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46303202 :

: / /

:  (Asparagus officinalis L.) 

. : . . . .

. 77 .

(Asparagus officinalis L.)  Brocked Improve 

 Murashige and Skoog 

(MS) -Naphthaleneacetic acid (NAA)  0.27–2.69  Kinetin (Kn) 

0.23–2.32  4  MS  NAA  0.27–0.54 

 Kn  0.23  1  6.1–7.7 

 7.35–7.94 .  2.20–2.65 .

 6 

 MS  NAA  0.27  Kn  0.23 

 4.4  6.62 .  17.86 

 MS  2,4-DichloroPhenoxyacetic 

acid (2,4-D)  0–18.08  Kn  0–18.60  12 

 100 

 MS  2,4-D  4.52  Kn 

 2.32  2.59 .

 2 . ( )  8  MS  1/2MS 

 Kn  0.23  MS  Kn 

 0.23  4  1.3 .  15.79 

 4.6 

 15  MS  8 

 8  MS  2,4-D  9.04 

 Kn  9.90 

 MS  Kn  0.23  17.0   2.08 .  2.55 

 8 
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46303202 : MAJOR : BIOLOGY 
KEY WORD :  ASPARAGUS/PROPAGATION/TISSUE CULTURE 

RATAPON SUKUMSAIE : MULTIPLE SHOOT INDUCTION OF ASPARAGUS 
(ASPARAGUS OFFICINALIS L.) FROM AXILLARY BUD AND CALLUS. THESIS ADVISORS :  
ASST. PROF. CHOCKPISIT THEPSITHAR, Ph. D. AND ASSOC. PROF. AREE THONGPUKDEE, 
Ph. D.  77pp. 

 Micropropagation of asparagus (Asparagus officinalis L.) cv. Brocked Improve was 
studied. For shoot induction from axillary bud of young spear, single nodes were cultured as 
initial explants on solid Murashige and Skoog (MS) medium supplemented with 0.27–2.69 µM 

-naphthaleneacetic acid (NAA) and 0.23–2.32 µM Kinetin (Kn) for 4 weeks. It was found that 
solid MS medium supplemented with 0.27–0.54 µM NAA and 0.23 µM provided the best results 
1 shoot per explant, 6.1–7.7 nodes per explant, 7.35–7.94 cm shoot length and 2.20–2.65 mm 
in diameter. Then, single nodes of shoots derived from axillary buds of young spear were 
transferred to solid and liquid MS medium for 6 weeks. Cultures in liquid medium showed better 
growth than in solid medium. The maximum number of shoots (4.4 shoots), shoots length (6.62 
cm) and number of nodes (17.86 nodes) were obtained from liquid MS medium supplemented 
with 0.27 µM NAA and 0.23 µM Kn. For callus induction, single nodes of shoots derived from 
axillary buds of young spear were cultured for 12 weeks on in 15 treatments of solid MS 
medium added with 0–18.08 µM 2,4-Dichlorophenoxyacetic acid (2,4-D) and 0–18.60 µM Kn. 
Callus was formed on solid medium contained 2,4-D Kn with 100 percent of explant except for 
the medium without plant growth regulator. MS medium supplemented with 4.52 µM 2,4-D and 
2.32 µM Kn provided the maximum diameter of friable callus with 2.59 cm. Calli about 2 cm in 
diameter best treatment, were cultured for 8 weeks. Callus clusters about 2 cm in diameter, 
obtained from the best treatment, were cultured for 8 weeks on full-strength and half-strength 
solid MS medium in the presence and absence of 0.23 µM Kn for shoot and root regeneration. 
Number of shoots, shoot length, number of nodes and number of roots per callus cluster were 4 
shoots, 1.3 cm, 15.79 nodes and 4.6 roots was observed on full-strength MS medium added 
with 0.23 µM Kn. However, shoot and root regeneration were poor. Therefore, callus cluster 
obtained from 15 treatments of callus induction medium were cultured on solid MS medium for 
8 weeks, then transferred onto shoot and root regeneration medium for 8 weeks. It was found 
that callus from solid MS medium containing 9.04 µM 2,4-D and 9.90 µM Kn provided the 
maximum shoots and roots when cultured on full-strength solid MS medium with 0.23 µM Kn. 
Number of shoots, shoot length, number of nodes and number of roots per callus cluster were 
17.0 shoots, 2.08 cm, 2.55 nodes and 8 roots, respectively. 
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C = Degree celsius 

M = Micromolar

mol.m
-2
.s

-1
. = Micromole per square meter per second 

2,4-D = 2,4-Dichlorophenoxyacetic acid 

2iP = Isopentenyl adenine 

BA = N
6
-benzyladenine

BAP = 6-Benzylaminopurine

cm. = centrimeter

GA3 = Gibberellic acid 

HCl = Hydrochloric acid 

HF = Hydrofluoric acid 

IAA = Indole-3-acetic acid 

IBA = Indole-3-butyric acid 

Kn = Kinetin

KOH = Potassium hydroxide 

LS = Linsmaier and Skoog (1965) 

MES = morpholinoethane sulfonic acid 

MS = Murashige and Skoog (1962) 

NAA = - Naphthalene acetic acid 

w/v = weight by volume 

 
 
 
 

 
 
 
 

 
 



 1 

1.

 (Asparagus officinalis)  Liliaceae 

 2002  5.1 

 1992  70% (United states department of agriculture 2004) 

1–3

(  2536) 

(  2534) 

 Brocked Improve, Brocked Imperial  

UC157 (  2542)  10,000–30,000 /

/  (  2540)

 (  2549) 

 (dioecious plant) 

  UC157F1 

1

 
 
 
 

 
 
 
 

 
 



 (

2540)

 (  2546) 

 (  2539) 

(Saito  1991)  (shoot-tip) 

 (Levi  Sink 1991) 

 somatic embryo  (Reuther 1996) 

somatic embryo  encapsulatable unit (Mamiya  Sakamoto 1999)  somatic 

embryogenesis  (Limanton  Jullien 2000)

2.

 1. 

2.

3.

   

4.

3.

1. 10

2

 
 
 
 

 
 
 
 

 
 



2.  10 

 3.  15 

4.  4 

4.

 1. 

 2. 

 3. 

 4. 

3

 
 
 
 

 
 
 
 

 
 



 2 

 (Asparagus officinalis)  Liliaceae (Quiros 2003) 

 (  2530) 

 (purine) 

(  2549) 

1.

1.1  (stem) 

 2  (root stock  rhizome  crown) 

 (bud shoot)  (spear) 

 (  1A)  90–120 

 (  2541) 

1.2  (leaf)

 2 

 (cladodes)  (cladophyll) 

 (  1C) 

 (  2545) 

1.3  (crown) 

 (  1E)  2 

4

 
 
 
 

 
 
 
 

 
 



 (  2533)

1.4  (root) 

 2  (fleshy root  tuberous root) 

 (root stock)  1/8–1/4 

 (root hair) 

 (  1D)  1 

 1 

 (absorptive root) 

 1  (  2541) 

1.5  (flower) 

 dioecious (Shalaby  2003) 

 (Shalaby  2003) 

 (Maeda  2002)

 (  1F)

 4  (

 2540) 

 6  (Falavigna  1996)

6  3  (lucule)  (   2545) 

1.6  (berry) 

 (berry)  (  1G) 

 3  6 

5

 
 
 
 

 
 
 
 

 
 



 1.7  (seed) 

 (  1H)  1/8  (

2541)

A B C

D E F

G H I

 1  (Asparagus officinalis L.)  A =  B =  C =  (

 D =  E =  F =  G =  H =  I =  ( )

 : A (Quiros 2003), B (Baskauf 2002a), C (Baskauf 2002b), D (Bergeson 2005), E

           (Skirvin 1999), F (Bernnett and McAvoy2003), G (Readingdirt 2006), H (John 2007), I

           (Caroll 2007) 

6

 
 
 
 

 
 
 
 

 
 



2.

