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ABSTRACT

Background: Safflower (Carthamus tinctorius L.) is a useful medicinal and oil crop in Korea.
However, when safflower is cultivated, the flowering period overlaps with the rainy season, and
seed maturation is poor. Therefore, this study aimed to use basic research data to develop superior
varieties using agronomic characteristics and crossing method.

Methods and Results: A total of 34 safflower germplasms were sown and their agronomic charac-
teristics were investigated. Based on these investigations, the cultivar ‘ui-san-hong-hwa’ was
selected as the mother plant, and ‘Myanmar safflower’ (Hsu Pan) was selected as the father plant.
In addition, we developed a floret-protecting cap to cover florets after emasculation during the arti-
ficial crossing. When florets were protected by the cap, the seed setting rate increased in compari-
son to that in the non-covered florets.

Conclusions: Agronomic characteristics can contribute to developing suitable varieties. The
results suggest that the protection cap will be helpful in breeding without the floral organ drying.
This study contributes an efficient breeding method to develop new safflower varieties.
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Table 1. Safflower(Carthamus tinctorius L.) germplasms list used in this study.

Germplasm no. IT no.? Origin”? Type Resource name
CT"01 252153 KOR Local variety Jeonbuk Namwon-2001-1
CT02 259205 KOR Local variety Gyeongnam Geochang-1999-5
CT03 252154 KOR Breeding variety Cheongsuhonghwa
CT04 252155 KOR Local variety Gangwon Cheorwon-2001-72
CTO5 259331 KOR Local variety Chungnam Dangjin-2001-2
CT06 221709 KOR Breeding variety Uisanhonghwa
CT07 259270 CHN Unknown CHN-LJR-2000-36
CT08 202726 KAZ Unknown WIR198
CT09 259263 CAN Unknown S5160
CT10 209553 IRN Unknown Catalogue No.238
CT11 262778 MMR Local variety MMR-5J§-2011-11039
CT12 262777 PRY Unknown PRY-KOPIA-YSJ-10
CT13 252150 KOR Local variety Jeonnam Wando-2000-63
CT14 247693 AFG Local variety UzRIPI 248
CT15 224129 PAK Unknown PAK-NIS-2009-honghwa
CT16 247704 HUN Local variety UzRIPI 366
CT17 247692 IRN Local variety UzRIPI 241
CT18 247685 MAR Local variety UzRIPI 182

CT; Carthamus tinctorius, ?IT no.; granted by National Agrobiodiversity Center, AFG; Afghanistan, ARM; Armenia, AZE; the Azerbaijani
Republic, CAN; Canada, CHN; China, ETH; Ethiopia, HUN; Hungary, IRN; Iran, KAZ; Kazakhstan, KOR; Korea, MAR; Morocco, MEX; Mexico,
MMR; Myanmar, PAK; Pakistan, PRY; Paraguay, RUS; Russia, TJK; Tajikistan, TKM; Turkmenistan, USA; United State of America, UZB; Uzbekistan.
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Table 1. continued.
Germplasm no. IT no.” Origin? Type Resource name

CcT™M9 209535 TK Unknown Catalogue No.89
CT20 247711 CHN Local variety UzRIPI 426
CT21 209532 TKM Unknown Catalogue No.76
CT22 212780 KOR Local variety Jeonnam Yeonggwang-2000-42
CT23 209524 uzB Unknown Catalogue No.40
CT24 247679 ARM Local variety Gennessee
CT25 209559 AZE Unknown Catalogue No.249
CT26 247681 RUS Local variety Krasnoyarsk-4
CT27 247703 HUN Local variety UzRIPI 362
CT28 247700 USA Local variety UzRIPI 335
CT29 247696 MEX Local variety UzRIPI 319
CT30 247683 CHN Local variety UzRIPI 154
CT31 247680 ETH Local variety UzRIPI 57
CT32 247699 MEX Local variety UzRIPI 332
CT33 209879 KOR Local variety Gyeongnam Sancheong-1998-67
CT34 252149 KOR Local variety Incheon Ganghwa-1998-983505

CT; Carthamus tinctorius, ?IT no.; granted by National Agrobiodiversity Center, AFG; Afghanistan, ARM; Armenia, AZE; the Azerbaijani
Republic, CAN; Canada, CHN; China, ETH; Ethiopia, HUN; Hungary, IRN; Iran, KAZ; Kazakhstan, KOR; Korea, MAR; Morocco, MEX; Mexico,
MMR; Myanmar, PAK; Pakistan, PRY; Paraguay, RUS; Russia, TJK; Tajikistan, TKM; Turkmenistan, USA; United State of America, UZB; Uzbekistan.

Table 2. Investigation standard of agronomic traits in safflower.

