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The study of chitosan effects on seed germination and growth development of Den.
Queen Pink cultured on modified VW for three month. The results showed that seed 
germination was 31.85 % which was highest in the presence of chitosan at 10 mg/L, chitosan 
at 20 mg/L induced maximum numbers of protocorms in stage 2 whereas chitosan at the 
concentration of 60 mg/L gave the maximum fresh and dry weight in all stages of protocorms. 
Next experiment, protocorms were divided into 2 sizes as following; small (0.1-0.2 cm) and 
large (0.3-0.4 cm) then further cultured on modified VW for 6 months. The results indicated 
that large protocorms had better growth and development than small protocorms. All 
protocorms cultured on media supplemeted with chitosan at all concentrations accelerated 
growth better than the control without chitosan and chitosan at the higher concentrations 
tended to improve the growth of protocorms. Small protocorms cultured on modified VW 
supplemented with chitosan at 20-60 mg/L had similar growth rate compared with the large 
protocorms cultured on modified VW without chitosan or with chitosan at 10 mg/L. Next 
experiment was conducted to investigate the induction of in vitro flowering of Den. seedlings. 
Seedlings of Den. Queen Pink were cultured on half- strength VW supplemented with BA and 
PBZ for four months. There was no in vitro flowering induction in all treatments. Whereas, two 
months old seedlings of Den. White Pansy Lip were sub-cultured onto modified VW liquid 
supplemented with 4.4 μM BA and various concentrations of chitosan for three months. The 
results revealed that seedlings cultured on chitosan at all concentrations gave similar number 
of leaves and roots with no significantly different to the control. The maximum numbers of new 
plantlets were obtained at 20 mg/L chitosan (5.09 plantlets). Later on, the plantlets were sub-
cultured onto two layer medium supplemented with 22.2 μM BA and various concentrations of 
chitosan. An early inflorescence formation within 60 days was observed in plantlets cultured 
on medium supplemented with 40 mg/L chitosan. The highest induction frequency of 50% 
were achieved after cultured for  150 days on two layer medium supplemented with 40 mg/L 
chitosan, but no significantly different to the control. However, all treatments showed flower 
buds abortion and wilt
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  =  

ABA  = Abscisic acid 

BA  = 6-Benzylaminopurine 

cm  = Centimetre 

DMRT  = Duncan’s New Multiple Range Test 

DZ  = Dihydrozeatin 

GA  = Gibberellic acid 

g  =  Gram 

HPLC  = High-performance liquid chromatography 

IAA  = Indoleacetic acid 

iP  = N6-(  2-isopentenyl)-adenine 

iPA  = N6-(  2-isopentenyl)-adenosine 

KC  = Knudson C 

mg  = Milligram 

mg/L  = Milligram/Litre  

MS  = Murashige and Skoog 

MWUT  = Mann –Whitney U Test 

NAA  = -Naphthalene acetic acid 

PBZ  = Paclobutrazol 

TDZ  = Thidiazuron 

VW  = Vacin and Went 

Z  = Zeatin 

ZR  = Zeatin riboside 

M  = Micromolar 
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1.  
         

 

  

 44,000 - 45,000  

 50   50  

95  (  2549) 

 1   2   

 

  230  

 200    85.0  

 15.0   2 

 

 10 -15   2549-2551 

   

  

 (International Bussiness Times 

Thailand 2009)                                                                             

 

. . 2554 - 2559  3.5  2553  10,000 

 2559 

  328  

 2,739  2552 10,000  2559 

 19.24  (   2553) 

 
 
 
 

 
 
 
 

 
 



 2 

 

. . 2500   

 

 

    

 

 8-15  

  (  2546) 
Dendrobium Queen Pink  Dendrobium Kao 

Sanan x Dendrobium Anna  

 

   

  

Dendrobium White Pansy Lip 

 3   

 

    2 

  (vegetative 

propagation)    

   

  (seed 

propagation)  

  

  

 (  2530) 

 (tissue culture) 

  

  

 (  2541)   
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 (International Bussiness Times 

Thailand 2009)   

   

   

   

  

   

     

-    

  

 

   

 BA  PBZ  

 

   

   

 

2.  
 1.  

    2.   

 

 3.    

 

 4. 
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3.  
 1.  Dendrobium Queen Pink  3-4   VW 

   0 10 20 40  60    3 

 

  

 2.  Dendrobium Queen Pink  

 VW           

 3.   Dendrobium Queen Pink 

 VW  20  40  

 3  

  BA  22.2   PBZ  0.17   4 

                           

 4.   Dendrobium White 

Pansy Lip  Dendrobium White Pansy Lip  3-4  

 VW   2   VW 

   0 10 20 40  60   BA  4.4  

 3   2  BA  22.2  

 

 

 
4.  
 1.  

   2. 

 

   3. 

 

 4.   

 

  
 

 
 
 
 

 
 
 
 

 
 



 5 

 
 
 

 2 
 

 
 

  (Family Orchidaceae) 

  600 

 (genus)  17,500   

     

  (  2516) 

 (node)  

   

  (internodes)  (  2547)  

 
1.   
               

 

  (  2516) 

   (psuedobulb)  

 (rhizome) 

  

   

    

  

 

  

 Crassulacean acid metabolism (CAM)  

 2  (leaf blade)  (leaf sheath) 
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 (velamen) 

   6  

 (sepal) 3   (petal) 3   1 

 2  (lip)  (stamina column) 

  

  

 (mycorrhiza) 

  (  2552) 

 
2.  (Dendrobium) 
 2.1   
        (Dendrobium)  

    

  (  2546) 

  1,000  (

2535)  

   

 

 (  2516) 

   2.2   
  

 (sympodial)   

   2    

         

     

  

  

 
 
 
 

 
 
 
 

 
 



 7 

 

    

   4  

     

   

  

 (  2516) 

 

 
 

 1   (Dendrobium Queen Pink) DS = dorsal  

             sepal, LS = lateral sepal, LP = lateral petal, L = lip, SC = stamina column, AC = anther  

             cap, A = anther, S = stigma                       
 
 
 
 

S 
SC 

AC 

A 
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3.   
  

  

    

     (  2516) 

  2 

 

 3.1  (vegetative propagation) 

 ( )  

     

   

  

 3.2    (seed propagation) 

 

  

  

 (  2530) 

 
4.   
      

    

     

   

(  2528) 
   

     

     

   (  2541)   
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5.    
 

  (endosperm) 

  

            

 (Mychorrhiza)  Rhizoctonia 

   (  

2536)  
  

1922-1925  .  

  

    

   (Knudson 1922) 

  

 

 (Kananont et al. 2010) 

    

(macro-elements/nutrients)  (micro-elements/nutrients) 

      

 (growth regulators)   

   

 (  2541)    

  

  Vacin and Went, 

1949 (VW)  

 

 (  2516)  
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 5.1  

  5.1.1   (inorganic component) 

 

  In vitro 

 (  2548)

 2   

 5.1.1.1  (Macroelements)  

   (N)  (P)   (K)  (S) 

 (Ca)   (Mg) 

   KNO3 KH2PO4  K2HPO4  KCl  NH4NO3  Ca(NO3)2  (NH4)2SO4  

 5.1.1.2  (Microelements)  

   (Mn) (Cu) (Zn) (B)  (Cl) 

(Mo)    MnCl2  

Mn(NO3)2  MnSO4  CuSO4  ZnCl2  ZnSO4.H2O  H3BO3  Na2MoO4  MoO3 (  2549) 

 

 EDTA (Ethylene Diamine Tetraacetic Acid)  NaFeEDTA  

FeSO4.7H2O    (Al)  (Co) 

 (I)  (Ni) (  2546) 

 5.1.2   (organic component) 

        (C)  (H)  (O) (

2548)  

 5.1.2.1   

 

 (  2548)  (sucrose) 

 (disaccharide)  

  (  2549) 

 5.1.2.2  (amino acid) 

 (metabolism)   
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  (glycine)  

Murashige and Skoog 1962 (MS)  (  2549) 

 5.1.2.3  (vitamins) 

   

(coenzyme)    

B1 (thiamine)  B5 (nicotinic acid)  B6 (pyridoxine)  

(  2548) 

 5.1.2.4  (activated charcoal) 

  

 (phenolic componds) 

  pH (  2544; 

Arditti and Ernst 1993)  

 5.1.2.5  (natural complexes) 

    

 growth-promoting  inhibitory 

 (  2548)    

  protein hydrolysates (  casein hydrolysate, peptone  tryptone) 

 (  2540)  

  

     

  (polyamine)  

biosynthetic enzyme   

  (nucleic acid) 

 (mitosis)   

  

  (Arditti and Ernst 1993) 

 5.1.3   (plant growth regulator) 
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(  2548)  

     

  

  

 

  

  (Limpanavech et al. 2008; Uthairatanakij et al. 