1.  (Organic compound)  2 

1.1  (macronutrient) 

 (C),  (N),  (O),  (P),  (S),  (Ca) 

 (Mg)  (NH4

+
)

 (NO3

-
) (glutamine)

 (casein hydrolysate) 

 (MgSO4)  NH4H2P4, KH2PO4  NaH2PO4

 CaCl2-2H2O  Ca(Na3)2-4H2O  KCl, KNO3  KH2PO4

 KCl  CaCl2-2H2O (  2541)

1.2  (micronutrient) 

(Fe),  (Cl),  (Mn),  (Zn),  (B)  (Mo) 

 FeSO4-7H2O  NaEDTA  Fe2(SO4)3,

 MnSO4-H2O,  (H3BO3),  (CoCl2-6H2O),  (NaMoO3),

(CuSO4-5H2O),  (ZnSO4-7H2O)  iodide (KI) (  2549) 

2.  (Organic nutrients) 

2.1  (carbon sources) 

 (sucrose) 

 (glucose)  (fructose) 

7

 
 
 
 

 
 
 
 

 
 



 (hydrolysis) (  2540)

2.2  (vitamins) 

 (thaiamine) 

(niacin)  (ascorbic acid)  (  2548)

2.3  (growth regulators) 

 (Hartmann 

 1997) 

2.3.1  (auxin) 

 idole-3-acetic acid (IAA), indole-3-buty 

ric acid (IBA), -naphthaleneacetic acid (NAA)  2,4-dichlorophenoxyacetic acid (2,4-D) 

2.3.2  (cytokinins) 

 N
6
-benzladenine (BA), Kinetin (Kn)  zeatin 

2.3.3  (gibberellin)  internodes 

2.3.4  abscissic acid (ABA), paclobutrazol, picloram 

 daminozide 

2.4  amino acid   glutamine, asparagines, adenine, glycine  casein 

hydrolysate

2.5  (inositol) 

(phospholipids)

2.6

2.7

(activated charcoal)  (phenolic) 

8

 
 
 
 

 
 
 
 

 
 



3.

3.1

Ziauddin  (1996)  Mary Washington 

500W  Murashige and skoog, 1962 (MS) 

 casein hydrolysate  500 , glutamine  800 

, -Naphthaeneacetic acid (NAA)  0–10.78 , 6-benzylaminopurine

(BAP)  4.90 , triiodobenzoic acid (TIBA)  0–5 

,  50  (gelrite) 3  4 

 TIBA 0.5 

embryogenic callus  8.7  7.7 

embryogenic callus  MS  NAA  10.78 ,

 20–60  4  20 

 somatic embryo  globular embryos  25  somatic embryo 

 globular embryos  MS  20–40 ,

glutamine 146 , inositol  100  (gelrite) 3 

 1  20  somatic embryo 

globular embryos  90 

3.2

Kohmura  (1995)  10 

 MS  ancymidol  10 ,  30 

 2  Hiroshimagreen 

embryogenic callus  21 

 MS  2,4-Dichlorophenoxyacetic acid (2,4-D)  1 

 30  2  MW500W NJ322  Hiroshimagreen 

embryogenic callus  embryogenic callus  MS 

 30  2 

 MS  30  (agar) 8 

9

 
 
 
 

 
 
 
 

 
 



1  MW500W  MW500W  Poletom  NJ322 

 Hiroshimagreen  somatic embryo  globular embryos 

somatic embryo  globular embryos  2 

 Hiroshimagreen  84 

3.3

Araki  (1996)  1  2 

 Mary Washington 500W  MS 

 ancymidol  0–2 ,  10–30 , NAA 

 0.54 , Kn  0.46  (gelrite) 2.5 

 60  ancymidol  2  10 

 57%  3.5 

 1  2  MS 

 gibberellic acid (GA3)  0–28.9 ,

ancymidol  2 ,  10 , NAA  0.54 

, Kn  0.46  (gelrite) 2.5  60 

 GA3  54%  3.7 

 GA3  8.67  5 

3.4  (multiple shoots) 

 (2539)  1  Brocked improve 

 MS  NAA  0.21, 0.32  0.43  Kn 

 0.46, 0.93, 2.14  3.72  45  MS 

NAA  0.43  Kn  0.46 

 4.06  3.14 

 MS  50–60 

, indol-3-butyric acid (IBA)  0.2, 0.39  0.78  60 

10

 
 
 
 

 
 
 
 

 
 



 MS  60  IBA  0.2 

Shigeta  (1996)  gellan gum 

 MS  NAA  0.54 , Kn  0.46 

,  30  gellan gum 2–12 

gellan gum 8  96 

MS  30 ,  10–60  gellan gum 8 

 20  40 

 70 

 30 

Chin (1982)  1  MS 

NAA  0.54 , Kn  0.46  ancymidol 5 

 4  90 

 ancymidol  52 

 5  ancymidol  100 

 ancymidol  26 

Yang  Clore (1974)  1  UC 500 W 

 UC 711  MS  NAA  0.54  Kn 

 0.46  4  77 

 2.6  7 

 35 

Yang  Clore (1973)  University of California 500W 

(UC500W)  MS  30 ,  (agar) 7 ,

 (glycine)  2 , myo-inositol  100 ,

nicotinic acid  0.5 , pyridoxine-HCl  0.5 ,

thiamine-HCl  0.1 , NAA  0–2.69  Kn 

  0–1.39  4  MS  NAA 

 0.27–0.54  8–10 

11

 
 
 
 

 
 
 
 

 
 



 1  2–3  MS 

 NAA  0.54  Kn  0.46  4–6 

 (multiple shoot)  10–20 

 3  (apical),  (middle)  (basal) 

 MS  NAA  0.54 

Kn  0.46  3  basal 

 96.7  62.2  15 

 basal  1 

MS  NAA  0.54–1.39  Kn  0.41 

 10 

3.5  embryogenic callus 

Takeda  (2003)  MS  2,4-D 

 0.9  (agar) 8  4 

 MS  2,4-D  0  0.9 

 14  2,4-D  somatic embryo 

 2,4-D  somatic embryo  3 

Mamiya  Sakamoto (1999)  Fest 

 MS  30 , morpholinoethane sulfonic acid (MES)  1 

,  (gelrite) 4 

 MS  40 ,

(mannitol)  30 , 2,4-D  9.0 , proline  12 

, casein acid hydrolysate  0.1  MES 1 

 1.0–1.4  somatic 

embryo  MS  10 , sorbitol  30 ,

casein acid hydrolysate  2 , MES  1  3 

 somatic embryo  torpedo 

 10, 30  50 

 31.5, 14.9, 8.6  14.5, 33.7, 46.3 

12

 
 
 
 

 
 
 
 

 
 



 MS 

 8.9, 31.0, 60.0  1/2MS, MS  2MS    

Reuther (1996)  Schwetzinger Meisterschuss 

 temporary immersion bioreactor  1–2 

MS  NAA  5.37  isopentenyl adenine (2iP)  17.48 

 6  somatic embryo  globular 

 MS  IAA  1  Kn  1 

 3 

Saito  (1991)  Mary Washington 500W 

 Linsmaier and skoog 1965 (LS)  2,4-D  4.97 ,

 20  (agar) 8  3 

 LS  2,4-D  4.97 

 20  LS 

 20  4 

 somatic embryo  somatic embryo 

globular  somatic embryo  torpedo 

somatic embryo  globular 2,322  2,679  somatic 

embryo  torpedo  312  90 

Kunitake  Mii (1990)  embryogenic calli 

Mary Washington  1/2MS  NAA  5.37 

, zeatin  2.28 , L-glutamine  1 ,

 30  gellan gum 1  30 

 7.2%  MS  2,4-D 

 4.52 ,  30 , gellan gum 2 

 0.5–1.0  1/2MS  10 

 2  somatic embryo  somatic embryo  1–3 

 MS  1 

 somatic embryo  30–40%  1/2MS 

13

 
 
 
 

 
 
 
 

 
 



 IBA  4.9 , GA3  2.89 ,  10 

, gellan gum 2  20–30 

14
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1.

 Brocked Improve 

 222  2 

1.

