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Abstract 

 

 The embryogenic callus derived from young leaf of mature oil palm was 

suitable for cell suspension induction. Callus was transferred to MS liquid medium 

supplemented with 1 mg/l dicamba, 200 mg/l ascorbic acid and 3% sucrose. This 

produced a fine cell aggregates with 1-3 mm in size after being cultured for 3 months. 

Cell suspension proliferation was performed by transferring 1 ml packed cell volume 

(PCV) to a fresh same medium composition. Sub-culturing at monthly intervals gave the 

highest proliferation rate at 3.61 PCV (3.61 times). MS medium supplemented with        

40 mg/l adenine sulfate gave the highest packed cell volume (5.53 ml) after 30 days of 

culture. Dicamba at concentration of mg/l together with 0.1% activated charcoal 

promoted embryogenesis at 100% and a number of produced somatic embryos at 

117.58 embryos/flask after being cultured for 6 months. The MS medium supplemented 

with 0.2 M sorbitol and 3% sucrose gave somatic embryo induction rate at 91.81% and 

a number of somatic embryos at 712.75 embryos/flask. Germination of somatic embryos 

was obtained from those embryo at size bigger than 2 mm at 15.83%. The somatic 

embryo induced from MS medium supplemented with 0.2 M sorbitol gave the highest of 

SSE induction rate at 30.83% after 6 months of culture. Sodium alginate at 2.5 , 

immersed in 100 mM calcium nitrate for 15 minutes was suitable to produce artificial 

seeds of oil palm. Encapsulated coleoptiles-staged SSEs were germinated shoots after 

being cultured on hormone-free MS medium for 1 week. The survival and germination 

rate were 95.24 and 77.78%, respectively after one month of culture. Complete plantlets  

(5) 



 

obtained from this protocol were successfully transferred to soil at 9.43% after 5 months 

of germination. Verification of somaclonal variation from embryogenic callus cell 

suspension and leaf of seedling revealed that 9 primers of SSR and six RAPD primers 

namely OPAB-01, OPAB-09, OPAB-14, OPR-11, OPT-06 and OPA-03 showed clearly 

DNA patterns with monomorphism bands. The results obtained from these studies 

suggest that there is no somaclonal variation in this suspension culture protocol. 
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 12  12

3  5  12  12
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 5

  MS 

  1 

 30  

  

15  30  

3% 3.41a 3.8a 

5% 2.52b 3.4a 

7% 

9% 

2.22b 

2.15b 

3.26ab 

2.53b 

F-test ** ** 

C.V. %) 29.96 36.57 

**   p<0.01) 

DMRT 

 

 
11

  MS  

 1 

 30  



 

 

45 

 

 
 

 12 MS  1

 

 30  50  

 : 3%    : 5%  

 : 7%    : 9% 

 

 2.3   

  

 

  1  MS

1 

 3  15

7.74  4  21 

 6.72   30

4.01   6 13

  15  21



 

 

46 

 2 

30 

30  

 

 

 6

  MS 

  1 

  3 4  

 

( ) 

 

15  30  

15 3.68a 7.74a 

21 2.92ab 6.72b 

30 2.82b 4.01c 

F-test ** ** 

C.V. (%) 22.28 20.40 

**   p<0.01) 

DMRT 



 

 

47 

 
13 

 MS  1 

  3  30  

 

 2.4 

  

 

  1  MS

 1 40 

 3

5.53 30  7  14  

 

MS 1 

 3 4.01

 

 2  
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 7

  MS 

  1 

   3 1  

 

 

15  30  

 2.82b 4.01b 
   

   

10 2.62bc 3.72b 

20 3.91a 4.89a 

30 3.13a 3.91b 

40 2.99b 5.53a 

   

10 1.92cd 1.96c 

20 2.4bcd 2.5c 

30 2.4bcd 2.28c 

40 1.92cd 1.97c 

   

10 1.83cd 2.33c 

20 1.87cd 2.48c 

30 1.87cd 2.52c 

40 2.4bcd 2.67c 

   

10 1.78bcd 1.98c 

20 2.33bcd 2.33c 

30 2.12bcd 2.07c 

40 1.98cd 1.98c 

F-test ** ** 

C.V. (%) 26.26 44.97 

** p<0.01) 

DMRT 



 

 

49 

 
14 

  

 

 2.5 

  

 

  1  MS

1/2 1/4  1/8 

 1 2

 3

4.01

1/2

2.66  30  8  15  

 1/4  1/8 

2.19 1.88  

 

 2  



 

 

50 

8

  MS 

 1

  3 1  

 

NH4NO3 KNO3 

 

 

15  30  

1 2.82a 4.01a 

1/2 1.63b 2.66b 

1/4 1.44b 2.19c 

1/8 1.44b 1.88c 

F-test ** ** 

C.V. (%) 15.87 17.64 

ns =  

** p<0.01) 

DMRT 

 

 

 15 

  30  
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3.  

