camm ((SiS ST W joy cge o 03 ady) 4l ) O ously (20551 (36 gp9d 3
(Kaya et al. 2003) 15 talss a5als 03, zals bl o olie

wieg)S sl NaCl s jYge Joo YO- clale a8 winly olis (2021) Thoday-Kennedy et al. _idss
8Ll mades (g Bl 4 S5 )0 Sad oot il aslio Jles SOHT (g 0lS S @y oo 5 olus sy
&3 (lEitalojl 5 LS sla bl 15 (659 L1 4 Joo8 gae 1 g ol disly roliy il Lo g s plal
S 9 039 oy (S5 LIS 4 Jeod amd e (LS 1) deyje )0 (69 AT bl 3 0ud QL] glagaig) o Sles L
2 Ollle (il 392y b ol 0ad Jols (6598 4 0l uly slapuslSe adllas > placd iy Ll 0gd o Joli 1) 53k
Negrao et al. ) wil aag LB SaS (5095 4 Jooio b polie (£l)j (alS Mol o Wl o ()55 4 Jood 550
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Table 2. Analysis of variance of the studied traits in safflower genotypes at different

levels of salinity stress

(MS) (5 390 Slio lasyo (5o
Olyoss Lo pd i . )
Mean squares of the studied traits (MS) Slas
Percentage (axb) g x i (b) cwisis (8) oy L Traits
of changes T2 P) o GeP) '«5.)9*” o
Stress x genotype Genotype Salinity stress
45 2.35% 2.63% 407.93% (NSG) o35 &lp> )3, shas
Number of germinated seeds
-45 58.86* 65.83% 10198.11* (GP) il 2oy
Germination percentage
62 10.04% 15.99+ 1133.91% (GS) jwls> oy
Germination speed
44 218.55¢ 229228  320980.57* (RL) a2 Jsb
Root length
52 344433+ 7171.35+ 561717.91% (L) il Job
Stem length
69 1748831+ 2502240 341529154 (SV) azals 4,
Seedling vigor
RL/SL) 4l
2 0.003* 0.006* 0.002 RUSL) syl Jpb & gy, Jie
Root length to shoot length
-88 190.67+ 206.31% 2888.25% (WRW) azae) 5 0
Root fresh weight
45 421.94% 878.49% 68810.45% (WSW) azlo 55 09
Stem fresh weight
45 8.15% 10.39* 811.15* (DRW) a2y, 23 059
Root dry weight
42 6.41° 11.78* 526.89+ (DSW) el S5 39
Stem dry weight
DR/WR e e
-9 0.0002 0.0002 0.0008 (DRINR) e, 57 0 0 S22 03
Dry weight to fresh weight of root
D Bl 5 g o Sl )
-6 0.0002 0.0004 0.0002* ( SANS) Axadle J g & )9
Dry weight to fresh weight of stem
_45 0.007% 0.01** 1.23%= (RG) il 2als
Reduction of germination
69 58.86% 65.83% 10198.05° (SLVI) s a2 o sl
Seedling length vigor index
69 5732.05% 1081.87*  1094884.02¢ (SWVI) 54 e s a3l
Seedling weight vigor index
44 58.85¢ 65.83° 10198.05* ST 98 & oo 231

Salinity tolerance index

Ailge Mo Y 9 0 sl o Slayye (1Khe (090 ) Gixe J0lo iy i g %
43 e (0L2) 555 5uSle & S i (e 2008 Sl Sy e casdls
=and ** indicate that the mean squares are significant at 5 and 1 percent probability, respectively.
The negative sign of the changes indicates a decrease in the mean of the traits compared to the control mean.
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Table 3. Comparison of the mean interaction effect of genotype and different levels of
salinity on different traits

