
2

2.1
 (explant)

( , 2544)

Yoshida et al. (1994)
japonica MS (Murashige and Skoog, 1962)

Abe Futsufara (1984) japonica

MS

 (Organogenesis)

(embryo)
 (Embryogenesis) ( , 2549)

2.2
 (2541)

 Merkle et al. (1995) 

(2546)



4

2,4-D

 Nadar et al. (1978)
MMS 2,4-D 3

2,4-D

2,4-D

 (2,4-D 3 )

2.3
 (callus)

( , 2546) 

 ( , 2540)
 (Oono, 1983; Henke et

al.,1978) Leopold Kriedeman (1975)
compact callus friable callus

Pierik (1987) 2

1 compact callus embryogenic non-embryogenic

NAA

Inoue  Maeda (1980) Maeda

2,4-D

compact callus



5

2 friable callus compact callus

2,4-D friable 

callus

2.4

MS (Murashige and Skoog, 1962), LS (Linsmaier and Skoog, 1965) 

N6 (Chu, 1978) 2,4-D (Meneses et al., 2005) 

kinetin (Yoshida et al., 1994)
( , 2532)

Li et al.
(2009) LS (Linsmaier and Skoog, 1965)

 indiangrass LS

MS

Zhang (1995) LS (Linsmaier and Skoog, 1965)

95

1 3  Chen et al.(1985)

LS

 (2536)

Vajrabhya et al.
(1984)

105

123 .23 2,4-D
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2.5
2.5.1 (auxin)

0.01-10.0 ./ .

 (Torres,

1989)
   2,4-D (2,4-dichlorophenoxyacetic acid)

2,4-D

1-10 ./  ( , 2540) Vajrabhya et al. (1984)

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

2.1 2,4-D (Dodds Roberts, 1995) 

   

H+

 H+ pH    pH

pH pH  

Cl

OCH2COOH

Cl
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RNA

(http://www2.mcdaniel.edu/Biology/botf99/hormweb/hauxin.htm, 1999) 

2.2

2.2
(http://www2.mcdaniel.edu/Biology/botf99/hormweb/hauxin.htm, 1999) 

 Chen et al.(1985)

LS 2,4-D 1-2.5  2,4-D

(2532)

370 MS (Murashige and Skoog, 1962) 9

15% 2,4-D 1.0 2.0 mgl-1 NAA 1.0 2.0 mgl-1 kinetin 0.5

1.0 mgl-1 4

2,4-D 2.0 mgl-1 , NAA 1.0 mgl-1

kinetin 0.5 mgl-1 50%

Li et al. (2009) indiangrass

LS 2,4-D 1, 2, 3, 4 5 mgl-1 0.0,

0.1  0.2 mgl-1 28

2-3

2
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LS 2,4-D

2,4-D 3 mgl-1

54.5% 2,4-D 2, 1 4 mgl-1

41.9%, 39.9% 36.3% Islam et al. (2005)
Pajam MS MS 2,4-D 1

60 MS 2,4-D 2.5

 (2548)
6 .27  105 19

123 1 MS (Murashige

and Skoog, 1962) 6 4

2,4-D

MS

2,4-D 1 mgl-1 NAA 1 mgl-1 kinetin 0.1-1.0 mgl-1

 (2540)
4 MS 2,4-D 2 mgl-1

57% 2,4-D

Pierik (1987) 2,4-D

2,4-D

2,4-D

 (2540)
4 MS 2,4-D

16 MS 2,4-D

2,4-D 1 2

2,4-D 4
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2.5.2 (cytokinin)
somatic embryogenesis

 ( , 2544) Li et al. (2009)

 (2536)

2.6

2.3
(http://www.air2water.biz/compare-water-purification-systems.html, 2005) 
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Pierik (1987)

(melanin)

(absorption of inhibitory compound) 0.5-30 %

(darkening of the medium)

pH

pH

pH pH 5.0-6.0 

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

2,4-D 4.5x10-4  M 3 gl-1

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

2,4-D

 2,4-D  2,4-D 

3 gl-1 2,4-D 100 mgl-1 21

 2,4-D 2,4-D

2,4-D

Paek  Hahn (2000)

BA kinetin

(13.32-22.2  13.94-23.23 M) IAA  IBA 

Buffard-

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

somatic embryogenesis 
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2.7
 (single cell)

 (aggregate cells)
 (friable callus)

 ( , 2540)

1.  secondary

metabolites

 2.

3.  ( )
/

 ( , 2546)
 (single cell culture)

 (pectinase enzyme)
 (suspension culture)

2, 4

 (cell aggregate)  (globular-shaped) heart-shaped

 torpedo-shaped  ( , 2536)
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2.8

( , 2546)
 (

)
sodium alginate  polyox (polyethylene oxide)

calcium alginate 

 ( ,

2540) 3

1

2  (artificial endosperm)
 (endosperm)

3  (artificial seed coat)

(sodium alginate)
(sodium alginate)  (gelatin)

 (Redenbaug et al.,
1987)
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2  (hydrated synthetic seed)
 (desiccated synthetic seed) (Redenbaugh, 1993)

1.

 (Redenbaugh et al., 1987)

 (conversion rate)  (hydrogel)
 (aseptic state)

 (Redenbaugh et al., 1987)
2.

 (quiescence or resting state)
 (germplasm)  (Senaratna et

al., 1989)  (alfalfa)  (dehydrated)
 (Senaratna, 1990)

. . 2546 

2 MS N6 N6 60 2,4 –D 3 

41

MS

ABA  0.1 

4±2 C

60

. . 2548 

MS ABA 0.5 
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80 25±2 °C 

2

86 97

3