2007)  

  

  

 
6.    

   

  

-    

   

   (chitin)  

 (chitosan)  (Lertsutthiwong et al. 2002)  

-   

 

   

   -

  

 (  2546) 

 3 

 , ,   
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 (  2544) 

 

       

poly( -(1-4)-2-acetamido-2-deoxy-D-glucopyranose) 

  C-2  

 (acetamido group) 

 (deacetylation)  

 poly( -(1-4)-2-amino-2-deoxy-D-glucopyranose)  pH 

   (  

, 2552) 

 

 
 

 2  

:   Chitosan –Synthese. Chitosan 

Synthese [Online], Accessed 11 May 2010. Available from http://commons.wikimedia.org/wiki/ 

File: Chitosan_Synthese.svg?uselang=fr) 
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 (  2546) 

 (   2552) 

 

7.    
Wikitkankosol   Thammasiri (1992)  10 20 30 40 

50 60 70 80 90 100  

  0.1-0.2    Murashige and Skoog, 1962 

(MS)  (½ MS) 

 

 40    60   

 1.75  7.75   

 80   90   

 15.75  78.25   20 

  3.13  

 4.51   

60    20  

 3.02  47.00  

 100   

Ohta  (2004)  1  

 8   Torenia fournieri Linden ex E. Fourn., Exacum affine Baft., 

Begonia hiemalis Fotsch., Sinningia speciosa (Lodd.), Lobelia erinus L., Mimulus hybridus hort. 

Ex A. Siebert et Voss, Calceolaria herbeohybrida Voss  Campanula fragilis L. 
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 6-13   Torenia 

fournieri Linden ex E. Fourn., Exacum affine Baft., Begonia hiemalis Fotsch., Sinningia speciosa 

(Lodd.), Lobelia erinus L., Mimulus hybridus hort. Ex A. Siebert et Voss 

   Calceolaria herbeohybrida Voss 

Campanula fragilis L.  

   

Chandrkrachang  (2005)  2  CTS-1 (

DD = 85 )  CTS-2 (  DD = 75-80 )  3-4 

  1  

 Dendrobium Sensational Purpul (Dendrobium SP)  8  

 

 

  

Nge  (2006)  4  

 (shrimp chiosan) 10   100    (chitosan 

oligomer)  Kittolife Co. Ltd., Korea. 1    

(fungal chitosan)  10   Dendrobium 

phalaenopsis   Vacin and Went, 1949 (VW) 

 protocorm-like bodies 

 15    15  6  

  1  10 

  4 100  

   10  

  1  

   5-7  12  

 10  

 1  20   
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  (2550a)  

   10 20  40      

  1   

 12    

 (36 ) 

 (42 )  

  

  (2550b)  

 2   20 

 16-16-16  16-16-16  

    

  

  

Limpanavech  (2008)  6   (polymer) 70 

80  90  (P-70, P-80  P-90)   (oligomer) 70 80  90 

 (O-70 O-80  O-90)  1 10 50 100    

Dendrobium ‘Eiskul’   O-80 

       

 O-80   

 10  50           

 

 50   

Kananont  (2010)  

 2  Dendrobium bigibbum var. compactum  

Dendrobium formosum  6  2  

(polymer) 70 80  90  (P-70 P-80  P-90)   (oligomer) 70 80 

 90  (O-70 O-80  O-90)  0 10 20 40 

 80    VW  12   6   

4  

Dendrobium formosum  Dendrobium 
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bigibbum var.compactum   

 10    O-90 

 Dendrobium bigibbum var.compactum   P-70  

10  20   

 Dendrobium formosum 

    

 

   

    

 

8.   

     

  (vegetative 

growth)  (reproductive growth) 

 (   2549)   

   

            1.  (maturation stage)  

  

 

            2.   (induction stage)  

      

  

     

     3.   (initiation of floral primodia) 

  

             4.  (floral development  organogenesis) 

    (  2548)  

  2   

                1.   
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 1.1    

   

(  2548) 

 1.2   

  

  (  2548) 

 1.3   

  

   

 

     

 (  2548) 

2.   

2.1   

   

    

 3  

 

 2.1.1  (short day plant)  

 

2.1.2  (long day plant) 

 

2.1.3  (day neutral plant) 

 (  2525) 

2.2     

  

   (  2525) 

    2.3     

 

 (  2525) 
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    2.4   

  

    

   (  2548) 

2.5   

  

  

 (  2544) 

 

 

   

 
9.   

Goh (1979)  Dendrobium Louisae cv. ‘Dark’ 

 

   

   

benzyladenine (BA) 10-3  10-4     gibberellic acid (GA)  10-3 

 10-4     BA  10-3  GA  10-4   

 BA  9-10   21 

 80   GA 

  BA  GA  7-8  

 21  100  

Wang  (1997)   polyamines 

 Dendrobium candidum   MS 

 NAA 0.3  MS  spermidine 0.5 2  4  MS  BA 

0.5    NAA 1.5  MS  BA 0.5    

NAA 1.5   spermidine 0.5  2  MS  BA 2 

 MS  ABA 1    MS  ABA 1 

 15-20    BA 2   
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150   31.6-45.8   MS  BA 2   

 MS  ABA 1  BA 2 

 45.8  82.8  

 

 

Kostenyuk  (1999)  

 Cymbidium niveo-

marginatum Mak  BA 5  10  

 MS   

 50   40   

TDZ 2.5  75   

  

 

Vaz  Kerbuay (2000)    (N)    

 (P)  (K)   (Ca)  VW  

Psygmorchis pusilla   150  

 (½ VW) 

 80   

(½ N)  (¼ N)   2 

 (2N  2K)   2  (2Ca) 

  

  (NO3
-)  (NH4

+) 

  

 

Kataoka  (2004) 

 Phalaenopsis  (Phalaenopsis White Dream x Phalaenopsis Yukimai Dream) 

   

  (0.6 

)  3  

 
 
 
 

 
 
 
 

 
 



 21 

 47  (4.3 )  20 

   (27 ) 

 2   9 

 (23 )   1,000-3,000   

  20   2-3 

  10  

   

 

 

Ferreira  (2006)  Thidiazuron (TDZ) 

  indoleacetic acid (IAA)  

Dendrobium Second Love   IAA  

   zeatin zeatin riboside isopentenyladenine  isopentenyladenosine  

 VW  MS   

  TDZ 1.8   IAA 

 TDZ 

 isopentenyladenine isopentenyladenosine  IAA  (  5) 

 TDZ  

 2 (  25)  

 TDZ 

1.8  30  

 Dendrobium Second Love 

Sim  (2007)  

Dendrobium Madame Thong-In  

 vegetative  reproductive 

 Knudson, 1946 (KC)  BA 4.4  

  

 

  BA   

 

 
 
 
 

 
 
 
 

 
 



 22 

  (  

) 

 BA 22.2    150  

 150    0.03  (charcoal) 

  

 5  

 

Hee  (2007)  

Dendrobium Chao Praya Smile  2 

 KC  BA 11.1   45   6 

  72  

 2    

   

   

 

 18   52.8  

   90  

    

Tee  (2008)  Dendrobium Sonia 17 

 

 (½ MS)   BA 20   

  P   N 

  P  N  

  

 

Sim  (2008)  Dendrobium 

Madame Thong-In   vegetative 

 HPLC  radioimmunoassay  

 zeatin (Z) dihydrozeatin (DZ) N6-(  2-isopentenyl)-adenine (iP) 
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  zeatin riboside (ZR) 

 (>136 ) 

 0.5-3.9    1.0-1.5  

  (  KC  BA 

4.4    150 )  iP  iPA 

 200  133  

    80-150 

  vegetative  

reproductive  iP (178 )  iPA (63 

)  Z  DZ   

 vegetative  reproductive   

 iPA   iP     

 Dendrobium Madame Thong-In 

Te-chato  (2009)  Friederick’s Dendrobium orchid  2-3 

  2-3  (nodes)  MS  3    

paclobutrazol (PBZ)  0.085, 0.17, 0.26  0.34   PBZ 

 0.085-0.26   (node)  40-50 

  (0.34 )  

10   PBZ  0.17   29   

    BA  

  PBZ 

    

 3-4   3   2  1   
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 3 
 

   
 
1.    
 1.1  
         Dendrobium Queen Pink  

        Dendrobium White Pansy Lip 

 1.2  

              1.2.1   

                         - Vacin and Went (VW 1949)  

              1.2.2   

            - Benzyladenine (BA) 