(Traits) el
Sl sy iy Jib sl Job
Germination speed Root length Stem length
N oSke Jlie 1 ke Jlie I oSke
Interaction Mean Interaction Mean Interaction Mean
alb9 23.518 alb7 547.002 alb7 753.33%
alb10 23.40° alb9 541.332 alb4 709.33%®
alb2 23.392 albl 535.33%® albl 685.67%°
alb8 22.68% alb8 529.67% alb10 685.33%®
alb7 22.65%¢ alb3 523.67% alb2 684.00%°
a2b7 22.24%¢ a2b2 522.002¢d a2b7 677.33%®
a2b8 22,1720 a2b8 522.00%¢d a2b10 673.33%°
albl 22.162d alb10 517.00% a2b4 673.00%°
a2h9 21.48bcde alb4 516.33%¢d alb5 671.33%°
a2b6 21.400cde a2b7 514,672 alb9 670.67%°
a2h2 21.32bcde a2b4 512,332« a2b9 658.67"
a2b10 21,2200 alb5 512.332cd alb3 653.67°
alb6 20.87%f alb6 511.332cd alb8 653.33%
alb4 20.77¢ a2b10 501.330¢de a2b2 637.67%%
alb3 20.28° a2b5s 495,670 a2bl 632.33%
a2bl 20.06°f alb6 492 67" alb5 631.00%%
a2b4 18.849f a2b9 489.000°cde a2b8 629.00%%
alb5 17.80N a3b3 487.67°%f alb6 625.33%
a2b5s 17.491 a2bl 487.67°%f a2b3 619.33%f
a2b3 16.36/ a2b6 465.67°%f a2b6 584.33%f
a3h6 15.79¥ a3h6 454, 3300 a3b7 582.67°
a3h9 15.55 a3b5 450.33¢f" a3b5s 574,67
a3b4 15.5% a3bh2 436.67°7" a3b2 574,00
a3b7 15.03¢ a3b8 435.00°" a3b8 570.00°
a3b10 14.08¥ a3b7 432.00¢f" a3b6 550.67¢
a3b5 13.99'm a3h9 418.33f" a3bl 548.001%"
a3bl 13.10'™ a3bl 404.33%" a3b9 525,339
a3bh8 13.01'm a3b8 385.33¢% a3b4 516.00%"
a3bh2 12.44™ a3bl10 385.00%" a3b10 504.00%"
adb4 12.16™ a3b4 384.67%M a3b3 492 .67
adb2 11.57™ adb4 350.67 a4b5 447 33k
a3b3 11.30° a4b5 338.33ik a4b4 435,33k
a4b5 9.56° a4b2 324.33k a4b2 420.334
a4h9 9.44° a4b8 316.00¢ adbl 393.33¢
adbl 8.73M adbl 301.33km a4b8 380.67¢
a4b8 7.86% a4b9 290.67Km a4b9 380.00¢
a4b10 7.20" a4b3 287.67Km adb7 323.67
a4b3 6.56" a4b10 248.33m a4b3 321.33!
a4b6 5.60r a4b7 248.00™ a4b6 316.67'
a4b7 5.08% a4b6 234.00™ a4b10 309.33'

)l gyl gime Cuglas d)u Sl ks S i By glib a5 Sl b She

Means with the same letter are not significantly different.
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Table 3. Comparison of the mean interaction effect of genotype and different levels
of salinity on different traits

(Traits) wlw
drddy) S Oy o3jailex ydy sluss Silgr do)d
Root dry weight Number of germinated seeds Germination percentage
Jlazs il oSke Julize Sl oSke Julize Sl ke
Interaction Mean Interaction Mean Interaction Mean
albl 27.702 alb7 19.33 alb7 96.67°
alb5 27.26% alb4 18.67% alb4 93,33
alb9 26.6580c alb9 18.67% alb9 93.33%®
a2b4 26.59%¢ albl 18.33 albl 91.67%
a2b7 25.702bcd alb2 18.00% alb2 90,002
a2b10 25.54abcd alb8 18.00t albs 90.00%*
alb8 25.423bcd alb3 18.00% alb3 90,002
alb7 25.26ebcde az2b7 18.00™ az2b7 90,002
a2b9 25,14abcde alb10 18.00% alb10 90.00%*
a2b6 24.,69abcde a2bs 18.00™ a2bs 90,002
alb3 24 47@bcde a2b10 17.67% a2b10 88.332d
alb4 24 45abcde a2b4 17.67% a2b4 88,332
a2b3 24,47 2bcde albs 17.67 albs 88,332
a2b8 24,39abcde a2b9 17.33% a2h9 8667200
alb10 24,1 5ebcde a2b2 17.33% az2b2 86,6720
a2bl 24,08abcde alb7 17.00 albs 85,000
a2b5 23, 79bedef a2b3 17.00% a2b3 85.00bede
alb2 23.39bcdef a2bl 17.00% a2bl 85.000cde
alb6 22 .9cdef alb6 16.67% alb6 83.330f
a2b2 22.73cdef a2b6 16.00% a2b6 80.00°"
a3b6 22.48cdeth a3b6 15.67% a3b6 78.33°f0"
a3b5 22.28¢defg a3b5 15.33% a3b5 76.67°"
a3b9 21.47dfgh a3b7 15.00% a3b7 75.0019"
a3b2 21.29defgh a3b8 15.00% a3b8 75.0019"i
a3b8 21.27defgh a3b2 14.67%F a3b2 73.33Nk
a3bl 20.74dfgh a3bl 14.33% a3bl 71.67hik
asb7 20.749ni a3b9 14.00% a3b9 70.001K
a3b10 19.4809hii a3b4 13.67¢ a3b4 68.331
a4b5 18.249"i a3b10 13.33¢10 a3b10 66.671K
a3b3 17.839hi a3b3 13.00°% a3b3 65.00
a3b4 17.809"i adbs 11,674 a4bs 58.33™
adb4 16.509hi adb4 11.67%9 adb4 58.33™
a4b8 15.849hii adbl 10.67¢%9 adbl 53.33™
a4b9 13.62¢ a4b2 10.67%" adb2 53.33™
a4b3 13.484 a4b8 10.33%" a4b8 51.67™°
adbl 13.46¢ a4b9 10.00%" a4b9 50.00™°
a4b10 12.59¢ a4b3 9,33k a4b3 46.67™
a4b7 12.57¢ a4b10 8.674m a4b10 43,33™
a4b2 12.57¢ alb6 8.33™ alb6 41.67™

