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     ,  
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3.  ,      

; 

4.     . 
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1.   

 

1.1.    

 

1.1.1.   

 

  –   ,  

     (   ., 2013),  

  . 

  –     

 .      . 

   40 .  - ,   , 

.  - , ,  6-12 , 

,  -     

 .   , - ,  

, ,  4 - 7 ,    2 - 3 .  

 , ,      

,  – ,     2 - 3   

  .    - ,    

 .    , , 

   18 .  - ,  3 - 4 ,  

,    3     ( , 1983).  

      ,   

  (  30 - 40 ):      -

   70 - 80   .   

   350 - 400  ( , 1983),   

  570 ( , 1959),   600  (   …, 1991). 

     , 

         

 :     
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,        ;  

         

 -60°C        +40°C  

,         ,  

       ,   , 

     .    

     70°  37° . .   7° . .  126° . ., 

      2100  . . .     

        

 ,         

  ,       

 ( , 1964). 

-    ,  

   ,    

      , 

     ,  , 

,  ( , 1964).      : 

P. sylvestris L. ssp.sylvestris, P. s. ssp. sibirica, P. s. ssp. кulundensis, P. s. ssp. 

lapponica, P. S. ssp. ursina и P. s. ssp. amurensis ( , 1982; , 

1997; , 2000).      

  84       

 ( , 1982; , 1997).  

 

1.1.2.   

 

     . 

        

  ,   ,  ,  

  . . ( , 1981). 
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     ,   

 ( , 1981).    ,  

, , ,     ( , 1983).   

 «  »,  ,  , 

        

  ( , 1981). 

        

        

  ,     

   .    

    -  ,  

   ( , - , 1978). 

 ,       

    . 

 

1.2.      
     

 

  ,   , 

        ,  

  .      

    2012  2015 .      

   922 .    15,5%   , 

   ( . .1,   …, 2013;   

…, 2017).        

        

,         

 ,      

      (   …, 2013). 
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( , 2011).  ,     

        

    (  …, 

2013).        

 .     

     (  

75%),    22%     

.    ,     

  (    ) 

  2016 . 2,4% (   …, 2017).    ,  

      

    ( , 2007). 

        

,        

.        

   .    ,  

     , 

     .   

     ( )   

     ,  

         

,      

      . 

   ,      

  -    . 

       

     ,  

   ,      

,       



14 

,       ( , 

2013). 

 ,       

    ,  

        

       

       . 

 

1.3.     

 

      

  ,    

    .    

        

    ,   

  (Lelu-Walter et el, 2013). 

,     

      

      . 

 -       

 ,     ,   60   XX 

.            

       

    ,  

   .   

   ,  

    /   ,   

      ( , 

2013).  

      50   , 
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 : , , ,  ( , 2013).  

        

 : ,    (   ., 2003). 

  –  ,      

        

      ,     . 

  –  ,    , 

    ,   .   –  

      ( , 

, ,  ,   . .) 

  ,   ,       

      80%    

 (   ., 2003). 

    , , 

         , 

    ,    

(   ., 2009).  ,     

       

     10 %  ,   30 %  ,   

        

  15  60 - 70 %;      

      ,    ,  

  , ,      . 

          

,    (   ., 2009). 

       

: 

•  ; 

•    (  ,  , 



16 

,    .)   (  ,  

  . .); 

•   ; 

•       ;  

•    ,   

  . 

    ,   

-   - ,      

    ,    

(   ., 2003). 

      369  

  ,   42%    

 , 1,4% –  , 2,2% –     

  , 11,9% –   , 1,1% – 

 , 18,2% –   , 19,8% –   

   (   , 

  18 ), 0,3% –     , 0,5% –  

,   /  , 2,7% –    

   (  …, 2012).  ,   

        

,        

        . 

     70-  .    

,          

         

  . ,     

      73  –  

        

  ( , 2012). 
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 ,      

,     1-   2-  ,  

      

       

      

 ,     

 . 

 

1.4.    

 

   –    

 in vitro, –       

  (   ., 2014). 

  –    

,    ,  

 ,     ( , 1987; 

  ., 2012),      

  ,     

  ( , 2009).    

       

       

(Pullman, Bucalo, 2014).   –   de novo 

,   ,    

, . .     .  

