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  .   

        
  ,     

  ,  ,  
     ,  
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,    ,  
 ,    , 
   ,   

      
,        

        
   ,    

        
  .  

    2013  19      
-1958-  «2013-2017     

        
 -  »    

  2013  27  142-  «2013-2017  
  -     

 »       
-       

      .  

1  Dong H. Technology and field management for controlling soil salinity effects on cotton // Aust. J. of  Crop Scien.- 2012.- V. 6, No.2.- P. 333-
341. 
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  .      

  V. «  , , 
  -  »    

. 
    -  2. 

        
       
    , , Cotton Breeding and 

Cultivation in Huang-Huaj-Hai Plain, Cotton Research Center Shandong Academy 
of Agricultural Sciences, Beijing Institute of Technology, Shihezi University 
( ), German Research Center for Environmental Health ( ), 
National Institute for Biotechnology and Genetic Engineering ( ), USDA 
Agricultural research Services, Auburn University ( ), Marathwada 
Agriculture University ( ), Plant Pathology Research Institute of 
Agricultural Research Center ( ), Cotton Research Institute of Iran, Islamic 
Azad University ( ), New Mexico University ( ),  

 ( )  .     
      

     , ,  
  :     

  (Cotton Research Institute of Iran,  New Mexico University, Cotton 
Breeding and Cultivation in Huang-Huaj-Hai Plain);    

      
        
    (Plant Pathology Research Institute 

of Agricultural Research Center, King Abdulaziz City for Science and Technology, 
Islamic Azad University, National Institute for Biotechnology and Genetic 
Engineering);        

,  (  )    
      

  (Beijing Institute of Technology, Shihezi University). 
      

   ,     
 :        

   ;      
  ;     

 ;      
  . 

  . ,   
       

 .      

2     -   http://www.arc.sci.eg/; http://www.caas.cn/;  http://www.areo.ir;
http://leyendeckers.nmsu.edu/precision-organic-cotton.html; http://www.chetnajrganic.org.in/programms/green-cotton, Agronomy for 
Sustainable Development, Springer Verlag/EDP Sciences/INRA, 34 (4)/2014      . 
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        ,   

      .   
          

   ,    
    (Martinez, Läuchli, 1991; Pessarakli, 2001; Karimi, 

2005; Zhang et al., 2006; Gong et al., 2009; Chen et al., 2009; Dong, 2012). 
       

    ,    
  ,       
       (Dong H., 2012). 

    ,  
        

   ,     
    (Javid, Yasin, 2001). 

     MCBuTTB 
       

,     (Stark, 1991).  , 
  Rs-5 Klebsiella oxytoca (Yue, Mo, 2007)  Rs-198 

Pseudomonas putida (Yao, Wu, 2010)    
       Mg, K  Ca 

      
,  Na   ,   

      .   
 Bacillus    

      (Orhan et 
al.,  2006; Hafeez et al.,  2006; Rivas et al., 2006; Kaymak et al.,  2008; Zaidi 
Khan et al., 2009, , 2010).  . .  (2012) 
Bacillus         

       
,       

,       
      . 

        
  ,   (10-20%)  

  ,    
 ( 3( 4)2)   ( )   , 

   ( ,  
)   ,    

 ,       
       .  

 ,       
       

       
        



8

,      ,  
       

     .      
    -

  -    . 
    -  

  -7-068 «     
  » (2006-2008 .),  - 9- 131 

«       
   » (2009-2011 .)  -

6- 111 «    RIZOKOM-1  RIZOKOM-2 
      
 » (2015-2017 .)    

 . 
        
       

       
 .  

 : 
      

  ,       
  ;  
       

        
     ; 

      
 2 5    ; 

     -
  -   ,  

  ; 
      

    ; 
      

    ; 
       

 ; 
       

  ; 
      

 ; 
      

        
  ; 
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   ,  

      ; 
         

    ;  
       

   . 
  c     

     4    
    ,     

- Ca3(PO4)2  ,  (NaCl  MgCl2)   (Na2SO4  
MgSO4)  ,   ( , ),  

 Verticillium dahliae, R. solani, Fusarium solani,  F. xysporum, 
A. alternata         

      F. 
oxysporum vasinfectum R-7, F. oxysporum vasinfectum R-3,   -2, 

-6524, -8 ,        
  .      

  –    
 ,    ,  

  – , 
    , 

     ;  
   ;     

        
,       

     
 ;      

   ;   
        

  . 
 .   , 

, , - , , 
,     . 

