
4

1 2,4-D
1

1 LS

2,4-D 0.00, 0.05, 

0.10, 0.15  0.20 2,4-D 0, 1, 2  3 

20

1

15

0.05 30.94%

21.44% 0.10

14.71% 0.15

0.20 3.40%  0.66%

0.05

0.10

0.05  ( 4.1)  (2541)
 phenolic compound 
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0.5-2%  (2544)

Buffard-Morel et al. (1995)  2,4-D 

 2,4-D 

3 2,4-D 100

21  2,4-D 

2,4-D 2,4-D

4.1 2,4-D

1 15

( )
 2,4-D ( )

(Mean Factor)0 1 2 3 

0

0.05

0.10

0.15

0.20

0.00e

0.00e

0.00e

0.00e

0.00e

12.33e

11.67e

2.40e

0.00e

0.00e

30.67cd

51.33ab

14.67de

4.07e

1.07e

42.67bc

60.67a

41.67bc

9.33e

1.37e

21.44B

30.94A

14.71B

3.40C

0.66C

 0.00C 5.32C 20.36B 31.14A  

LSD0.05  (A)                          8.49 

LSD0.05 2,4-D (B)                            7.59 

LSD0.05 AxB                                  16.98 

:

95

2,4-D

 2,4-D

2,4-D 3

31.14%
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2,4-D 2

20.36% 2,4-D 1

5.32% 2,4-D

2,4-D

2,4-D 2,4-

D 1 3

2,4-D 3

31.14% ( 4.1)  (2540)
4 MS 2,4-D

16 MS

2,4-D 2,4-D

1 2 2,4-

D 4 Pierik (1987) 2,4-D

2,4-D

2,4-D 2,4-D

2,4-

D

(2540) 2,4-D  1-10

 Vajrabhya et al. (1984) 2,4-D

 2,4-D 2-4 Pierik (1987)
2,4-D

2,4-D

2,4-D

2,4-D

1
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0.05 2,4-D 3

60.67%

0.05 2,4-D 2

51.33%

2,4-D

2,4-D

2,4-D

0-0.10 2,4-D

2,4-D

2,4-D 3 0-

0.10

41.67-60.67% 2,4-D 2

30.67-51.33%

0-0.05 0.15-0.20

2,4-D

2,4-D

0-9.33% 2,4-

D

2,4-D  ( 4.1)

Paek  Hahn (2000)
N6-Benzyladenine (BA) kinetin

 (13.32-22.2  13.94-23.23 )
indole-3-acetic acid (IAA)  indole butyric acid (IBA)

Buffard-Morel et al. (1995) 

2,4-D

somatic embryogenesis 

 (2544)
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1 LS

2,4-D 0, 0.05, 0.10, 

0.15  0.20 2,4-D 0, 1, 2  3 

20

1

5

0.89

0.05-0.10

0.44-0.72 0.15-0.2

 ( 4.2)
 2,4-D 

1.05

2,4-D 3

2,4-D 2  0.47 ,

2,4-D  1  0.19 

2,4-D  2,4-

D

( 4.2)
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 4.2 2,4-D

( ) 1 5

( )
 2,4-D ( )

(Mean Factor)0 1 2 3 

0

0.05

0.10

0.15

0.20

0.00

0.00

0.00

0.00

0.00

0.50

0.13

0.00

0.00

0.00

0.60

1.13

0.40

0.00

0.00

2.37

1.50

1.17

0.00

0.00

    0.89 

0.72

0.44

0.00

0.00

 0.00B 0.19B 0.47AB 1.05A  

LSD0.05  (A)                         ns 

LSD0.05 2,4-D (B)                            0.60 

LSD0.05 AxB                                    ns 

:

95

2,4-D

2,4-D 3

2.37

2,4-D

0.05 2,4-D 3 1.50

, 0.10 2,4-D 3

1.17

0.05 2,4-D 2

1.13 ( 4.2)
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 ( , 2546)

 ( Y)  ( X) 4.1

1 5

0-5  (lag phase) ( , 2544)

 ( , 2549)
2,4-D

 2,4-D 

2,4-D 2,4-D

 ( , 2540)
(2532) 370

MS (Murashige and Skoog, 1962) 9 15% 2,4-D 1.0

2.0 NAA 1.0 2.0 kinetin 0.5 1.0

4

2,4-D 2.0 , NAA 1.0 

 kinetin 0.5 50%

2,4-D 0-0.10

2,4-D

0.15-0.20

2,4-D
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4.1
1

1

10-15

1

10 2 1 5-10

 (exponential phase)

( , 2544) 10

0

1

2

3

4

5

6

7

8

9

0 5 10 15

 (
)

 1 ( )

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20



37

5

15

15

0.05 4.84

4.58

0.10

2.86 ,
0.15 0.60

0.20 0.32

0.10-0.20  ( 4.3)
1

 15 2,4-D

 2,4-D 

2,4-

D 3 4.69

2,4-D 2

4.08 2,4-D

1 1.69

2,4-D  ( 4.3)
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4.3 2,4-D

( ) 1

15

( )
 2,4-D ( )

