
 2 

 

 

     

   

    4   

 17-18   

 4  ( , 2550) 

 

 

   

(vegetative growth)   

  

  (reproductive growth) 

( , 2542)       

                 

         

      

      

 ( , 2548) 

  

 

 

  vernalization 

 

 

 



  

  vernalization  

 1-3   10-13 

  

  vernalization  

30    devernalization 

 vernalization   ( , 2548) 

 

 

      

   

   (juvenile  phase)   (mature  phase)   

   

     

      

    

 1.  (maturation stage)  

(mature)     

   

            

        

 3-5    4-5  (Menzel, 1983) 

2.    (induction stage)      

  

            

     

 

  

4



5

3.  (intiation of floral primordial)   

 (floral  primordial)    

 (floral  bud) 

4.   (floral  development  organogenesis) 

     

  (sepal)    (petal)  (stamen)  (carpel  

pistil)  (receptacle)  (calyx) 

 (corolla)  (androecium)   (gynoecium) 

   (anthesis)   

  

 

 

   

 

   

   

          

     

 

     

  

    

      

         

  ( , 2548)  

(photoperiod)  (wave length)  (radiant energy) 

 (interaction) ( , 2537)  
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 ( , 2537) 

     (  15  30 

)  -1.1  4   

   (     ) 

 10   

 (Menzel, 1983)  

    ( , 2548) 

      (Menzel, 1983)   

    

  

 

 ( , 2537)    

         

(Chaikiattiyos et al., 1994) 

 

 (

, 2548) 

     

  

  

  

 ( , 2537) 

     

        

      

       

 ( , 2548) 
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     Na-

NAA (sodium  naphthylene acetic acid)  SADH (dimethylaminosuccinamic acid) 

    

 ( , 2548) 

 

 

   

   

 (Menzel, 1983)  

           

    

  

 ( , 2548) 

   

  

    

 ( , 2537) 

  

  (OH-) 

    (C)  

(H)  (O)  2   

 (structural carbohydrate)   (cellulose)  (hemicellulose) 

 (lignin) 

  (total 

nonstructural carbohydrate: TNC)     

 (drextrin)  

 

   TNC 
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 (Davidson, 2000) 

 

 

 

  

( , 2526) ( , 

2537)  Pongsomboon et al. (1997)   TNC 

 

 Lerslerwong (2002)  TNC 

 

TNC  1 

 (Lerslerwong, 2001)   (2548) 

  1,000  2,000  

 

 

 (Lop et  
al.,2000) 

 (Teferi et  al., 2004) 

   

     

                        

 GAs   

  

                  

              

                

       

( , 2548) 
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 (Auxin) 

 indole – 3 – acetic acid  IAA 

 indole   IAA 

  indole – 3 – acetaldehyde (IAAld)  indole – 3 – 

pyruvic acid (IPA), indole – 3 – ethanol  indole – 3 – acetonitrile (IAN)  3  

 IAA  

 (Hopkins and Huner, 2004)  

 ( , 2549)  

(polarized)  

  

    (basipetal) 

   5-20  

 (coleoptiles) (Estelle, 1998) 

 IAA   

  IAA oxidase   IAA  (  , 

.) 

 3    tryptophan  indole-3-

pyruvic acid (IPA)  tryptophanamino transferase 

  IPA  IAAld  indol-3-pyruvate decarboxylase 

 IAA  indol-3-acetaldehyde oxygenase   

      tryphophan  

tryptamine   tryptamine  Indole-3-acetaldoxime 

 indole-3-acetonitrile (IAN)  IAA (Hopkins and Huner, 2004)  

Bernier et al., (1993)   

 IAA   
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 (Cheng and Zhoa, 2007) 

 (Bernier et al., 1993) 

 

 (Cytokinin) 

  . . 1940-1950 

  

 (Srivastava, 

2001)   (zeatin) 

 ribosides  ribotides 

 

  (Hopkins and Huner, 2004) 

    side chain 

 5  6     

     -   

  side chain    

-  (cis-zeatin)  -  (trans-zeatin)   trans-

zeatin  cis-zeatin   (ribose) 

   

  5’    

N  9   N9 riboside 

 ribotide ( )  

 

 (Ribotide  Riboside) ( 1) 

 (Srivastava, 2001) 
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 1  (Srivastava, 2001; Hopkins and 

        Huner, 2004) 

 

 

 

 

cis-zeatin 
trans-zeatin 

trans-zeatin riboside 

cis-zeatin riboside 

dihydrozeatin riboside dihydrozeatin

isopentenyladenine
isopentenyladenosine
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   xylem sap  

  

 

 

  

 isopentenyl group  amino group  adenosine monophosphate 

 hydroxylate   t-RNA   

(mevalonate  MVA)   t-RNA 

 (dimethylally side chain)    Rhizopus  dimethylallyl 

adenine  zeatin   Zeatin  

dimethylallyl adenine (Hopkins and Huner, 2004) 

  

   

  

 

    

 (Neuman et al., 1990) 

 Chen (1987) 

 

 , ,  

    

  (Chen et al., 1997)  

 

 (Gibberellins) 

 (juvenile) 

  (mature)  

  

   juvenile  mature 

    (GA3)  English Ivy (Hedera helix)  juvenile 
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 mature  (nonpolar)  GA4  

GA7  (conifer)  mature  

 vernalization 

  