    : 
       

     4    
      ;  
  4        

 :     (NaCl, 
MgCl2)   (Na2SO4, MgSO4)   ,  

  ( 3( 4)2)    ( )  
,    ( , )  

,     ,  
      . 
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   - Bacillus subtilis BS-80, Bacillus 
licheniformis BL-83, Paenibacillus polymyxa PP-113,  Paenibacillus  amylolyticus 
PA-118 ; 
   4          

    RIZOKOM-1  ; 
        

   .   
    :  

    RIZOKOM-1    
     ; 

,      
    -   

     RIZOKOM-1  
   ; 

 ,      RIZOKOM-1 
        

   ,    
,   ,   

 ,      
;   

    RIZOKOM-1 
     . 

  .    
   3  ,      

        
 .    , , 

 ,    STATISTICA 6.0 
       . 

    ,  t-  
 . 

     .  
       

    ,   
      

    . 
         

      
         

RIZOKOM-1   .    
        

 ,    , 
        

,      
,  ,   -  
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  .    
     .  

         
        
.     

   .   
 RIZOKOM-1       

   :  
      

      
  (2013, UZ  IAP 04712) .    

        ; 
       

 «   »    
   2014 – 2015     

RIZOKOM-1    (     
 2016  15 , 02/20-3326-  ). 

RIZOKOM-1      
       12 – 14,6 /  

     25 – 28%    
. 

  .    
   4   ( , 2008), 

 . .    «   
  »  -  

 ( , 2009), «   -  
 –     »    

 ( , 2010), «      
,    » ( , 2011), «  

  ,   ,  
   » ( , 2012), «   

     » ( , 
2012), «      

» ( , 2013)  -  
, «      

»    -   
( , 2012), International Symposium  «Microorganisms and the Biosphere» 
« ICROBIOS-2013» (Kirgizstan, Bishkek 2013), International Congress 
« GRICASIA’2013» - «1st entral asia congress on modern agricultural 
techniques and plant nutrition» (Kirgizstan, Bishkek 2013), 2nd International 
Conference of Arid Land Studies «Innovations for sustainability and food security 
in arid and semiarid lands» (Samarkand, 2014), «   

»   « ICROBIOS-2015» ( , 2015), 
«    –    »  

-   ( , 2016), « ,   
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  »  -  
 ( , 2016), «     

       » 
 -   ( , 2012, 2016), International 

Scientific Conference «Science, technology and innovative technologies in the 
prosperous epoch of the powerful state» (Turkmenistan, Ashgabat, 2016), 
International Conference «Word Cotton Research Conference-6» (Brazil, Goiania, 
2016)  . 

   .   
 1     4   , 

 55     ,  10   
     

        
 ,   9    1    

  .  
   .   , 

 , ,      . 
  179   . 

   

       
,    ,    

,       
  ,     

   ,      
  ,     , 

        
.  

 «     
,       
    

 »     
   , ,   

   ,   
 ,  ,     

    ,  
    ,   

  ,      
  ,    
      

    . 
 «   

     »   
    , -
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, -    , 
, - , ,  

, ,       
        

  . 
 «     , 

    ,  
  »      

      
  ,    

      
      .   

        
.        

  
        

  20    .  
       4   80, 83, 113, 

118   .  

        
         

    
     (Na2SO4, MgSO4) 

  (NaCl, MgCl2)     
 (3%-20%)  .   

      ,   
 (10%-20%)      

      
.  

 118     ,   
    3-    3 , 

 7,1(±0,21)–8,4(±0,15)  11,1(±0,25) lg /  ,   
  2   8,4(±0,15)– 9,1(±0,25)  11,1(±0,25) - 11,8(±0,31) 

lg /    (1- ).  80, 83  113    
  . 

       
      ,   5  10 

  10   .     
          

,        
.  83-     12,3(±0,32) lg /   

      6,9(±0,08)   (1-
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).  80, 113  118       
.   

1- .        
     118   

  (lg / ) 

      
  2 5    

       
  4%      3( 4)2  

 P2O5   .  
Na       

   ,   
  ,    Mg  

 3( 4)2   P2O5     
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,     .    4 
      .  