wamsml,
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Means with the same letter are not significantly different.
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Table 3. Comparison of the mean interaction effect of genotype and different levels of
salinity on different traits

(Traits) el
azadls Job 4 azady) Jobo aaady) ¥ Ojs s 5 0
Root length to shoot length Root fresh weight Stem fresh weight
Dlize 1 Ske Julize I oSke Julize i Ok
Interaction Mean Interaction Mean Interaction Mean
a4b3 0.90 alb7 164.12 alb7 263.672
a4b8 0.83 alb9 162.42 alb4 248.27%
a2b8 0.83 albl 160.6% albl 239.98%
a3b6 0.83 albs 158.9% alb10 239.872
albs 0.82 alb3 157.12bc alb2 239.40%
alb9 0.81 alb2 156.62bcd az2b7 237.07%
adb4 0.81 a2b8 156.62bcd a2b10 235,678
alb3 0.80 alb10 155, 13bcd a2b4 235.558¢
a2b6 0.80 alb4 154,9abcd albs 234.978bc
a4b10 0.80 a2b7 154,42bcd alb9 234.732bc
a3b9 0.79 albs 153, 72bcd a2h9 230.530cd
alb3 0.79 a2b4 153, 72bed alb3 228,780
a2b3 0.79 a2b10 153.482bcd albs 228.670¢
az2b5s 0.79 a2b2 150.4bce a2b2 223.18bcde
albé 0.79 a2b5s 148, 7bede azbl 221.32bcde
a3b5 0.78 albé 147 .8bode albs 220.85bcde
a3b3 0.78 a2b9 146, 7bcde a2b8 220.15bcde
albl 0.78 a2b3 146,3bcde alb6 218.87bcde
azbl 0.77 azbl 146,3bcde a2b3 216.77bcde
adbl 0.77 a2b6 139, 70def a2b6 204,52bcde
adb7 0.77 a3b6 136.3¢%f a3b7 203.93bcde
a4b9 0.76 a3b5 135, 1df a3b5 201.13df
a3b2 0.76 a3b2 131.0d%fon a3h2 200.900%f
a3bl0 0.76 a3b8 130.5dfon a3b8 199,509
alb5 0.76 a3b7 129.6d%fan a3b6 192,73¢f
alb2 0.76 a3h9 125,59 a3bl 191.80¢f0
a3b8 0.76 a3bl 121,39 a3b9 183.87fh
a2b4 0.76 a3b3 115,69 a3b4 180.607"
a3bl0 0.76 a3bl10 115,59 a3bl0 176.409"
az2b7 0.76 a3b4 115.49ni a3b3 172.43nil
a4b5s 0.76 adb4 105.2ik a4b5 156.57Mik
a4b2 0.76 a4b5 101.51k adb4 152.37ik
albl0 0.76 a4b2 97.3k a4b2 147.12k
a3b4 0.75 a4b8 94 84 adbl 137.67¢
a2h9 0.74 adbl 90.4KIm a4b8 133.23
a3b7 0.74 a4h9 87.2km a4h9 133.00K
a3bl 0.74 a4b3 86.3kIm adb7 113.28'
a4b6 0.73 a4b10 74.5Im a4b3 112.47"
alb4 0.73 adb7 74.4IM a4b6 110.83'
alb7 0.73 a4b10 70.2m a4b10 108.27'

