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Extended Abstract

Background: Today, oilseeds are considered one of the most important agricultural products in
the world, and safflower is one of the most important oilseed plants. The consumption of
vegetable oils is increasing due to the daily population increase and changes in people's dietary
patterns. Oilseeds are produced to extract oil from their seeds, but they are also considered a
valuable source of protein, and the product residues after oil extraction are used for this purpose.
Safflower is one of the most important oilseed plants due to its numerous advantages, including
resistance to drought and salinity stresses. Knowledge of the genetic diversity existing between
safflower genotypes allows their use in breeding programs aiming to produce hybrids with
desirable quantitative and qualitative yields. This study aimed to determine the genetic diversity
of the studied safflower genotypes in terms of some morphological and agronomic traits for use
in safflower breeding programs, as well as to identify the relationships between morphological
and agronomic traits and grouping of the studied genotypes.

Methods: For this purpose, 64 safflower samples were obtained from the National Agricultural
Research Institute, along with five cultivars of Sina, Faraman, Omid, Goldasht, and one local
cultivar of Islamabad, which were studied in an augmented design experiment with four
replications at the research farm of the Department of Plant Genetics and Production Engineering,
Maragheh University. After land preparation, the seeds were sown in four replications (blocks)
of 16 lines with the above-mentioned cultivars. The seeds of each genotype were sown in rows in
plots with a length of 150 cm and a width of 85 cm, each plot having three rows of 150 cm with
a distance of 40 cm. In addition to the usual agronomic care, some morphological and agronomic
traits were measured at the end of the growth and development period. These traits included plant
height, the number of side branches, the number of bolls per plant, the number of seeds per boll,
1000-seed weight, plant type, and yield. Before variance analysis, the normality of the data
distribution was examined using the Kolmogorov-Smirnov method. The data related to the
cultivars were analyzed by variance analysis and, accordingly, the line means were compared
using the LSD test. The correlation coefficients between the traits were calculated to examine the
relationships between traits. The correlation between the yield component trait and its related
traits should be calculated, and the effect of the yield components on it is determined according
to the genotype and the environment, which are effective factors in creating diversity.
Morphological traits can be measured accurately and easily, and some of them have relatively
high heritability. Thus, selection based on these traits may be a suitable way to screen plant
communities and improve grain yield. Cluster analysis of genotypes was performed using the
Ward method and the square of Euclidean distance based on the studied traits. In cluster analysis,
individuals within a cluster have the greatest similarity and uniformity, and there is maximum
difference between clusters. Therefore, if the grouping is successful, individuals within the cluster
are genetically closer to each other, and distant clusters will be more different. The cut point of
the dendrogram was determined using discriminant function analysis, and the state in which the
difference between the grouping levels was maximum was considered as the cut point. The
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average of each cluster for each trait and its percentage deviation from the total mean were
calculated to determine the characteristics of each group resulting from cluster analysis in terms
of the studied traits. Principal component analysis was performed to reduce the volume of data
and better interpret them. The data were analyzed using SPSS software.

Results: For most of the studied traits, the safflower lines showed statistically significant
differences with each other and with the control varieties. The correlation results showed that the
single plant grain yield had a significant positive correlation with the traits of thousand-grain
weight, boll diameter, and the number of seeds per boll. Cluster analysis using the Ward method,
the Euclidean distance criterion based on the data of 12 traits, and the resulting dendrogram cut
classified 69 safflower genotypes into four clusters. The cut point of the resulting dendrograms
based on morphological and physiological traits was determined using discriminant function
analysis, and the state in which the difference between the grouping levels was maximum was
considered as the cut point. Dendrogram cutting was performed based on multivariate analysis of
variance and provided the highest amount of between-group variance in a group with four clusters.
In principal component analysis based on the average of 12 traits in 69 safflower genotypes, the
first three principal components explained a total of 65.13% of the trait variation. Values of
19.66% and 12.63% were obtained for the second and third components, respectively.
Conclusion: The second cluster was identified as the best cluster, and the genotypes of this cluster
can be used to improve grain yield. According to the principal component analysis, the first
component was named the grain yield component. This component can be used in selection for
safflower genotypes. Based on the results obtained, the Goldasht variety was considered the
superior variety.
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Table 2. Data from traits evaluated in 69 studied safflower genotypes