                         - Paclobutazol (PBZ) 

                         -  ( -80 -  

) 

 1.3   
              - Ethylalcohol 70  

               - Ethylalcohol 95  

               - Clorox (5.25% w/w Sodium hypochlorite)                

                           - Tween 20 
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 1.4   
 1.4.1   

                          -    

             -  -  

             -    

                          -   (hot plate) 

                          -    

                          -                    

                          -   : , , ,  ,   

                          -   

 1.4.2      

                          -   (lamina air flow) 
                          -   : , ,  

                          -  : ,  

             -   

 

2.   
      2.1    Dendrobium Queen Pink   
              2.1.1   

  Dendrobium Queen Pink  4  

 10   10   15  

 70   5   30  

 10      3    5   95 

   VW  (VW + peptone (2 g/L) + 

potato juice (100 g/L)  + coconut water (150 ml/L) + sucrose (20 g/L)) 
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 2.1.2   
 VW  1   VW  

   
 

 1 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) ( ) 

 2 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + chitosan (10 mg/L)  

 3 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + chitosan (20 mg/L) 

 4 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + chitosan (40mg/L) 

 5 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + chitosan (60 mg/L) 

 

 10   1   4   20 

 pH  5.4 (  1N KOH  1N HCl) 

  121   15   

25±2   35-40 

  16   

 3   
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 1    Dendrobium Queen  Pink     

 

 

 

  

1    0.1  

2    0.1-0.3  

3 

 

  

  0.3-0.4  

4 

 

  

  > 0.4  

 

 SPSS for Windows 

 
 2.2   Dendrobium Queen Pink   
         2.2.1    Dendrobium Queen 
Pink  (0.1-0.2 )  (0.3-0.4 ) 
  Dendrobium Queen Pink  1  2   

 0.1-0.2   

 0.3-0.4   VW 

   

             

               1 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L) ( ) 

               2 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L) + chitosan (10 mg/L)  

 3 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L)+ chitosan (20 mg/L) 

 4 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L)+ chitosan (40 mg/L) 
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 5 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

 + sucrose (20 g/L) + charcoal (1g/L)+ chitosan (60 mg/L) 

 

 (phytagel) 2   10  

 1   4   20  pH 

 5.4 (  1N KOH  1N HCl)   121 

  15   25±2  

 35-40   16 

   1   

 2  10 

 1   6   

       

 SPSS for Windows 

 
  2.2.2    Dendrobium 
Queen Pink (  2.1) 
  Dendrobium Queen Pink  0.3-

0.4    VW 

   

 

             1 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L) ( ) 

             2 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L) + chitosan (10 mg/L)  

 3 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L) + chitosan (20 mg/L) 

 4 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L)+ chitosan (40 mg/L) 

 5 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

+ sucrose (20 g/L) + charcoal (1g/L) + chitosan (60 mg/L) 
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 (phytagel) 2   10  

 1   4   20  pH 

 5.4 (  1N KOH  1N HCl)   121 

  15   25±2  

 35-40   16 

  

 10  6  

 12   

       

   SPSS for Windows 

 

 2.3     Dendrobium Queen Pink
   2.3.1     Dendrobium 
Queen Pink  

 Dendrobium Queen Pink  6     0.4-0.6 

  3-5    VW    
 

 1 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (20 g/L) + charcoal (1g/L) 

 2 : VW + peptone (2 g/L) + potato juice (100 g/L)  + coconut water (150 ml/L)   

              + sucrose (40 g/L) + charcoal (1g/L) 

   

 (phytagel) 2   10  

 1   4   20  pH 

 5.4 (  1N KOH  1N HCl)   121 

  15   25±2  

 35-40   16 
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  3    

    SPSS for 

Windows 

 

  2.3.2   BA  PBZ  Dendrobium 
Queen Pink 

 Dendrobium Queen Pink  2   20 

 40   3  2.3.1  

   
             

        1 :  ½ VW + peptone (2g/L) + BA (22.2 M) + potato juice (100 g/L)  + coconut   

           water (150 ml/L) + sucrose (20 g/L) + charcoal (1g/L) 

          2 :  ½ VW + peptone (2g/L) + PBZ (0.17 M) + potato juice (100 g/L)  + coconut   

           water   (150 ml/L) + sucrose (20 g/L) + charcoal (1g/L) 

  3 :  ½ VW + peptone (2g/L) + BA (22.2 M) + PBZ (0.17 M) + potato juice  

           (100 g/L)  + coconut water (150 ml/L) + sucrose (20 g/L) + charcoal (1g/L) 

 

 (phytagel) 2   10  

 1   8   45  pH 

 5.4 (  1N KOH  1N HCl)   121 

  15   25±2  

 35-40   16 

  
   

  90    

       

  SPSS for Windows 
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 2.4    Dendrobium White Pansy 
Lip  
  2.4.1   Dendrobium White Pansy 
Lip  VW  

  Dendrobium White Pansy Lip  4  

 10   10   15  

 70   5   30  

 10      3    5  

 95    VW  2 

   100    20    1 

  phytagel 2   2  0.2-0.3 

   1-2     

 

 1 : VW + peptone (2 g/L) + potato juice (100 g/L) + sucrose (20 g/L) 

              + BA (4.4 M) ( ) 

 2 : VW + peptone (2 g/L) + potato juice (100 g/L) + sucrose (20 g/L) 

              + BA (4.4 M) + chitosan (10 mg/L)  

 3 : VW + peptone (2 g/L) + potato juice (100 g/L) + sucrose (20 g/L)   

              + BA (4.4 M) + chitosan (20 mg/L) 

 4 : VW + peptone (2 g/L) + potato juice (100 g/L) + sucrose (20 g/L)  

              + BA (4.4 M) + chitosan (40 mg/L) 

 5 : VW + peptone (2 g/L) + potato juice (100 g/L) + sucrose (20 g/L)   

              + BA (4.4 M)+ chitosan (60 mg/L) 

 

 pH 5.4  20   1  (2 / )

 4   20  pH  5.4 (

 1N KOH  1N HCl)   121  

 15   25±2  

 35-40   16  
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  1   3  

 12      

  SPSS for Windows 

 
  2.4.2    Dendrobium White 
Pansy Lip  2  

 2.4.1  VW 

  2  

    

 

 2   VW  2    

 

 (phytagel) 2   12  

 1   8   30   15 

 pH  5.4 (  1N KOH  1N HCl) 

  121   15   

25±2   35-40 

  16   
 1   1  

  

 1   SPSS for Windows

  

 

VW 

 

(ml/L) 

BA 

( M) 

 

(mg/L) 

 

(ml/L) 

 

(g/L) 

Phytagel 

(g/L) 

1 150 22.2 0 150 1 2 

2 150 22.2 10 150 1 2 

3 150 22.2 20 150 1 2 

4 150 22.2 40 150 1 2 

5 150 22.2 60 150 1 2 

 
 
 
 

 
 
 
 

 
 



 

 

 

33 

 
 

 4 
 

 
 
1.   Dendrobium Queen Pink  

 4   VW 

     

       1.1  
 Dendrobium Queen Pink   

  Dendrobium Queen Pink  4 

 VW  10x (  3) 

 1,500  

 

 
 

 

 

 

 

 

 

 3   Dendrobium Queen Pink  4   
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1.2   

 Dendrobium Queen Pink  VW 

 1  VW  20 

   0 10 20 40  60   3  

 2    

  

   3  

 4    

  4  (  4)    

 

                                                                                                     

 

 

 

         1                        2                       3                      4  

 4  Dendrobium Queen Pink  4   

            1     0.1 

 

            2    0.1- 0.3  

            3   

  0.3-0.4  

            4   

 > 0.4  

 

 

 

 

 

 

 

2 mm 

 
 
 
 

 
 
 
 

 
 



 

 

 

35 

  

VW  10   31.85  

  20  

 20   

 10   P = 0.1 (

 3  5)   2 3  4 

  60 

 

 P = 0.1 (  4)  

 4  (  4)  2 

 20    49.65  

   (  3  5C)  1 3  4  

 

 60   2 3  4 

 3  4   2  5.15 

    

3  15.02   

10   4  37.43  

 P = 0.1  (  4) 

 3  1.13  

 40    

 4  2.43  

 (  4) 

 2  4  

  P = 0.1  
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 3   Dendrobium Queen Pink  VW    3  

 

 

 

 

 

 

 

 
 

1/  1=     0.1 ., 2 =    0.1- 0.3 ., 3 =

  0.3-0.4 ., 4 =  

  > 0.4 . 
2/  (  ± S.E.)   90  (P = 0.1)  

DMRT  4   1   1,500 

 1/  2/ (%)  

(mg/L) 