Traits

Investigation standard

Plant height (cm)
Number of branch
Stem diameter (mm)
Number of leaves
Leaf length (cm)

Leaf width (cm)

Petiole length (cm)
Flowering date

EW." of aerial part (g)
D.W.? of aerial part (g)
Root length (cm)

Root diameter (cm)
EW." of root (g)
D.W.? of root (g)

Seed length (mm)

Seed width (mm)
1,000-seeds weight (mg)
Yield (kg/10a)

The longest leaf tip from ground

Total number of branches extending from main stem
Degree of hypertrophy in the bottom of stem
Number of developed normal leaf

Maximum leaf length of the longest shoot

Width of the largest leaf

Length between stem and leaf blade

When flowering has progressed over 40% after peduncle appearance
Weight of aerial part per one plant

Weight of dried aerial part per one plant

The longest root length

Thickness of root attached stem

Weight of root per one plant

Weight of dried root per one plant

Seed length of long axis

Seed length of short axis

Convert fresh weight to yield per 10 are for each test area

YEW,; fresh weight, “D.W.; dry weight

2. D25 Ed Wt
=9 &3} A 34 He AT,
Z 59 5A%7HE AAIEH (Table 2).
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Table 3. Growth characteristics on aerial part of safflower germplasms.

Cerm-  Plant Fresh Number Stem Leaf
plasm  height weight Branch Node diameter Length Width Number Margin
no. (cm) (g/plant) (ea/plant)  (ea/branch) (cm) (cm) (cm) (ea/plant) (mm)