 

 3.1 

  

 

 

 1 4.18 

 3.7  2.65    

2.19     

1.79  

 

 3

 100  

1 75  

31.83  

 1 1.92

 3

  MS  1

 9

PEMs 16  
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 9

  MS 

  3  

  

(

) 

  

 

 

3  6  

0 1.79c 100 31.83a 0b 

0.25 2.19bc 100 31.17a 0b 

0.5 2.65b 100 30.92a 0b 

0.75 3.7a 100 7.17b 0b 

1.0 4.18a 75 1.92c 2.17a 

F-test **  ** ** 

C.V. 20.14  18.07 45.71 

** p<0.01) 

DMRT 

 

 
 

16  MS 

 1  

 3   50  

 :   : PEMs  
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 3.2  

 

 

 3.1   1 

4.18 4.43  0.75 

 3.87  0.5  2.82 

 0.25  2.11 

1.63 

 

 100  

 3  6  

 0-0.5

  1  0.75  

117.58 94.17

17  
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 10  0.1

  MS 

  3

 1  

  

(

) 

          

 

 

 

 

3  6  

0 1.63c 100 36.83a 0c 

0.25 2.11c 100 36.17a 0c 

0.5 2.82b 100 34.25a 0c 

0.75 3.87a 100 10.50b 94.17b 

1.0 4.43a 100 8.67b 117.58a 

F-test **  ** ** 

C.V. (%) 20.03  24.01 44.49 

** p<0.01) 

DMRT 
 

 
 

17  MS 1

   

  0.1  6  1.0  



 

 

55 

 3.3  

 

      

 

38.71  59.58 11 8  

0.1-0.2

2-10 8  

 0.1 

 27.32 

 0.4   

 50 33.6   
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 11  3

  MS

  1  

) 

%  

 2-10  11-50  > 50  

3%  42.10ef 14.50cde 16.05abc 27.35bc 

     

0.1 41.39ef 27.32a 21.73a 9.56h 

0.2 52.72ab 19.05bcd 15.80bcd 12.43h 

0.3 44.30def 18.62bcd 14.33bcde 22.76cd 

0.4 43.13def 10.84de 12.42cde 33.60a 
 

    

+ 3%      

0.1 40.85ef 8.31e 18.86ab 31.98ab 

0.2 43.10def 17.54bcd 16.09abc 23.27cd 

0.3 38.71f 18.35bcd 17.15ab 25.80bc 

0.4 51.39bc 14.95cde 12.87cde 20.79cdef 
 

    

     

0.1 43.65def 22.74b 15.02bcd 18.59defg 

0.2 40.68ef 22.01b 15.88bcd 21.43cde 

0.3 55.65ab 20.50bc 9.40de 14.45efgh 

0.4 49.70bcd 20.31bc 15.94bcd 14.05efgh 
 

    

+ 3%      

0.1 59.58a 15.88cde 9.51de 15.03efgh 

0.2 48.74bcd 22.13b 8.22e 20.91cdef 

0.3 46.77cde 21.68b 17.79ab 13.76fgh 

0.4 48.18bcd 21.21bc 17.36ab 13.24gh 

F-test ** ** ** ** 

C.V. (%) 19.66 24.05 36.43 32.15 

** p<0.01) 

DMRT 
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8  3

  MS

  1  

 



 

 

58 

 
 

 19 MS

 1

  0.2                 

 100   

 : 2-10    : 11-50   

 :  

 

  

0.1-0.2 3 

3  12  91.81 

MS  0.2 3 

6 MS 0.1 

3  74.13  

MS 0.4 

5.25   
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 12  3

  MS

  

 

)  

3 4 5 6 

3%  75a 75a 75a 75b 

     

0.1 0d 2.81e 21.75d 29.00c 

0.2 0d 5.19d 28.94c 30.19c 

0.3 0d 0f 0f 5.50e 

0.4 0d 0f 0f 5.25e 

+ 3%      

0.1 5.25c 9.06c 31.75b 74.13b 

0.2 6.19b 30.44b 73.19a 91.81a 

0.3 0d 0f 6.44e 10.69d 

0.4 0d 0f 6.56e 9.31d 

     