fi) bl il Sl Sotbsr gy s wbobs = s
. . . i A, e 0j98 ylab | oje BT . s
o L =R g g ) Sineh Boll le N A FEN (b)) B
Gen Plant Number Number Number Hllg f_ diameter Diameter of %‘lm gr b Oil Sinel l ¢
height of sub- of bolls of leaves bl%r?lr;ss (mm) the main Oinsﬁﬁes TGW(gr) percen Seé‘ég ?é d?nr)
(cm) branches per plant per plant (er) branch(mm) pod tage Y &
1 54.63 7.80 12.03 43.48 26.56 19.05 7.4325 62.5 46.065 28.902 8.637
2 58.58 8.13 10.95 45.75 22.13 24.565 7.3325 88.75 35.182 30.505 9.367
3 52.05 6.98 10.55 38.68 16.83 22.475 6.475 81.75 30.405 31.342 7.456
4 60.28 7.13 11.38 50.73 31.54 24.375 8.15 86.75 41.867 28.74 10.89
5 57.63 8.70 13.25 53.88 36.29 23.012 7.275 83.5 45.455 26.527 11.38
6 61.30 8.60 18.30 63.00 45.75 25.93 8.6 114 42.19 26.06 14.42
7 51.00 8.40 10.00 40.00 27.76 27.7 7.1 82 32.56 30.42 8.009
8 51.00 21.00 12.00 37.00 17.60 9.1 2.4 45 3333 32.58 4.499
9 53.30 7.30 12.30 34.00 24.74 25.43 7.1 63 25.07 29.18 4.738
10 59.30 8.00 14.60 45.00 30.17 19.6 79 56 36.07 33.93 6.059
59.00 5.00 9.60 44.30 37.18 23.48 4.4 88 28.06 32.58 7.407
12 51.30 12.00 20.30 67.30 43.66 23.23 8.2 40 39 3251 4.68
13 51.00 6.00 8.60 42.60 13.90 21.1 6.1 67 34.77 29.93 6.988
14 48.30 8.30 17.00 42.60 30.76 27.7 8.3 70 36.85 31.01 7.738
15 55.30 8.00 11.60 52.60 24.62 26.1 7.6 119 29.07 31.27 10.37
16 43.60 6.30 6.60 39.30 14.22 235 5.1 60 35 27.9 6.3
17 56.00 11.00 25.00 45.00 36.96 21.6 6.9 53 37.35 30.13 5.938
18 47.60 7.60 10.00 58.00 15.30 21.7 5.6 72 40.41 31.19 8.728
19 59.60 11.30 15.00 63.00 24.12 232 17 69 36.52 30.23 7.559
20 54.60 6.00 9.00 47.60 17.78 21.9 6.3 84 37.14 30.09 9.359
21 60.00 15.30 15.60 66.00 32.44 233 7.5 104 25.28 253 7.887
22 55.00 12.00 13.00 35.00 28.40 235 7.4 80 23.87 31 5.728
23 46.60 7.60 9.00 31.30 17.50 333 7.3 75 42.6 38.25 9.585
24 49.30 8.60 12.00 61.60 17.60 20.8 7.1 80 26.5 29.5 6.36
25 57.30 5.60 6.60 27.60 15.74 273 6.6 105 31.9 31.13 10.04
26 47.60 7.00 12.60 30.00 19.16 22.7 6.6 67 27.76 26.78 5.579
27 58.00 8.30 8.60 45.60 2437 25 7 87 40.34 30.21 10.52
28 58.60 7.60 12.30 47.30 22.47 253 7.6 85 25.88 30.39 6.599
29 39.60 14.00 15.00 26.60 10.60 25.7 5.2 82 28.04 30.01 6.897
30 65.30 6.60 13.00 36.00 24.21 24 7.5 80 36.5 31.97 8.76
31 48.00 7.60 12.60 53.60 25.10 21.7 6.9 78 39.87 34.19 9.329
32 54.30 8.20 10.00 36.00 22.51 26.2 6.9 61 57.7 29.32 10.55
33 52.30 6.60 9.60 53.60 18.99 247 7.3 100 30 33.04
34 57.30 6.30 10.00 46.00 18.32 25.1 6.6 70 33.71 34.1 7.079
35 47.60 10.00 14.00 55.60 23.06 21.5 7.4 61 25.24 38.8 4.618