        (  

 ; …, 2012).    

 ,      

       in vitro 

(   ., 2013;   ., 2014). 
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,      

    in vitro,  ,   

c        

    , ,  

     (   ., 2014).   

      

 ( , ,   ), 

   (   ) ( , 

2011). 

 

1.5.        

 

 -      

    1985 . Hakman and von Arnold  Picea abies (L.) 

H.Karst.  Larix deciduas Mill.  (Klimaszewska, D. R. Smith, 1997).   

,       

   27   Pinus (Pullman, Bucalo, 2014),  11  

 Picea,  4   2   Abies,  6     Larix, 

   Pseudotsuga menziesii (Mirb.) Franco (Klimaszewska, Cyr, 2002). 

         

 80-  .    -  -

   .      

. .  . .     

  ,   ,    

    ( , 2014).  

           

  .      

  (   ., 1992;   ., 1992),  

    ( ., 1992),   

    ( , 1994).   
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 in vivo    ( , 1994).  , 

         

    ,   . 

        

 ,     ,  

   . 

      . .   . .  (1992) 

        .  

        

   (10...20%)  , 

   .     . . 

         .  

       

    ,     

        

     .   90-    

       , . . 

         

    (Swedish University of 

Agricultural Sciences).  

        

  XXI   2003  .     . . .  

    -  . ,  . .   

  2011 .     .   . 

.  . . .      

     ( , , 

2008;   ., 2012),      

( , 2011;   ., 2012),   ( , 

, 2009;   ., 2013),   (   ., 2009) 

https://www.researchgate.net/institution/Swedish_University_of_Agricultural_Sciences
https://www.researchgate.net/institution/Swedish_University_of_Agricultural_Sciences
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   (   ., 2012; , , 2015),  

 ( , 2013),   ( , 2012). 

 

1.6.    (MVF)  
    

    

 

 ,     

  ,     

       MVF  

 ,    .  

      MVF   

     ,  

     ,   

       

 ,     . MVF –   

     ,   

         

,        

 (Park, 2010; Park, Adams, 2014).  

      

     

  20 .       . 

    ,    

     2%    

 ,  60%       

 .         

,   1/5   ,  

     90%    (Sedjo, 1999 . 

 Celestino et al., 2013).       
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     5%   ,  ,  

          35%  

      (Celestino et al., 2013). 

 MVF ,  ,     

 ,       . : 

, , , , , , ,   . 

        : , 

 (BioForest  GenFor, , -  ,   

Rayonier,  , JD , ),  (SweTree 

Technologies, ), .   Cellfor ( )  

ArborGen ( )        

      

(Celestino et al., 2013).  

       

       

    ,   

 : ,  ,  

,     .    

 ArborGen,      International 

Paper, MeadWestvaco  Weyerhaeuser     

    (Celestino et al., 2013). 

 

1.7.      

 

        

          

(   ), ,   ,  

   .  

    ,     

,   ,      
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    (Solís-Ramos et al., 

2012),        

  ,       

 . ,    

      (Niskanen, 

2013). ,   ,   

    ,   

    .  

,  ,    , 

   ,      

          

  (Solís-Ramos et al., 2012). 

 

1.7.1.    

 

        (Lelu-

Walter et al., 2008; Patent, 2011; Farias-Soares et al., 2014): 

  –       

      .  

   ,   

         

  (P  I – P  III ),  ,   

; 

  –      

  (   ).   

       

  .   ( )   

   (P ) /    . 
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    (Kartha et al., 1988)    

 . 

  –    P  III    

  (       , 

,  Araucaria angustifolia (Bertol.) Kuntze; Farias-Soares et al., 2014); 

  –      

 ; 

  –      

    , ,  

   ; 

 -  –    

 ,  ,   

     ; 

        

–          

   ,     

 . 

    (  ex vitrum, ex vitro) –  

         

 . 

 ( )      

    ,     PEM III 

    (heads)    

,       

(Pullman, Gupta, 1991; Lelu-Walter et al., 2008).    

         

 ,   ,   

     . 

      ,    

     , , ,   ,  , 



24 

:  ,   . (Pullman, Gupta, 1991; 

Lelu-Walter et al., 2008; Patent, 2010). 

