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Abstract

Introduction

Safflower (Carthamus tinctorius L.), a valuable oilseed crop, has considerable genetic potential for
improving seed yield and oil quality through targeted breeding programs. However, its production
may be constrained by low yield potential, a relatively long growing season, and limited seed oil
content in some genotypes. Therefore, identifying and characterizing genetically diverse
germplasm based on agromorphological traits, yield components, and fatty acid composition is
essential for selecting promising genotypes and developing improved cultivars with higher
productivity and desirable oil quality.

Materials and Methods

In this study, 120 safflower (Carthamus tinctorius L.) genotypes collected from diverse genetic
resources worldwide were comprehensively evaluated at the Karaj Seed and Plant Improvement
Research Institute using an augmented design with five check cultivars (Goldasht, Golmehr,
Parnian, Soffe and Faraman). Agromorphological traits and fatty acid compositions of these
genotypes were measured, followed by separate cluster analyses for each trait group, correlation
analysis, and boxplot visualization performed using R software.

Results and Discussion

Analysis of variance revealed significant differences among most of the evaluated traits, indicating
considerable genetic diversity among the safflower genotypes. Genetic parameter estimates
showed that the highest phenotypic and genotypic coefficients of variation were observed for the
number of branches per plant (38.4% and 36.9%, respectively) and seed yield (39% and 34.3%,
respectively). Except for head diameter (26.3%), all traits exhibited high broad-sense heritability
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(67.6-98.2%), indicating substantial genetic variation and their potential for utilization in future
breeding programs. Independent cluster analyses grouped the genotypes into five distinct clusters
based on agromorphological traits and six clusters based on fatty acid composition. Among the
agromorphological clusters, cluster I comprised genotypes characterized by high yield and early
flowering, with E31, E186, E178, E167, and E37 identified as promising candidates for improving
yield and escaping end-of-season stress. Cluster V, distinguished by the highest oil content,
included E195, E172, E200, E77, and E180, which combined favorable seed yield with high oil
content, representing valuable genetic resources for the simultaneous improvement of these traits.
In the fatty acid composition-based clustering, clusters I and II exhibited high oleic acid content,
contributing to greater oxidative stability of the oil, whereas clusters III-V were characterized by
higher linoleic acid levels, highlighting their nutritional value. Compared with the collected
germplasm, commercially released cultivars exhibited lower values for both agromorphological
traits and oleic acid content, emphasizing the importance and potential of the newly evaluated
genotypes. Boxplot analysis combined with significance testing demonstrated that geographic
origin, thorniness, and flower color influenced variation in seed yield, days to flowering initiation,
oil content, and fatty acid composition. Further analysis revealed that Pakistani genotypes
predominantly exhibited early flowering, Iranian genotypes showed late flowering, and American
genotypes had the highest oil content. African and Pakistani genotypes exhibited superior seed
yield, whereas thorny genotypes tended to flower earlier, and genotypes with yellow flowers and
thorns showed higher oil content. Notably, linoleic acid was found in higher concentrations in the
white-flowered lines than in the yellow, orange and red-flowered lines, but the differences were
not significant. Conversely, the oleic acid content was lowest in the white-flowered genotypes but
the difference was not significant from the other flower colors. Similarly, the stearic acid, palmitic
acid, and seed protein content were lowest in the white-flowered genotypes.

Conclusion

The findings of this study highlight the superior potential of the evaluated genotypes relative to the
commercially released cultivars, which typically showed lower performance. This underscores the
value of this germplasm as a promising resource for breeding programs aimed at the simultaneous
improvement of yield and quality traits in safflower. Additionally, characteristics such as
geographic origin, flower color, and thorniness can serve as effective phenotypic markers in the
preliminary screening of genotypes. Among these, genotypes with yellow flowers and thorns
exhibited significantly higher oil content, while genotypes originating from Pakistan showed
considerable breeding potential due to their favorable combination of early flowering and high seed
yield.
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E10 Afghanistan P1220647  E165 Mexico P1413718 E233 America P1560185
E103 Pakistan P1304409  E167 Pakistan P1 426521 E235 Mexico P1 560204
E105 Iran P1.304437 E17 Palestine P1 237550 E237 America P1561194
E106 Iran P1304449  E172 China P1525457 E239 China P1568805
E107 Iran P1304451  E173 America P1 525458 E24 India P1248378
E108 Iran P1304454  E176 America P1537677 E242 America P1572434
E1l Ethiopia P1226546  E178 America P1537698 E244 America P1572438
E110 Iran P1304466  E179 America P1537695 E247 America P1572441
E112 Iran P1304475  E180 America P1537694 E248 America P1572443
E113 Turkey P1304500 E181 America P1537596 E249 America P1572444
El14 Turkey P1304506  E182 America P1537601 E25 India P1248387
E116 India P1305155  E186 America P1537644 E253 America P1577808
E117 India P1305169  E189 America P1537656 E257 America P1603208
E121 Pelestine P1306686 E19 Astrulia P1242418 E258 Spain P1634712
E123 India P1306920  E190 America P1537657 E259 China P1653175
E125 India P1307060 E195 America P1537676 E26 Pakistan P1248629
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E131 Hungary P1312275  E200 America P1537692 E36 Egypt P1250081
E132 Kyrgyzstan P1314650 E208 America P1537709 E37 Pakistan P1 250204
E133 America P1331145 E21 Jordan P1243070 E38 Egypt P1250528
E135 Iran P1343774  E213 China P1543975 E4 India P1199915
E136 Iran P1343776  E218 China P1 544052 E41 Egypt P1 250611
E138 Canada P1348915  E220 China P1544043 E44 Iran P1250718
E141 Tajikistan P1369845  E222 America P1548813 E47 Iran P1 250834
El44 Iran P1380800  E225 America P1560165 E48 Iran P1250835
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E71 Portugal P1253570 E77 Pakistan P1259994 EO1 America PM_1
E72 Irag P1 253758 E8 Kenya P1209300  Goldasht Iran Cultivar
E73 Irag P1253761 E82 India P1260638 Golmehr Iran Cultivar
E74 Afghanistan P1253763 E88 Sudan P1271069 Parnian Iran Cultivar
E75 Afghanistan P1253916 E90 India P1279054 Soffe Iran Cultivar
Faraman Iran Cultivar
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Table 2. Analysis of variance (ANOVA) for agro-morphological traits under spring sowing conditions