-  MS (Murashige and Skoog, 1962) 

- Gelrite (G1910, SIGMA)

- Agar Powder (C5001, CRITERION) 

2.

- Kinetin (Kn) 

- 2,4-Dichlorophenoxyacetic acid (2,4-D) 

- -Naphthaleneacetic acid (NAA) 

- 95% Ethyl alcohol

- Calcium hypochlorite [(Ca(OCl) 2]

-

- Tween 20 

1.

-

- -

-

15

 
 
 
 

 
 
 
 

 
 



-

-

-

-

-

-

-

-

2.

-

-

-

-  4 7  11  24 

-

-

  - 

16

 
 
 
 

 
 
 
 

 
 



2.

2.1

 Brocked Improve 

3–5  Ethyl alcohol 70  2  Calcium 

hypochlorite  7  (w/v)  10  3  3–5 

 1  1 

MS  30  (agar) 6.5 

 NAA  Kn  10 

 MS1   =   MS

 MS2   =   MS    +    NAA (0.27 )

 MS3   =   MS    +    NAA (0.54 )

 MS4   =   MS    +    NAA (2.69 )

 MS5   =   MS    +    NAA (0.27 )     +    Kn (0.23 )

 MS6   =   MS    +    NAA (0.54 )     +    Kn (0.23 )

 MS7   =   MS    +    NAA (2.69 )     +    Kn (0.23 )

 MS8   =   MS    +    NAA (0.54 )     +    Kn (0.46 )

 MS9   =   MS    +    NAA (2.69 )     +    Kn (0.46 )

 MS10 =   MS    +    NAA (2.69 )     +    Kn (2.32 )

 pH  5.6–5.8  121 Cº  15 

 1  10  10  25 C°  40 

mol.m
-2

.s
-1
.  16  4 

 Duncan’s new multiple range test 

95

17

 
 
 
 

 
 
 
 

 
 



 1. 

2.

 3. 

4.

 5. 

18

 
 
 
 

 
 
 
 

 
 



 2.2 

 1 

 0.5  1 

 MS  30 

NAA  Kn  10 

 2 

1.  7 

2.  30  (agar) 6.5 

 MS1   =   MS

 MS2   =   MS      +      NAA (0.27 )    

 MS3   =   MS      +      NAA (0.54 )   

 MS4   =   MS      +      NAA (2.69 )   

 MS5   =   MS      +      NAA (0.27 )      +       Kn (0.23 )   

 MS6   =   MS      +      NAA (0.54 )      +       Kn (0.23 )   

 MS7   =   MS      +      NAA (2.69 )      +       Kn (0.23 )   

 MS8   =   MS      +      NAA (0.54 )      +       Kn (0.46 )   

 MS9   =   MS      +      NAA (2.69 )      +       Kn (0.46 )   

 MS10 =   MS      +      NAA (2.69 )      +       Kn (2.32 )   

 pH  5.6–5.8  121 Cº  15 

 1  10  25 C°  40 mol.m
-2

.s
-1
.  16 

 6 

 Duncan’s new multiple range test 

95

19

 
 
 
 

 
 
 
 

 
 



1.

 2. 

3.

4.

5.

20

 
 
 
 

 
 
 
 

 
 



2.3

 1 

 0.5  1 

 MS-C  30  (gelrite) 2.2 

(MS-C)  2,4-D  Kn  15 

 MS-C1   =   MS

 MS-C2   =   MS   +   2,4-D (2.26 )

 MS-C3   =   MS   +   2,4-D (2.26 )    +    Kn (2.32 )   

 MS-C4   =   MS   +   2,4-D (4.52 )

 MS-C5   =   MS   +   2,4-D (4.52 )    +    Kn (2.32 )   

 MS-C6   =   MS   +   2,4-D (4.52 )    +    Kn (4.65 )   

 MS-C7   =   MS   +   2,4-D (9.04 )

 MS-C8   =   MS   +   2,4-D (9.04 )    +    Kn (2.32 )      

 MS-C9   =   MS   +   2,4-D (9.04 )    +    Kn (4.65 )      

 MS-C10 =   MS   +   2,4-D (9.04 )    +    Kn (9.30 )      

 MS-C11 =   MS   +   2,4-D (18.08 )

 MS-C12 =   MS   +   2,4-D (18.08 )  +    Kn (2.32 )      

 MS-C13 =   MS   +   2,4-D (18.08 )  +    Kn (4.65 )     

 MS-C14 =   MS   +   2,4-D (18.08 )  +    Kn (9.30 )     

 MS-C15 =   MS   +   2,4-D (18.08 )  +    Kn (18.60 )   

 pH  5.6–5.8  121 Cº  15 

 1  10  10  25 C°  40 

mol.m
-2

.s
-1
.  16  12  4 

 Duncan’s new multiple range test 

95

21

 
 
 
 

 
 
 
 

 
 



 1.    

 2. 

 3. 

22

 
 
 
 

 
 
 
 

 
 



 2.4 

2.4.1  4 

 2 

 3  MS-C6  2,4-D 4.52 

 Kn 4.65  MS-P  30 

 (gelrite) 2.2  Kn  0 

0.23  4 

 MS-P1    =    1MS

 MS-P2    =    1/2MS     

 MS-P3    =    1MS   +   Kn (0.23 )

 MS-P4    =    1/2MS    +   Kn (0.23 )     

 pH  5.6–5.8  121 Cº  15 

 1  10  5  25 C°  40 

mol.m
-2

.s
-1
.  16  8  4 

 Duncan’s new multiple range test 

95

1.

2.

3.

4.

23

 
 
 
 

 
 
 
 

 
 



2.4.2  4 

 MS  2,4-D  Kn  15 

 3  15 

MS  8  MS-P  30 

 (gelrite) 2.2  Kn 

0  0.23  4 

 MS-P1    =    1MS

 MS-P2    =    1/2MS     

 MS-P3    =    1MS   +   Kn (0.23 )

 MS-P4    =    1/2MS    +   Kn (0.23 )

 pH  5.6–5.8  121 Cº  15 

 1  10  5  25 C°  40 

mol.m
-2

.s
-1
.  16  8  4 

 Duncan’s new multiple range test 

95

1.

2.

3.

4.

24
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 4 

1.

 Brocked Improve  1 

 1  MS  NAA  0, 0.27, 0.54  2.69 

 Kn  0, 0.23, 0.46  2.32  4 

 MS  100  MS  NAA 

 0.54  (MS3)  1.2 

P = 0.05  1  (  1, 

2A–2I)  MS  NAA  2 .69   (MS4) 

MS  NAA  0.27–2.69  Kn  0.23 

(MS5, MS6  MS7)  5.8–7.7 

P = 0.05 (  1,  2D, 2E, 2F  2G)  MS 

NAA  0.27  0.54  Kn  0.23  (MS5 

 MS6)  7.94  7.35 

 2.65  2.20  (  1,  2E  2G)

 MS  NAA  0.54  Kn 

0.23  (MS6)  1  7.7  7.35 

 2.20 

 MS  NAA  2.69  Kn 

 0.46  (MS9) 

 (  1,  2I) 

26
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 1  NAA  Kn 

     MS  4 

1/

MS ( M) 

 NAA Kn ( .)  ( .)

1 0 0 100 1.0±0.0 a 4.4±0.6 bc 6.06±0.7 ef       2.53±0.2 cd 

2 0.27 0 100 1.0±0.0 a 4.2±0.6 bc 3.19±0.5 bcd       2.50±0.2 cd 

3 0.54 0 100 1.2±0.2 a 5.2±1.2 c 5.24±0.6 e       2.12±0.2 bcd 

4 2.69 0 100 1.0±0.0 a 6.3±0.9 cd 4.60±1.0 de       2.05±0.2 bc 

5 0.27 0.23 100 1.0±0.0 a 6.1±0.7 cd 7.94±0.5 f       2.65±0.1 d 

6 0.54 0.23 100 1.0±0.0 a 7.7±1.2 d 7.35±0.9 f       2.20±0.1 cd 

7 2.69 0.23 100 1.0±0.0 a 5.8±1.0 cd 4.47±1.0 cde       2.05±0.2 bc 

8 0.54 0.46 100 1.0±0.0 a 3.8±0.6 abc 2.55±0.5 abc       1.65±0.2 ab 

9 2.69 0.46 100 1.0±0.0 a 1.5±0.3 a 0.67±0.2 a       1.40±0.2 a 

10 2.69 2.32 100 1.0±0.0 a 2.6±0.4 ab 2.28±0.4 ab       2.65±0.2 d 

1/
 10 ,  ( ±S.E.) 

