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Classification of Safflower(Carthamus tinctorius L.)
Collections by Agronomic Characteristics
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ABSTRACT : This study was conducted to provide the basic information on safflower collections and to
identify the variations which could be utilized in safflower breeding programs. The agronomic
characteristics was used to clarify the genetic relationships among safflower collections and to classify
them into distint genetic groups. There were 21 early maturing collections with less than 80 days in
number of days from planting to flowering. The number of primary and secondary branches ranged 3.8~
14.8 and 0~26.9, respectively, and two collections, IT201434 and IT202723, were found to be high
branch types. The 101 safflower collections were classified into 11 groups based on the complete
linkage cluster analysis using agronomic characteristics. The [, I, 11, IV, IX, X and ? groups included
the 25%, 33%, 14%, 8%, 2%, 1% and 1% of the collections, respectively. All the collections in the group
I were Korean landraces. The collections in group X could be characterized as early emergence, late
flowering and high yield components such as the number of capitula per plant, number of seeds per
capitula and seed weight per plant. The number of capitula per plant and seed weight per plant, ie.,
the two main yield components, had the highly significant positive correlations with stem diameter,
number of the primary branches, number of the secondary branches, number of leaves and leaf length.
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Appendix. The 101 accessions of safflower used to classify in this study.

Access T Access T Access T Access T Access T
ion ion ion ion ion
No. No. No. No. No. No. No. No. No. No
1 115063(IND) | 21  808637(UZB) | 41  806657(UZB) | 61  806677(UZB) | 81 CES1(KOR)
2 154918(IND) 22 806638(UZB) 42 806658(UZB) 62 806678(IRN) 82 CES2(KOR}
3 A7[1(KOR) 23 806639(UZB) 43 806659(UZB) 63 806679(IRN) 83 CES3(KOR)
4 183706(MEX) | 24  806640(UZB) | 44  806660(UZB) | 64  806680(RN) | 84  CESA4(KOR)
5 183707(MEX) 25 806641(UZB) 45 806661(EGY) 65 806682(IRN) 85 CES5(KOR)
6  183708(MEX) | 26  806642(TJK) | 46  806662(TUR) | 66  B06683(IRN) | 86 CES6(KOR)
7 183709(MEX) 27 806643(AFG) 47 806663(TRK) 67 806684(IRN) | 87 CES7(KOR)
8  183710(MEX) | 28  B80B644(AFG) | 48  806664(TUR) | 68  806685(RN) | 88  CESS8(KOR)
9 185433(KOR) 29 806645(AFG) 49 B06665(KAZ) 69 806686(IRN) 89 CESS(KOR)
10 Z&JI2(KOR) | 30  806646(AFG) | 50  806666(TJK) | 70  806687(IRN) | 90  CES10(KOR)
11 804335(KOR) | 31  B806647(AFG) | 51  806667(TJK) | 71  806688(IRN) | 91  CES11(KOR)
12 201434(PHL) | 32  B06648(AFG) | 52  806668(TJK) | 72  BOBBBI(AZE) | 92  CES12(KOR)
13 202720(TKM) 33 806649(UZB) 53 806669(KAZ) 73 806690(AZE) 93 CES13(KOR)
14 202721(KAZ) 34 806650(UZB) 54 806670(UZB) 74 806691(AZE) 94 CES14(KOR)
15 202722(KAZ) 35 806651(ARM) | 55 80667 1(AFG) 75 806692(PAK) 95 CES15(KCRY)
16 202723(TJK) 36 B0B652(AFG) 56 BOB672(KAZ) 76 806693(PAK) 96 CES16(KOR)
17 202724(TJK) 37 806653(UZB) 57 806673(UZB) 77 BOBG94(PAK) 97 CES17(KOR)
18 202725(KAZ) 38 806654(ARM) 58 806674(KAZ) 78 806695(PAK) 98 CES18(KOR)
19 202726(KAZ) 39 806655(UZB) 59 806675(UZB) 79 806696(PAK) 99 CES19(KOR)
20 202728(UZB) | 40  806656(UZB) | 60  806676(KAZ) | 80  807731(KOR) | 100  CES20(KOR)
101 CES21(KOR)
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Table 2. Mean value and range of growth
characters in safflower collections

Characters Mean+S.D C.V(%) Range

871+£93 72 61~106
97442 88 6.0~49.1
No. of mainstem nodes per plant 27.0£32 105 19.0~34.4
82+19 102 38~148
323447 390 19-~42
59+52 295 0~269
Length of second branch(cm)  9.0+41 89 07~183
9454348 177 40~264
100+13 90 7.1~140
38+04 85 26~52