CT"01 69.6+2.0%° 129.0%£8.0%  14.3+0.3*T 24.0=1.0"" 7.9+0.2%" 11.5+0.2" 5.1+0.2"¢ 155.0+=15.3% 9.1=0.5°
CT02 66.7+0.4" 120.3+8.37%  10.7+0.9¢7 203+1.7"% 8.9+02"  9.6+0.2" 4.8+0.2"8 111.0+2.9"™ 2.0+0.2""
CTO3 69.2%2.2%° 114.3+10.8"  8.0x0.6" 20.0+1.08  8.0x0.4%™ 9.0x0.5™ 5.0+0.3" 86.3+3.0™ 4.8+0.4"
CT04 66.0=0.8™° 108.0+5.5" 7.7%€0.7% 21.3x1.58%  7.9+0.2"  88+0.2™ 4.7x0.1°" 84.3x2.4%" 23+0.5"
CT05 60.2+0.6°  77.3+12.4 5.720.9% 20.3+0.3"  6.6%£0.3™  6.9+05" 3.6%0.2 51.3%6.8™  1.5+0.1"P
CT06 72.0=1.5™ 123.0+15.0" 8.3%0.3" 19.7+0.7  8.4x0.6" 11.0x0.6"* 56+0.3* 89.3+55™ 2.8+0.1°"
CT07 67.7+0.9"° 101.7+3.8% 7.0£1.0% 20703 9.0+0.2" 11.1x0.1" 3.9+0.28" 74.0=7.6™ 4.1+0.3"
CT08 73.0+0.6" 120.3+0.9" 9.0=0.6" 253+1.5°"  9.0+0.3"% 10.7x04" 4.7x0.2" 118.7£5.08™ 4.9+0.5"
CT09 75.2%2.3"™ 93.3+47" 8.0£0.6™ 26.7+0.3>¢ 8.9+0.5"  9.7x0.9™ 3.9+0.3% 103.0£2.9™ 2.5+0.3%
CT10 74.0+1.08" 220.7+26.4*¢ 9.3+0.98% 20.7+1.5" 94+058% 13.1x04%8 54+0.1*¢ 152.0+25.1°% 1.0+0.1%°
CT11 50.3%2.3° 102.3+9.2¢"  13.7+1.5°" 20.0+1.0% 7.3+03™ 9.0+03™ 3.8+0.4" 183.0+17.9°8 3.3+0.1%
CT12 76.7+1.5%" 181.3+9.1°"  13.0=1.2°" 24.0+1.0%" 9.4+0.28% 11.8+0.4°" 4.9+0.2>" 184.3+9.8"% 3.9+0.1“
CT13 70.3%3.7M™ 107.7+12.8%  9.3+1.28% 293+0.7° 13.1x0.7> 12.0=0.5% 5.1+0.2"¢ 103.0%7.6™ 4.2+0.1*
CT14 94.0+1.5% 196.0+33.5"8 13.3+x2.4"" 28.0+1.2"* 11.2+0.1°8 13.0+0.8°8 5.7=0.3* 156.3+29.3% 1.0=0.1°
CT15 64.3£3.5™ 138.0£8.1“  18.0+0.6® 23.70.9% 10.4+0.7% 13.0£0.3%8 4.1x0.2% 126.7=12.57 2.8+0.3¢
CT16 90.0+4.6™° 229.0+34.8"° 15.3+1.3"¢ 26.7+0.9"¢ 11.9+0.3"¢ 13.5+0.3*¢ 5.3+0.2¢ 199.3+17.3*¢ 1.4+0.2™P
CT"7 88.0x4.9"¢ 174.0+30.7"" 13.320.9>" 23.3+1.3% 10.6+£0.3% 10.4=0.5" 51+0.3%¢ 149.7£11.2°% 1.7x0.1%P
CT18 84.0+3.1°% 183.7+32.4"" 14.0+1.5*8 23.7+0.7% 11.8+0.3"° 14.1+0.2® 5.0+0.1"° 164.7+16.8"" 3.3+0.3%
CT19 74.0+1.58" 190.7+17.1°" 17.0=1.74¢ 22.3+0.3"% 10.9+x0.5% 13.9=1.6" 4.8+0.4"8 163.0=17.8% 3.1x0.6
CT20 74.0+1.78" 128.0+12.7% 157+2.8" 23.7+0.9% 10.2+£0.9%7 11.0=0.5"% 51+0.2"¢ 124.3+23.08' 1.6+0.3"P
CT21 83.0+0.6°" 196.0+4.6"8  9.3+0.78% 24.0+1.0"" 10.7+x0.2%" 12.3+0.6"" 4.8+0.3"8 147.7+55% 1.1+0.1"P
CT22 80.7%+2.3% 178.7+39.2°" 123+2.0% 26.3+0.9¢ 12.7+0.1* 14.2+0.5* 5.2+0.7"¢ 142.0+21.0" 2.6+0.2¢1
CT23 80.0+2.09 202.0+42.2°" 18.0+2.1® 233+1.8% 12.1+x0.5"¢ 13.8+0.4*¢ 52+0.5>9 195.3+32.2*" 2.2+0.28™
CT24 84.7x6.7"" 152.3x92Y  18.7x1.5% 27.0x1.0" 9.9+04" 11.4+0.6" 5.2+0.1>¢ 179.7+£11.9>" 1.1+0.1"P
CT25 86.7%5.8"° 149.0+4.9""  10.0=1.5" 24.3+0.9%8 11.1+0.7°% 12.6+0.7*8 4.8+0.2>8 125.7+30.6" 1.8+0.2°
CT26 94.3%+4.2% 203.7+16.8>" 17.3%£1.2%¢ 25.0+0.0“" 10.9+0.8%% 14.1x0.5® 4.6+0.1%" 214.7+13.0*° 3.0=0.1°8
CT27 89.3%3.7%¢ 147.7+32.3™  9.7x15" 26.0+1.0™ 9.6+x0.9% 11.6x0.77 52+0.1"9 130.0=14.6°" 1.3+0.2™P
CT28 86.0+1.5"¢ 174.7+37.0"" 13.3+2.7" 27.0+1.5"¢ 114404 11.4+0.3% 542067 203.0+42.1*9 1.7+0.1%
CT29 83.0£3.2°" 295.7+89.6° 14.0=1.2*8 25.0+1.2°F 10.9x0.6%8 11.720.4%7 54+0.2*! 261.3£55.2" 1.6x0.1%P
CT30 79.0+4.4% 237.3+41.0" 13.720.9"" 22.0+1.5% 9.8+x03" 11.820.2% 4.8+0.1"8 167.7+22.5 2.3+0.1"
CT31 97.7%£2.2° 183.0+45.4>" 16.0=1.5*¢ 28.3+1.2" 12.7x0.4" 12.3=0.9"" 54+0.5*! 232.7+19.7°* 0.8+0.1°
CT32 80.0%+3.59 218.7+27.1*¢ 153=1.7*¢ 253+0.3%" 95+0.28% 11.5x03" 54+0.0*¢ 205.7+29.7*¢ 1.7+0.1P
CT33 69.3+2.0° 176.3+14.1°" 15.0+0.6*° 27.0+1.2°¢ 10.6+0.0" 13.320.6*" 6.3+0.4* 162.3+9.9¢ 1.9+0.4"
CT34 81.0+4.4% 163.0+32.5" 10.7+1.2¢7 38.7+0.9* 17.9+15" 13.7+0.4*¢ 3.9+01" 164.3+20.6> 2.1=0.1""

'CT; Carthamus tinctorius. "Means with the same letter are not significantly different according to DMRT (Duncan’s Multiple Range Test) at 5%
level (p < 0.05).
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Table 4. Growth characteristics on underground part of safflower germplasms.