 P = 0.05  Duncan’s New multiple Range Test, n=10 
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 2  NAA  Kn 

 MS  4 

 A  =  MS (MS1) 

 B  =  + MS + NAA 0.27  (MS2)

 C  =  + MS + NAA 0.54  (MS3) 

 D  =  + MS + NAA 2.69  (MS4) 

 E  =  + MS + NAA 0.27  + Kn 0.23  (MS5) 

 F  =  + MS + NAA 0.54  + Kn 0.23  (MS6) 

 G  =  + MS + NAA 2.69  + Kn 0.23  (MS7) 

 H  =  + MS + NAA 0.54  + Kn 0.46  (MS8) 

 I   =  + MS + NAA 2.69  + Kn 0.46  (MS9) 

 J   =  + MS + NAA 2.69  + Kn 2.32  (MS10) 

28
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JIH

GFE

DC

A

B
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30

2.

 1 

 MS  NAA  0.54  Kn  0.23 

 0.5  1 

 MS 2  30  7 

 NAA  0, 0.27, 0.54  2.69  Kn  0, 

0.23, 0.46  2.32  6  (  2 ,  3A–3J  4A–4J) 

 NAA  2.69  (MS4) 

 Kn  0.23  0.46  (MS7  MS9) 

 0.5–1.1  0.49–1.88 

 0.4–1.7  (  2,  3D, 3G  3I) 

 MS  (MS1)  MS  NAA 

0.27–0.54  (MS2  MS3)  MS  NAA 

 0.27–0.54  Kn  0.23  (MS5  MS6) 

 4.3–5.8 

 2.90–4.99  5.00–10.13  (  2,  3A, 3B, 3C, 3E 

3F)  MS  NAA 

0.54  Kn  0.23  (MS6)  5.8 

 4.03  10.13  (  2,  3F) 

 NAA  2.69  (MS4)  Kn 

 0.46  (MS9)  1.7–

2.3  6.50–7.70  (  2,  4D  4I) 

 MS  (MS1)   MS  NAA 

 0.27  (MS2)  MS  NAA  0.27 

 Kn  0.23  (MS5)  MS  NAA 
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0.54  Kn  0.23–0.46  (MS6  MS8) 

 MS  NAA  2.69  Kn  2.32 

 (MS10)  3.6–4.9 

 2.99–7.36  11.15–17.86  (  2, 

4A, 4B, 4E, 4F, 4H  4J) 

MS  NAA  0.27  Kn  0.23 

 4.4  6.62  17.86 

 MS  NAA  0.27

 Kn  0.23  (MS5) 

 4.3  4.79 

 4.4  6.62 

 9.60  17.86 

 (  2,  3A–3J  4A–4J) 
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 2  NAA  Kn 

 MS  6 

1/

 MS ( M)  

            NAA    Kn  ( .)      
2/

          1 0 0     4.4±0.6 efg    2.90±0.4  abcd   5.00±1.0 abcd    0.00±0.0 a -  

                             2 0.27 0     5.0±0.8 fg    3.38±0.4 cdef   5.90±0.9 abcde    0.00±0.0 a +  

                             3 0.54 0     4.4±0.4 efg    4.99±0.4 defghi   9.30±1.2 defg    1.00±0.5 ab  ++ 

                             4 2.69 0     0.5±0.3 a    0.49±0.4 a    0.40±0.4 a    0.60±0.3 ab  ++ 

                             5 0.27 0.23     4.3±0.3 efg    4.79±0.5 defghi   9.60±1.6 defghi    0.10±0.1 a  ++ 

                             6  0.54 0.23     5.8±0.4 g    4.03±0.3 cdefg 10.13±1.2 defghij   0.00±0.0 a  ++ 

                             7 2.69 0.23     1.1±0.3 ab    1.88±0.6 abc   1.70±0.5 abc    1.90±0.3 b  ++ 

                             8 0.54 0.46     3.7±0.2 def    4.50±0.6 cdefgh   7.10±1.4 cdefg    0.30±0.3 ab  ++ 

                             9  2.69 0.46     1.1±0.3 ab    0.78±0.3 ab   0.70±0.4 ab    4.10±0.3 c  +++ 

                            10 2.69 2.32     3.4±0.4 def    3.23±0.5 bcdef   1.88±0.6 abc    1.20±0.7 ab  +++ 

        1 0 0     3.8±0.3 def    4.52±1.0 cdefg 14.20±1.1 hijk    0.00±0.0 a -  

            2 0.27 0     3.6±0.7 def    7.08±0.9 hi 15.53±2.3 ijk    0.80±0.6 ab +  

                            3 0.54 0     2.9±0.5 cde    5.62±1.0 efghi 14.10±2.8 hijk    0.00±0.0 a +  

                            4 2.69 0     2.3±0.4 bcd    4.03±0.6 cdefg   6.50±1.1 bcdef    3.80±1.5 c +  

                            5 0.27 0.23     4.4±0.5 efg    6.62±0.9 ghi 17.86±2.2 k    1.20±0.8 ab +  

                            6 0.54 0.23     4.9±1.4 fg    2.99±0.5 bcde 11.25±3.2 efghij    0.00±0.0 a +  

                            7 2.69 0.23     2.7±0.4 bcde    7.42±1.1 i 12.80±4.6 ghijk    1.30±0.7 ab +  

                            8 0.54 0.46     3.7±0.4 def    5.87±0.8 fghi 15.90±1.7 jk    0.70±0.5 ab +  

                            9 2.69 0.46     1.7±0.2 abc    7.12±1.6 hi   7.70±1.5 cdefg    0.41±0.3 ab  ++ 

                           10 2.69 2.32     3.7±0.6 def    7.36±1.5 hi 12.50±0.7 fghijk    0.50±0.4 ab  ++ 

1/ 
 10 ,  ( ±S.E.) 

 P = 0.05  Duncan’s New multiple Range Test, n=10 

2/ 
6

-     ++   

  +     +++ 
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 3  NAA  Kn 

 MS  6 

 A  =  MS (MS1) 

 B   =  + MS + NAA 0.27  (MS2)

 C  =  + MS + NAA 0.54  (MS3) 

 D  =  + MS + NAA 2.69  (MS4) 

 E  =  + MS + NAA 0.27  + Kn 0.23  (MS5) 

 F  =  + MS + NAA 0.54  + Kn 0.23  (MS6) 

 G  =  + MS + NAA 2.69  + Kn 0.23  (MS7) 

 H  =  + MS + NAA 0.54  + Kn 0.46  (MS8) 

 I   =  + MS + NAA 2.69  + Kn 0.46  (MS9) 

           J  =  + MS + NAA 2.69  + Kn 2.32  (MS10) 
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IH

F E

C B

 A 

 D 

G
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 4  NAA  Kn 

 MS  6 

           A =  MS (MS1) 

 B  =  + MS + NAA 0.27  (MS2)  

 C  =  + MS + NAA 0.54  (MS3) 

 D  =  + MS + NAA 2.69  (MS4) 

 E  =  + MS + NAA 0.27  + Kn 0.23  (MS5) 

 F  =  + MS + NAA 0.54  + Kn 0.23  (MS6) 

 G  =  + MS + NAA 2.69  + Kn 0.23  (MS7) 

 H  =  + MS + NAA 0.54  + Kn 0.46  (MS8) 

 I   =  + MS + NAA 2.69  + Kn 0.46  (MS9) 

           J  =  + MS + NAA 2.69  + Kn 2.32  (MS10) 
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H

FE

CB

I

A

D

G

J
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3.