Plant height (cm)
Stem diameter (mm)

No. of first branches
Length of first branch(cm)
No. of second branches

No. of leaves
Leat length(cm)
Leaf width(cm)
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Fig. 1. Frequency distribution of plant height in
saffower collections.
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Fig. 2. Frequency distribution of number of first

branch in safflower collection.
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second branches in safflower colllections.
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Table 3. Mean value and range of yield components
in Safflower collections

Characters Mean+SD C.V(%) Range

No. of capitula 139+66 191 50~407
No. of seeds per capitula 45.1+88  16.2 25.0~68.0
100-seed weight(g) 42+06 120 29-~54
Seed weight per plant(g) 15.1+65 296 3.0~475
FHFFHLL FAA FAEFE 8.1~10.07071
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Fig. 4. Frequency distribution of number of
capitula in safflower collections.
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Table 4. Mean value of 16 agronomic characteristics in each classified group of safflower collections

Group
I i i I\ v Vi VI VI X X XI  Mean

Characteristics

Days from planting to budding 147 13 138 13 136 143 129 18 125 12 12 1362
Days from planting to flowering 82 852 774 855 84 86.7 864 84 87 87 87 8343
Plant height(cm) 802 941 ggg 771 85 90 941 785 68 79 100 87.05
Stem diameter(mm) 83 96 g5 76 103 118 114 105 11 131 4931 09868
No. of mainstem nodes per plant 26.7 27.7 287 244 28 30 28 236 215 248 282 2697

No. of first branches 7.6 8.2 6.7 6.4 9.2 13 101 12 124 108 83 820
Length of first branch(cm) 297 383 ., 238 34 402 37 342 3B4 388 P9 N6
No. of second branches 37 59 19 108 156 9.6 124 249 26 79 588
Length of second branch(cm) 76 938 143 48 147 141 127 10 157 183 161 895
No. of leaves 894 85 32 543 1202 1767 1133 118 242 177 88 9452
Leaf length(cm) 93 101 %2 g8 112 118 119 129 10 122 99 997
Leaf width(cm) 36 37 4V 33 39 42 42 33 33 52 38 376
No. of capitula 112 135 83 85 20 283 188 228 403 32 164 1385
No. of seeds per capitula 391 447 482 484 436 547 57 325 435 54 50 4505
Seed weight per plant(g) 1.9 141 173 94 158 218 224 179 246 475 133 1513
100-seed weight (q) 43 42 43 42 39 32 45 5 35 37 37 419

Table 5. Correlation coefficients among 16 agronomic characteristics

Characteristics
Cot Co2 (CO03 (Co04 Co5 Cos Co7 CO8 CO9 Cio C11 C12 C13 C14 Ci15 Ct6
cot® -0.155 -0.264* -0139 0090 0.201* 0.041 -0.004 0009 0111 0094 -0029 0022 -0335 -0.108 0.084

Co2 0215 0224 01686 0.380™ 0008 0457 0.428* 0.188 0375 -0079 0435 0.255™ -0.005 -0.299
Co3 0.253* 0.557 0.053 0.302**-0.066 0080 -0.128 0.294* 0.196* 0.067 0.306™ 0.085 -0.007
Co4 0.054 0235* 0371 0.282* 0402~ 0.164 0.242* 0.137 0275 0.164 0.166 -0.113
COo5 0046 0085 -0.251 -0.174 -0.098 -0.0588 0.037 -0.218 0048 -0.022 0.144
Co6 0.540* 0.750* 0.606** 0.719** 0.852** 0.249* 0.822™ 0.140 0.4356™ -0.204
Co7 0515 0.619* 0.498* 0.465* 0.365* 0551 0.151 0.518™ 0.025
co8 0.806** 0.805* 0.604™ 0.247* 0.968™ 0.100 0.540* -0.273
Co9 0.588* (0.635™ 0.226™ 0.762* 0.102 0.401-0.173
C10 0.476™ 0.306" 0.854™ 0.055 0.490™ -0.241
11 0592 0.575" 0.256* 0.415™ -0.162
C12 02168* 0357 0.408*-0.118
C13 0124 0539 -0.273
C14 0.324* -0.397
C15 0.062
C16

*, ** Significant at 5% and 1% level respectively

& C01~C16 : CO1 : Days from planting to budding, C02 : Days from planting to flowering, CO3 : Plant height, C04 : Stem
diameter, C05 : No.of mainstem nodes per plant, C06 : No. of first branches, C07 : Length of first branch, C08 : No. of
second branches, C09 : Lentgh of second branch, C10 : No. of leaves, C11 : Leaf length, C12 : Leaf width, C13 : No. of
capitula, C14 : No. of seeds, C15 : Seed weight, C16 : 100-seed weight.