1/ 

(%) 1 2 3 4 

0 29.09±4.92ab 30.79±12.17a 38.91±2.56b 23.75±8.37a 6.55±3.38a 

10 31.85±2.46a 35.82±15.73a 27.48±4.22c 30.47±14.25a 6.24±3.60a 

20 27.42±4.48ab 24.43±7.92a 49.65±4.32a 21.65±7.13a 4.28±1.68a 

40 19.71±2.02b 34.69±10.16a 37.98±0.80b 23.23±8.00a 4.11±1.44a 

60 20.37±3.86b 34.93±15.06a 31.34±5.23bc 27.87±9.32a 5.87±2.66a 
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 4  Dendrobium Queen Pink  VW       

                  3  

 

 

 

 

 

 

 

 

 
1/  1=     0.1 ., 2 =    0.1- 0.3 ., 3 =

  0.3-0.4 ., 4 =  

  > 0.4 . 
2/  (  ± S.E.)   90  (P = 0.1)  

DMRT  4   1   1,500  

 

 (mg)1/  2/   (mg)1/  2/  

(mg/L) 1 2 3 4 1 2 3 4 

0 0.97±0.16a 3.08±0.36b 9.41±0.45b 21.36±1.33b 0.09±0.02a 0.22±0.01a 0.66±0.02b 1.57±0.10b 

10 1.15±0.10a 3.38±0.14ab 9.68±1.09b 30.19±0.63a 0.08±0.01a 0.21±0.01a 0.64±0.04b 1.87±0.03ab 

20 1.06±0.17a 4.10±0.79ab 11.82±2.09ab 31.43±4.08a 0.06±0.01a 0.25±0.04a 0.78±0.10b 2.02±0.15ab 

40 1.15±0.24a 4.73±0.92ab 13.38±0.38ab 32.28±1.91a 0.07±0.01a 0.31±0.07a 0.93±0.17ab 2.16±0.22a 

60 1.34±0.26a 5.15±1.08a 15.02±1.89a 37.43±3.48a 0.09±0.02a 0.37±0.09a 1.13±0.16a 2.43±0.31a 
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 5   Dendrobium Queen Pink 

 4   VW     

                 3  

              (A)  0  ( )             (B)  10    

              (C)  20                                 (D)  40                           

              (E)  60  

 

 

 

 

 

 

 

 

 

 

A 

D 

C B 

E 
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2.  Dendrobium Queen Pink   
   2  (0.1-0.2 )  (0.3-0.4 

)  1  VW   

   1  

  

 VW  1  

 2   

 2.1  Dendrobium Queen Pink 

 (0.1-0.2 )  (0.3-0.4 ) 
 6  

   VW     

   0 10 20 40  60   1 

  1   3 

 (  6) 

 4   20  

 3.00   

   (  8  7)  

 6   

 6  60 

  5.50  

  (  10  

7)     

  (  5 6 8 10 11  6  

7)  

   2   

60   

0.111  (  6  8)  0.011 

 20  

   (  7  8)  5 

 20   

 
 
 
 

 
 
 
 

 
 



 

 

 

40 

0.386     

(   6   9)  40  

 6.67    

 (  10  9)  6      

 20     1.39  

  (  5  

9)   40   

 0.048  (  7  9)  8.00  (  10  9) 

  

 60   

0.444  (  6  9)  0.62  (  9  9) 

   

 6  

  (  8 11  8 9) 

   2 

 3-4 

 (  6 7 8  9) 

 3  2  20  60 

  (  8  6 8) 

  10  20   (

 10  6 8)  4   

(  9  7 9)   5   40 

 2   (  5 

 7 9)  (  8  7 9)  6  

 40  60   (  5 

 7 9)   2  

 40  60  

 P = 0.05 (  6 

7  7 9) 
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(20 40  60 ) 

 (10 ) 

  1   40 

  

 10  20  

 40  60  (  9  6 8)   4 

 60  

 

 (  5  7 9) 

 20  40  

 10   40 

  

10  

  (  6 7  7 9) 
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 5  (0.1-0.2 )   (0.3-0.4 )   

                  VW    1     

                         

 

 

 

 

 

 

 

 

 

 

 

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  
2/  (  ± S.E.)   95  (P = 0.05)  

MWUT  10   1   1  

 ( )1/ 

 

 

(mg/L) 12/ 22/ 31/ 41/ 51/ 61/ 

 0  0.29±0.01b 0.35±0.03b 0.39±0.04b 0.60±0.05c 0.72±0.09d 0.86±0.05c 

 10  0.26±0.03b 0.28±0.01b 0.49±0.09b 0.63±0.09c 0.78±0.07d 0.87±0.10c 

 20  0.27±0.03b 0.36±0.04b 0.41±0.04b 0.57±0.09c 0.95±0.07bcd 1.03±0.08bc 

 40  0.28±0.01b 0.35±0.03b 0.41±0.03b 0.62±0.10c 0.87±0.09cd 1.07±0.09abc 

 60  0.29±0.02b 0.32±0.03b 0.44±0.04b 0.67±0.07bc 0.77±0.04d 1.02±0.09bc 

 0  0.41±0.02a 0.57±0.07a 0.84±0.11a 0.91±0.08ab 1.27±0.12ab 0.87±0.05c 

 10  0.44±0.02a 0.60±0.05a 0.90±0.03a 1.13±0.10a 1.35±0.13a 1.26±0.16ab 

 20  0.42±0.02a 0.71±0.08a 0.94±0.07a 1.10±0.08a 1.47±0.11a 1.39±0.11a 

 40  0.42±0.02a 0.69±0.07a 0.93±0.06a 1.08±0.10a 1.18±0.12abc 1.31±0.16ab 

 60  0.43±0.02a 0.65±0.07a 0.79±0.10a 1.01±0.09a 1.20±0.19abc 1.33±0.13ab 
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 6  (0.1-0.2 )   (0.3-0.4 )   

                  VW    1     

                         

 

 

 

 

 

 

 

 

 

 

 

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  

 ( ) 

 

 

(mg/L) 11/ 21/ 31/ 41/ 51/ 61/ 

 0  0.0106±0.0018c 0.0213±0.0048c 0.0382±0.0082b 0.0590±0.0131c 0.1354±0.0389d 0.1264±0.0166d 

 10  0.0083±0.0020c 0.0091±0.0021c 0.0279±0.0071b 0.0406±0.0064c 0.0644±0.0193d 0.1523±0.0298d 

 20  0.0117±0.0019c 0.0252±0.0056c 0.0459±0.0094b 0.0740±0.0169bc 0.1593±0.0308cd 0.2398±0.0455bcd 

 40  0.0098±0.0012c 0.0288±0.0060c 0.0314±0.0090b 0.0831±0.0181bc 0.1622±0.0300cd 0.2107±0.0568cd 

 60  0.0116±0.0022c 0.0197±0.0039c 0.0331±0.0090b 0.0675±0.0088c 0.1141±0.0220d 0.2382±0.0440bcd 

 0  0.0413±0.0056ab 0.0731±0.0074b 0.1250±0.0236a 0.1673±0.0279a 0.2123±0.0289bcd 0.2138±0.0425cd 

 10  0.0329±0.0035b 0.0798±0.0108b 0.1186±0.0087a 0.1547±0.0317ab 0.3029±0.0403abc 0.3917±0.1058abc 

 20  0.0346±0.0033ab 0.0877±0.0108ab 0.1371±0.0218a 0.2151±0.0391a 0.3861±0.0687a 0.3533±0.0733abc 

 40  0.0420±0.0020ab 0.0785±0.0093b 0.1373±0.0196a 0.2075±0.0423a 0.3139±0.0707ab 0.4245±0.0787ab 

 60  0.0433±0.0054a 0.1113±0.0203a 0.1574±0.0364a 0.1857±0.0168a 0.3540±0.0796ab 0.4439±0.0625a 
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 7  (0.1-0.2 )   (0.3-0.4 )   

                  VW    1     

                         

 

 

 

 

 

 

 

 

 

 

 

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  

 

 

 ( )1/ 

 (mg/L) 11/ 21/ 31/ 41/ 51/ 61/ 

 0  0.0014±0.0002d 0.0022±0.0004d 0.0038±0.0009b 0.0054±0.0013c 0.0070±0.0013c 0.0101±0.0013d 

 10  0.0009±0.0002d 0.0009±0.0002d 0.0024±0.0006b 0.0038±0.0006c 0.0053±0.0015c 0.0127±0.0022d 

 20  0.0013±0.0002d 0.0023±0.0004d 0.0034±0.0008b 0.0048±0.0010c 0.0119±0.0021c 0.0206±0.0041cd 