 

1.7.2.    

 

     

    (     , 

Celestino et al., 2013),     .  

        

    ;    

 ;  ,    

 ,   (Niskanen 2013;   ., 2016). 

        

  ,   

        (Smertenko et al., 2003; 

Smertenko, Bozhkov, 2014). 

        

  ,      

   ,      

  (Celestino et al., 2013; Niskanen, 2013),  

 ,  , ,   

.           

        

(Pullman, Bucalo, 2014).        

  (Niskanen, 2013).  ,  

   -     

  , ,   

  (Celestino et al., 2013; Pullman et al., 2015). 
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      7 – 21 . ( , 7 - 14 .)  

 ,      , 

   ,    (Patent, 2003).  

         

 ,    , 

         

 (   ., 2005).       

   ,    

    (   ., 1999).    

         

  .      

      

   ( , 2007).  

  ,     

    ,     

 ,        

 ,       (  

 , , )    

     « »  

, , ,     

 (Patent, 2003; Cairney, Pullman, 2007; Patent, 2010; Pullman et 

al., 2015). 

      

   ,     

  ,   ,   

,    in vivo (Pullman, Bucalo, 2014). ,  

      

        

   P. oocarpa (Lara-Chavez et al., 2011).   

     ,   
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  .       

        

  (Wu et al., 2012). 

    -  

        

,  -     

: /     

/ . ,      

     ,    –  

   (Pullman, Bucalo, 2014).   

      

   Loblolly pine (Pullman et al., 2015). 

          

,       

. ,      (1,5%), 

   (1%)   (0,025%)      

3  (Patent, 2011). 

        

         

( ,  ,  ,   .). 

   , ,    , 

          

   ,      

 .         

,       . 

      ,   

        

.        

    , ,  

     (Pullman, Bucalo, 2014).  
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 ,       

        

          

. 

 

1.7.2.1.   

 

      .     

 ,        

, ,   .    

  ,  ,    (  ).  

     ( . 1)     

       

, ,   ,      

        

  ( , 2005).   ,     

  ,     , , 

,  , , , , 

    . .   ,  1995 . H. Singh   

     ,    

        

 ,       

(Mashayekhi-Nezamabadi, 2000).  

       

  .         

  ,        

     ,   

   (George et al., 2008).  

   ,  ,    

 , ,      



28 

,  . ,      

 ,    – ,  . 

        pH 5.4 - 

5.8.         ,  

 .    pH   4,2 - 4,6,  

  ,      

   pH   .    

 in vitro, ,  ,    

,     pH    (George et 

al., 2008).  

 

 

 1 –      (George et al., 2008) 

 

  ,   

          



29 

 , ,    

 ,   (  1994; Patent, 2003).  

 

1.7.2.2.    

 

    in vitro   

   ,     

       

  .       

  (  . . )   , 

   ,      

         

  ( , , 2012).  

       

 : , , ,   . 

,       

,        (    

   , , , , 2012)  

       ,  

  –  ,     – 

.    ,   ( ), 

- -   ( ), - -   ( ), 

  ( ), 2,4-   (2,4- ), 

2,4,5-   (2,4, 5- )   (   ., 2010; 

, , 2012). 

: ,  (6- ), N-(2- -4-

)-N´  (CPPU)  NN- ; 6-  (6-

),  (TDZ)  .     

 ,  ,    (   ., 

2010; , , 2012). 



30 

 –     

,    ,    

  .   60  .  

      3   

 ( ) (   ., 2010; , , 2012).  

,   ( ) –   

,   ,   , 

  .    , 

  ,    ,    

     : , 

, ,   . (   ., 2010; , 2013) 

 –      

;       ,  

 .   : , , 

, , , , , 1-  (   ., 2010; 

, 2013). 

 ,       , 

     ,    

: 

–  ( ),    

  (  , ,   . .,   

 ),     ,  

   . 

–  –   :     

 ( ).    ,  

  ,   , 

 .      

 :        

 JAZ- ,      

  (Farmer, 2007). 



31 

 .   CO2     

,        

     ,   

 ( .  , , 1994) 

    ,    

   ,  , 

,  ,      . 

(Mulgund et al., 2012;   ., 2015; Patent, 2006). 

