
3

3.1

1. 1

2.  (air flow cabinet)

3. 2.9 x 5.8 .

3 30 .

4. 3

5. -

 6.   

7.

 8.   

9. 50, 125  250 .

10.

11. 4 . 8 .

12.  (petri dish) 9.5, 10 15 .

13.

14. 3

15. 10 11



16

16. 10 18 .

17.  (dropper)

18.

19. 7 x 9 .

20. whatman 3

21. 0.3 .

22.

 23. 

24.  (aluminium foil)

       

3.2

1.

-  70

-

2.

 - LS (Linsmaier and Skoog, 1965) 

  - LS  

  - LS  

 -Ethylene diamine tetraacetic acid disodium-salt dehydrate 

-2,4-dichlorophenoxyacetic acid (2,4-D) 
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  -Potasium hydroxide (KOH) 1 N 

  -Hydrochloric acid (HCl) 1 N 

  -

 -

 -

 -

  -

3.

 -  (sodium alginate) 100~150cP

 -  (Cacl2.2H2O)

3.3

1

15 10

1

70 5

1

3.4  (stock solution)

3.4.1

LS

3.1

10X 1,000
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3.1 LS

LS 1 

( ./ .) 10

1,000  ( .)
NH4NO3

KNO3

CaCl2.2H2O

MgSO4.7H2O

KH2PO4

1650.0

1900.0

440.0

370.0

170.0

16.5

19.0

4.4

3.7

1.7

3.4.2

LS

3.2

100X 1,000

3.2 LS  

LS  

1  ( ./ .) 100

1,000  ( .)
CuSO4.5H2O

KI

ZnSO4.7H2O

MnSO4.4H2O

H3BO4

NaMoO4.2H2O

CoCl2.6H2O

0.025

0.83

8.60

22.30

6.20

0.25

0.025

2.5

83.0

860.0

2,230.0

620.0

25.0

2.5
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3.4.3

FeEDTA LS FeSO4.7H2O  Na2EDTA.2H2O

100X 1,000 .

500 . ( 3.3)

3.3 LS

LS  

1  ( ./ .) 100

1,000 . ( .)
FeSO4.7H2O

Na2EDTA.2H2O

27.8

37.3

2.78

3.73

3.4.4

LS

- thiamine.HCl

thiamine 10 .

100 .

- myo-inositol

myo-inositol 500 .

100 .
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3.4.5

- 2,4-D

2,4-D 30 absolute ethanol 

100 .

3.4.6

3  ( )
125 50 .

1.5 . LS 50

.

3.4.7

CaCl2.2H2O ( 147.02) 100 .

125 . 100 .

14.7 . 100 .

3.5  LS (Linsmaier and Skoog, 1965)

3.5.1

 LS (Linsmaier and Skoog, 1965) 

LS

3.4
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LS

1,000 . 1/3

1,000 .

1,000 . - 5.8 1 N HCl 1 N 

KOH

4 . 8 . 25 ./

70x70 .

15 / 15

3.4

1  ( .)
10X

100X

100X

thiamine (80 100 )

myo-inositol (400 100 )

2,4-D (20 100 )

100

10

10

5

25

3.8

150

30 ./ .

8 ./ .

3.8



22

3.5.2

LS (Linsmaier and Skoog, 1965) 

LS

3.5

LS

1,000 . 1/3

1,000 .

1,000 . - 5.8 1 N HCl 1 N 

KOH

70x70 .
15

/ 15

3.5

1  ( .)
10X

100X

100X

thiamine (80 100 )

myo-inositol (400 100

)

100

10

10

5

25

3.6
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3.5 ( )

     

1

2,4-D (20 100 )

250 .

30 ./ .

25

30

3.6 2,4-D

2,4-D ( ./ .)
LS 1

LS 2

LS 3

LS 4

LS 5

LS 6

0

4

8

12

16

20

3.5.3

LS (Linsmaier and Skoog, 1965) 

LS

3.7
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LS

1,000 . 1/3

1,000 .

1,000 . - 5.8 1 N HCl 1 N 

KOH

70x70 .
15 /

15

3.7

1  ( .)
10X

100X

100X

thiamine (80 100 )

myo-inositol (400 100

)

2,4-D (20 100 )

100

10

10

5

25

5

250

30 ./ .
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3.6

3

1 2,4-D
1

1 3.3

Factorial in CRD  3 2

1 5 0, 0.05, 0.10, 0.15  0.20 

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

 3.8 2,4-D

( ./ .)
2,4-D

( ./ .)
LS 1

LS 2

LS 3

LS 4

LS 5

LS 6

LS 7

LS 8

LS 9

LS 10

LS 11

LS 12

0

0

0

0

0.05

0.05

0.05

0.05

0.10

0.10

0.10

0.10

0

1

2

3

0

1

2

3

0

1

2

3
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 3.8( ) 2,4-D

( ./ .)
2,4-D

( ./ .)
LS 13

LS 14

LS 15

LS 16

LS 17

LS 18

LS 19

LS 20

0.15

0.15

0.15

0.15

0.20

0.20

0.20

0.20

0

1

2

3

0

1

2

3

25 . 5

1 70x70 .
16

25+2 15

1.)

1

100

5 15

95%

2.)

1 100 5 15

95% 1
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 ( Y)  ( X)

4.)

(white; W) (yellow; Y) (yellow white; YW) 

(green spot; GS) (brown;B) (black;BL)

5.)

2 compact

callus friable callus

2 2,4-D

1

(
Completely Randomnized Design : CRD) 3

 (friable callus)

2,4-D 6 0, 4, 8, 12, 16 20  ( 3.6)
250

50 120 /

25+2 1

LS 2,4-D 2

embryogenic callus embryo

5-7 7

95%
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3

1

late torpedo stage LS

2 3

LS 3

30

3

1

1

9.5

18

2-3

( Completely Randomnized Design : CRD)
3 0, 60 80

1

LS

25±2°C 16 1

95%