Germplasm o Underground- part Dry weight - Root .
weight (g/plant) (g/plant) Length (cm) Diameter (nm) ~ Dry weight (g/plant)

CT1"01 5.3+0.7" 35.7+1.88 9.8+0.6" 8.3x0.1™° 2.0+0.0%
CT02 9.0+0.6" 36.7+1.88 12.4%0.3b 9.0+0.5™° 2.7+0.3%"
CT03 10.320.9°* 28.0£2.5% 12.7+0.7° 9.0%0.2%" 2.7+0.3%"
CT04 7.0x0.0" 28.3+1.9°8 10.4%0.7° 8.320.0™° 2.0+0.08"
CT05 6.3+0.3"™ 17.7+2.68 11.2%0.5Y 7.0+0.2° 2.0+0.0%"
CT06 5.3%1.2" 32.7+3.59% 10.8+0.6" 9.0+0.5%" 1.7+0.3N

CT07 6.0+0.6" 30.3x1.248 13.8+2.1" 8.5+0.2™° 2.0+0.08"
CTO08 8.320.78 38.0+£0.08 14.5+1.7° 9.420.2%" 2.7%0.3%
CT09 4.7+0.3¥ 28.0+2.0% 12.4%0.7° 9.7£0.4" 1.7+0.3N

CT10 21.7+1.9° 56.7+5.6%¢ 20.3+0.2° 12.2+0.68 6.0+0.0

CT11 4.3x0.9' 28.7+2.9%8 13.3x1.4° 7.9+0.5™ 1.3%0.3'

CT12 10.3x1.78% 50.3x4.1>" 15.7+1.3" 11.0£0.2¢ 3.3%0.3°"
CT13 5.3+0.7" 39.3+5.0%% 8.3+0.4" 10.0+0.4"" 1.7=0.3"

CT14 11.7£1.9¢h 61.3+12.1%¢ 12.320.9 12.9+0.5¢¢ 3.7+0.3"8
CT15 5.7+0.3" 37.3+4.7°8 9.7+0.7 8.8+0.4™° 1.7+0.3N

CT16 17.3%2.6™¢ 67.3%6.6" 12.3+1.0° 14.8+0.4" 5.0%0.6™¢
CT17 13.7+1.5"8 46.3%+11.1%" 15.0+0.3° 12.940.5%¢ 4.7+0.3%¢
CT18 10.7+2.2¢1 55.0+10.0* 11.7+0.3b 12.5+0.5¢F 3.7+0.7"8
CT19 13.7+2.9"f 54.7+8.6% 15.8+1.5P 11.8+0.4%h 4.0x1.0
CT20 10.0£1.2¢ 42.3+6.2"8 9.7x0.4" 10.9+1.0% 3.0%0.6%1
CT21 14,7120 50.7+4.1% 13.0+0.8" 12.9+0.3°¢ 4.3+0.7>¢
CT22 10.3%1.9¢* 50.3+10.4%" 10.7+1.7° 12.4+0.38 2.7x0.7%
CT23 15.7+1.3%¢ 55.7+14.2* 11.8+0.8" 11.9+0.2¢" 4.0x0.6"f
CT24 15.3+3.7>¢ 37.3%4.7°8 11.5+1.3" 11.5+0.8% 4.0+1.0"f
CT25 11.7%2.0°" 35.0+2.0°8 14.2+2.7° 11.5%0.74 3.3x0.7¢h
CT26 15.320.9"¢ 58.3+6.4%¢ 13.1+0.9 11.9+0.98 4.0%0.6"f
CT27 11.0%3.5¢1 32.3+13.1¢8 11.8+2.1° 10.6+1.08" 2.7+0.7%"
CT28 14.7+2.2" 47.0%6.7" 14.3+1.3" 12.4+0.68 4.0+0.6"
CT29 19.0£2.9% 79.024 42 13.5%0.9° 13.8+1.6™ 5.3+0.9%
CT30 9.0x2.1" 62.0+9.0%¢ 51.2+40.4 10.5+0.58" 2.3x0.3"

CT31 17.0%1.2%¢ 52.0+7.9% 11.7+0.7° 13.2+0.3bd 4.0x0.6"f
CT32 11.3x1.2% 46.0=11.4>F 15.8+1.8" 9.8+0.5™" 2.7+0.3¢
CT33 7.3+0.3M 55.7+5.2% 12.8+2.1° 9.8+0.1+" 2.3+0.3"

CT34 22.0+1.0° 28.7+0.0°% 17.0%1.5° 18.1=1.0° 1.3%0.3

VCT; Carthamus tinctorius. "Means with the same letter are not significantly different according to DMRT (Duncan’s Multiple Range Test) at 5%

level (p < 0.05).
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TR 315X
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d= HlaL

ELEER]

1]

51 Xjelo|

R L
KN

WAL, CT059] F3h7F 7 4

Zo = UEPTh (Table 5) F3AE CT02, CT03, CTO8
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vl B2 Zle= UrE}

& = o 22} Sgko) 4()() g ooz s Ao

# 5070 olgen He A
T3k CT02, CT06 % CT33
wla) 4

Table 5. Floral-organ characteristics of safflower germplasms.

2 SAT} I U
gHoz &
94.59%°] =2

e HATH (Table 5). FHE ALEL HF
o3 wilen, Fak t'elo}x—i%c 15CefA]

20CE Yepsch. 7ist AV]—t— CT06 AHgo] 62 1192 713
ol& Zlo® A HUTH (Table 5).