         

:      ,   

 ,    ,    

 ,        

.      .     

 ,  ,       

  .    

    .     

       ,  

   –   ,   

     .  

    , ,   , 

   ,   

      in vitro ( , , 2012). 

        

      : 2,4D ( ), 

6-  ( )   .   

,        

       .   

        

.        

  ,    ,    



32 

 (Patent, 2011).  ,     

           

    ,       .  

  ,     

   ó     

        

  ( , 2015). 

        

  (Gutmann et al., 1996; Patent, 1999).   

        

        

,     .  ,  

   ex vitro   ,  

        

    (Rai et al., 2011).  

   ,       , 

        

     ,  

,   ,     

      (Patent, 1999). 

  ,       

       

PEM III     ,    

        (Farias-

Soares et al., 2014).  

      . 

,      ( . ). 

       

      (Pullman et 

al., 2005).    ,      



33 

        

   .    

      

 .     

   ,     

.   ,    

        

  (Patent, 1994)  ,  

      

 ,       

 .  

 

1.8.      

 

       

         80-  

 XX .    , 

 ,     -  

        1996 . (Keinonen- 

Mettälä et al., 1996),        

 -      1999 . (Häggman 

et al., 1999).       

      : 

       

  ,       

  (Keinonen- Mettälä et al., 1996; Lelu et al., 1999; Häggman et 

al., 1999).       

.        

-        

,      -



34 

. , ,    ( -  -

),   ,     

 (Park et al., 2006; Lelu et al., 1999; Lelu-Walter et al., 2008);  

         

(Patent, 1999),       

          (Patent, 

2003).       

 ( ,       

  )   :   

 (   ,   )      

   (Patent, 2010).  

      

    .  , 

       

         . 

    ,   

 ,      

(  50%)    (Niskanen et al., 2004). 

        Pinus (Cairney, Pullman, 

2007).  

        

   (Cairney, Pullman, 2007). 

    (1999 - 2007), 

     ,  

      

       -

 (Lelu-Walter et al., 2008). 
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2.     

 

2.1.    

 

   -   №№ 

28, 41  911 ( . 2),   2012-2014 .    

       

    4 -       

   .  №№ 28  41   

        

,       

    (  №№ 28  41),   № 

911 –   ,     

 .  ( , 2016).  

 

 

 
 2 –  : ,  - №911;  - №28; ,  - №41  

(  ) 

 

 

   

  



36 

2.1.1. -     

 

      -

    ,  , 

  (PEM II  – PEM III ), , 

       

   (heads)   ,   

,   ,   

     ( . 3).  

 

 

 3 –    :  - PEM III , -  – 
  ( .× 10; . ×4 PLAN;  ) 

 

       

 ,        

 .       

       

  PEM III ,       

( . 4) 
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,  –    ( )  PEM III  (p); 
,  –     ( );  
,  -    .  

 

 4 -    ( .× 10; . ×4 PLAN;  ) 
 

2.2.   -   
  

 

  -    

    ,  

 ( , 1980):      
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 ,       

,         

 ,      

  -6 ( .74)   .× 10; . ×4 

PLAN  .×10; . ×10 PLAN. 

          

  .     : 

 I –      ; 

 II  –      ;  

III  – ,       

  ( . 5). 

-     

     Canon PowerShot A640 PC1200. 

 

 

 5 -      (Smertenko A. et al., 

2003). 

 

2.3.       
      

  

 

        

        

  №№ 28, 41, 911.  



39 

       

  , ,     

 .     R. C. Serrano 

(Patent, 2003),       

 .      

  N6 (Chu C.-C. et al., 1975),     

  (NH4NO3),      

,     .    

   (NH4)2SO4,     

 - KNO3.      LM (Litvay et al., 

1985).     ,   

 -      LM. 

        – , 

, L-      BM;    

     1000 / ,  – 30000 / . 

  – 700 / , 2,4 D – 1,75 /   0,25 /  6-  

(   ); pH   5,8    

,     .   

 L-     ,   

 .  

       

NH4
+: NO3

–: 1/9, 2/8, 4/6, 6/4, 8/2 (Patent, 2003).      

          

        , , 

  ,      

  ( . 1).  