 1 

 MS  NAA  0.54  Kn  0.23 

 0.5  1 

 MS-C  2,4-D  0, 2.26, 4.52, 9.04, 18.08  Kn 

 0, 2.32, 4.65, 9.90, 18.6  12  4 

 MS  100  (

 3,  5B–5O)  MS (MS-C1) 

 (  3,  5A)  MS  2,4-D  2.26–

18.08  (MS-C2, MS-C4, MS-C7  MS-C11) 

 0.61–1.12  (  3,  5B, 5D, 5G  5K) 

 MS  2,4-D  2.26–9.04  Kn  2.32–9.90 

 (MS-C3, MS-C5, MS-C6, MS-C8, MS-C9  MS-C10) 

 2.03–2.59  (  3,  5C, 5E, 5F, 5H, 5I 

 5J)  2,4-D  18.08  Kn  2.32–

18.60  (MS-C12–MS-C15) 

 1.23–1.67 (  3,  5L–5O)  MS  2,4-D 

 2.26–18.08  (MS-C2, MS-C4, MS-C7  MS-C11)

 (mucilaginous callus) (  5B, 5D, 5G  5K) 

 MS  2,4-D  2.26  Kn  2.32 

 (MS-C3)  (compact callus)  (  5C)  MS 

 2,4-D  4.52  Kn  2.32–4.65  (MS-

C5  MS-C6)  MS  2,4-D  9.04  Kn 

 2.32–9.9  (MS-C8–MS-10)  MS  2,4-D 

18.08  Kn  2.32–18.60  (MS-C12–MS-C15) 

 (friable callus) (  5L–5O) 

37

 
 
 
 

 
 
 
 

 
 



38

 MS  2,4-D  4.52  Kn 

2.32  (MS-C6)  2.59 

P = 0.05  (  3,  5F) 

 (  5F)
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 3  2,4-D  Kn 

 MS  12 

1/

MS-C ( M)

 2,4-D         Kn  ( .)
2/

1 0 0 0       0.00±0.0 a - 

2 2.26 0 100       1.12±0.1 d mucilaginous 

3 2.26 2.32 100       2.03±0.0 f compact 

4 4.52 0 100       0.87±0.1 c mucilaginous 

5 4.52 2.32 100       2.41±0.1 hi friable 

6 4.52 4.65 100       2.59±0.1 i friable 

7 9.04 0 100       0.61±0.1 b mucilaginous 

8 9.04 2.32 100       2.16±0.1 fg friable 

9 9.04 4.65 100       2.32±0.1 gh friable 

10 9.04 9.9 100       2.07±0.1 f friable 

11 18.08 0 100       0.67±0.1 bc mucilaginous 

12 18.08 2.32 100       1.62±0.1 e friable 

13 18.08 4.65 100       1.23±0.1 d friable 

14 18.08 9.9 100       1.45±0.1 e friable 

15 18.08 18.6 100       1.67±0.1 e friable 

1/ 
 10 ,  ( ±S.E.) 

 P = 0.05  Duncan’s New multiple Range Test, n=10 

2/
friable callus = 

  compact callus = 

  mucilaginous callus = 

39
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 5  2,4D  Kn 

 MS  12 

A =  MS (MS-C1) 

B  =  MS + 2,4-D 2.26  (MS-C2)

C  =  MS + 2,4-D 2.26  + Kn 2.32  (MS-C3) 

D  =  MS + 2,4-D 4.52  (MS-C4) 

E  =  MS + 2,4-D 4.52  + Kn 2.32  (MS-C5) 

F  =  MS + 2,4-D 4.52  + Kn 4.65  (MS-C6) 

G  =  MS + 2,4-D 9.04  (MS-C7) 

H  =  MS + 2,4-D 9.04  + Kn 2.32  (MS-C8) 

I  =  MS + 2,4-D 9.04  + Kn 4.65  (MS-C9) 

J  =  MS + 2,4-D 9.04  + Kn 9.90  (MS-C10) 

K  =  MS + 2,4-D 18.08  (MS-C11) 

L  =  MS + 2,4-D 18.08  + Kn 2.32  (MS-C12) 

M =  MS + 2,4-D 18.08  + Kn 4.65  (MS-C13) 

N  =  MS + 2,4-D 18.08  + Kn 9.90  (MS-C14) 

O  =  MS +2,4-D 18.08  + Kn 18.60  (MS-C15) 

40
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4

4.1  4 

 3 

MS  2,4-D  4.52  Kn  2.32  (MS-

C6)  2  MS-P  4 

 1MS 1/2MS  Kn  0 

 0.23  8  MS  Kn  0.23 

 (MS-P3)  4 

 1.3  15.79 

 4.6  (  4,  6C)  1MS, 

1/2MS  Kn  1/2MS  Kn  0.23   (MS-P1, 

MS-P2  MS-P4 )

 (  4,  6A ,6B  6D)
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 4  4    

     MS  2,4-D  4.52  Kn     

     1  8 

1/

MS-P MS ( ) Kn ( M) / / / /

    ( .)

MS-P1 1 0    0.0±0.0 a 0.0±0.0 a 0.00±0.0 a 0.0±0.0 a 

MS-P2 1/2 0    0.2±0.2 a 0.2±0.2 a 0.20±0.2 a 0.0±0.0 a 

MS-P3 1 0.23    4.0±2.1 b 1.3±0.7 b 15.79±9.3 b 4.6±1.9 b 

MS-P4 1/2 0.23    0.0±0.0 a 0.0±0.0 a 0.00±0.0 a 0.8±3.2 a 

1/ 
 5 ,  ( ±S.E.) 

P = 0.05  Duncan’s New multiple Range Test, n=5 

43

 
 
 
 

 
 
 
 

 
 



44

 6  4 

 MS  2,4-D  4.52  Kn  1

 8 

           A =  MS (MS-P1) 

             B =  1/2MS (MS-P2) 

 C =  MS + Kn 0.23  (MS-P3) 

 D =  MS + Kn 0.23  (MS-P4)

DC

A B
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4.2  4 

MS-C 2,4-D Kn  15 

 3 

 MS-C  15  2 

 MS  8 

MS-P  4  1MS (MS-P1), 1/2MS (MS-P2), 1MS  Kn 

0.23  (MS-P3)  1/2MS  Kn  0.23  (MS-P4) 

8

4.2.1  1MS (MS-P1) 

 MS-C  2,4-D  2.26  (MS-C2), 

MS-C  2,4-D  2.26  Kn  2.32  (MS-

C3)  MS-C  2,4-D  4.52  Kn 

2.23–4.65  (MS-C5  MS-C6)   MS-C  2,4-D  9.04 

 Kn  4.65–9.90  (MS-C9  MS-C10) 

 MS-C  2,4-D  18.08  Kn  9.90–18.60 

 (MS-C14  MS-C15)  0.4–7.4 

 0.20–4.48 

 1.00–54.47  1.4–2.8  8–36 

 (  5,  7A–7B, 7D–7E, 7H–7I  7M–7N) 

 (  5,  7C, 7F–7G  7J–7L)  MS-C 

 2,4-D  18.08  Kn  18.60  (MS-C15) 

P = 0.5   7.4 

 54.47  3.19 

 2.2  24  (  5,  7N)  
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 5  1MS (MS-P1) 

 MS  2,4-D  Kn  15  8 

1/
 1MS (MS-P1) 

2/

MS-C 2,4-D Kn / /

( M) ( M) 

/ /

 ( .)
3/

MS-C1 0 0         0.0±0.0 a 0.00±0.0 a     0.00±0.0   a    0.0±0.0 a 

MS-C2 2.26 0         2.8±1.7 bc 3.21±1.9 c   26.60±15.7 a    2.8±0.4 ij 

MS-C3 2.26 2.32         3.6±2.3 c 4.48±3.8 ab   12.54±6.2   ab    2.6±0.4 hi 

MS-C4 4.52 0 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a    2.6±0.4 hi 

MS-C5 4.52 2.32 0.8±0.6 b 1.94±1.2 ab     9.00±6.8   a    2.0±0.3 ef 

MS-C6 4.52 4.65 6.0±4.8 b 2.44±1.0 bc   18.20±9.5   a    2.4±0.5 gh 

MS-C7 9.04 0 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a    1.6±0.2 cd 

MS-C8 9.04 2.32 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a    1.8±0.4 de 

MS-C9 9.04 4.65 2.6±1.9 a 0.40±0.3 a     3.80±2.7   a     2.6±0.4 hi 

MS-C10 9.04 9.9 0.4±0.4 a 0.20±0.2 a     1.00±1.0   a    1.4±0.2 c 

MS-C11 18.08 0 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a    3.0±0.3 j  

MS-C12 18.08 2.32 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a    2.6±0.5 hi 

MS-C13 18.08 4.65 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a    1.0±0.0 b 

MS-C14 18.08 9.9 2.2±1.2 a 0.62±0.3 a     2.20±1.2   a    1.6±0.2 cd 

MS-C15 18.08 18.6 7.4±4.2 bc 3.19±2.0 d   54.47±40.1 b    2.2±0.2 fg 

1/ 
 MS-C  15  12 

 MS  8  MS-C  15 

MS-P1  MS  1  Kn    

2/ 
 5 ,  ( ±S.E.) 