36 48.00 6.60 8.30 25.30 15.90 213 6.4 64 43.93 36.96 8.434
37 44.30 6.30 8.60 39.00 14.93 19.9 5 61 42.13 29.98 7.709
38 50.60 6.30 10.60 24.60 17.82 18.5 6.7 63 44.6 28.85 8.429
39 56.30 11.60 23.00 55.00 42.80 21.9 7.6 96 32.18 3325 9.267
40 48.00 7.60 11.00 53.00 20.95 23 3.7 56 36.96 37.29 6.209
41 51.30 10.60 13.60 54.60 28.16 253 7.4 80 43.5 27.1 10.44
42 52.00 6.00 8.30 37.60 16.76 20.9 6.03 104 35.38 35.15 11.03
43 45.60 8.00 8.60 40.30 9.80 21.4 6.9 70 23.42 37.75 4918
44 57.30 8.00 14.30 57.30 27.77 20.8 7.3 82 34.14 31.18 8.398
45 52.00 9.00 14.00 43.00 27.51 21.9 4 73 41.23 34.23 9.029
46 63.00 6.00 9.00 41.00 54.00 12.3 7.2 96 27.29 31.92 7.859
47 56.30 13.60 27.30 80.60 51.84 26.4 8.6 96 31.66 16.38 9.118
48 47.60 7.60 15.60 72.60 21.22 23.8 6.9 45 25.77 3047 3.478
49 46.60 4.60 6.30 31.00 9.50 19.5 5.06 56 24.64 33.08 4.139
50 59.30 7.30 7.60 46.00 14.90 22.33 6.7 60 325 30.23 5.85
51 57.60 6.00 10.60 51.60 22.50 232 7.1 95 35.89 30.87 10.22
52 57.00 8.30 14.60 37.60 32.19 25.8 8.2 69 53.47 29.02 11.06
53 50.00 6.30 7.30 37.60 17.37 24.1 6.03 68 53.52 33.01 10.91
54 50.30 6.30 7.30 29.60 17.50 243 7.1 90 39.22 30.77 10.58
55 59.30 8.60 13.60 58.30 30.87 25.1 8 73 51.23 28.63 11.21
56 54.60 10.30 12.00 45.60 21.12 225 7.2 85 45.29 31.34 11.54
57 49.00 11.30 24.60 72.60 41.70 19.9 7.9 62 44.03 3435 8.189
58 63.00 15.00 27.00 57.00 60.30 22.7 7.8 93 44.94 31.09 12.53
59 50.00 11.60 26.60 47.30 30.60 18.3 7.5 97 21.85 29.75 6.358
60 59.00 8.60 11.30 49.00 26.35 22.8 7.7 93 34.62 30.65 9.658
61 54.00 7.00 14.00 49.50 31.74 16.7 4.7 41 32.92 28.63 4.049
62 65.00 8.00 9.30 44.00 25.18 24.8 8.1 82 24.87 31.97 6.118
63 52.00 6.30 12.00 28.60 21.46 10.9 5 42 41.42 31.05 5.218
64 43.00 4.30 4.60 21.00 9.80 212 4.6 73 34.79 35.94 7.619
65 52.00 6.60 8.00 39.00 12.39 15.4 35 61 54.91 27.44 10.04
66 61.60 7.00 18.30 78.30 38.45 233 6.6 70 51.85 25.67 10.88
67 57.00 7.00 9.00 49.30 28.18 19.5 5.5 91 44.72 28.99 12.20
68 57.60 6.30 8.00 35.00 15.83 20.5 7.5 67 43.28 20.17 8.699
69 51.60 9.00 16.00 46.00 16.60 14 3.2 48 29.16 28.93 4.199
ok
Olesye
s 28.54 4.55 20.89 210.83 97.35 24.66 2.31 510.7 68.54 6.56 3.84
Mean
squared
error
Sme 7.92 3.16 6.78 21.54 14.63 7.37 2.25 33.52 12.28 3.82 291
Standard
error
;7,/8015)) 17.27 6.89 14.77 46.93 31.89 16.05 4.91 73.04 26.76 12.28 6.33
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Table 3. Correlations of the studied traits
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Vi V2 V3 V4 Vs V6 \% V8 V9 V10 Vil
V1 1