 

 



40 

 1 –         

    

 
 

NH4
+ : NO3

- 
 

 
, % 

 
  

 ,  

 
  , 

/  

8/2 
NH4

+ 80 (NH4)2SO4 392 1850 
NO3

- 20 KNO3 98 708 

6/4 
NH4

+ 60 (NH4)2SO4 294.13 1386.61 
NO3

- 40 KNO3 196.1 1414.72 

4/6 
NH4

+ 40 (NH4)2SO4 196.1 924 
NO3

- 60 KNO3 294.13 2121.94 

2/8 
NH4

+ 20 (NH4)2SO4 98 462 
NO3

- 80 KNO3 393 2835 

1/9 
NH4

+ 10 (NH4)2SO4 49 231 
NO3

- 90 KNO3 441.19 3182.87 

 

       .  

   .     

   5-  ;     

 14 .     10    56 

.     14 .   

   ( , ,     

.). 

    (  , 

 )   ( )  –  

  ,      

,     .   

         

(  , 2011).      

 ,    -      

  -  .     

  ANDHR–202i.  

    ,     

,         (1) 

( , 2003). 
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                                                           (1) 

 

 V –  ;  

R –  . 

 

2.4.  ( )   

 

    ( )  

   № 41. 

        

 –  ( , 10 / ) /    ( , 10 

/ ),            –  

          

 ( . 2, Patent, 1999; Lelu-Walter et al., 2008; Carneros et al., 2009; 

Patent, 2011) 

 

 2 –     ( ) 

 

  
  

,  
 

 
,  

 

  
 , 

 
 -      
 -  , 

,     

 -  , 
  

   

 

       .  

   ,    -  

  ½ LV (Litvay et al., 1985)    BM (Patent, 

2010).    30 /  , 200 /  , 1 /   

; pH   5,8. ,    250 /  
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   1,6 /  . L-    500 /   

       . 

      22±2º .   

            

,   –       

.        1 ,  

      – 2  (Patent, 2011).  

       

,     ,  

     ,   

 .  

-     

   .   

   .  

 

2.5.    

 

        

№ 41. 

      5  

     ( ) ( . 2). 

   ( ) 200-300    

      4-5  , 

  -    ½ LV (Litvay et al., 1985),  

    (  )   

        , 

    . « »    

        

  (Lelu-Walter et al., 2008; Patent, 2011).  
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    -    ½ LV (Litvay 

et al., 1985)    BM (Patent, 2010).    20 /  

, 60 /  , 200 /  , 500 /  L-  (  

), 1 /  , 1 /   , 10 /   6000  

7 /  ; pH    5,8.      

    22±2º,  (Lelu-Walter et al., 2008; Patent, 

2011).         3 – 6 

. 

       

,     ,  

     ,   

 ,    ( /  ) 

  . 

-   -  

    .  

      

       

Nikon COOLPIXL820.      

.  

 

2.6.      
 

 

      , 

        ( . ). 

        

 AFS (   , Bonga, 2004).   

   « ».    

    ,    ,  

     7  ( . 6).   



44 

     (Lelu-Walter et al., 2008; Bonga, 

2004). 

 

 

 6 –        , 

        

 (  ) 

 

         

  2  (Carneros et al., 2009),   

  AFS   (Bonga, 2004).   

  16-   . 

       

   . 

     

     Nikon COOLPIXL820. 

     . 

 

2.7.       

 

       

,    .   

    (1 – 3 %  ) 

( …, 2004 – 2011)   .     
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     ,   

   , ,   . 

        

  0,5 .(115º )   30    1 .(121º )   

20  ,       

 1 . (121º ) 30  (   ., 2014)     

  200º  90-120 .      

 .     ,  

       

       .  

    ,    90 

– 96 %   32%     .   

           

.  

 

2.8.    

 

        

       Microsoft Excel 2007. 

      : , 

, ,  .    

    ,    

  .   

 ,    .   

     t-  .  

        

    .  
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3.    

 

3.1.       
      

  

 

        

         

     (NH4
+)   (NO3

–) 

. ( , 1994; Patent, 2003).     

   NH4
+: NO3

–: 1/9, 2/8, 4/6, 6/4, 8/2 ( . 1). 

 ,      

      . Lag-    

 2 – 3 .,    ;   

        .  

       12 – 14 . 
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