 ( , 2549) 

 

  

  

 (lateral root)  

 (nonpolar transport) 

  

 ( , 2548) 

 

  deterpene acid 

 terpenoid pathway  

  

 (intermediates)  

    

clone    

 (single-gene mutant) 

 

   

 

 terpenoid pathway  terpenoid 

 5  (isoprene) (  2)   tetracyclic 

diterpenoids  isoprenoid  ( , 2549) 

 

 
 2  terpenoid 
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 3   

  1 :  terpenoid  ent-kaurene     1 IPP 

 geranyl diphosphate (  10 ) farnesyl diphosphate 

(  15 )  geranylgeranyl diphosphate, GGPP (  20 )  GGPP 

 terpenoid    

  

  cyclization reactions  GGPP  ent-kaurene 

 (  2)  2  

proplastids  

 IPP  

   AMO-1618 Cycocel  Phosphon D 

 (Taiz and Zeiger, 2002) 

 2 :  Oxidation reactions  endoplasmic reticulum (ER)  GA12 

 GA53   methyl  

ent-kaurene  carboxylic acid  B ring  6 

 5   GA12-aldehyde  GA12-aldehyde  GA12 

 

  

   hydroxylated  13   

hydroxylation  13   GA53   GA12 

 monooxygenases  cytochrome P450 

  P450 monooxygenases  endoplasmic reticulum  kaurene 

 endoplasmic reticulum  en route  kaurenoic acid 

 kaurene oxidase  paclobutrazol   P450 monooxygenases 

 GA12-aldehyde 

(Taiz and Zeiger, 2002) 

  3 :   GA12 

GA53   

dioxygenases  2-oxoglutarate  cosubstrate 

 Fe2+  ascorbate   GA12 
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1.  hydroxylation  13 (  endoplasmic reticulum) 

 3  

2.  20 (CH2  CH2OH  CHO) 

 CO2  

 hydroxylated  13 

  GA20  GA20  active form  

GA1  hydroxylation  3   GA1  

GA8  hydroxylation  2   hydroxylation  GA20 

 GA29 (  3) 

 pathway   GA20-oxidase  GA12  

GA53  GA19  GA20   3ß-hydroxylase  GA20  

GA1  3ß-hydroxylation  GA1 

 GA8 

 2-

oxoglutarate  cosubstrates  prohexadione (BX-112) 

 GA3-oxidase  GA20  GA1 

 (Taiz and Zeiger, 2002) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



16

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 3    (Yamaguchi, 2008) 
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 (Plant Growth Retardants) 

 

  

          

    

 1.  (Onium Compounds) 

  Chlormequat chloride (Cycocel, CCC), mepiquat chloride, 

AMO-1618, phosphon D  piperidium bromide  Cycocel  mepiquat 

chloride    Cyclization  

geranylgeranyl pyrophosphate  Copallyl pyrophosphate 

  

   

  

  CCC   

    

 (  , .) 

   ISO  2-chloroethyltrimethylammonium 

ClCH2CH2N
+(CH3)3 (  4)  

 (  CCC  Cycocel)(Startin et al, 1999)  

Passam et al. (2008)  500 

 (rosette) 

 1,500 

  Nadia et  al. (2005) 

   Iris nigricans 
Dinsm  
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 4    

 

 2.  (Pyridines) 

   ancymidol  flurprimidol 

  Cytochrome P-450  oxidation  kaurenoic acid 

  sterol  Abscissic acid  

  

 3.  (Triazoles) 

  

  paclobutrazol, uniconazol, triapenthenol, BAS 111  LAB 150 978  

 microsomal oxidation  kaurene, kaurenol  

kaurenal  kaurene oxidase (cytochrome P-450 oxidase) 

  sterol  Abscissic acid   IAA 

 

 

   

 (antioxidant)  (  , .) 

  ([(2R, 3R+2S, 3S)-l-(4-chloro-phenyl) 4,4-dimethyl-2-(1,2,4-triazol-l-

yl)-pentan-3-ol]) (  5)  

 Bonzi, Clipper, Cultar  Parsley 

 293.5  165-166   

50   6   (half life)  6-12 
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 (

 7)  (ICI, 1984) 

  Tongumpai et al. (1997)  1,000-2,000 

   

 (2534)   700, 1,400 

 2,800   3   10                     

1,400  

 1,400  2,800   1  2  

 2    Chutichudet et  al.(2006) 

 

 1  5 

    

 3,000   5 

  48,281.25    Teferi et  al. (2004)  

 Tommy Atkins 

  Yeshitela (2004)  

   500  2000 

 

 

 

 

 

 

 

 

 5   
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 [S-(+)-E-1-(4-chlorophenyl)-4,4-dimethyl-2-(1,2,4-triazo-1-yl)-1-penten-3-

ol, UNI-OH] (  6)  . . 1980 

  

(  7)  brassinosteroid (BR) 

       Abscisic acid (ABA) (Todoroki et al., 2008) 

  photosystemand ribulose-1,5-bisphosphate 

carboxylase/oxygenase  

 14C   

 14C    

 superoxide dismutase  

peroxidase  malondialdehyde  

 (Zhang et 
al., 2007)  Ehud et  al.(2003)  Globularia sarcophylla 

  Jiang et al. (2008)  

  

 

 

 

 

 

 

 6   
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 7   