Park (2003)°] ©J5td E-3}e]
7P AL, RER] e 15eA 7R

(e}
24

Y9

RS

A2RZENA

Aok, #Age

Germ- Capitular Fruit Seed Germinaton Flowering
plasm o er Number Length Width Number  Total number Yield Weight rate date
no. (ea/plant) (mm) (mm) (eafflower) (ea/plant) (g/plant) (g/1,000) (%) (M.D)?
CT"01 17.7+£2.2"% 150+2.0¢ 27.0+0.8”8 25.3+0.5°7  9.3+0.3 388.3%+13.2¢ 279.0+11.7>" 45.6+0.2M 9 6.15
CT02 10.7+0.9" 12.3+0.3%" 26.9+0.8™% 28.5+0.2"" 50.7+6.3*¢ 410.3%£56.4™° 556.0+70.1%¢ 48.3+0.1% 92 6.13
CT03 8.3+0.7% 9.0+0.6" 28.3+1.2* 265+0.6%" 56.0+5.0" 366.0+26.0™ 300.0+25.4> 38.2+0.0" 92 6.13
CT04 11.0+0.6™ 8.7x0.7" 26.6+0.6"% 28.3+0.5"" 44.7+7.3% 357.7+18.0™ 358.0+167.8"1 46.3+0.2¢ 9 6.14
CT05 8.0+0.0 6.7+0.9 255+1.0°" 275+1.0"" 27.0+59° 260.3+11.7>" 261.0=15.7>" 53.3+0.3"¢ 100 6.14
CT06 13.0+1.5"™ 97+03" 28.8+1.6*¢ 27.0£1.0°" 35.7+2.65 532.0+88.1% 428.0+60.4>° 44.6+0.7 9 6.11
CT07 10.7+0.7  8.3+0.9" 26.8+0.4°8 29.5+1.5>¢ 48.0+4.0°9 302.0+25.4"" 403.0+56.4>¢ 43.2+0.2™ 100 6.19
CT08 22.7+0.3"" 11.0+0.08" 28.7+0.6*¢ 27.1+0.5" 51.0+5.0*¢ 369.0+177.8"" 237.0+20.65" 44.2+0.1* 92 6.21
CT09 20.7+1.8%  9.0+0.6" 26.6+1.1°8 30.5+0.9>¢ 233+4.79 340.0+15.9*" 70.0x10.0" 50.4=1.1°" 92 6.23
CT10 16.0+3.68% 19.3%£3.3% 28.9+0.7*¢ 351+£04% 38.0x4.0"" 246.0+48.1<"  68.0x8.0™ 52.3%5.2 92 6.28
CT11 37.7+6.0° 26.7%£2.9%9 225+04" 22.8+0.1" 26.0+6.2°7 2303206 69.0+5.0™ 38.5+0.6™ 98 6.26
CT12 25.3+3.8"8 18.7£1.2%" 26.5+1.3%8 292+0.7>¢ 32.7+6.4% 381.7x68.3"¢ 188.0+25.64 42.4+1.1™ 90 6.24
CT13 19.7+3.5% 11.722.07 2454050 242+0.5% 24.7+49% 4183+725>4 321.0+£254 44.7+0.3" 92 7.10
CT14 29.3+4.1*" 21.32£10.3*"28.1+1.5*" 30.1+£3.1"¢ 2834997 191.7+25.6%  36.0+2.0% 45.0+2.2* 98 6.30
CT15 31.0+2.3%9 28.7+5.9"° 28.0+0.8*" 21.1+04" 18.7+2.6M 456.0+57.5*¢ 51.0+6.3"° 51.2+0.9 100 6.22
CT16 19.7+1.24 26.3+4.4%° 29.6+0.7* 28.8+0.7"" 31.3+52% 1937503  37.0x4.0" 52.8+0.2° 9 6.25
CT17 33.3+6.8% 18.724.2% 23.0+1.1% 273+1.9°" 21.3+1.3% 270.7+90.3" 56.0+1.1¢ 59.4+0.4 9% 6.24
CT18 16.3+0.98% 15.7+£2.7¢" 30.2+0.9® 27.2+1.5" 323724 266.3+43.1"" 76.0+304  43.6+4.1" 86 6.26
CT19 22.3+3.0 21.7+0.9*" 31.2+0.4* 27.8+0.7°% 29.3+9.3% 98.3+47.4' 145.0+16.9¢ 55.8+1.3%¢ 90 6.24
CT20 25.0+0.6"8 14.7+1.8° 26.3+0.5"" 29.2+3.0"" 26.0+2.557 241.0+24.6" 25.0+2.5°  39.9%1.3k" 100 6.24
CT21 12.7+1.2" 16.3x1.5" 29.9+0.6® 30.5+1.5"¢ 38.7+1.8"8 457.0x14.7*¢ 42.0+4.1" 55.5+1.1%¢ 90 6.24
CT22 22.0+2.3% 250+5.3%8 250+0.9%" 23.4+0.8%" 28.7+0.9°" 511.0£70.1*° 436.0=14.7°¢ 50.420.3" 90 6.24
CT23 20.7+2.3% 30.0%6.8%° 27.4+1.2* 27.6+0.9%% 29.7+4.9% 366.7+65.4%" 75.0+24.4°  47.5+4.8°% 80 6.26
CT24 19.0+1.5°% 17.3£2.0% 24.4+11" 28.9+1.8"" 26.7+59°7 268.0+42.4™ 110.0+55.4" 28.8+0.4" 9 6.25
CT25 18.3+3.9°% 153+3.4% 27.5+3.0*" 28.7+2.1"" 23.0+50% 327.0+133.3" 77.0+154* 57.9+0.7 88 6.25
CT26 20.7+3.5% 24.0+1.57% 28.0+1.0*" 28.5+1.3"" 16.3+4.31 266.0+56.3 83.0+24.9°  53.7+0.1>¢ 94 6.28
CT27 21.7+2.7% 1272274 28.8+1.0%¢ 31.1+0.8*° 25.7+15% 236.7+8.8 520+09°%  38.2+2.6" 94 6.26
CT28 22.3+1.5™ 25.0+8.5% 26.7+1.9"% 27.1+3.0°" 41.7+13.77237.3£38.3%7 42.0+02"™  52.6+0.3" 100 6.27
CT29 33.0+5.2*° 30.3%x10.7° 27.4+1.3*" 29.8+1.6"° 33.3+55% 467.3+121.579 44,0404  553+7.2%¢ 100 6.28
CT30 21.3+0.9% 24.0+2.5%8 27.1+3.2*" 322+1.6% 34.7+2.0% 286.0+38.7" 70.0+0.7®  52.6+0.5> 100 6.28
CT31 25.7+9.2"8 20.0=1.57 28.6+0.6*° 27.1x2.3" 65.7+8.0° 452.0=191.5" 30.0+1.2*°  38.0=0.0" 100 6.25
CT32 30.0+4.2*¢ 253+4.8" 275+0.2*" 30.6+0.6™ 26.3+5.6° 349.3+101.3"" 100.0+47.4" 4732045 100 6.26
CT33 29.0+1.0% 24.3+2.8%8 251+0.3%" 257+0.7¢" 27.7+4.4% 684.3+219.52 527.0+121.57940.1+0.1¢" 94 6.28
CT34 20.3+2.7% 13.321.5% 22.9+0.9% 21.0£1.6 33.7+3.0 13132169 98.0+41.2*° 43.0+0.2"" 9 6.26