 40  0.0009±0.0001d 0.0025±0.0004d 0.0037±0.0012b 0.0079±0.0017bc 0.0124±0.0027c 0.0198±0.0055cd 

 60  0.0011±0.0002d 0.0020±0.0004d 0.0033±0.0009b 0.0059±0.0008c 0.0092±0.0017c 0.0217±0.0043cd 

 0  0.0041±0.0005abc 0.0083±0.0009bc 0.0095±0.0017a 0.0157±0.0025a 0.0182±0.0024bc 0.0260±0.0054bcd 

 10  0.0032±0.0003c 0.0068±0.0008c 0.0099±0.0005a 0.0146±0.0029ab 0.0263±0.0040ab 0.0405±0.0108ab 

 20  0.0036±0.0003bc 0.0097±0.0014ab 0.0103±0.0012a 0.0193±0.0029a 0.0374±0.0067a 0.0350±0.0070abc 

 40  0.0044±0.0003ab 0.0077±0.0009bc 0.0107±0.0015a 0.0195±0.0036a 0.0301±0.0065ab 0.0478±0.0092a 

 60  0.0046±0.0006a 0.0113±0.0019a 0.0124±0.0030a 0.0170±0.0017a 0.0324±0.0063a 0.0458±0.0052a 
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 8  (0.1-0.2 )   (0.3-0.4 )   

                  VW    1     

                         

 

 

 

 

 

 

 

 

 

 

 

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  
2/  (  ± S.E.)   95  (P = 0.05)  

MWUT  10   1   1  

 ( ) 

 

 

(mg/L) 12/ 22/ 31/ 41/ 51/ 61/ 

 0  0.80±0.13b 1.30±0.21c 2.13±0.23bc 1.83±0.31c 3.17±0.48ab 3.40±0.22a 

 10  0.80±0.25b 1.30±0.21c 2.13±0.23bc 2.17±0.40bc 2.67±0.33b 3.20±0.29a 

 20  1.00±0.21b 1.50±0.31c 2.63±0.50abc 3.00±0.45ab 3.00±0.26ab 4.10±0.48a 

 40  0.70±0.21b 1.50±0.22c 1.57±0.30c 2.33±0.21bc 3.67±0.21ab 3.90±0.41a 

 60  0.70±0.26b 0.90±0.23c 2.13±0.44bc 2.83±0.31ab 3.33±0.33ab 4.20±0.39a 

 0  1.80±0.13a 2.40±0.31b 2.89±0.31ab 3.75±0.45a 4.00±0.37a 3.00±0.45a 

 10  2.20±0.13a 2.80±0.33ab 3.30±0.37a 3.50±0.19a 3.50±0.50ab 3.60±0.34a 

 20  2.20±0.25a 3.30±0.33a 2.70±0.26abc 3.63±0.26a 3.67±0.42ab 3.70±0.37a 

 40  2.00±0.15a 3.40±0.37a 2.80±0.25ab 3.63±0.18a 3.67±0.42ab 3.90±0.43a 

 60  1.90±0.18a 2.80±0.33ab 2.90±0.48ab 3.63±0.18a 3.67±0.33ab 4.00±0.47a 
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 9  (0.1-0.2 )   (0.3-0.4 )   

                  VW    1     

                         

 

 

 

 

 

 

 

 

 

 

 
 

1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  

 

 

 ( )1/ 

 

 

(mg/L) 11/ 21/ 31/ 41/ 51/ 61/ 

 0  . 0.04±0.01cd 0.10±0.02cd 0.28±0.03abc 0.20±0.03b 0.35±0.04b 

 10  0.02±0.00c 0.03±0.01d 0.11±0.02cd 0.14±0.02c 0.20±0.04b 0.34±0.04b 

 20  0.02±0.00c 0.03±0.01d 0.14±0.02bcd 0.19±0.02bc 0.44±0.09ab 0.49±0.05ab 

 40  0.03±0.01bc 0.04±0.01cd 0.10±0.02cd 0.32±0.04abc 0.20±0.03b 0.44±0.06ab 

 60  0.02±0.00c 0.06±0.03cd 0.05±0.01d 0.21±0.06bc 0.35±0.11ab 0.47±0.05ab 

 0  0.06±0.01ab 0.12±0.01ab 0.25±0.05ab 0.36±0.09ab 0.34±0.07ab 0.35±0.06b 

 10  0.08±0.02ab 0.16±0.03a 0.24±0.07ab 0.29±0.06abc 0.43±0.08ab 0.59±0.11a 

 20  0.08±0.02ab 0.13±0.03ab 0.30±0.05a 0.36±0.06ab 0.57±0.12a 0.58±0.08a 

 40  0.08±0.01a 0.09±0.02bc 0.27±0.04a 0.43±0.07a 0.50±0.07a 0.56±0.07ab 

 60  0.08±0.01a 0.13±0.02ab 0.22±0.02abc 0.35±0.05ab 0.49±0.11a 0.62±0.10a 
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 10  (0.1-0.2 )   (0.3-0.4 )   

                     VW    1     

                         

 

 

 

 

 

 

 

 

 

 

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  
2/  (  ± S.E.)   95  (P = 0.05)  

MWUT  10   1   1  

 ( )1/ 

 (mg/L) 12/ 22/ 31/ 41/ 51/ 61/ 

 0  0.00±0.00a 0.20±0.13bc 0.38±0.26bc 0.67±0.42e 2.17±0.70c 1.90±0.55d 

 10  0.00±0.00a 0.00±0.00c 0.38±0.26bc 1.17±0.40de 1.83±0.60c 3.80±0.68cd 

 20  0.00±0.00a 0.10±0.10c 1.25±0.49abc 2.67±0.33bcd 4.17±1.08abc 4.50±0.98bcd 

 40  0.00±0.00a 0.10±0.10c 0.14±0.14c 1.83±0.60cde 2.67±0.95bc 3.90±0.84cd 

 60  0.00±0.00a 0.00±0.00c 0.25±0.16c 2.50±0.92bcde 2.83±0.40bc 5.50±0.89abc 

 0  0.00±0.00a 0.60±0.27abc 1.89±0.68ab 3.63±0.26abc 3.00±0.82bc 4.10±0.59cd 

 10  0.40±0.16a 1.30±0.30a 1.80±0.47ab 3.75±0.70abc 5.33±1.26ab 6.40±1.11abc 

 20  0.30±0.15a 1.20±0.44ab 1.40±0.58abc 4.00±0.68ab 5.67±0.95ab 6.30±1.30abc 

 40  0.30±0.21a 0.70±0.26abc 1.90±0.50ab 4.13±0.85ab 6.67±1.09a 8.00±1.03a 

 60  0.10±0.10a 0.40±0.31bc 2.40±0.54a 4.75±0.37a 6.33±1.20a 7.10±0.55ab 
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 11  (0.1-0.2 )    

                   (0.3-0.4 )  VW    

                     1     

                   6  

    

 
 
 
 
 
 
 
 
 
 
1/  (  ± S.E.)  

 95  (P = 0.05)  DMRT  10   1   

1  

  (mg/L)  1/ 

 0  0.1±0.10a 

 10  0.1±0.10a 

 20  0.2±0.13a 

 40  0.2±0.13a 

 60  0.1±0.10a 

 0  0.2±0.13a 

 10  0.0±0.00a 

 20  1.0±0.10a 

 40  1.0±0.10a 

 60  0.0±0.0a 
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  1                                                                                                                                                                        

 

 

 

 

  

  2  

                                                                                                                                                                   

 

 

 

 

 

  3                                                                                                                                                                                               

                                   

 

 

                                                           0 mg/L           10 mg/L          20 mg/L          40 mg/L           60 mg/L 

 6  (0.1-0.2 )  VW     1-3

3 mm 

3 mm 

4 mm 

 
 
 
 

 
 
 
 

 
 



 

 

 

50 

 

 

 4                                                                                                                                                                                                         

 

 

 

 

 

 

 5                                                                                                                                                    
 

 

 

 

 

 

 6            

 

                                                                                                                                                                                          

                                             0 mg/L                 10 mg/L                 20 mg/L                   40 mg/L                   60 mg/L 

 7 (0.3-0.4 )  VW     4-6

5 mm 

5 mm 

5 mm 

 
 
 
 

 
 
 
 

 
 



 

 

 

51 

                                                                                                                                                                                            
  1 

       

 

 

 

                                                                                                                                                                                   

 

 2                         
 

 

 

                                                                                                                                                                                                               
                                                 

  3 

 

 

 

                                                      0 mg/L                 10 mg/L             20 mg/L             40 mg/L                 60 mg/L 

 8  (0.1-0.2 )  VW     1-3

3 mm 

5 mm 

5 mm 
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  4 
   

 

 

 

                                                                                                                                                                                                         

 5                    

  

 

 

 

                                                                                                                                                                              

                                             
  6                    
 

 

                                                       0 mg/L                  10 mg/L                  20 mg/L                      40 mg/L                60 mg/L 

 9  (0.3- 0.4 )  VW    4-6

5 mm 

5 mm 

5 mm 
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 2.2    Dendrobium Queen 
Pink (  2.1) 
   Dendrobium Queen Pink  

0.3-0.4   VW 

 0 10 20 40  60   1 

  6   

 (  2.1) 

 6  1    

Dendrobium Queen Pink  0 10 20 40  60  1 

 

 P = 0.1 (  12  10)  60 

 3.45   3.44   1.67 

   10 

  (  12  10) 

 20     

 2.260   1.875   0.385  

 0.216   0.152  

 0.064   8.21  

   P = 0.1 (  13 

 10) 
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 12   Dendrobium Queen Pink  

         VW    1  

                      1                                             

 
1/  (  ± S.E.)  