 P = 0.5  Duncan’s New multiple Range Test, n=5 

3/
 0 = 0 , 1 = 1–20 , 2 = 21–40 , 3 = 41–60 , 4 = 61–80 
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 7 1MS (MS-P1) 

 MS  2,4-D  Kn  15  8 

A  =  MS + 2,4-D 2.26  (MS-C2)

B  =  MS + 2,4-D 2.26  + Kn 2.32  (MS-C3) 

C =  MS + 2,4-D 4.52  (MS-C4) 

D =  MS + 2,4-D 4.52  + Kn 2.32  (MS-C5) 

E  =  MS + 2,4-D 4.52  + Kn 4.65  (MS-C6) 

F  =  MS + 2,4-D 9.04  (MS-C7) 

G  =  MS + 2,4-D 9.04  + Kn 2.32  (MS-C8) 

H  =  MS + 2,4-D 9.04  + Kn 4.65  (MS-C9) 

I   =  MS + 2,4-D 9.04  + Kn 9.90  (MS-C10) 

J   =  MS + 2,4-D 18.08  (MS-C11) 

K  =  MS + 2,4-D 18.08  + Kn 2.32  (MS-C12) 

L  =  MS + 2,4-D 18.08  + Kn 4.65  (MS-C13) 

M =  MS + 2,4-D 18.08  + Kn 9.90  (MS-C14) 

N  =  MS +2,4-D 18.08  + Kn 18.60  (MS-C15) 
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4.2.2  1/2MS (MS-P2) 

 MS-C  2,4-D  2.26  (MS-C2), 

MS-C  2,4-D  2.26  Kn  2.32  (MS-

C3)  MS-C  2,4-D  4.52  Kn  4.65 

 (MS-C6)   MS-C  2,4-D  9.04 

Kn  4.65  (MS-C9)  MS-C  2,4-D 

18.08  Kn  9.90  (MS-C14)

 8.40–14.60 

 1.0–3.8  0.78–2.61 

 1.4–2.6  8–32  (  6, 

 8A–8B, 8E, 8H  8M) 

 (  6,  8C, 8D, 8F–8G 8J–8L  8N) 

MS-C  2,4-D  2.26  Kn  2.32  (MS-

C3)  MS-C  2,4-D  4.52  Kn 

 4.65  (MS-C6) 

 3.0–3.8 , 2.55–2.61  14.40–14.60 

P = 0.5  1.4–1.6 

 8–12  (  6,  8B  8E)    
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 6  1/2MS (MS-P2) 

        MS  2,4-D  Kn  15 

        8 

1/
 1/2MS (MS-P2)

2/

MS-C 2,4-D Kn / /

 ( M) ( M)

/ /

 ( .)
3/

MS-C1 0 0 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a 0.0±0.0 a 

MS-C2 2.26 0 1.8±1.6 bc 1.52±1.4 bc   14.00±13.7 c 2.6±0.4 d 

MS-C3 2.26 2.32 3.0±1.1 de 2.55±1.3 d   14.40±9.3   c 1.6±0.4 bc 

MS-C4 4.52 0 0.0±0.0 a 0.00±0.0 a     0.00±0.0   a 2.6±0.2 d 

MS-C5 4.52 2.32 1.6±0.8 bc 1.58±0.8 bc 3.80±2.5   ab 1.4±0.2 b 

MS-C6 4.52 4.65 3.8±2.3 e 2.61±1.3 d   14.60±9.2   c 1.4±0.2 b 

MS-C7 9.04 0 0.0±0.0 a 0.00±0.0 a 0.00±0.0   a 1.6±0.2 bc 

MS-C8 9.04 2.32 0.0±0.0 a 0.00±0.0 a 0.00±0.0   a 2.0±0.6 c 

MS-C9 9.04 4.65 1.0±1.0 abc 1.46±1.5 bc   14.40±14.4 c  1.6±0.6 bc 

MS-C10 9.04 9.9 0.0±0.0 a 0.00±0.0 a 0.00±0.0   a  1.4±0.2 b 

MS-C11 18.08 0 0.2±0.2 a 0.60±0.6 ab     0.60±0.6   a 2.8±0.5 d 

MS-C12 18.08 2.32 0.6±0.6 ab 1.73±1.7 cd 4.60±4.6   ab 2.8±0.6 d 

MS-C13 18.08 4.65 0.0±0.0 a 0.00±0.0 a 0.00±0.0   a 1.2±0.2 b 

MS-C14 18.08 9.9 3.4±2.7 e 0.78±0.5 abc 8.40±6.6   bc 1.6±0.2 bc 

MS-C15 18.08 18.6 2.2±1.3 cd 1.58±0.7 bc 4.40±3.0   ab 2.0±0.3 c 

1/ 
 MS-C  15  12 

 MS  8  MS-C  15 

MS-P2  MS  1/2  Kn

2/ 
 5 ,  ( ±S.E.) 

 P = 0.5  Duncan’s New multiple Range Test, n=5 

3/
 0 = 0 , 1 = 1–20 , 2 = 21–40 , 3 = 41–60 , 4 = 61–80 
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 8 1/2 (MS-P2)

 MS  2,4-D  Kn  15  8 

A  =  MS + 2,4-D 2.26  (MS-C2)

B  =  MS + 2,4-D 2.26  + Kn 2.32  (MS-C3) 

C =  MS + 2,4-D 4.52  (MS-C4) 

D =  MS + 2,4-D 4.52  + Kn 2.32  (MS-C5) 

E  =  MS + 2,4-D 4.52  + Kn 4.65  (MS-C6) 

F  =  MS + 2,4-D 9.04  (MS-C7) 

G  =  MS + 2,4-D 9.04  + Kn 2.32  (MS-C8) 

H  =  MS + 2,4-D 9.04  + Kn 4.65  (MS-C9) 

I   =  MS + 2,4-D 9.04  + Kn 9.90  (MS-C10) 

J   =  MS + 2,4-D 18.08  (MS-C11) 

K  =  MS + 2,4-D 18.08  + Kn 2.32  (MS-C12) 

L  =  MS + 2,4-D 18.08  + Kn 4.65  (MS-C13) 

M =  MS + 2,4-D 18.08  + Kn 9.90  (MS-C14) 

N  =  MS +2,4-D 18.08  + Kn 18.60  (MS-C15) 
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4.2.3  1MS  Kn 0.23  (MS-P3) 

 MS-C  2,4-D  2.26  Kn 

 2.32  (MS-C3)  MS-C  2,4-D  9.04 

 Kn  9.90  (MS-C10)   MS-C  2,4-D 

 18.08  Kn  9.90  (MS-C14) 

 MS-C  2,4-D  18.08  Kn  18.60 

 (MS-C15)   63.56–

82.60  12.8–17.0 

 1.25–2.15  1.4–2.4 

 8–28  (  7,  9B, 9I 9M–9N)

 (  7,  9A, 9C–9H, 9J–9K  9L) 

