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 2 

 
 

 

 2   

 (organogenesis)   (embryogenesis) 

 (somatic embryogenesis) 

 

 2  (bipolar)  zygotic embryogenesis  

 globular shape, heart shape  torpedo shape 

 (Steward and Mapes, 1971; Kohlenbach, 1977; Vajrabhaya, 1998) 

 4   proembryo stage, globular stage, scutellar stage 

 coleoptilar stage (Hartmann et al., 1997: Mariani et al., 1998)   

  

 (unipolar) 

 . . 1985  Reinert  Steward et al. (1985)  2  

 

1.  (direct somatic embryogenesis) 

 

2.  (indirect somatic embryogenesis) 

 

 “ ”  (Williams and Maheswaran, 1986) 

1.  (Callus culture) 
  

  (parenchyma)  

    

 (chlorophylls)  (carotenoids) 

 (flavonoids)  (anthocyanins) 
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  ( , 2540) 

1.1  
  

. . 1949  La Rue  

(Fujiwara and Ojima, 1955)  (Amemiya et al., 1956)  . . 1957 Street 

     

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

 (Furuhashi and Yatazawa, 1964) 

 (Yatazawa et al., 1967)   

 (Kawata and Ishihara, 1968)  

 (haploid plant)  (anther) (Niizeki and Oono, 

1968)  (Tamura, 1968) 

   

(Wernicke et al., 1981)  (Abe and Futsuhara, 1985)  (Ling et al., 1983) 

 (Yamada et al., 1986)  (Ilahi et al., 2005) 

  

1.  

 

2.

    

 

3.  

( , 2540) 

 scutellum 

 (  , 2537; 

Tsukahara and Hirosawa, 1992; Rueb et al., 1994; Tsukahara et al., 1996) 

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

N6 (Chu et al., 1975)    2, 4-dichloro-

phenoxyacetic acid (2,4-D)  2-4  ( , 2537;  
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, 2540)  Rueb et al. (1994)  3   1  embryogenic 

callus    2  non-embryogenic callus 

  (translucent)  

  3  rhizogenic callus  

root primodia 

 

1.2  
1.  (growth regulators) 

 2  

 ( > ) 

  ( < )  

 

  

 

 Chand and Sahrawat 

(2001)  Indica  Safari 17  Kasturi 

 MS  Gamborg, BAP 4.4 

M, sucrose 3%, agar 0.8%  2,4-D    16   24

C  9  

 Safari 17   MS  BAP 4.4 M 2,4-D 9.0 M  72.2% 

 Kasturi  MS  BAP 4.4 M 2,4-D 11.25 M  84.7% 

 (2545)  6  

  105,  123,  19,  1  

    MS  

 2,4-D 1  NAA 1   kinetin 0.1  

  72.4, 73.4, 74.6, 24.4, 10.6  0   

 . . 2546  

 2   MS  N6 

 N6  60   2,4 –D 3  
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 41   

2.  (nutrients) 

     

      

  

3.  (carbon sources)    

 2-4% 

4.  (environmental factors)  

  25°C 

 

5.  (media status) 

  

 (metabolic 

wastes) 

 

-  (pH of nutrient medium)  
  pH 

   pH 

  pH 

  pH (Thorpe et al., 2008)  

-  

-  

-   

-   

 5.0-6.0   pH 

  pH  (>7)  (<4) 

 ( , 2540) 

 pH   ( , 2542) 

1. IAA  
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2.  

3.      

4.  1  

5.  

 Mimura et al., (2000)  pH  (pH<4) 

  (ATPs) 

 Bhatia and Ashwath (2005)  pH 

  pH 

 

 2   NH4
+ (ammonium)  NO3

- (nitrate) (Dougall, 1980)  

1.   
pH  (Scholten and Pierik, 1998) 

 (anion)  pH  

 (cation)  pH  

 pH   OH- 

(hydroxyl)  NO3
-  

 NH4
+ (ammonium)  proton (H+)   

2.1 

 

 2.1  

  NH4
+  NO3

-   

 

  

  Proton (H+) 

 

 Hydroxyl (OH-) 

 

 : Thorpe et al. (2008) 

Asher (1978)  