V2 0.51 1

V3 0.185 0.627" 1

V4 0.306" 0.343" 0.589" 1

Vs 0.546" 0.383" 0.724" 0.566" 1

V6 0.63 -0.107 0.005 0.114 0.46 1

V7 0.429" 0.082 0.364" 0.358™ 0.467" 0.534" 1

V8 0.378" 0.007 0.034 0.133 0.257" 0.395" 0.416™ 1

V9 0.106 -0.109 -0.032 0.007 0.105 0.047 0.001 -0.161 1

V10 -0.317" -0.145 -0.253" -0.283" -0.269" -0.023 -0.201 -0.139 -0.152 1

Vil 0373 -0.086 -0.003 0.123 0.280" 0.355" 0.318” 0.635™ 0.646" -0.217 1

** Significant at 1%, * Significant at 5% sy & ghaw ;3 I3 dae * cdoyd ) gl )3 53 gine™ ¥
059V wjol > &b 2w (V8 sl ,aB V7 w0jge a8 (V6 iy S yologus 1V5 o5y dlaws (V4 w0jse dlaws (V3 ¢ 0,8 a3l 3luws 1V2 o o ) digy gl V1

WSS b 3ySlos V1«45 doyd VIO il i

V1: Plant height (cm), V2: Number of sub-branches, V3: Number of bolls per plant, V4: Number of leaves per plant, V5: Single plant biomass (g), V6:
Boll diameter(mm), V7: diameter of the main branch(mm), V8: Number of seeds in the pod, V9: TGW (gr), V10: Oil percentage, V11: Single-plant seed

yield.
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0 15
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Figure 1. The dendrogram of cluster analysis for safflower genotypes based on the Ward method
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Table 4. Mean and percentage deviation from the total mean of four clusters resulting from cluster analysis for the

evaluated traits in 69 safflower genotypes

Vi1l V10 V9 V8 v7 A \Al

8/95 30.6 35.52 83.77 6.91 23.26 24.47

9.34 -0.35 -2.71 11.11 3.75 425 -2.54

9.37 28.1 31.81 101.8 7.80 22.12 42.79

14.4 -8.49 -12.87 35.13 17.11 -0.85 0.704

7.77 31.0 39.09 66.48 6.24 22.80 18.01

-5.07 0.84 7.066 -11.8 -6.30 2.196 -28.2

5.71 322 36.09 51.58 5.90 18.89 28.63

-30.2 4.19 -1.15 -31.5 -11.4 -15.3 14.01

V4 V3 V2 Vi SuS
Cluster
752 11.06 771 55.81 oo
Average
299 41250 788 3.96 Bl o p
Deviation percentage
57.81 19.80 1121 5815 oSlke
Average
2529 5664 3393 8327 Sl ao
Deviation percentage
35.97 9.98 721 50.10 ol
Average
2204 2104 -1385  -6.66 Sl ko
Deviation percentage
5421 16.45 9.82 52.42 Sle
Average
17.49 30.14 1732 -2.34 Sl asy

Deviation percentage
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V1: Plant height (cm), V2: Number of sub-branches, V3: Number of bolls per plant, V4: Number of leaves per plant, V5: Single-plant biomass (g), V6:
Boll diameter(mm), V7: diameter of the main branch(mm), V8: Number of seeds in the pod, V9: TGW (gr), V10: Oil percentage, V11: Single-plant seed

yield.
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Table 5. Results of principal component analysis for 69 safflower genotypes