307



1678 F2zte] AaEH
o Asreds

AZA T E

N 2oy

=
3

Ashri 5 (1976) 2} Corleto 5 (1997
ot IE Atolo] AAAAE Hrtsle
of ¢ F8std, FAFsIt 39

o
so >

oot

B rH o ox K
oXx,

i)

oy

il

lo

e

wa Yy

2,
o,
S
P ©
SIS
fr
fr
-5
ofo
H
>
S

12 g O
S ofN o
m
&

¥
ﬂ
>
!
&

0
S
e, =
i
tlo
fr %

£,

ol
-
lo,

)
M
)

o
!
o
&
o
N
=
o,

(o]

g 7H4 ojgom,
BE54 T 22 BEAFY ot At $%F14
822N FASSE 5.0~40. 770, FARG 24
TE 25~6870, 10085 € 9 T4F< 47 2.
9~5.4g, 3~47.5g9 HWYZ BXE¥n, FAZF
) TS ) TASY TASF ¢og Wt & 4
grol i th.

THFEL AETHE EAd g 1Tz
FANeH, 2L 25%, 12 33%, NT&
4%, N2 8%, VITL 3%, X2 2%, XT
& 1%, 17L& 1%7) $3908, ML 25 =

=
[¢]

A=
o

308

C2FEY - 48d

A%

LITERATURE CITED

Ashri, A. 1973. Divergence and evolution in the
safflower genus, Carthamus L. Final Research
Report, P.L. 480, Washington, DC, USA. Project
No. A10-CR-18, Grant No. FG-Is-234, p180.

Ashri A., E. Zimmer, L. Urie and A. Ghaner. 1976.
Evaluation of the world collection of safflower for
yield and yield components and their relationships.
Crop. Sci. 14 : 799~802.

Baek. I. Y. 1996. Genetic diversity in glycine based on
morphological characters. Department of Agronomy,
Graduate School Kyungpock National University,
Taegu, Korea. ppl~48.

Chavan, V. M. 1961. Niger and Safflower. Indian
Central Oilseeds Commitee Publ., Hyderabad. pp
57~150.

Choi. K. 8. and C. H. Lee. 1986. Varietal classification
by principal component analysis in Red pepper.
Korean J. Breed. 18(2) : 125~131.

Choi. H. C and J. I. Lee. 1979. Classification of
Rapeseed cultivars by the principal component
analysis and cluster analysis. Korean ]J. Breed.
11(3) : 179~195.

Corleto, A., E. Cazzato and Ventricelli. 1997.
Performance of hybrid and open pollinated safflower
in two different Mediterranean environment. IV
International safflower conference, Italy, 276~278.

Hahn. W. S. and Y. A. Chae. 1986. Principal
component analysis for the growth data of Rice.
Korean J. Crop Sci. 31(2) : 173~178.

Knowles, P. F. 1969. Centers of plant diversity and
conservation of crop germplasm : Safflower. Econ.



T3] HEAA 54 4T FET

Botany 23 : 324~329. -

Knowles, P. F. 1989. Safflower in Qil Crops of the
World. McGraw-Hill, New York. pp363~374.

Kumar, H. and R. K. Agrawal. 1989. ‘HUS 305 a
high-yielding safflower variety. Indian Farming
39(5) : 17~18. '

Lee. I. S. and B. H. Choe. 1980. Assessment and
classification of Korea local lines by application of
principal component analysis. Korean ]J. Breed.
14(3) - 294~303.

Mahalanobis, P. C. 1936. On the generized distance

in statistics. Proc. Natn. Inst. Sci. India. 2.
Patel, M. Z., M. V. Reddi, B. S. Rana and B. J.

309

=
T

e

Reddy. 1989. Genetic divergence in safflower
(Carthamus tinctorius L.). Indian J. Genetics and
Plant Breeding 49(1) : 113~117.

SAS Institute. 1993. SAS/STAT user's guide. volume
1 and volume 2, version 6. fourth ed.

Seong. N. S. 1987. Clsssification of Sesame (Sesamum
indicum L.) Varieties based on multivariate analysis
and diallel analysis of 6 varieties selected from
different groups. Department of Agronomy,
Graduate School Chungbuk National University,
Cheongju, Korea. ppl~ 25.

Weiss E. A. 1983. Oilseed Crops. Longman. pp216~

281.