 90  (P = 0.1)  DMRT  10   1   1 

 

 

 

 

(mg/L) 

 

(cm)1/ 1/ 

  

(cm2)1/ 1/ 

 

( cm )1/ 1/ 

0  1.16±0.12c 4.75±0.63a 0.72±0.20b 3.83±1.53b 1.02±0.34c 1.50±0.29a 

10  1.68±0.23bc 4.75±0.33a 0.87±0.19b 5.06±0.96ab 1.92±0.30bc 2.11±0.39a 

20  2.97±0.57a 5.17±0.47a 1.42±0.31ab 8.21±1.17a 2.52±0.30ab 1.50±0.38a 

40  2.43±0.35ab 5.40±0.80a 1.19±0.23ab 7.69±2.08ab 2.65±0.37ab 2.00±0.60a 

60  3.45±0.48a 5.89±0.70a 1.67±0.28a 6.48±0.83ab 3.44±0.46a 1.33±0.41a 
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 13  Dendrobium Queen Pink  VW  

                      1   1                                             

 

  (g) 1/  (g) 1/ 1/ 

(mg/L)        

0  0.904±0.285b 0.806±0.223b 0.098±0.068b 0.080±0.022b 0.067±0.015b 0.014±0.009b 1.98±0.32a 

10  1.689±0.292a 1.460±0.244a 0.229±0.063ab 0.159±0.025a 0.113±0.013a 0.062±0.025a 2.73±0.52a 

20  2.260±0.239a 1.875±0.188a 0.385±0.058a 0.216±0.024a 0.152±0.015a 0.064±0.010a 2.05±0.07a 

40  1.830±0.320a 1.515±0.270a 0.314±0.064a 0.174±0.026a 0.118±0.018a 0.055±0.010a 2.26±0.15a 

60  2.204±0.183a 1.913±0.164a 0.290±0.035a 0.197±0.015a 0.144±0.010a 0.053±0.008a 2.41±0.20a 

 
1/  (  ± S.E.)   90  (P = 0.1)  

DMRT  10   1   1  
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 10  Dendrobium Queen Pink   

               VW    1  

             (A)  0  ( )               (B)  10   

             (C)  20                                   (D)  40                           

             (E)  60  

A C 

D E

B 

1 cm 
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3     Dendrobium Queen Pink 

  Dendrobium Queen Pink  

    Dendrobium Queen Pink 

 VW  1   20  

40   3  

  VW 

 1   BA  PBZ 

 

 3.1     Dendrobium Queen Pink 
 

 Dendrobium Queen Pink  6     0.4-0.6 

  3-5    VW  20 

 40   3  

    

 P = 0.05 (  14  11)  

40   0.84   1.52  (

 11B)  20   1.34  

 1.97  (  11A)  40  

 0.255   20   

0.127   P = 0.05 (  14  11) 
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 14  Dendrobium Queen Pink  VW  20  40  3  

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  

 

 

 

 

 

 

  

(g/L) 

 

(cm)1/ 

 

(g)1/ (g)1/ (g)1/ 1/ 

 

(cm2)1/ 1/ (cm)1/ 1/ 

20  1.34±0.09a 0.743±0.102a 0.616±0.070a 0.127±0.038b 4.10±0.29a 0.74±0.06a 6.40±0.77a 1.97±0.16a 1.40±0.34a 

40  0.84±0.05b 0.779±0.052a 0.524±0.031a 0.255±0.028a 3.57±0.27a 0.52±0.12a 7.07±1.01a 1.52±0.10b 1.07±0.15a 
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 11   Dendrobium Queen Pink   

                3  

               (A)  20  

               (B)  40            

 

A B  
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 3.2   BA  PBZ  Dendrobium Queen    
Pink 

 Dendrobium Queen Pink  2   20 

 40   3   3.1  

 VW  (½ VW)  BA 22.2 

  PBZ 0.17   BA 22.2   PBZ 0.17 

  4    

 20   BA 22.2 

  3.14   1.53  

 40   BA 22.2 

  PBZ 0.17     (  

15  12)   2.925  

 40   20  

  (  16  12) 

  40  

 BA 22.2  

  2.82  20    

 PBZ 0.17   BA 22.2         

 40   PBZ 0.17           

  (  16  12)    

    

 P = 0.05 (  15 16  12) 
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 15  Dendrobium Queen Pink  VW  BA  PBZ  4  

 
 
 
 
 
 
 
 

1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  

 

 
 
 
 
 
 
 

 

(g/L) 
 

 1/ 

(cm) 
   1/ 

 1/ 

(cm2) 
  1/ 

 1/ 

(cm) 
 1/ 

20  BA 22.2 M 3.14±0.32a 5.03±0.39a 1.53±0.13a 5.36±0.81a 5.42±0.52a 1.60±0.34a 

 PBZ 0.17 M 2.47±0.14ab 4.53±0.41a 1.43±0.10ab 5.64±0.27a 4.91±0.80a 1.70±0.21a 

 BA 22.2 M + PBZ 0.17 M 2.78±0.19ab 4.05±0.25a 1.50±0.16ab 4.77±0.82a 6.23±0.33a 2.00±0.50a 

40  BA 22.2 M 2.72±0.21ab 4.99±0.63a 1.21±0.10ab 4.26±0.83a 5.23±0.67a 1.60±0.16a 

 PBZ 0.17 M 2.53±0.18ab 5.45±0.40a 1.16±0.15ab 5.50±0.42a 6.45±1.06a 1.70±0.21a 

 BA 22.2 M + PBZ 0.17 M 2.41±0.22b 4.70±0.38 1.09±0.12b 5.03±0.74a 4.93±0.72a 1.70±0.21a 
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  16   Dendrobium Queen Pink  VW  BA  PBZ  4  

 

1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  

   (g)  (g)         

(g/L) 1/  1/  1/ 1/  1/  1/ : 1/ 

20  BA 22.2 M 3.690±0.459a 2.925±0.353a 0.765±0.151a 0.298±0.037a 0.199±0.024a 0.099±0.017a 1.99±0.14b 

 PBZ 0.17 M 2.942±0.283a 2.202±0.194ab 0.740±0.174a 0.265±0.030a 0.161±0.015a 0.104±0.023a 2.00±0.06b 

 BA 22.2 M + PBZ 0.17 M 3.014±0.408a 2.271±0.254ab 0.743±0.191a 0.303±0.042a 0.176±0.018a 0.127±0.027a 2.39±0.18ab 

40  BA 22.2 M 2.609±0.356a 2.154±0.262b 0.456±0.121a 0.236±0.031a 0.157±0.019a 0.079±0.015a 2.82±0.41a 

 PBZ 0.17 M 2.936±0.226a 2.119±0.151b 0.817±0.113a 0.293±0.013a 0.172±0.017a 0.121±0.018a 1.91±0.24b 

 BA 22.2 M + PBZ 0.17 M 2.577±0.279a 1.939±0.182b 0.638±0.168a 0.248±0.031a 0.149±0.015a 0.099±0.022a 2.12±0.16ab 
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 12  Dendrobium Queen Pink  

                 4  

              (A)  20            BA 22.2             

              (B)  20            PBZ 0.17                  

              (C)  20            BA 22.2   +  PBZ 0.17                                 

              (D)  40            BA 22.2                      

              (E)   40           PBZ 0.17             

              (F)  40            BA 22.2   +  PBZ 0.17               

 

 
 
 
 
 

A  B  C 

 D  E  F 

 2 cm 
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4    Dendrobium White Pansy Lip  
  Dendrobium White Pansy Lip 

 BA    

 2    BA 4.4     

 0 10 20 40  60   120  

 3  

 1    

(  2)  