VCT: Carthamus tinctorius,
Range Test) at 5% level (p < 0.05).
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YFe] A 2AER ATEY d2 Jo2 Yehdth
Bang 5 (2001)2 &3} +HEE2] AS54S vusisi=
Hl, &3h AHSe] BAEER)S AR Ao, 12 719] A-S
o] §7kEel Ao YER} o)E AYEL YsEA =X &
3] &% A=A o8 hsAdel ok Bk £ A
olX CTIe] 273e] 7P &kl CT349] 7ol 7P =
=, °lE A2 = Ao o8d A
A AR

Park 5 (2004)2 T3} FHFL] 7N3} 28 A5 FAPIA,
=UEe] 7Hsk 28 das 87 Aol 88 %lfﬂrﬂ nrel| g
opAlol]l BRI v TpRpE gl E AleE S
Ahuek 2 F A= AsI7E =2 AAEYe] veist
(Park et al., 2004). F3te] 7Ne7l= =l 4 10 AlSH
=9 6 AF 7+ 18 P9 AolE B (Kim, 2000),
Bang & (2001)%= &3}9] 7Ng} 48 A7t HA 74 Lo
F3L 88 A7 14 49| WolE yEhitiaL Em} ATt oS
A A7 34 Hol T3 A 2 AAskde] 18 A A
o] A7k ATl yehd £ A Aot Hl%o}ai—t—tﬂ, 1
°P°W°} FRAl CT08, CT10, CT19 H
B85 B3t

m

(3

tlo 32

2%

s 579
CT23& /3 =&

=

2. B9} 45 282 MU

AEEY F7He v R, #9935 aAdox =4
25 st WA BE 47 Al Ne71E S8 L
Haldt. ol g3k MslE 62 Tkl ® =] vl
Al719F AA exRe] dalo] WAl 478 Aollof ofsk AHE
Atz ko] Fhan, Al BRG] wol 7F Sl
SA7Y Q7] WlEo|t} (Park er al., 2004). TS 8719 7}
©2 oldl Fwel W3yt HASIE S} (Kim er dl,
2005).