@9] a‘)‘.w )).)LO.A
Initial eigenvalues 4dlge
(23T Lo yd obylg doyd Component
Cumulative % % of variance Total
32.835 32.835 3.612 1
52.494 19.660 2.163 2
65.134 12.639 1.390 3
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Table 6. Coefficients of the studied traits in the components resulting from principal component analysis

ailg .
3 component 1 Adjective
-0.092 0.164 0.650 S g
Plant height
0.014 0.634 0.392 =P s s
Number of sub-branches
g 40 0568 Sl
-0.021 -0.605 0.670 %02 09
- Number of bolls per plant
-0.007 -0.350 0.674 Sy 2 Sy olas
Number of leaves per plant
-0.105 0275 0.824 S92 S5 ploges
Single plant biomass
0.463 0.504 0352 259 s
Boll diameter
0.368 0.199 0.711 L el els L
Diameter of the main branch
0.392 0.492 0.532 259 53 4> 2l
Number of seeds in the pod
0.814 0.396 0.172 b Jlse o5
TGW
0.313 0.031 0.465 O L)
Oil percentage
0325 0.690 0.544 G5 &l 3)8les

Single-plant seed yield

Indicates values higher than 0.5
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Table7. Coefficients of the studied genotypes in the components resulting from principal component analysis

1.545
-0.310
-0.944
-1.106
0.625
-0.158
-0.462
0.389
1.760
0.201
-0.786
0.026
0.116
0.957
0.730
0.261
0.310
-1.154
-1.264
0.193
-1.098
-0.610
-0.591
-0.877
1.247
0.437
-0.942
1.559
-1.803
0.244
-2.964
-1.864
-1.333
-1.225
-0.968

adlga
Component

-1.291
0.712
0.135
0.459
-0.828
-0.580
0.256
1.283
-0.391
-0.158
-0.160
-0.241
-1.463
-1.595
-0.290
-0.004
0.970
0.944
1.369
1.478
0.720
0.712
-1.612
-0.819
-1.704
0.553
-1.595
0.214
-0.020
0.891

0.477
0.034
0.971

0.789
-1.957

-0.595
-1.230
-1.243
-0.787
1.345
-1.189
0.763
-0.478
-1.393
0.476
-0.435
0.502
2.987
-0.343
-0.026
-0.536
0.354
0.798
-0.604
-0.386
1.117
0.391
1.059
2.618
0.688
0.595
-0.720
0.288
-1.465
-2.063
-1.081
1.567
0.285
-0.030
-1.270

]

Genotype

<dlge 55
Component Genotype
3 2 1
-1.169 0.074 0.049 1
0.468 0.706 0.358 2
0.701 0.284 -0.539 3
-0.227 0.995 0.956 4
-1.014 0.546 1.088 5
-0.248 1.091 2.429 6
0.946 0.480 0.018 7
-1.709 -3.139 -1.432 8
1.202 -0.371 -0.437 9
0.030 -0.645 0.031 10
0.507 0.271 -0.195 11
-0.051 -2.019 0.728 12
-0.028 0.193 -0.853 13
0.746 -0.013 0.344 14
1.523 1.027 0.755 15
-0.112 0.100 -1.308 16
-0.404 -1.465 0.579 17
-0.461 0.116 -0.516 18
0.118 -0.598 0.713 19
-0.108 0.758 -0.220 20
1.004 -0.957 1.521 21
1.401 -0.697 0.045 22
1.126 1.507 -0.547 23
0.922 -0.619 -0.153 24
1.107 1.841 -0.239 25
0.626 -0.303 -0.753 26
-0.078 1.030 0.367 27
1.423 0.108 0.222 28
1.027 -0.659 -0.918 29
0.281 0.761 0.348 30
-0.026 0.163 -0.097 31
-1.610 1.163 0.046 32
1.307 0.792 0.045 33
0.671 0.393 -0.394 34
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