 MS-C  2,4-D  9.04 

Kn  9.90  (MS-C10) 

P = 0.5   17.0  82.60 

 2.08  1.4  8 

 (  7,  9I)    
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 7  1MS  Kn 0.23  (MS-P3) 

        MS  2,4-D  Kn 

        15  8 

1/
 1MS  0.23 M Kn (MS-P3)

2/

MS-C 2,4-D Kn / /

 ( M) ( M) 

/ /

 ( .)
3/

MS-C1 0 0      0.0±0.0   a 0.00±0.0 a      0.00±0.0   a 0.0±0.0 a 

MS-C2 2.26 0      2.4±1.7   ab 1.18±0.9 cd    11.20±8.5   a 2.0±0.4 cd 

MS-C3 2.26 2.32    15.4±7.6   de 1.25±0.6 cd    63.56±44.2 cd 2.2±0.5 de 

MS-C4 4.52 0      0.0±0.0   a 0.00±0.0 a      0.00±0.0   a 3.6±0.2 g 

MS-C5 4.52 2.32    10.6±5.8   cd 1.57±0.8 de    50.01±26.5 bc 2.8±0.6 f 

MS-C6 4.52 4.65      3.8±2.7   ab 1.03±0.8 bcd    20.00±17.6 a 2.8±0.5 f 

MS-C7 9.04 0      0.0±0.0   a 0.00±0.0 a      0.00±0.0   a 1.8±0.2 bc 

MS-C8 9.04 2.32      6.8±6.8   bc 0.31±0.3 ab    15.23±15.2 a 1.4±0.2 b 

MS-C9 9.04 4.65    13.6±9.3   d 1.02±0.5 bcd    29.80±16.8 ab 1.6±0.4 b 

MS-C10 9.04 9.9    17.0±10.4 e 2.08±1.1 e    82.60±56.8 d 1.4±0.2 b 

MS-C11 18.08 0      4.4±2.9   ab 1.79±1.2 de    13.40±8.9   a 2.2±0.2 de 

MS-C12 18.08 2.32      0.2±0.2   a         0.76±0.8 abc      1.00±1.0   a 3.6±0.4 g 

MS-C13 18.08 4.65      0.0±0.0   a 0.00±0.0 a      0.00±0.0   a 1.6±0.2 b 

MS-C14 18.08 9.9    12.8±6.0   d 2.15±0.9 e    63.94±41.3 cd 1.6±0.4 b 

MS-C15 18.08 18.6    15.6±10.5 de 1.77±0.9 de    62.68±56.4 cd 2.4±0.4 e 

1/ 
 MS-C  15  12 

 MS  8  MS-C  15 

MS-P3  MS  1  Kn 0.23 

2/ 
 5 ,  ( ±S.E.) 

 P = 0.5  Duncan’s New multiple Range Test, n=5 

3/
 0 = 0 , 1 = 1–20 , 2 = 21–40 , 3 = 41–60 , 4 = 61–80 
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 9 1MS  Kn 0.23  (MS-P3) 

 MS  2,4-D  Kn  15  

 8 

A  =  MS + 2,4-D 2.26  (MS-C2)

B  =  MS + 2,4-D 2.26  + Kn 2.32  (MS-C3) 

C =  MS + 2,4-D 4.52  (MS-C4) 

D =  MS + 2,4-D 4.52  + Kn 2.32  (MS-C5) 

E  =  MS + 2,4-D 4.52  + Kn 4.65  (MS-C6) 

F  =  MS + 2,4-D 9.04  (MS-C7) 

G  =  MS + 2,4-D 9.04  + Kn 2.32  (MS-C8) 

H  =  MS + 2,4-D 9.04  + Kn 4.65  (MS-C9) 

I   =  MS + 2,4-D 9.04  + Kn 9.90  (MS-C10) 

J   =  MS + 2,4-D 18.08  (MS-C11) 

K  =  MS + 2,4-D 18.08  + Kn 2.32  (MS-C12) 

L  =  MS + 2,4-D 18.08  + Kn 4.65  (MS-C13) 

M =  MS + 2,4-D 18.08  + Kn 9.90  (MS-C14) 

N  =  MS +2,4-D 18.08  + Kn 18.60  (MS-C15) 
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4.2.4  1/2MS  Kn 0.23  (MS-P4) 

 MS-C  2,4-D  2.26  Kn 

 2.32  (MS-C3)  MS-C  2,4-D  4.52 

 Kn  4.65  (MS-C6)   MS-C  2,4-D 

 9.04  Kn  2.32  (MS-C8) 

 MS-C  2,4-D  9.04  Kn  9.90 

(MS-C10)   2.0–4.6 

 0.67–3.01  9.20–21.85 

 2.0–2.8  21–36  (

8  10B, 10E, 10G  10I) 

 (  8,  10A, 10C–10D, 10F, 10H, 10J–10M  10N) 

 MS-C  2,4-D  9.04  Kn  2.32 

 (MS-C8) 

P = 0.5  4.6  21.85   2.27 

 2.6  32  (  8, 

10G) 
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 8  1/2 MS  Kn 0.23  (MS-P4) 

        MS  2,4-D  Kn 

         15  8 

1/
 1/2MS  0.23 M Kn (MS-P4)

2/

MS-C 2,4-D Kn / /

 ( M) ( M)

/ /

 ( .)
3/

MS-C1 0 0        0.0±0.0 a       0.00±0.0 a    0.00±0.0   a 0.0±0.0 a 

MS-C2 2.26 0        1.6±1.6 bcde       2.68±0.3 ab    5.20±5.2   abcd 2.4±0.5 e 

MS-C3 2.26 2.32        2.0±1.5 a       0.91±0.6 c  15.60±13.5 f 2.6±0.5 ef 

MS-C4 4.52 0        0.0±0.0 a       0.00±0.0 a 0.00±0.0   a 2.6±0.2 ef 

MS-C5 4.52 2.32        0.0±0.0 a       0.00±0.0 a    0.00±0.0   a 2.6±0.2 ef  

MS-C6 4.52 4.65        2.2±0.9 cde       3.01±0.9 e    9.20±3.0   de 2.8±0.5 ef 

MS-C7 9.04 0        0.0±0.0 a 0.00±0.0 a 0.00±0.0   a 1.8±0.2 cd 

MS-C8 9.04 2.32        4.6±1.8 f 2.27±0.8 d  21.85±8.9   g 2.6±0.6 ef 

MS-C9 9.04 4.65        2.6±2.6 de 0.46±0.5 abc 8.40±8.4   cde 1.4±0.2 b 

MS-C10 9.04 9.9        2.8±2.1 e 0.67±0.5 abc  11.76±10.6 ef 2.0±0.5 d 

MS-C11 18.08 0        1.0±0.6 abc 1.76±1.2 d 6.80±5.2   bcde 2.4±0.2 e 

MS-C12 18.08 2.32        0.0±0.0 a 0.00±0.0 a    0.00±0.0   a 3.6±0.4 g 

MS-C13 18.08 4.65        0.0±0.0 a 0.00±0.0 a    0.00±0.0   a 1.6±0.2 bc 

MS-C14 18.08 9.9        1.4±1.4 abcd 0.58±0.6 abc    2.24±2.2   abc 1.4±0.2 b 

MS-C15 18.08 18.6        0.6±0.6 ab 0.23±0.2 ab    0.80±0.8   ab 3.0±0.3 f 

1/ 
 MS-C  15  12 

 MS  8  MS-C  15 

MS-P4  MS  1  Kn 0.23 

2/ 
 5 ,  ( ±S.E.) 