(spermatophytes  seed plants)  NH4
+ 

   pH   NH4
+  

 pH 5.5   NH4
+   pH  (4  <4) 
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   NO3
- 

 pH  (Martin and Rose, 1976)  

Rumex acetosa ( )  NO3
-    NO3

- 

 pH 3.5  pH 5.0 (Nickell and Burholder, 1950)  Chevre 

et al., (1983)  Castanea ( ) 

 MS  pH 4.0  Ca2
+ Mg2

+  2  

  . . 2002 Ramage and Williams  

   NH4
+   pH 

  NH4
+  NO3

-  pH  

 NH4
+   (organogenesis) 

 MES (2-(N-morpholino)ethanesulphonic acid) 

 

 

 pH   

  

 pH 4.0  pH 

 (Chin and Miller, 1982) Vacin and went (1949)  pH 6.2  

   

  EDTA (ethylene-diamine-tetra-acetic 

acid)  (Dalton et al., 1983) 

  

 chelate  Fe-EDTA 

 pH    

 EDTA  chelate  

 ( , 2541) 

2.   pH  pH  
   pH  4.0-

7.2  pH 2.5-3.0  pH 8.0  (Butenko et al., 1984) 
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   pH  5.6-5.8  pH 

 3.5  7.1  

 Rose and Martin (1976)  Ipomoea sp. 

  pH 4.8, 5.6, 6.4  7.1  NH4
+  NO3

- 

   pH 4.8  7.1  

 pH  7.1  NO3
-  

 NH4
+  pH 

 pH 6.4  Kartha (1981)  

 pH 5.6-5.8  

 Davis et al. (1977)  pH   

 Linsmaier and Skoog (1965)  adenine sulphate 4   casein 

hydrolysate 2   pH 5.5-6.5  

  pH 5.5  pH 6.0   6.5 

 

3.   pH  
  pH  

 sodium hydroxide (NaOH)  potassium hydroxide (KOH)   hydrochloric 

acid (HCL)  0.1-1.0  ( , 2544) 

 pH  Krieg and Gerhardt (1981)  

 pH 6.0    

 15   15  ( , 2540)   

  pH  

  pH  5   pH  6 

 (Bhatia and Ashwath, 2005)  

 

4.   pH  
  pH   

 pH  

       

  pH  (Owen et al., 1991) 
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 MS (   Linsmaier and Skoog (1965)  Skirvin 

and Chu (1979))  3.3-4 %   pH  pH 5.7  5.1 

(Singha, 1982)  pH 5.5 (Owen et al., 1991)   Skirvin et al., (1986)  

 pH 5.0  pH  4.2  

pH 6.4  5.1   pH 8.5  8.1 

5.   
  pH  

 Vacin and Went (1949)  pH 

  Skirvin et al. (1986)  pH  MS 

  6   

  2.2 

 

 2.2  pH  MS  

 MS 

               0.6% 

pH     5.7   5.7 

   4.6   4.6 

 6   4.1   4.4 

  

 

 Owen et al. (1991)   pH  MS  0.1 

  0.8 %   pH   

 4    25  

 pH  0.8   

 

2.  (Embryo Culture and Embryogenesis) 
 (embryo culture)   

 (embryo sac)  

  

 (embryogenesis)   
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  2   

1.  (fertilized egg)   

 zygotic embryos  (2n) 

2.  (unfertilized egg)  

 non-zygotic embryos 

2.1  (In Vitro Embryogenesis) 
   . . 2541  

    

1.    

proembryo  2   (apical cell) 

 (basal cell) 

  

 globular-shape stage  

 (heart- shape)  (torpedo-shape) 

2.   

 adventive cells 

  

 globular-shape stage  somatic embryo, 

embryo-like structure, adventitious embryo  vegetative embryo  adventive 

embryo  embryoid 

3.  

  pectinase 

  

 (cell aggregate)  (globular-shape) 

 

4.   

    epidermal cells, palisade cells  

spongy cells  

 globular-shape  
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  (active) 

    

  (organelle)  

  globular-

shaped  heart-shaped  torpedo-shaped  ( , 2538) 

 (cell suspension culture)  

 embryogenesis   

      -    

  

2.2  
1.    

   

 

2.   