50 gy gime gl Lg)LoT Sl ks S i B glib a5 Sl 1, Ske
Means with the same letter are not significantly different.
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Table 3. Comparison of the mean interaction effect of genotype and different levels of

salinity on different traits

(Traits) elhw
ady) B ojg & S O e le 5 ojg 4 SIS 0 il phals
Dry weight to fresh weight of root Dry weight to fresh weight of stem Reduction of germination

laze S Sz xSl ez S
Interaction Mean Interaction Mean Interaction Mean
adb5 0.182 a4b3 0.122 albl 1.002
alb5 0.18? adbl 0.12% alb2 1.002
a2h6 0.18? adb5s 0.12% alb3 1.002
az2b4 0.172 alb3 0.113bc alb4 1.002
albl 0.172 a4b9 0.11%%c albs 1.002
a3b9 0.172 adb7 0.113bc alb6 1.002
a3bl 0.172 a4b10 0.11%%c alb7 1.002
a2h9 0.172 adb4 0.11%%c albg 1.002
adb7 0.172 a3b7 0.113bc alb9 1.002
a3b10 0.172 a4b8 0.11%%c alb10 1.002
a4b10 0.172 a4h6 0.113bc a2b8 1.002
a2b3 0.172 a3b8 0.11%%c a2b10 0.98%
a2b10 0.17% a3h9 0.113bc a2b2 0.97%
a2b7 0.17% albs 0.113bc a2bs 0.96%
a4bs 0.17% alb9 0.11%%c a2b6 0.96%
a3b5 0.17% albl 0.113bc az2b4 0.95%
a2bl 0.17% a3b5 0.10%¢ a2b3 0.94%
a3b6 0.17% az2bl 0.10%be a3b6 0.94%
alb9 0.16% a2h6 0.10%be a2b7 0.93%
a3b2 0.16% a2b3 0.10%¢ a2bl 0.93%
a3b8 0.16% adb2 0.103¢ a3b9 0.93%
albs 0.16% a3bl 0.10%¢ a3b5 0.872¢
a2b5 0.16% az2h2 0.10%e a3b8 0.833¢
a3b7 0.16% a3b3 0.10%¢ a3b2 0.822¢
alb4 0.16% a3b10 0.10%¢ a3bl 0.78cd
adb4 0.16% albs 0.10%be a3b7 0.78bcd
a4h9 0.16% a2b7 0.10%¢ a3h9 0,75k
a4b3 0.16% az2hs 0.10%bc a3b10 0.74¢cde
alb6 0.16% a2b5s 0.10%¢ a3b4 0.73cde
alb10 0.16% alb6 0.10%¢ a3b3 0.73cde
a2b8 0.16% az2h9 0.10% adb5 0.66°
alb3 0.16% alb7 0.10% adb4 0.639"
a3b3 0.16% a3h2 0.10b¢ adb2 0.59M
alb7 0.15% a3b6 0.10% adbl 0.58hi
a3b4 0.15% alb10 0.10b¢ a4b8 0.57Mi
a4b6 0.15% a2b10 0.10b¢ a4b9 0.54ik
a4b3 0.15% a2b4 0.10% a4b3 0.52j4
adb7 0.15% alb2 0.10b¢ adb6 0.51j4
a4b10 0.15% albh3 0.09¢ a4b10 0.48¢
a4b6 0.14° a3b4 0.09° adb7 0.43'

515 gy e gl g lol il ditaan S ynie Gy clyls oS ola o SSle
Means with the same letter are not significantly different.
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Table 3. Comparison of the mean interaction effect of genotype and different levels of
salinity on different traits

(Traits) wlw
298 & Joo$ a3l Sk dpedls SuiS j
Salinity tolerance index Seed vigor Stem dry weight
liza 1 Sl Sz i nSibe Sz I oSke
Interaction Mean Interaction Mean Interaction Mean
alb7 96.672 alb7 1257.952 alb7 25.772
alb4 93.33® alb4 1144.65% alb3 25.65%
alb9 93.33%® alb9 1135.473c albl 25.432
albl 91.67% albl 11219830 alb5 25.262
alb2 90.00%¢ alb2 1087.632c albh9 25.242
albs 90.00%¢ alb10 1082.18bc az2b7 23.80%
alb3 90.00%¢ a2b7 1072.82be alb4 23.252c
a2b7 90.00%¢ albs 1064, 78bc alb10 23.082¢
alb10 90.00%¢ alb3 1061.8a" albs 22.972bc
a2bhs 90.00%¢ az2b4 1052.28%¢ a2b2 22.76°¢
az2b10 88.334cd a2b10 1047.27%¢ alb2 22.702bcd
a2b4 88.332bcd alb5 1046.32b¢ a2b10 22.67ab
albs 88.334cd az2bhs 1035.9bcd a2b4 22.652cd
a2h9 86.6720¢d a2h9 998.72bcd a2bl 22.58abcd
a2b2 86.6720cd a2b2 988.530¢d a2h9 22.492bcd
a2bs 85.00bcdef a2bs 957.67bede a3b7 22.19abed
a2b3 85.00bcdef a2bl 953,93bcde a2b3 22.13abcd
az2bl 85.00bcdef a3b3 942,12bcde a2bs 21.86%cde
alb6 83.33¢defg alb6 934, 73bcde a2bs 21.80abcde
a2h6 80.00¢defg a2b6 843, 2¢def a3b8 21, 75%cde
a3h6 78.33¢defg a3h6 789.48¢def alb6 21 .673bcde
a3h5 76.67cdefy a3b5 785, 720def a2b6 20.972bcde
a3b7 75.00¢8fonii a3b8 762.68¢0df a3b5 20.973%bcde
a3bhs 75.00¢fonii a3b7 761.5%f0 a3h9 19,8 7bodefg
a3b2 73.33¢fonii a3b2 741.817" a3bl 19.66b0def
a3bl 71,67k a3bl 682.989Ni a3h2 19.56bcdefg
a3h9 70.00fahiik a3h9 670.07K a3h6 18.750dfefgh
a3b4 68.331k! a3b4 617.43Km adh5 18.17¢defgh
a3b10 66.671K a3b10 595,52kimn a3b10 17.8Qcdefgh
a3b3 65.001K! a3b3 572.63Kimn a3b3 17.4Qcd%efi
adb7 58.33kIm adb5 459.45!mn a3b4 16.88fonii
adb4 58.33kIm adb4 459,15'mn adb4 16. 75N
adbl 53.33kImn adb2 413.23m adbl 15,96
adb2 53,33kImn adbl 370.73mne adb?2 14.90hiik!
a4b8 51.67™ a4b8 363.23Mn° a4h9 14,83hiik!
a4h9 50.00™" a4h9 342.07m a4b8 14.52hiikl
a4b3 46.67" a4b3 284.05"° a4b3 13.47kI™
a4b10 43.33m a4b10 247.85" adb7 12.55Im
adb5 41.67° adb7 239.03" a4b10 12.05™
a4b6 41.67° a4b6 232.93" a4h6 11.97m