0.1 0d 0f 0f 0f 

0.2 0d 0f 0f 0f 

0.3 0d 0f 0f 0f 

0.4 0d 0f 0f 0f 

+ 3%      

0.1 0d 0f 0f 0f 

0.2 0d 0f 0f 0f 

0.3 0d 0f 0f 0f 

0.4 0d 0f 0f 0f 

F-test ** ** ** ** 

C.V. (%) 72.11 45.07 25.73 17.62 

** p<0.01) 

DMRT 
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 1-10 -  20  

 MS  0.1 

 1 76.9  ( 13  

21)  0.4             

3  3                 

11.14            

0.1-0.2 

 0.3-0.4 

 22  MS    

3  MS 

 0.1  3  

712.75  MS  

0.2 3 657.17  

 0.4    

127 ( 13) 
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 13  3  

  6  

 

) 

( ) 

 <1 1-2.0 2.1-3.0 >3.0 

 

3%  
0d 0f 100a 0d 2.17e 

      

0.1 76.90a 16.80e 6.29f 0d 312.25c 

0.2 14.24c 75.70a 14.28d 2.01bc 431.75b 

0.3 0d 53.51b 50.21b 2.52b 154.42d 

0.4 0d 53.52b 50.32b 2.40b 127d 

 

+3%  
     

0.1 49.43b 40.74cd 9.26e 0.55cd 712.75a 

0.2 38.91b 49.48bc 9.29e 2.30b 657.17a 

0.3 1.15d 41.40cd 47.07c 10.36a 401.33b 

0.4 0.89d 38.45d 49.51b 11.14a 301.83c 

F-test ** ** ** ** ** 

C.V. (%) 43.79 11.75 6.63 34.06 19.11 

** p<0.01) 

DMRT 
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 20

  MS  0.2  

 3  6 ( 2 )  

 

 
 

 21

  MS  3

  6   

 :  0.1  3  (  1 )

 :  0.2  3  (   

  0.5 ) 

 :  0.3  3  (  1 )

 :  0.4  3  (  

 0.5 ) 



 

 

63 

 
 

 22

  MS  6  

 :  0.1  (  0.8 )   

 :  0.2  (  1 ) 

 :  0.3  (  1 )   

 :  0.4  (  1 ) 

 

4.  

 

 4.1  1 

 

 MS 

1/2MS  1

 1  (  23   )  2

 1-2  

 2 23 2

4 24  

MS



 

 

64 

 1 

2 (SSE) 1/2MS  

14)   6

15.83  MS  

24

2 30.83  MS

25  

 1

3  24

 4  25  

 

14

  4  

 

 

 1  2  

 1/2 MS 7.5abc 10b 

 MS 13.33ab 25.83ab 

    

 +  1/2 MS 10abc 12.5b 

 MS 15.83a 21.67ab 

    

 1/2 MS 3.33c 14.16b 

 MS 4.16bc 30.83a 

F-test  * * 

C.V. (%)  69.19 49.96 

* p<0.05) 

DMRT 
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23  MS

  200  

 3  0.75  1  

 :

   1  

 :

    1  

 : -2

   2  
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24  

 MS

   MS  200

  3  0.75  

 :  MS  

   2 (  1.0  

 :  MS

  1  2 (

 1.0 ) 

 : haustorium  4 (                    

 1.0 )  

 :  6 (  

 1.0 ) 

 : SSE haustorium          

  6  (  0.5 ) 

 : 1 

  9 (  1.0 ) 
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25  

 MS  MS

  200  3

  0.75  

 : 2  

  1 (  1.0 ) 

 : SSE haustorium  

  6 (  0.5 ) 

 :  SSE  9 (

   1.0 ) 
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 4.2 

  1 

   

 

1-4 

 1

30  

4 5  

 

26 -  ABA GA3 

 26 -  SSE  

 

 

1-4 MS

 ( 26

2  
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 26

 

  MS  200

  3  0.75 (

  1.0 ) 

 : BA  1  

 4  4  

 : KN  1  

 4  4  

 : TDZ  1  

 4  4  

 : ABA  1  

 4  4  

 : GA3  1  

 4  4  

 : BA  1  

 4  2  
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5.  