Mean Squares

S.0.V df DFI H HD NB TSW SY oC
Treatment (ignoring 124 928" 142° 7.8 165" 2677 6473" 32,57
Blocks)

Treatment: Check 4 66.8" 177" 12.1 6.8 73" 29317" 9.0
Treatment: Test 119 944" 142* 7.6 133" 27.6™ 5663 303"
Treatment: Test vs. Check 1 10.2" 1.2 10.0 437 1.2 11544 389™
Block (eliminating 3 7 79.5 6.4 2.9 33 5880 12°
Treatments)

Residuals 12 1.6 46.0 5.6 1.0 2.1 1267 0.5

C.V (%) 1.0 7.7 9.9 112 45 18.7 23

sl (HD)oj 56 ks ‘(H)tu;)\ g(DFl)ga.LIf [t ) (8l deo s 8 o Jl| CIM 3 ol gme SV (S 5 4y e g %
(OC) 35, gl smes o SY Dails 5 Sl (TSW)als i3855 (NB)ast s

* and ** significant differences at the probability levels of 0.05 and 0.01 respectively for: Days to flowering initiation
(DFI), Height (H), Head diameter (HD), Number of branches per plant (NB), Thousand seed weight (TSW), Seed

yield (SY), Oil content (OC)
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Table 3. Genetic parameters of agro-morphological traits

Traits PCV PCV.category GCV GCV.category hBS hBS.category
DFI (d) 83 Low 8.2 Low 982 High
H (cm) 13.6 Medium 11.2 Medium 67.6 High
HD (mm) 11.5 Medium 5.9 Low 26.3 Low
NB 38.4 High 36.9 High 92.3 High
TSW (g) 16.5 Medium 15.8 Medium 92.3 High
SY (g'm™) 39.0 High 343 High 776 High
OC (%) 17.2 Medium 17.0 Medium 98.2 High

o 03 SUGCY) 5 55 Sluk i (PCVicategory) o5 55 Sluki o i $ilios S (PCV) 5 58 Sl ks o

(DFD) 286 5, 1l ), (MBS.category) ¢ »dilys ey S 5 ABS) ¢ » 0 ily5  GCV.category) o555 ool o
{OC) 155 (sl (SY ) 5 Shae (TSW) s i3 055 (NB) sl 31405 (HD) o35 i o(H) g |

Phenotypic coefficient of variation (PCV), Classification of phenotypic coefficient of variation (PCV.category),

Genotypic coefficient of variation (GCV), Classification of genotypic coefficient of variation (GCV.category),

Broad-sense heritability (hBS), Classification of broad-sense heritability (hBS.category) for: Days to flowering

initiation (DFI), Height (H), Head diameter (HD), Number of Branches per plant (NB), Thousand seed weight
(TSW), Seed yield (SY), Oil content (OC)
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Figure 2. Heatmap of cluster analysis based on standardized variables in 125 safflower genotypes, illustrating
five distinct clusters (A): Cluster 1 (dark green), Cluster 2 (orange), Cluster 3 (dark blue), Cluster 4 (purple)
and Cluster 5 (light green). (B) Deviation from the overall mean for each trait within each cluster. Traits

include Days to flowering initiation (DFI), Height (H), Head diameter (HD), Number of branches (NB), Oil
content (OC), Thousand-seed weight (TSW), and Seed yield (SY)
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Fatty Acid Composition in 125 Genotypes
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Figure 3. Relative proportions of major fatty acids in 125 safflower genotypes. Linoleic acid (red), Linolenic acid

(yellow), Oleic acid (green), Palmitic acid (blue), and Stearic acid (purple)
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Figure 4. Heatmap of cluster analysis based on standardized variables in 125 safflower genotypes, illustrating six
distinct clusters (A): Cluster 1 (dark green), Cluster 2 (orange), Cluster 3 (dark blue), Cluster 4 (purple), Cluster 5
(light green), and Cluster 6 (yellow). (B) Deviation from the overall mean for each trait within each cluster.
Traits include linoleic acid (LL), linolenic acid (LLN), oleic acid (OA), palmitic acid (PA), protein (Pr) stearic acid (SA).
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Figure 5. Frequency distribution of flower color (A) and thorniness (B)
among 125 safflower genotypes. Long thorns (LT), Short thorns (ST), and
No thorns (NT)
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Figure 6. Illustrates the relative performance of 125 safflower genotypes for traits such as days to flowering

initiation (DFI), oil content (OC), and seed yield (SY) based on their origin source (A), along with thorniness

(C), and additionally oil content (OC), protein (Pr), and fatty acid compositions including linoleic (LL), oleic
(OA), palmitic (PA), and stearic (SA) based on flower color (B)
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