 4.1   Dendrobium White Pansy Lip 
 VW  

  Dendrobium White Pansy Lip  4   

2   0.2-0.3    1-2   BA 4.4   

  0 10 20 40  60   120 

 3     

1-7   8  9 

 10   4.62  4.96  

 60   

  10  20  

 5.34   10  

  11   

10   5.15  

 60   12  

 P = 0.05 (  17)   

 1-5  

 6  1.03  

 20      7 

  20   1.13  1.11 

 60   
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 8-9  1.16  1.31   

 40  60 

 (  18)  12  

 20   5.09  

 10      (  19)   

 8.70 

      

 40   41.75  

 20   40.00  

    

 40   16.25  

  10  

 60   20.25  

 10  40   

 P = 0.05 (  20  13)   

 

52.80  40  

    20  

 40.25   10  60 

  38.75  

 40      

  60  

 19.50   40 

    10 

  31.10  60 

   

 P = 0.05 (  21  13) 
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 17  Dendrobium White Pansy Lip  BA 4.4     

                    120  3  

 

1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  
2/  (  ± S.E.)   95  (P = 0.05)  

MWUT  10   1   1  

 

 

 

 

  ( ) 

(mg/L) 12/ 22/ 32/ 42/ 52/ 62/ 72/ 81/ 91/ 101/ 112/ 121/ 

0 2.25±0.09a 2.65±0.10a 2.94±0.09a 3.44±0.10a 3.63±0.07a 3.97±0.11a 4.28±0.10a 4.34±0.11a 4.47±0.13ab 4.63±0.20b 4.47±0.23bc 4.71±0.27a 

10 2.15±0.07a 2.62±0.13a 2.92±0.12a 3.23±0.07a 3.65±0.13a 4.08±0.18a 4.54±0.26a 4.62±0.18a 4.96±0.21a 5.31±0.34a 5.15±0.29a 5.23±0.37a 

20 2.11±0.05a 2.43±0.08a 2.86±0.06a 3.27±0.06a 3.64±0.07a 3.86±0.08a 4.30±0.10a 4.57±0.13a 4.80±0.14ab 5.34±0.18a 5.09±0.22a 5.36±0.24a 

40 2.04±0.04a 2.54±0.06a 2.83±0.06a 3.50±0.08a 3.78±0.08a 3.87±0.10a 4.17±0.10a 4.39±0.12a 4.57±0.16ab 4.54±0.12b 4.80±0.14ab 4.93±0.13a 

60 2.05±0.11a 2.55±0.11a 2.95±0.08a 3.36±0.10a 3.50±0.13a 3.73±0.16a 3.91±0.11a 3.77±0.22b 4.41±0.13b 4.23±0.21b 4.23±0.17c 4.68±0.26a 
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 18  Dendrobium White Pansy Lip  BA 4.4      

                    120  3  

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  
2/  (  ± S.E.)   95  (P = 0.05)  

MWUT  10   1   1  

  ( ) 

(mg/L) 12/ 22/ 31/ 42/ 52/ 61/ 72/ 81/ 91/ 102/ 112/ 122/ 

0 0.16±0.06a 0.16±0.06a 0.44±0.09a 0.44±0.09a 0.63±0.12a 1.03±0.17a 1.13±0.21ab 1.16±0.22a 1.31±0.21a 1.00±0.16a 1.16±0.16a 1.16±0.16a 

10 0.08±0.05a 0.22±0.06a 0.46±0.09a 0.50±0.15a 0.77±0.12a 0.62±0.12b 0.73±0.13bc 0.85±0.15abc 0.81±0.16ab 0.81±0.19a 0.73±0.17ab 0.85±0.15a 

20 0.14±0.06a 0.41±0.06a 0.45±0.09a 0.70±0.14a 0.73±0.11a 0.98±0.11a 1.11±0.10a 1.07±0.15ab 1.20±0.20ab 1.95±0.59a 1.68±0.46a 1.82±0.50a 

40 0.17±0.06a 0.37±0.08a 0.57±0.08a 0.67±0.12a 0.63±0.08a 0.63±0.08b 0.67±0.09bc 0.63±0.10bc 0.67±0.12b 0.87±0.15a 0.67±0.13b 0.76±0.15a 

60 0.23±0.08a 0.27±0.10a 0.50±0.10a 0.55±0.13a 0.41±0.09a 0.50±0.10b 0.45±0.08c 0.55±0.13c 0.68±0.18b 0.73±0.19a 0.55±0.13b 0.64±0.15a 
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 19   Dendrobium White Pansy Lip  BA  

                    4.4     120  

                     3  

 

 (mg/L) 1/ 

0 3.81±0.70ab 

10 2.54±0.60b 

20 5.09±0.67a 

40 3.52±0.50ab 

60 3.45±1.04ab 
 

1/  (  ± S.E.)  

 95  (P = 0.05)  DMRT  10   1   

1  
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 20  Dendrobium White Pansy Lip  BA 4.4   

                        120  3  

 

 

(mg/L) 
1/ 

2/ 

( M) 

2/   

( M) 

1/ 

( M) 

1/ 

( M) 
 1/ 

( M) 
 2/ 

( M) 

0 8.70±0.79a 36.00±1.59b 34.25±1.63b 7.50±0.65c 13.00±1.04d 32.60±1.27a 3.75±0.42a 

10 4.70±0.80b 39.50±0.73ab 39.75±0.95a 11.50±0.93b 14.25±0.75cd 28.70±1.07a 4.00±0.55a 

20 3.20±1.10bc 38.5±0.67b 38.00±0.50ab 14.50±1.04a 17.75±0.69ab 30.67±1.51a 2.75±0.25a 

40 5.70±1.12b 41.75±1.67a 40.00±1.39a 16.25±1.41a 16.50±1.13bc 30.83±3.16a 3.25±0.38a 

60 1.00±0.33c 38.50±1.30ab 35.25±2.72ab 15.25±0.69a 20.25±1.20a 28.86±2.52a 4.00±0.41a 

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  
2/  (  ± S.E.)   95  (P = 0.05)  

MWUT  10   1   1  
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 21  Dendrobium White Pansy Lip  BA 4.4   

                        120  3  

 

 

(mg/L) 
1/ 

2/ 

( M) 

2/ 

( M) 

2/ 

( M)  

1/ 

( M) 
 

1/ ( M) 

2/ 

( M) 

0 52.80±1.49a 38.00±0.50ab 37.50±0.65ab 12.75±1.31a 16.25±1.36b 27.90±1.19bc 3.25±0.38a 

10 42.80±1.31b 37.75±0.25b 38.00±0.33ab 12.25±0.45a 17.75±0.79ab 31.10±0.74a 3.25±0.38a 

20 44.50±1.86b 40.25±0.87a 38.75±0.77a 10.75±0.53a 17.00±0.73ab 29.20±1.01ab 3.00±0.33a 

40 50.60±1.19a 38.75±0.67ab 35.25±1.08b 12.75±0.25a 15.75±0.92b 28.40±0.93abc 2.50±0.00a 

60 31.30±1.74c 33.25±1.45c 37.00±0.33ab 12.25±0.58a 19.50±1.11a 26.10±1.07c 3.25±0.38a 

 
1/  (  ± S.E.)   95  (P = 0.05)  

DMRT  10   1   1  
2/  (  ± S.E.)   95  (P = 0.05)  

MWUT  10   1   1  
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 13   Dendrobium White Pansy Lip   

               VW  BA  4.4   

                 1  

             (A)  0  ( )               (B)  10   

             (C)  20                                   (D)  40    

             (E)  60  
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 4.2    Dendrobium White Pansy 
Lip  

 Dendrobium White Pansy Lip  4.1

 VW   

  0 10 20 40 

60   (  2)  Dendrobium White Pansy Lip 
 60   40  

   

 90   

 1  

 0.67   40      

  

 40   50.00  

    P = 0.1 (  22) 

 10   1  

  (

 14  15) 

  

 22  Dendrobium White Pansy Lip 

 5  

 

  

(mg/L)  2/ 

    

(% )2/ 

0 90-150 0.67±0.28a 41.67±14.86a 

10 - 0.00±0.00b 0.00±0.00b 

20 120-150 0.25±0.13ab 25.00±13.06ab 

40 60-150 0.50±0.15a 50.00±15.08a 

60 120-150 0.36±0.20ab 27.27±14.08ab 
 

2/  (  ± S.E.)  