Ssle= TSR M 1RE AsT7A 7deor Jom
Aol z tEx Ad g F5o] EFS|XITE (Bang et dl,
2001). E&TH2 353 T4 AE {8 NSNS Al
7] oo B7IH £ FIHE 4% ol BE 5 e
o S Aago] Atk RUEAITH (RDA, 1999). whebA
W E B8 g 1EE $8 F 84 AL 018 2Hs
o] 27] Mgt 54 Ade Adshed s

siEe

OWE - DR5 - 5is - T
S7154 2 A3k, CT06 4912 69 A<=l At A2t
3] 20 % el 90% ol go] AR, ole 5 A4

Z 7P w2 A)719T} (Table 5). T3+ 713} 3 zpie] A<

o] 20 ¢ Wl o]FolA Awpr] A B TAE L F
A= o= 2oz FriEe) ueh o2 ulgrew 7)3)

o Ao w2 Ao 93 CTo6 AFgo] wH) REo=Z
2—16L }1;]._7_ _41*4—0}011:]. Aulg] grRo 7:1»1— ooko]]}q .{’:71 A

H
Wt S48k 9akE sl (IT221709)%, A T E
(anceolate)0] 2L, 22 Aol 731 7}’\]7} Bt FEgk ok
Fsh= 717 v 7k BAG7 2ol bt

J4 FF (grain yield)°o] 24 ==8 T34 (capitula per
planty= 7FF Sa3t A2 o] A#FAAott (Bagawan
and Ravikumar, 2001). S3lM= F3le 7P 523

S 74 24o|H (Ashri, 1971), 30 7H=ollM F=HE &
§} el 13 71 FElA 5SS AR bf, Fdstaeet
THE v &3 Ale S84S5 g P 8% a9l
o] W3 TE (Ashri, 1973). 3+ Parameshwarappa (1981),
Malleshappa (2000) —22]3Z Bidgoli 5 (2001)2] A18)<dto]
Me Fslret T4 el w2 s 7RivaL B
Atk olgd e 1T o, CTIe] Fopre Ha 377
N2 oE 78 e Fizes wskon, ol shis
i8] R Tl AAXEE FEoR Addslr]d] A
saitia FAET) (Table 5).

At mEoz AAE CT062 Mad47E 77.0 Lol A
o Hlgle] CT11¢] /U= 825 U= RFEHT 55 Y X
ﬁ\_gqtq o]a{é}- XLQ. uio] V\o] _|—7§ =] /EJ'EHE H/\o}oi
= o, F-2o] Jisste] shi-g hemEll E38Fo] wul A
TES =Y F AUtk foM dudRel, CTI1Y 2732
50.33 cm= 7W Aok =71= 9] duEA FHAE
Ho| o] 73gich Awkgl REO mlokujolx]

]Oku}%g} (Hsu Pan, 1T262778, A-4™: MMR-SJS-
2011-11039)01‘:4, FHEol Qe Ryl xR 2 WY
oL} A3} ster Foll ol Ak 7HAI7E Bol e Aol 54
o|th.

ol2]gt A5 ugro g JistAl7]7F wE CT06 (914HE-3h
I F3lTE WAL @71 CTI (PIREshe 27 st
FEOoZ FHF AWsIict (Fig. 1, Table 6).

No{){
_,4
ﬂ

Table 6. Floral-organ characteristics of safflower mother and father germplams.

Capitular Receptacle )
- - - Flowering Days to
No. Number Length Width Number Length Width Margin date flowering”
(ea/plant) (mm) (mm) (ea/flower) (mm) (mm) (mm)
CTO6(%) 9.7 28.8" 27.0° 16.3 4.2 2.0 2.2 June 11 77.0
CT11(%) 26.7° 22.5 22.8 17.3 3.5 1.2 5.1 June 26 82.5

DAverage days from sowing to flowering
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Mother plant, CT06

Fig. 1. The overall safflower shape of mother (upper) and father (bottom) plant for selected cross.

flower appearance, and (C), (F); leaf shape.

=319 3P| 2= 54 ¢ wHIAD| 7Y
27 A7 1E T Ek]ol A dAnA e s<tew 235t
o] 3P| F2E HEsIL Aol A= &3} (IME, floret)S
glsIATt (Fig. 2).

=31 Ssh= st (BIkMEYE fle st cEkiE)e
TZ2 FHo] o (Fig 24), W% F 75-83 A o]Foj
Hst FHgaiE)e] FEiQl Asht APEUEA ApEs
=3tk 4# A ot (Fig 2B). 23k A= Eol 570
2 e 5 go] A st (AMHEE, sympetalous
corolla)?] 22 o3t} (Fig. 20). F&2 ofo| 2o B4
S o]F = FHeF34l (syngenesious)E 5 71 &0l IFE
Eee WIS olFaL Ut (Fig. 2D, E).