 P = 0.5  Duncan’s New multiple Range Test, n=5 

3/
 0 = 0 , 1 = 1–20 , 2 = 21–40 , 3 = 41–60 , 4 = 61–80 
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 10 1/2 MS  Kn 0.23  (MS-P4) 

 MS  2,4-D  Kn 

 15  8 

A  =  MS + 2,4-D 2.26  (MS-C2)

B  =  MS + 2,4-D 2.26  + Kn 2.32  (MS-C3) 

C =  MS + 2,4-D 4.52  (MS-C4) 

D =  MS + 2,4-D 4.52  + Kn 2.32  (MS-C5) 

E  =  MS + 2,4-D 4.52  + Kn 4.65  (MS-C6) 

F  =  MS + 2,4-D 9.04  (MS-C7) 

G  =  MS + 2,4-D 9.04  + Kn 2.32  (MS-C8) 

H  =  MS + 2,4-D 9.04  + Kn 4.65  (MS-C9) 

I   =  MS + 2,4-D 9.04  + Kn 9.90  (MS-C10) 

J   =  MS + 2,4-D 18.08  (MS-C11) 

K  =  MS + 2,4-D 18.08  + Kn 2.32  (MS-C12) 

L  =  MS + 2,4-D 18.08  + Kn 4.65  (MS-C13) 

M =  MS + 2,4-D 18.08  + Kn 9.90  (MS-C14) 

N  =  MS +2,4-D 18.08  + Kn 18.60  (MS-C15) 
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 MS-C15  2,4-D  18.08 

Kn  18.60  1MS 

 (MS-P1)  7.4 

 54.47  3.19 

 2.2  24

 MS-C3  2,4-D  2.26  Kn 

 2.32  MS-C6  2,4-D 

4.52  Kn  4.65  1/2MS 

 (MS-P2) 

 3.0–3.8 , 2.55–2.61  14.40–14.60 

 1.4–1.6  8–12 

 MS-C10  2,4-D  9.04  Kn 

 9.90  1MS  Kn  0.23 

(MS-P3)  17.0  82.60 

 2.08 

1.4  8 

 MS-C8  2,4-D  9.04  Kn 

 2.32  1/2MS  Kn  0.23 

 (MS-P4)  4.6  21.85 

  2.27 

2.6  32 
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 5 

1.

 MS  NAA  0–2.69 

 Kn  0–2.32  4 

 MS,  NAA  NAA  Kn 

 NAA 

(Hartmann  1997) 

 DNA  DNA polymerase 

 (Hopking and Huner 2004)

 1  MS  NAA 

 0.27  Kn  0.23  4 

 NAA  Kn  Yang  Clore (1974) 

 MS  NAA  0.54  Kn 0.46 

 4  77 

 (2539)  MS  NAA 

 0.22  Kn 0.46  45 

 4.06 

62

 
 
 
 

 
 
 
 

 
 



2.

 1  0.5  1  MS 2 

 NAA  Kn  6 

 MS  NAA  0.27–

0.54  Kn  0.23 

 MS  NAA  0.27  Kn  0.23 

(Hartmann  1997) 

(  2540)

 (axillary bud) 

 apical dominance 

 (Davies 2004) 

 (

2541)

 1  1 

 0.5  MS  NAA 

0.27  Kn 0.23 

 4.4 , 6.62 , 4.34 1.2

 6  Chin (1982)  MS 

NAA  0.54  Kn  0.46  ancymidol 1.1 

 4  90 
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 5  100 

 (2533)  MS  NAA  0.27 

 Kn  4.65  4  4 

 6 

3.

 1  0.5  1 

 MS  2,4-D  Kn  12 

 MS  2,4-D  4.52  Kn 4.65  12 

 100  2.59 

 May  Sink (1995) 

 LS  2,4-D  4.52  Kn 4.65  12 

 Takeda  (2003) 

 MS  2,4-D  0.9 

4  embryogenic callus 6.75x10
7
 embryos  Ziauddin 

 (1996)  anther  MS  Triiodobenzoic acid (TIBA) 

 0.5  4  embryogenic callus  embryo 

 8.7 embryos  Mamiya  Sakamoto (1999) 

 MS  2,4-D  9 

 40  3  1  somatic embryo 

 torpedo  5000–7000 

 2,4-D 

 2,4-D 

 (  2540)
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4.

 4.1  MS  2,4-D 

4.52  Kn  2.32  MS 

 Kn  0.23  8 

 4  1.3 

 15.79  4.6 

 4.2 

 15  4 

 MS  2,4-D  9.04  Kn  

 9.90  8  MS 

 4  MS  Kn  0.23 

 16 

 17  2.08 

82.60  1.4  18 

 Bojnauth  (2003)  MS  NAA 

 2.69  BAP  1.76  28 

 20.5  50 

Ziauddin  (1996)  anther  MS 

 NAA  10.78  20–60 

 4  20  somatic 

embryo  globular embryos  25  somatic embryo 

globular embryos  MS  20  1 

 90  Mamiya 

Sakamoto (1999)  somatic embryo  10 

 31.5  46.3 

 3  MS 

 2MS  60  3 
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 2 

 (Hartmann 

 1997) 

(  2541)

66

 
 
 
 

 
 
 
 

 
 



 6 

1.

 Brocked Improve  1 

 1  MS  NAA  0, 0.27, 0.54  2.69 

 Kn  0, 0.23, 0.46  2.32  4 

 MS  NAA  0.54  Kn  0.23 

 (MS6)  1  7.7  7.35 

 2.20 

2.

 1 

 MS  NAA  0.54  Kn  0.23 

 0.5  1 

 MS 2  30  7 

 NAA  0, 0.27, 0.54  2.69  Kn  0, 

0.23, 0.46  2.32  6 

 MS  NAA  0.27–0.54  Kn 

 0.23  4.3  5.8  4.76 4.03

 9.60  10.13 

 MS  NAA  0.27  Kn  0.23 

 4.4  6.62  17.86 
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 MS  NAA  0.27 

 Kn  0.23 

3.

 1 

 MS  NAA  0.54  Kn  0.23 

 0.5  1 

 MS-C  2,4-D  0, 2.26, 4.52, 9.04, 18.08  Kn 

 0, 2.32, 4.65, 9.90, 18.6  12  4 

 MS  2,4-D  4.52  Kn  2.32 

 (MS-C6)  2.59 

 (friable callus) 

4.

4.1  4 

 3  2 

 MS-P  4  1MS 1/2MS

 Kn  0  0.23  8 

 MS  Kn  0.23 

 4  1.3 

 15.79  4.6 

4.2  4 

 MS-C  2,4-D  Kn  15 

 3

 15  MS-C  2 

 MS  8 
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MS-P  4  1MS (MS-P1), 1/2MS (MS-P2), 1MS  Kn 0.23 

 (MS-P3), 1/2MS  Kn 0.23  (MS-P4)  8 

 1MS (MS-P1)  7.4 

 3.19  54.47 

 2.2  24 

 2,4-D  18.08  Kn  18.60 

(MS-C15)

 1/2MS (MS-P2)  3.8 

 2.61  14.60 

 1.4  18 

 2,4-D  4.52  Kn  4.65 

 (MS-C6) 

 1MS  Kn 0.23  (MS-P3)

 17  2.08 

82.60  1.4  18 

 2,4-D  9.04  Kn 

 9.90  (MS-C10) 

 1/2MS  Kn 0.23  (MS-P4)

 4.6  2.27 

21.85  2.6  36 

 2,4-D  9.04  Kn 

 2.32  (MS-C8) 

 15 

 4  2,4-D 

 9.04  Kn  9.90  (MS-C10) 

1MS  Kn 0.23  (MS-P3)  17 

 2.08  82.60 

 1.4  18 
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 Murashige and Skoog (1962) 

 (macronutrients) 

MgSO4.7H2O 370

CaCl2.2H2O 440

KNO3 1,900

NH4NO3 1,650

KHPO4 170

 (micronutrients) 

FeSO4.7H2O 27.8

MnSO4.4H2O 22.3

KI 0.83

CoCl2.6H2O 0.025

ZnSO4.5H2O 8.6

CuSO4.5H2O 0.025

H3BO3 6.2

Na2MoO4.2H2O 0.25

 (organic constituents) 

Glycine 2

Myo-inositol 100

Thiamine HCl (Vitamin B1) 0.1

Pyridoxine HCl (Vitamin B2) 0.5

Nicotinic acid 0.5

EDTA (disodium salt) 37.3

Sucrose 30,000 (30 g/l) 

Agar 6,200 (6.2 g/l) 
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