 

 5.1  1 

 

 5.1.1 

   

 

 

2.5 100

 2

 3

 2

 15

(  27 )   

 

 
 

 27  MS

  2.5  200  

 3  100

 15  (  1 ) 
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 5.1.2  

 

 

 1-2 

 1 

 MS  

 3 

1 28   

 1  2  3

 1-2  1

3  

 28  

 

 
 

 28  

 1  

 :  MS

  200  3 0.75  

 1  

 :  3  

 2.5 
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 100 15 MS

  200  3

 0.75  1  

 

 5.2  2 

 

  SSE  2.5

 100  15  

 SSE

 1 

 95.24   SSE

SSE  100

 1  15  SSE

 77.78  73.01

4.76  1  16  

 9.43 29  

 57   SSE

 6.49 27.27
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 15  SSE

  

 SSE  (%) 

1  1  3  5  

     

 100a 100a 0e 0e 

 0e 0e 0e 0e 

     

     

 100a 100a 100a 100a 

 31d 17.6d 5.8d 5.8d 

     

     

 100a 100a 100a 100a 

 88c 42.7c 38.8c 38.9c 

     

     

 100a 100a 100a 100a 

 95.2b 84.2b 79.9b 79.9b 

     

      

 100a 100a 100a 100a 

 100a 100a 100a 100a 

F-test ** ** ** ** 

C.V. (%) 3.4 5.3 5.1 5.1 

** p<0.01) 

DMRT 
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29  SSE  2.5

  100  15

  1  

 : SSE  1   

 : SSE   
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 1  1  

 :  SSE   

 :  SSE   

 :  SSE
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31 

 1  1  

 :  SSE  1

    

 :  SSE   

 :  SSE
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  1  

 :  SSE  

   3  

 :  SSE  1

   3   

 :  SSE  1 2 

 3  3   

 :  SSE  

   3   

 :  SSE

   5   
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6.  

 

 6.1  

 

 

Te-chato 

(2000) 80 - 160 

30  

80 - 160 

30    3  

PCR  
 

 
 

33  

 :  

 :  

 :  



 

 

79 

 6.2  

 

 10 10 OPA-03

OPA-19 OPAB-01 OPAB-09 OPAB-14 OPB-08 OPJ-04 OPN-15 OPR-11 OPT-06

 6 OPAB-01 OPAB-09 OPAB-14 OPB-08 OPN-15  OPT-06 

 31

 3

monomorphism)  OPA-03 OPA-19 OPJ-04 OPR-11

(  32   

RAPD 

 
 

 17 

 

 RAPD  

  5   

OPA-03 AGTCAGCCAC +++  

OPA-19 GTCCACACGG +++ 

OPAB-01 GGGCGACTAC ++++ 

OPAB-09 CCGTCGGTAG ++++ 

OPAB-14 CAAGGGCAGA ++++ 

OPB-08 GTCCGTATGG ++++ 

OPJ-04 CCGAACACGG +++ 

OPN-15 CAGCGACTGT ++++ 

OPR-11 AAGTGCGACC +++  

OPT-06 GTAGCCGTCT ++++ 

++++  

+++    
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34 RAPD 

 OPAB-01 OPAB-09 OPAB-14  

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  
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35 RAPD 

 OPB-08 OPN-15 OPT-06  

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  



 

 

82 

 

 

 

 

 

 
  

 

36 RAPD 

 OPA-03 OPA-19  

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  
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37 RAPD 

 OPJ-04 OPR-11  

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  
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 6.3 SSR 

 

 

SSR 9 

EgClR0008 EgClR0243 EgClR0337 EgClR0409 EgClR0446 EgClR0465 EgClR0781 

EgClR0905 EgClR1772 PCR

 

monomorphism

33  

 

 

 
 

38 SSR 

 EgClR0008 

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  
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39 SSR 

 EgClR0243  EgClR0337  EgClR0409   

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  
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40 SSR 

 EgClR0446  EgClR0465  EgClR0781     

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  
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41 SSR 

 EgClR0905  EgClR1772  

 M  100  

 lane 1-6    

 lane 7-12  

 lane 13-18  



 

4 

 

 

 

1.  

 

  

NAA 

Teixeira 1995 primary globular callus (PGC)

 Y3 2,4-D 

10 

de Touchet  1991)

 PGC 

 

  

88 



 89 

 2 doubling time: td)  15 

 15  3.41 

 1.5 2.09  

Teixeira 1995

Friable Embryogenic Tissue: FET) 

 2  7 

 

 2  30-40 

 (de Touchet et al., 1991; Duval et al., 1993; Tahardi, 1999; Tarmizi et 

al., 2003; Soh et al., 2006) 

 

2.  