HERQl CT06 59 dkeoll F3p7F d4=o] 7 4 ol
90% ol’ge] °Fo] WAt dF %

3.

T T 82 Yol 90 A o]F
1EE sk, oF B T o] A&sPiA] ofn] W
A3 Go] oFo] o] Eo] ALEe] Hafsd u
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ol FuHT, asle] BUL 271 g
o] Ad5E Bedow e,
B Wa v ofn] ofo] WAE A7)
7 29 Age] Basth. webd A JeelM 23 A7)

of £AE AASAL FES AATFeEN HES QFTEol

7Fs%F A2 Fx)s)joF i)

Sl Al oAM= st shte] e AFH7E 8
), RS oF @)ol Grshy] Holl it (fekhye AlAgH
T, 5 (3R] Aol FeElojof ), REz FEo] )
sP7)7F AAF A FRoA P5e s TE6] 42
lom, B oko] Grfjste] Arigge] o] FoAA Hrh
wEha| BREETE B2 SIS o|2A -] FOo=2H
o] sk SRS AFsk] Aol @ B TR 2
TS AN F Qi) ol flEl dsA1E gElste] Ot
Z T NsA7E =Hsh

FajolA 2she] vl | QoA 3 BE o] whe v

ro o



Mg - S -

stageman (anther generation).

Fig. 2. Floral-organ structure of safflower. (A); inflorescence, (B); cleistogamous flower, (C); floret, (D); floret eliminated involucre, (E);

S¥I0_103 s 138

Fig. 3. Procedure of artificial cross in safflower mother parent. (A); emasculation, (B); floret protecting cap, (O); fertilization, (D); fruiting.
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Ofo

o2 Hu 3 97 AA g F 4 E5E AL ol welst
= Zlo] freElsttt. o, Al AAlsk] fEld T (#aw,
involucre) A|A = £YS et 5 AASR=H], old X
E AASH =W £Qle] 7 TR Qg AxFE Apge] A
o] ofgA €k 2ejEE BES AlF A ¢ FTEE O
2lal] QR 2HE A3k HEsh]| 913 Y Fo] Fasitt ot
A B AoMe 48 B8 7 (protecting capyS AMA|
oz sl on, Alg Fol AL A9 g Hs 4
oA Az g s WHEAUTH (Fig. 3). IF F 64-71
A Atol7t Q1w o] HAH7|= v, Ale § 43t 1

Table 7. Pollination and sterile rate (%) of none cap and floret-
protecting cap in safflower after emasculation.

No.of  Pollination rate ~ Sterile rate

mating (%) (%)
Control (none cap) 30 80.0 0.0
Floret-protecting cap 36 88.3 52.2

s} xjelo| i

s

U L] I

£ 7

o

3 AYE o 74 @ AAEo| o= AL RISt
At} (Table 7).

o=

N

. 35} whl Of5w O
ok AR EA At w FEFE0] dojvr
2 ZIseks wnshr] sl 4 FEE AASoF St
A&slok slth. T8} wHlE2 80%= RO HISS ¥
A g AT T AAEA it ol A= BE
o] 2sAlE T oo AsFgolx Ax H FiE BA
k= ASR HRlth o] AFE Fig 49 o] 23} il
of st= wiFdS AAISHATH

P ks ARl wHlE S8l sk AlAsk] £S5
A3 Fofof shH, FF7F A7 wjo] AEE AskE &3
Fofof sh=d] o] TS UnkoR ) A7kl Adr) A%
9] Nimbkar Agricultural Reserch Instituteol|A] 7iete gk
Ag 71e2 MRS &ste] Aol Alzke] @ Ay, & o
TEAR wl FAE A F A AN o] H Al

Fig. 4. Crossing manual of safflower. (A); Select the mother parent with immature pistil of cephalization, (B); Eliminate the 2 lines of
floret after being carefully opened cover around mother parent flower with tweezers, (C); After removing 2 lines of cephalization
I

and separating

oret leaves, eliminate stamen, (D); Select the father parent matured stamen, (E); Coat the pollen uniformly on

the mother parent to be crossed. Put pollen-embedded pistil into floret well, (F); Eliminate the non-crossed floret, (C); Cover the
protection cap for pistil protection, (H); Put the mating envelopment made of parchment paper written cross combination and

date of cross, and put it on the pin.
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Fig. 4. Continued.

WL =2 2w g3yt HojRH, BE oA 31
o] EdE A7l ©do] Utt (Deshmuk and Rao,

1989). Deshmuk®} Rao (1989)= Zzjogddl WS Adlo) &

o]F whd, B Aold AeS Bl Aglol] HE e Y
FRom, o224 &3} Qlyuwn] A AAEC] HoAl= &
£ 4e & Uitk
AR =
2 Ad7e sEEH ATAK EAIRE: PI014406032019)
o] AYo g e AR olo] A=FHYTh
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