505 g e glis (g)lal s 3l aitan S ynde Gy glyls a5 olapSSle

Means with the same letter are not significantly different.
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Table 3. Comparison of the mean interaction effect of genotype and different levels of
salinity on different traits

(Traits) elho
2 a Job sl & Gy padld
Seedling length vigor index Seedling weight vigor index
N Ol Julize Sl ke
Interaction Mean Interaction Mean
alb7 728.80? alb7 255.08?
alb4 662.47% alb4 231.86%
albl 629.85%¢ albl 220.452¢
alh9 628.932¢ albh9 220.13b¢
alb2 616.87%¢ alb2 215.90%¢
alb10 616.80%¢ alb10 215.88b°
a2h7 609.602¢ a2b7 213.36"
a2b4 597.47%¢ a2b4 209.11bc
alb10 595,232 alb10 208.33f°
alb5 593.432%¢ alb5 207.70b¢
alb3 589.452¢ alb3 206.31b°
alb8 588.00%¢ albs 205.80°
a2b9 573.80bcd az2h9 200.830cd
a2h8 566.10b¢d a2hs 198.14bcd
a2b2 553.70bd az2h2 193.80bcd
a2bl 538.85b¢d a2bl 188.60bcd
a2b5s 536.35¢0def az2bs 187.72¢cdef
a2b3 526.63¢def a2b3 184,32cdef
alb6 522.27¢def alb6 182, 79cdef
a2h6 469.78¢cdef a2h6 164.42¢def
a3h5 440.23¢cdef a3b5 154.08¢foh
a3b7 437.00¢foni a3b7 152,95¢fhi
a3h8 432 57¢foni a3b8 151.40Q¢fhi
a3h6 431.33¢foni a3h6 150.97¢fohi
a3h2 421.63¢foni a3b2 147.577hi
a3bl 393.279Ni a3bl 137.649%
a3h9 372.13¢N a3h9 130.259"
a3b4 354,079 a3b4 123.920hi
a3bh10 337.609" a3b10 118.169Mi
a3h3 321.33K a3h3 112.471k
adb5 261.72i adb5 91.60/!
a4b4 254,53Km adb4 89.09KIm
adb2 231.93m adb?2 81.18m
adbl 210.03|m adbl 73.51!m
a4h8 198.63Im a4h8 69.52!m
a4h9 193.80Im ad4h9 67.83m
a4b3 149.77Im a4b3 52.42!m
a4b10 137.20Im a4b10 48.02™
a4b7 135.17m a4b7 47.31m
a4b6 133.63™ adb6 46.77™

5l Lg)buJ.m gy Lg)\.oj Al s S e B gl &S dhuti"*"
Means with the same letter are not significantly different.