 

   1

3.61   30   

Gorret (2004)

 0.7  

30 de Touchet (1991) 

 0.1-0.3 

  20 Teixeira (1995)   1.5

 50  30 

3.3-3.57

 1:25  0.5 



 90 

1.5 

 

   MS

1  

3 3.8 

7  9

3  5

Gorret

(2004)

 

 100

20             

1 

 79  

0.18

 

   15

7.74  4

 log 

phase 

stationary phase

 15  21
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 2  

30  S

  Rho André (1991) 

proteolysis

 

   MS  

1 40 

 3

5.53 30

Padgett Leonard (1996)  

Gorret

(2004)

 5 

 5

Lee  Kirby (1986) Pseudotsuga menziesii 

 Verhagen  Warm (1989) Picea 

abies         



 92 

embryogenic lines

 3 Hristoforoglu  

(1995) embryogenic lines Abies alba      

Khlifi  Tremblay (1995) Picea mariana 

Hilae  Te-chato (2005) 

 SSE  

   MS

1/2 1/4  1/8 

20.625 10.31 5.15  

2.57  39.435  72 9.86 4.93

Gorret (2004)

1.6 45

 

 

(2554) 2 

MS N6 0.1 N6 

MS  N6 

KNO3 KH2PO4 MS 2 

Eltjo  Daniel (1987)  MS 
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Medicago sativa  

5 

10-20 

Walker  Sato (1981) alfalfa

12.5  

 50

Samoyloy  (1998) 34.9 

( 1 4) 

 

 

3.  

 

  

 2545;     

2551; , 2552; , 2553) 

epidermis subepidermis  

 100          

3  1 

75       

31.83         

1 

1.92  9

 MS           

 3  66.67   

2552) MS        

0.1 3.36

 6  
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 100  

         

3  6

0-0.5

1  0.75

117.58

Constantin et al., 1977; Weatherhead et al., 

1978; Nissen and Sutter, 1990

Fridborg and Eriksson, 1975; Fridborg et al., 1978 Pan 

 van Staden (1999) 

 

  

 SSE , 

2551;    , 2552) 

 0.1-0.2  

3 3  

6  91.81 MS       

0.2 3 

 (2551)

 SSE  Brad Roberrt (1993)
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 5

20 Gao et al., 2005 40 (Wang et al., 2001

Wu et al., 2002; Geng et al., 2008)  

Agisimanto  (2011)  

 951 

MS  

 

 

4.  

 

  MS

 1 

2 1/2MS  

 (2551)

 MS 0.2

40  3

 4

 

 Mamiya  

(2000)

 Aberlenc-Bertossi (1999)

 BA 

  

 70  
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5.  

 

  

SE 

 MS 1 

 200  3 

 0.2 

 6  

Aberlenc-Bertossi 1999) 

SE 

 SSE Te-chato  Hilae 

2007 SE  MS 

 200 0.2 

 SSE  100 SSE 21.55 SE  

 SSE 3  MS 

   SSE  78 

 35.71 2  

  SE  SE

        

SE 

      

   

 SE SE 

3 

 SE Redenbaugh 

(1987)

 Ghosh  Sen (1994) 

Asparagus cooperi  3.5   
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 50 40 

 34  75 100      

15 20 

 100 150 15 

 

(Redenbaugh et al., 1991)

Na
+

Cl
- 

SSE

Te-chato  Hilae 2007 SSE SE 

MS  0.2 0.1 

 

78 SE SSE (40 )  

 SE 

 SSE  

   SSE SSE 

 9.4 

73 

 SSE  SE SSE 

 SSE

 SSE   

SSE               

5.8  SSE

 SSE 

1 Redenbaugh (1987)
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6.  

 

  

 

 

 

MS

30 10 

RAPD SSR 

  2547   RAPD 

  

OPA-

03 OPA-19 OPAB-01 OPAB-09 OPAB-14 OPB-08 OPR-11 OPT-06  

2 OPJ-04 OPN-15

 polymorphic
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  10 6 OPAB-01

OPAB-09 OPAB-14 OPB-08 OPN-15  OPT-06 

(monomorphic)

(2552) 

RAPD 

OPAB-01 

OPAR-09 

monomorphism 

Thawaro  Te-chato 2009

OPT-06   

Rival 1998) 

RAPD

 387 259 

monomorphism  73 polymorphism

 24

6 

RAPD 

SSR  

  

SSR 

9 EgClR0008 EgClR0243 EgClR0337 EgClR0409 EgClR0446 EgClR0465 

EgClR0781 EgClR0905 EgClR1172 EgCIR0008 

monomorphism 2553) 