 90  (P = 0.1)  MWUT  12   1   1 
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 14  Dendrobium White Pansy Lip  

              5  

               (A)   

               (B)    

 
 
 
 

A 

 B 
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0.5 cm 

1 cm 1 cm 

 
  
                             
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 

 15  Dendrobium White Pansy Lip     

              5  
  

0.5 cm 
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 5 

 
 

 
1.  Dendrobium Queen Pink 
  0 ( ) 10 20 40  60 

  Dendrobium Queen Pink 

 3  

 40  60  

 10   

 10  20  

 (polymer) 70 

80  90  (P-70 P-80  P-90)   (oligomer) 70 80  90 

 (O-70 O-80  O-90)  10 20 40  80  

 Dendrobium bigibbum var. compactum 

 Dendrobium formosum (Kananont  2010) 

  3 

   2 (  4) 

 20    

  60  

 2-4 (  4)   

3  4 (  4)   

Kananont  (2010) (polymer) 70 80  90  (P-70 

P-80  P-90)   (oligomer) 70 80  90  (O-70 O-80  O-90) 

 10 20 40  80  Dendrobium bigibbum 

var. compactum   10   

Dendrobium bigibbum var. compactum 
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2.  Dendrobium Queen Pink   
   Dendrobium Queen Pink 

 VW  0 ( ) 10 20 40  60  

 3    2  

 (0.1-0.2 )  (0.3-0.4 ) 

 VW   1  

 

  (phytagel) 2  

 (  2554) 

   (phenol)  

  

  pH  ( , 2544; Arditti and Ernst, 1993) 

  6  

 60   

    

 20  

 60   40  

  10  

 40   

 6   60 

     20 

   

   

  

    

 

 

(Wikitkankosol   Thammasiri 1992; Nge  2006;  Kananont  2010) 

 Dendrobium bigibbum var.compactum     90 
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 (O-90)    

 (Kananont  2010) 

   

 

  

 

 

3.     Dendrobium Queen Pink 
  Dendrobium Queen Pink  

   0.4-0.6   3-5  

 VW    20   40  

 3  

 Cymbidium niveo-marginatum Mak 

 (Kostenyuk  1999) 

 VW  (½ VW)  BA 22.2  PBZ 0.17 

  BA  PBZ   4  

  Dendrobium Queen Pink 

 3   40  

 20  

 Ruth C.Y.  John T.C. (1949) 

  

 

   

 

 

 3 

 VW  (½ VW)  Psygmorchis 

pusilla  VW         
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(Vaz  Kerbuay 2000)   Dendrobium Sonia 17  

N  P  (Tee  2008; Kostenyuk 

 1999)  BA 22.2  

 

(Kostenyuk  1999; Sim  2007)  PBZ 0.17  

 Friederick’s Dendrobium orchid  

  4 

  

 

 
4.   Dendrobium White Pansy Lip  
  Dendrobium White Pansy Lip 

  Dendrobium 

White Pansy Lip  2   VW 

  BA  4.4   0 ( ) 10 20 40 60 

  120   3  

 VW   1  

  

 BA  22.2   0 ( ) 10 20 

40 60   1  

 1  

 5  (  1 )  

 Dendrobium White Pansy Lip   BA  

4.4   0 ( ) 10 20 40 60   3 

 8  9  10 

 20    60  

 10  11   10  

20   60   

 6   

 12   20  
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  (Wikitkankosol   

Thammasiri 1992; Nge  2006;  Kananont  2010) 

 

 

   

 

  

  (  2554) 

   

 40   

   40  

 60   

 

  40 

  20  

 10  60   40 

     

 60  

 40   10 

  60  

    

(2552) 

  4 

 200  

  100  200  

  50  
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  Limpanavech  (2008) 

 6   (polymer) 70 80  90  (P-70 P-80  P-90) 

  (oligomer) 70 80  90  (O-70 O-80  O-90)  1 10 

50  100    Dendrobium ‘Eiskul 

 10  50   

  50  

 

  Dendrobium White Pansy Lip  2 

 (Sim  2007)  0 ( ) 10 

20 40  60   BA  22.2  

 BA  

 Goh (1979)  BA  Dendrobium 

Louisae cv. ‘Dark’   Wang  (1997)  BA  Dendrobium 

candidum   BA 

 (Sim  2007; Hee  2007; Sim  2008) 

 1  

 (Sim  2007)  60  

 40    

   Ohta  (2004)  1 

  Torenia fournieri Linden ex E. Fourn., Exacum affine Baft., 

Begonia hiemalis Fotsch., Sinningia speciosa (Lodd.), Lobelia erinus L., Mimulus hybridus hort. 

Ex A. Siebert et Voss   Calceolaria 

herbeohybrida Voss Campanula fragilis L.  

Dendrobium Sensational Perpul (Dendrobium SP) 

 (Chandrkrachang  

2005)   Dendrobium ‘Eiskul’   O-80 

     

(Limpanavech  2008)  90   Dendrobium White 

Pansy Lip  

 120   20  40   
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 150   

 40  

 Dendrobium White 

Pansy Lip  
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 6 
 

 
 
1.  Dendrobium Queen Pink 
    0 ( ) 10 20 40  60  

  Dendrobium Queen Pink 

  

1.1  Dendrobium Queen Pink  4   

    

   

 (seed coat)  (embryo) 

  1 

 1,500   

1.2   VW  0 ( ) 10 

20 40  60   

  

 

 

1.3   10  

 31.85  (  3)   

20    

    

1.4   20   2 

 49.65  (  3)    

   60   2 3  4 

 3  4   
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2.  Dendrobium Queen Pink   
    0 ( ) 10 20 40  60  

 Dendrobium Queen Pink  (0.1-0.2 

)  (0.3-0.4 )  VW 

 1    

 2.1  

 
 2.2  

  6  

( )  

 

 

 2.3   6  

 

 

   

  

 2.4  

  6  

 1-4 

 

 2.5   6  

  

 2.6  
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 2.7  

     

  60 

    

  

 20   

8.2  (  12)   

 

 
3.     Dendrobium Queen Pink 
  Dendrobium Queen Pink 

 20  40   3 

   VW   BA 

 22.2   PBZ 0.17   

 

3.1 Dendrobium Queen Pink  40 

  0.84   1.52  

 20   0.255  (  14) 

 20   

3.2   Dendrobium Queen Pink  VW 

  BA  PBZ  4   

 20   BA 22.2 
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4.   Dendrobium White Pansy Lip 
  Dendrobium White Pansy Lip  

 VW  BA  4.4  

   0 ( ) 10 20 40  60   3  

 VW   BA  22.2 

  0 ( ) 10 20 40  60  

  5   

 

4.1   8 9 10  11

 10  20   

  12   

 6 7 8  9   12  

 20   5.09  (

19)  

4.2   

8.70 (  20)  40  

  40 

  60  

 

  

4.3  

52.80 (  21)  40  

 20  

  

 60   

  10   31.10 (  21) 

 60  

 

4.4  Dendrobium White Pansy Lip  40 

  60   
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   90  

  

4.5   150  

 0.67  (  22)  40 

  40  

 50.0  (  21)  
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  =  

ABA  = Abscisic acid 

BA  = 6-Benzylaminopurine 

cm  = Centimetre 
DMRT  = Duncan’s New Multiple Range Test 

DZ  = Dihydrozeatin 

GA  = Gibberellic acid 

g  =  Gram 

HPLC  = High-performance liquid chromatography 

IAA  = Indoleacetic acid 

iP  = N6-(  2-isopentenyl)-adenine 

iPA  = N6-(  2-isopentenyl)-adenosine 

KC  = Knudson C 

mg  = Milligram 

mg/L  = Milligram/Litre  

MS  = Murashige and Skoog 

MWUT  = Mann –Whitney U Test 

NAA  = -Naphthalene acetic acid 

PBZ  = Paclobutrazol 

TDZ  = Thidiazuron 

VW  = Vacin and Went 

Z  = Zeatin 

ZR  = Zeatin riboside 

M  = Micromolar 
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 1  Vacin and Went (1949)  VW  

     

 

  ( ) 

 VW 1/2VW 

  

Ca3PO4 200 100 

KNO3 525 262.5 

KH2PO4 250 125 

MgSO4
.7H2O 250 125 

(NH4)2SO4 500 250 

  

FeSO4
.7H2O 28 14 

MnSO4
.4H2O 7.5 3.75 

Na2-EDTA 73 36.5 

   

Sucrose 20,000 (20g/L) 20,000 (20g/L) 

coconut water 150 ml/L 150 ml/L 

phytagel 2,000 (2g/L) 2,000 (2g/L) 
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1. BA (6-Benzylaminopurine)  1.0  

               BA 1,000   0.1  KOH (     

              )  1,000  

 

2. PBZ (Paclobutrazol)  50  

 PBZ 0.05   absolute alcohol (   ) 

 1,000  
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