VoY

Journal of Genetics and Plant Breeding; Print ISSN: 3060-7965, Electronic ISSN: 3060-7221

wamsml,



BN,

(YE+Y olimo F o ylowd ) 29) (RLS b5 g S dlomo

.

s,

551 g G58lex do > Cudo o (61 dime Cuito (Sinod a5 0l L calisee Glaio (o 00l (Siumed &350 ol
JAY 5 AV L ply i dpalle 5 dpady) Job cho 93 5 (Siallsr dopd n (Ksed &S (5psba A8 oaalie Clio
(+18Y) e 38 Jobo (asli o +/AN) azadles Jsbo +/A%) Sl dops Slao b (6)98 (35 & Jood ja3LE (izmen g
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(+1AY) 54 as +/AR) Sidles doyd o +[AA) 03) algn H4 dlasr ol Jole j3 350 Juopd VO 9 FY i g pad g Jol Jolo
ShI (+/188) ap Bl 5 0jg 5 (+/A%) )90 & Jood (a3l (V) o iy (35 (a3Li 5 (Jsb (a3LS (- /AY) ap el b
390 Shp g e el Sl (bl (—+/0)) apalle Job 4 drady; Jsb cho 5 Sdg Cute g Sy Al gy ole b
(% Jg)

(+/70) dpaBle 5 (s & S (g a9 (TM) ddda) § 0jg 4 SIS (g Camd pod 4Bl lygd Jele
Sl plaS o Jolge Jb 4y dagi b gy (oYL e )b ) (—+/0Y) il oy g B39 YU g Cuto Jole )b (4l
ol glgsarly pod Jole 5 6y a5 & Joos Jole plsie codi |y Jgl Sl Jols plgiee sl (o Jole 93 32 5
)]

S350 QIS Cod S5, (s eaisi Wilidee Oliuo a3l (Siuod gl £ Jgaa
Table 4. Simple correlation results of different traits of safflower genotypes under salt

stress
(Traits) wlaw
(Traits) olaw
WRW RL/SL Y SL RL GS GP NSG

1.00 NSG

1:00 0.99** GP

1.00 0.33 0.33 GS

1.00 0.23 0.94**  0.94** RL

1.00 0.79** 0.41 0.92**  0.92** SL

1.00 0.97** 0.87 0.42 0.95**  0.95** SV

1.00 -0.54*  0.69** 0.14 -0.49* -0.39 -0.39 RL/SL

1.00 0.14 0.87**  0.80** 0.99** 0.23 0.94**  0.94** WRW
0.54* -0.69**  0.97**  0.99** 0.81** 0.41 0.92**  0.92** WSW
0.73** -0.17 0.58* 0.54* 0.62** 0.03 0.70**  0.70** DRW
-0.25 -0.32 0.76**  0.73** 0.73** 0.05 0.78**  0.78** DSW
0.01 0.43 -0.16 -0.25 -0.03 -0.62** 0.06 0.06 WR/DR
0.13 -0.13 0.01 0.01 -0.08 0.19 -0.10 -0.09 WS/DS
0.13 0.17 0.10 0.13 0.43 -0.06 0.30 0.30 RG
0.98**  -0.65**  0.98** 0.92** 0.94** 0.33 0.91**  0.91** ILSV
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0.87**  -0.67**  0.98** 0.97**  0.79** 0.44 0.91**  0.91** WSV
0.98** -0.40 0.96**  0.98** 0.33 0.44 0.99**  0.99** STI

Adloe 203 ) 90 Jlosnl aw )3 (392 )l gime Sl iy s g
* and **: significant at 0.05, 0.01 probability levels, respectively.
Cagw s Cod SO I8 s o ciliseo Oluo 3l (Suwmod gl £ Jgaa aold]
Table 4. Simple correlation results of different traits of safflower genotypes under salt
stress

(Traits) wlaws
(Traits) wlao

SWVI SLVI RG  WS/DS WR/DR DSW DRW WSW

NSG

GP

GS

RL

SL

8YY

RL/SL

WRW

1.00 Wsw

1.00 0.79** DRW

1.00 0.67** 0.63** DSW

1.00 0.48 032 0.73** WR/DR

1.00 0.44 032 0.72** -0.25 WS/DS

1.00 0.08 -0.17 0.06 0.38 -0.09 RG

1.00 0.02 0.60** -021 0.78** 0.70** 0.43 SLVI

1.00 091** 001 0.03 -0.21  0.74** 0.54* 0.78** SWVI
0.91** 0.91** 0.30 0.02 -0.09  0.78** 0.54* 0.94** STI

il ge dopd Y 9 O Jlaisl maws jd 0gs ) pixe 0Ly ey ik g %
*and **: significant at 0.05, 0.01 probability levels, respectively.