 100 

SSR 

EgClR0008 

(2554) 

monomorphism EgClR0008

500 - 600 560 600 

550 Thawaro Te-chato (2009) SSR 

EgClR1772 

336(D) x 72(P)  EgCIR008 

 77, 118, 119  137  EgCIR1772  

58  130

 EgCIR0008

RAPD SSR 

 

 



 

 

5 

 

 

 

  

 

MS  1 

 3  3 

1-3    

   1.0

3.61 3.61 

 1.5  3.57  

  

   

   15

7.74  

  

 MS 40      

5.53 30  

   MS  1         

 36.83     

 1  1  117.58

6  

   0.2 3 

% 6 

 0.1  3 

712.75  

101 



 102 

   2 MS
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Te-chato (2000) 

 

1. TE 500  

20 mM Tris-HCl (pH 8.0)  500  

0.1 EDTA (pH 8.0)   200  

  500  

2. SDS 10 % 50  

SDS     5   

  50  

3. Ammonium acetate 5 100  

Ammonium acetate   38.54  

100  

4. Ethidium bromide 10   

Ethidium bromide         1.0  

  100  

5. TAE 5  

Tris Base              121.1  

Acetic acid     28.5  

0.5 M Na2 EDTA (pH 8.0)  50  

500   

6. TBE 5  

Tris Base       54  

Boric acid     27.5  

0.5 M Na2 EDTA (pH 8.0)  20  

  1000   
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Denaturing electrophoresis 

 

1. 6% Polyacrylamide gel (Acrylamide : Bisacrylamide = 29:1) 300  

30 % Acrylamide Bis-acrylamide solution (29:1) 60  

5X TBE       60  

Urea        35  

      105  

2. TBE 5  

Tris Base       54  

Boric acid     27.5  

0.5 M Na2 EDTA (pH 8.0)  20  

  1000  

3. 10% (W/V) Ammonium persulfate (APS) 10  

Ammonium persulfate   1  

     10  

4  

4. 6X Loading buffer ( Denaturing polyacrylamide gel) 1  

Formamide    950  

5% Bromophenol blue       10  

1 M EDTA      20  

4  

5. Bind silane  

Bind silane    1  

Glacial acetic acid   2.5  

95% Ethanol    500  

 

Silver nitrate 

 

1. Fixation Stop solution (10% Acetic acid) 1,000  

Glacial acetic acid   100  
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     900  

2. 0.2% Silver nitrate 1,000  

Silver nitrate    2  

     1,000  

 

3. Develop solution 1,000  

Sodium carbonate    25  

1,000 4 

 Formaldehyde 40 500 

Sodium thiosulfate 50 40 
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1 Murashige and Skoog (MS) 

Eeuwens (Y3)  MSMo 

 

 
 ( ) 

MS Y3 MSMo 

    

NH4NO3 1,650 - 1,300 

NH4Cl - 535 - 

KNO3 1,900 2,020 1,200 

KCl - 1,492 - 

KH2PO4 170 - 700 

NaH2PO4.1H2O - 312 - 

CaCl2.2H2O 440 294 360 

MgSO4.7H2O 370 247 300 

    

KI 0.83 8.3 0.83 

H3BO3 6.2 3.1 10 

MnSO4.H2O 16.9 11.2 18.9 

ZnSO4.7H2O 10.6 7.2 10 

CuSO4.5H2O 0.025 0.16 0.025 

Na2MoO4.2H2O 0.25 0.24 0.25 

CoCl2.6H2O 0.025 0.24 0.025 

NiCl2.6H2O - 0.024 - 

FeSO4.7H2O 27.8 27.8 24.9 

Na2EDTA 37.3 37.3 - 

EDTA - - 26.1 

    

Myo-inositol 100 - 100 

Nicotinic acid 0.5 - 1 

Pyridoxine HCl 0.5 - 1 

Thaiamine HCl 0.1 - 1 

Glycine 2 - - 

Ca Pantothenate - - 1 

Sucrose ( ) 30 30 30 

 7.5 7.5 7.5 
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2  RAPD  

 

Primer name   

OPAB-01 GGGCGACTAC 

OPAB-09 CCGTCGGTAG 

OPAB-14 CAAGGGCAGA 

OPR-11 AAGTGCGACC 

OPT-06 GTAGCCGTCT 

OPA-03 AGTCAGCCAC 

OPB-08 GTCCGTATGG 

OPA-19 GTCCACACGG 
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