  

  Murashige and 

Skoog (1962)   

3.   

( , 2538)  

1. 2,4-D  embryo genesis 

2.   (Gibberellic acid)  embryo genesis 

3. 7 aza-indole   

embryo genesis 

4.  (ethylene)  

5. BAP, IAA (indole-3-acetic acid), IBA (indole-3-butyric acid)  

(Kinetin)  embryo genesis  

6.  (Zeatin)  ALAR (succinic acid 2, 7-methyl-hydrazide) 

 embryo genesis 
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4.    

4.1   

 

4.2    (> 

25°C) 

4.3  

 

 

5.    

 

 
 

   (Nolan and Rose, 2010)   Indole-3-acetic acid (IAA)  

Indole-3-butyric acid (IBA)   Naphthalene acetic acid (NAA), 2,4-

Dichlorophenoxyacetic acid (2,4-D)  2,4,5-Trichlorophenoxyacetic acid (2,4,5-T) 

 ( , 2541) 

IAA   

 IAA  IAA oxidase   IAA 

   1-30  

NAA  

  NAA 0.1-2.0  

2,4-D  IAA  NAA 

 2,4-D  5-10    2,4-D 

  ( , 2544) 

   2,4-D  NAA 

  IAA  

(Grossmann, 2003)  proembryogenic mass (PEMs) 

 globular stage    

PEMs  somatic embryo (Zimmerman, 1993; Halperin, 1966) 
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1.  
 

  

  side chain 

   

  Thimann  . . 1963  

   (strong 

negative charge)   

 (weaker positive charge)  5.5 Angstrom  

Thimann  ( , 2539) 

2.  
1.  (cellular elongation)   

 

    

 (microfibril)  

(plasticity)  (elasticity) 

    (Cellulases) 

  (hydrolytic enzyme)  

 

 

2.  (cell division)  

 Siberger and Skoog (1953) 

 RNA  IAA  

 RNA    (actinomycin D) 

 (chloramphenical)  ( , 2544;  , 2549) 

  somatic embryogenesis     (alfalfa) 

  (celery)    

  somatic embryogenesis 

  2,4-D  

(Bhojwani and Razdan, 1996)  
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  embryogenic  2,4-D 

 0.5-1   proliferation medium 

  

proembryogenic masses (PEMs) 

  embryo development medium  

 proliferation medium  

 embryo development medium 

  proliferation medium 

 induction medium  somatic embryogenesis (Sung and Okimoto, 1981)  

PEMs  (Kohlenbach, 1978) 

   

 somatic embryogenesis (Vasil and Vasil, 1986) 

  2,4-D  embryogenic callus 

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

D  5-10 %   

Ling et al. (1983)  embryogenic callus 

 1  Oryza sativa x O. latifolia  HE5  2,4-D 2  NAA 

2   1,360   casein hydrolyzate 300 

  (compact callus)   embryogenic 

callus  embryoid    globular-shaped, heart-shaped, 

scuellum-shaped  1   

 Mariani et al. (1998)  somatic 

embryogenesis   Nipponbare 

 scanning electron microscopy (SEM) 

 somatic embryo 

 MS  2,4-D  2    embryo 

 2,4-D  1   

   somatic embryo  

proembryo, globular, scutellar  coleoptilar 

  proembryo  embryogenic   
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globular  fibrillar 

  scutellar  

 scutellum  coleoptilar  coleoptile 

  coleoptile  

 Chen et al. (2002)  somatic embryogenesis 

  

 compact  LS  2,4-D  1-2.5   

  IAA  kinetin  6-

benzylaminopurine (BAP)  somatic embryogenesis  10  

 histological   embryo  scutellum 

 2  coleoptile-coleorhiza  2n = 24 

Prasart (2004) 

  105    1  9   

2   N6  2,4-D  2  4 

    1 

  105  embryogenic cell 

  

Ilahi et al. (2005)   Oryza sativa L. cv. 

Swat-II  MS  2,4-D  Kinetin  

 MS  Kinetin 1.0   NAA 0.5 

  embryogenesis  2 

  Kinetin  2   NAA 0.5   

somatic embryoid  MS  BAP 1.5   IAA 0.5 

   4   