oilly 3l g BB ko Jgl Lol adlge 93 aSl 4y drgi b (F Jgiz) (Lol slaadlge 455 (90l gl ol
4 Sl Hlade bis gam sbaaddge oad LSl L g (1o pd YA 51 i) B3ged agi 1) alisre Clas 5 KI5 slacadssi o
|y Wosls aily L2851 Josb B pousds il gl Lol dilga 95 slys Waasgrs LiSTyy Joges 1) ek 03938 L ojl
S &l
9 jl o3kl b iy plad (sainog)S «pgd 9 Jgl (ol (sloadlge jl oslisul b bauigsy (3T Jlaged muoy jl
o)losd ] b Sl Cilisis 09,5 0 ¢ ol (slaadlge 390 (59, 2 louTp] aeg )T 4 ey b 8T el Jgl adlge
o )lod Sl )5 )8 i plu Sl (659595 abols )3 g0y olaidl 353 4 ailge 93 po (s )3 1) Jlade o piy O
L300 05,5 S S5 5 4ty |y addge 90 Hlade oy et Mo L |y LialS oy i Glao @STL daly paS 55 Ve 5 F
() US3) €855 )18 50 lacisss il 590 abols > cals |y (il o po (08 &Y 0)lod s
4528 (il slopasls g Slio ol ol (a5 5 oy )90 S Sloais) dols i jslaton,
doly g Galite dxer b Y JSKB) €8)8 Cjao o (S0l G g 2 li VYl edlasl b SO, Cusgis Ve sladses
ARTA
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Table 5. Results of factor analysis in various traits of safflower genotypes under salt stress

asl oy slaels )b

The burden of circulating agents

bl sl Jele L

The burden of major factors

(F2) pg> Jole
Second factor

(F1) Jgl Jele

First factor

(F2) pg> Jole
Second factor

(F1) Jsl Jole

First factor

Slaw
Traits

0.028

0.028

0.556

0.104

0.207

-0.130

0.458

0.104

-0.207

0.607

0.448

0.648

0.185

0.201

-0.200

0.985

0.985

0.243

0.904

0.906

0.979

-0.449

0.904

0.960

0.694

0.812

-0.904

0.101

0.225

0.958

0.958

0.058

0.058

-0.556

0.131

-0.178

-0.100

0.443

0.131

-0.178

0.627

0.472

0.878

0.649

0.192

0.058

-0.171

0.984

0.984

0.360

0.900

0.966

0.996

-0.513

0.900

0.966

0.679

0.798

-0.121

0.082

0.220

0.964

0.964

(NSG) o3; wilg> iy slaws
Number of germinated seeds
(GP) o;54lg> doyd
Germination percentage
(GS) julsz ey
Germination speed
(RL) vasy) Jobo
Root length
(SL) axasles Jobo
Stem length
(SV) )& 4
Seed vigor
aailo Job & arady) Job
(RL/SL)

Root length to shoot length
(WRW) axais) 5 0)js
Root fresh weight
(WSW) azasl 5 3
Stem fresh weight
(DRW) axaiy, s (59
Root dry weight
(DSW) 4z il St 5
Stem dry weight
ey ¥ Ojs & SIS Oy
(DR/WR)

Dry weight to fresh weight of
root

als J ojg & SIS 0
(DSIWS)

Dry weight to fresh weight of
stem

(RG) jals> ials
Reduction of germination
(SLVI) jis s Jobo L
Seedling length vigor index
SWVI) i s i pasli

Seedling weight vigor index
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0.028 0.985 0171 0.984 ST 5195 4 Joows 3L
Salinity tolerance index

G Cod S5 scwigi) ol srdallgo 4 4305 1D ool asgi il ylg 9 0529 pdle T Joas

Sow
Table 6. Eigenvalues and explained variance in principal component analysis of safflower
genotypes under salt stress

(Principal component) Lol 4ilge

oy adlge Pl adlge pow 4dlge py> 4dlge Jol adlge e
Fifth Fourth Third Second First Source
component component component component component
0}3.9 ):.)l.o.n
0.21 0.94 1.49 2.55 10.79