(Mean Factor)0 1 2 3 

0

0.05

0.10

0.15

0.20

0.00f

0.00f

0.00f

0.00f

0.00f

4.70d

2.70e

0.83ef

0.00f

0.00f

6.13bcd

8.00ab

4.77d

0.97ef

0.53f

7.40abc

8.57a

5.73cd

1.23ef

0.53f

4.58A

4.84A

2.86B

0.60C

0.32C

 0.00C 1.69B 4.08A 4.69A  

LSD0.05  (A)                         0.96 

LSD0.05 2,4-D (B)                            0.86

LSD0.05 AxB                                   1.92 

:

95

2,4-D

2,4-D

2,4-D

0.05 2,4-D 3

8.57

0.05 2,4-D 2

8.00

2,4-D

2,4-D

2,4-D

0-0.05 2,4-D
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2,4-D 2,4-D 3

0-0.05

7.40-8.57

0.10-0.20 2,4-D

2,4-D

0.53-5.73 2,4-D

2,4-D ( 4.3)
1

15 3 1

10-15  (linear phase)

4.1 ( , 2549)

8.57

0.05 2,4-D 3

2,4-D

10

(2540)

(2544)
pH

pH pH

Pierik (1987)
2,4-D 2,4-D
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(2540) 2,4-D

 1-10  Vajrabhya et al. (1984)

2,4-D  2,4-D 2-4

Pierik (1987) 2,4-D

2,4-D

0.10 – 0.20 

 (2544)

Buffard-Morel et al. (1995)
2,4-D

2,4-D 4.5x10-4  3

21  2,4-D  0.47% 2,4-D

2,4-D

2,4-D

1

LS 2,4-D

5-10 1, 5, 9, 13, 

14,17  18

15

1, 5, 9, 13, 14,17  18

6

2,4-D

2,4-D
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2,4-D

2,4-D 2,4-D 3

66.67% 2,4-D

2 46.67%

2,4-D 0.05

2,4-D

3 0.05

73.33% 2,4-D 2

0.05

 60.00% 2,4-D  2,4-D

 0.10-0.20

2,4-

D 0-3 0.10

0.00-53.33%

0.15-0.20 2,4-D

(  4.2  4.4)
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4.2 1 15

(White calli; W) (Yellow white calli; YW)
(Yellow calli; Y)  (Brown calli; B) (Black calli; BL)
(Green spot; GS)

 (2544)

 (2536)

necrotic tissue 

BLB
Y

Y
YW

W
GS

YW
GS

W
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15

1, 5, 9, 13, 14,17  18

2,4-D

2,4-D

2,4-D

2,4-D 3

66.67% 2,4-D

2 60.00% 2,4-

D 0.05

2,4-D 3 0.05

83.33% 2,4-D

2 0.05

76.67% 2,4-D

2,4-D

 0.10-0.20

2,4-D

0-3 0.10

49.17-100% 0.00-50.83%

0.15-0.20 2,4-D

2,4-D 1-3

0.05 (

 4.2  4.4)
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4.3 1

15 (F = friable callus,  C = compact callus) 

 (2536)

 (2546)

2,4-D

2,4-D

0.10-0.20

( compact callus) Inoue  Maeda (1980) 

 (2544)

 (2544)
Blakely

 Steward (1961) Haplopappus gracilis
NAA

F C
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4.4
2,

4-
D
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46
.6
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46
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33
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43
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23
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3

16
.6

7
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10
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00
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.1

7

53
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3

 (%
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67
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4.4
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2 2,4-D

15

LS 2,4-D 6 0, 4, 8, 12, 16 20

1  LS

2,4-D 2

LS

2,4-D 0 1

 LS 2,4-D 2

2

proembryo

4.4 ( .) 3

2,4-D 4 1  LS

2,4-D 2

1

2

4.4 ( .) 4
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4.4 LS

 2,4-D

. 0 . 4 . 8

. 12 . 16 . 20

1  LS

2

2,4-D 8 1  LS

2,4-D 2

1

2

.

. .

. .

.
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4.4 ( .) 3

2,4-D 12 1  LS

2,4-D 2

1

80% 2

globular 30-40% heart

4.4 ( .)
4

2,4-D 16 1  LS

2,4-D 2

1

2,4-D 12

60% 2 globular

10-20% heart

4

4.4 ( .)

2,4-D 20 1  LS

2,4-D 2

1

4.4 ( .) 
2
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 ( , 2546)

Torres (1989) 

1 2,4-D

3

2,4-D 12 1

 LS 2,4-D

 2 globular

40-50%

heart

2,4-D 12

Torres (1989)

 (induced-embryogenic determined 

cells, IEDC)

2,4-D
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 (2546)

, ,

1

2,4-D  2 25

2,4-D 12 1

 LS 2,4-D 2

globular

Torres (1989)

 (2540)

2,4-D

2,4-D (2542)

2,4-D

 ( , 2540)
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 (2546)

Srinivasan and Mullins (1980) 

Reynolds and Murashige (1979) 2,4-D

100 40 100

0.4

,
,

heart torpedo

3

1

0, 60 80  ( 4.5 .- .)
4 4

25 16
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4.5 1

    .- .

.- . 60

.- . 80

60 80

4

60

80

4 ( 4.6 .- .)
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4.6 .- . 1

George (2008) globular

heart,  torpedo

globular

globular 2

globular

4

4

1

Senaratna (1990)
 (alfalfa)  (dehydrated)

 (2546)
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( ) 59

80 27