Special values

odd 4> g5 Luily,lg
1.19 5.53 8.76 15.00 63.64

Justified variance
oS 04 4 g8 (il

93.92 92.73 87.20 78.44 63.44 Cumulative justified

variance

09)5 (¥ JS5) 4l o 09,5 ¥ 4, Y0 a3 5,5 glacis] Lol pl)S9)000 g 0uds plonil (gainog S polusl
Ol Bl pobaw )3 (VL S I ) 390 Slaw a1 eg)S nl Slaas) 0 V9 A N el Jols gl
(BAY/YD) azadl Jgbo g (AYY/V-) )d s jl loudsiy sl a4 Cans 09)5 (nl 20V ojladd Guigi) 01 J10y55 0 (559
(¥ Jgiz) 292 51,55 2 55V
VL polie I ey plo 4 Cuns o il jlai 10 o)lad ] g A 5 0 ojled Glacs Jols pgd 09,5
arady) Jsb cuns il 5 A ojlad Cuigif 29 s ne o) ple b Gl cnl Clie (5650ke ST 5 392 51395
(7 Joa2) cadls 1y jlade oyt ap bl Jobo 4y
¥ ojlad gy il I e (o ity agalle Job )l 5l baaaisij cnl 09 ¥ 5 ¥ ojlad Gudgi 93 ol pows 09,5
3L B ] 5355 33 0 1 3 e oy b b el ] GO sl 5 cadls |y (S5 4 oo S5 5V
2 adlas 3)50 SIS (glacaisf oy 3 s e Jobo s Jai IV ojladd sl g amdly |y Jhde ol Hd 4 (S
(7 Joaz) cadls )18 pows 0,
oo e o 5 basls g1 L5 jleg)S cpl slaguisi] D9 Ve 9 5 Y ojlad gl dw ol p)lee 095

A5 51V o)led i dgmg ol b il (LS ()98 5 ik golaw )3 1) (i GRS e bS] plo 4 Cons
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Figure 1. Grouping of different genotypes based on the values of the two principal components

Lasgio yobods bS5l olos (glyy g 392 003 DO LYY oy s (gl S5T (ol (PIC) USbaty (lsimo (sl

SCOoT27 4SCOT20 (sl )S5lel 4 s s (M) (6,505 sl jludo (VV) oy yieS 5 (DY) oy yiains b 3591 Aoy ¥

Sle g 45 saaltie GVl (S5 g5 adllas 3)90 S (slaceis o odel Canddy AU L lo ulusly il (3l
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Figure 2. Cluster analysis and grouping of safflower genotypes studied under salt stress using

different traits

I )5 Il esel cussay ulpe Goluly baouisiy (siues)S 5 slades ap bl calyd ol o
05 glad LB ool Cawndy 4lis Colps 5uSke 55 oel Cowddy (slapl)Sg,055 gy yo o159, a5 g biuie) (sabog,S
JSits aalllas 3)90 (Slacaios el )9, @lad L a5 )3 (3590 09,5 2 slacaipi] pelly oad S5 (slvog S

(7 US8) 392 & sy Jold oty 09)5 9 T oyled s Jolid p)lagy 09)5 305 ljows 09,50

o3&l 5,90 SCOT (5l 5581 51 ool Cuwday (Swiij el Y Jgus

Table 8. Genetic information obtained from the SCoT primers used

Sl | s Lold
s SKsasasy T 0¥ s

$lel lgs . ool ae
P)rsiiner Seiuice No. Polymorphism —JSdda 6Kl Band
of (%) (PIC) (M) rang
band
SCoTl CAACAATGGCTACCACCA 9 67 32 2.2 250-1500
SCoT20 ACCATGGCTACCACCGCG 12 75 37 51 200-1800
SCoT13 ACGACATGGCGACCATCG 8 88 48 35 150-1500
SCoT3 CAACAATGGCTACCACCG 8 75 41 34 200-1750
SCoT18 ACCATGGCTACCACCGCC 9 67 34 2.3 300-1400
SCoT19 ACCATGGCTACCACCGGC 10 70 36 24 150-1200
SCoT22 AACCATGGCTACCACCAC 11 72 55 3.2 200-1700
SCoT27 ACCATGGCTACCACCGTG 9 100 39 1.7 200-1500
SCoT30 CCATGGCTACCACCGGCG 14 79 42 4.4 150-1200
Ve
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SCoT32 CCATGGCTACCACCGCAC 13 85 48 2.1 350-1500
SCoT35 CATGGCTACCACCGGCCC 11 81 49 3.3 150-1700

ol bl s ]y sl Sladen Josdge SiUis g Sl slaadlid jlodlitul b 435 & j90 (shin0g S 4251
Ghorbanzadeh & abal, fues 55 .5 3590 (ch09,5 93 oy (R=0.87) oV (Siusen (Jiilo (y90] (ol Jls
Stasat Vg o IS o iS5 |y 01135 IS i ol & RAPD i ol Sl 5l oolizl o wizils ol (2015) Afzal
5 ISSR Sl cleMbl (il (Siurad 5 (2018) Shahverdi et al. .uns olis <Si5l58y50 s, Sl by oS
W3)S By oy 290 Slio 59y g lame U 1) £9d9e cnl U g 03l ()1 SO )0 Sujolsh)ee lio
o, Sl ololyy 5,15 claeuips] stinog S m s b sine bloyl a8 ol oLt (2019) Soltani et al. zisw s
e srasky ) Gl Glacais) bl sl @ls cul il 5 3)b 3529 (=) 5 Sujsledse Slaw § AFLP JoUse
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Figure 3. Cluster analysis of studied safflower genotypes using the SCoT marker
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