 1-  
 83        

       
   
( . / ) 

 
1 3 5 7 10

  , lg /  
83/5 8,1±0,21 9,3±0,21 11,4±0,15 10,9±0,35 11,4±0,15
83/6 8,3±0,15 9,4±0,06 10,9±0,15 11,1±0,25 12,1±0,12
83/7 9,1±0,32 10,1±0,12 11,4±0,15 11,4±0,31 12,3±0,32
83/8 9,3±0,15 10,4±0,15 11,6±0,21 11,4±0,15 12,1±0,49
83/9 9,2±0,26 10,3±0,06 10,8±0,06 12,1±0,26 12,1±0,12

 83/10 8,1±0,15 10,2±0,06 9,4±0,15 12,1±0,30 12,1±0,15 

    

83/5 5,2±0,25 5,5±0,38 5,9±0,10 4,5±0,15 4,6±0,21
83/6 5,5±0,38 5,6±0,29 6,0±0,15 5,5±0,18 4,8±0,36
83/7 5,1±0,40 5,6±0,24 6,0±0,26 4,8±0,31 4,4±0,15
83/8 5,5±0,21 5,6±0,16 6,5±0,19 6,2±0,23 4,7±0,17
83/9 5,6±0,25 5,7±0,32 6,2±0,21 4,9±0,15 4,8±0,21

 83/10 6,1±0,31 5,7±0,16 6,4±0,32 6,2±0,35 6,9±0,08 

Na       
   . NaCl  
    10-  28,78(±0,67)%  
 .   MgCl2       
 7-    12,44(±0,68)% , MgSO4  

 3-  12,41(±1,3)% , Na2SO4   
 5-  35,28±(1,13)%   .  80, 83, 113  

118       .   
  3( 4)2  P2O5    

    . 3( 4)2  P2O5  
  5,6(±0,15)    8,2(±0,06) lg /   

7,4(±0,21)  P2O5/100    .   Na  
      

 NaCl    3( 4)2  P2O5    
–  5,3(±0,15)    5,5±0,25 lg /   8,9(±0,26) 
P2O5/100  ,  Na2SO4     –   5,5±0,21    

 6,6(±0,21) lg /   7,7(±0,21)  P2O5/100  ,   
   5,6±0,15  7,4(±0,21)  P2O5/100    . 

MgCl2       
3( 4)2  P2O5        

,  5,57(±0,38)    12,2(±0,32) lg /  
2,2(±0,12)  P2O5/100  , MgSO4     5-

 –  5,7(±0,55)    12,3(±0,21) lg /   
2,5(±0,15)  P2O5/100    .  

      P2O5  
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  5,31±0,21    7,2(±0,21) lg /   
7,8(±0,21)  P2O5/100  , NaCl     

    5,3(±0,21)    
8,1(±0,21) lg /   8,8(±0,25)  P2O5/100 , Na2SO4   

 –  5,14±0,20    8,3(±0,23) lg /   
8,7(±0,21)  P2O5/100    . MgCl2    

  5-  P2O5    6,17(±0,20)  
  11,4(±0,40) lg /   1,5(±0,26)  P2O5/100  , 

MgSO4    3-  –  6,97(±0,24)   
 12,39(±0,26) lg /   1,8(±0,21)  P2O5/100     

(2- ). 

     -
  -  ,   

   
       

 -   -  
    .  

 80-  –     30   
  .   , 
, ,     .  
 -    28-300   48   

         , 
4-5       .   

   280    ,   , 
    2-3     . 5-7  

          
 4-5   , ,    . 

-     80-  , 
 , 28-500    , 550   

  . 3-20% NaCl  . , , 
, , , , , ,  

.     .  
 ,  ,  ,   

  .     .   
   ( , , )  

,  ( ,  )    
. -  -    . 

   . -  (   
)   .     5 

 10   .  
 83-   –       

 .   , , 
,     .     
 28-300   48         
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     ,    , 5-
7    

         280   
 ,   ,     3-4   

  .  83-  - ,  
, 28-400    , 550   

  . 3-20% NaCl , , , 
, , , , , ,  

.     .  
 ,  ,  ,   

  .     .   
   ( , , )  

,  ( ,  )    
. -      -

   .    . 
-  (   )  

 .     5  10   
.  

 113-  –      
  .   , 

, ,     .   
   28-300   48      

,  4-5   .     
     280      ,  , 

    ,     4-5  
   . -     

113  ,  , 28-400    , 
450     . 3-20% NaCl , , 

, , , , , , , 
 .     . 

  ,  ,  , 
    .     .  

    ( , , )  
,  ( ,  )    

. -   -    
.    . -  

(   )   . 
    5  10   .  
 118-  –      

  .   , 
, ,     .   

   28-300   48     
      ,    

  4-5       
.         280  
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   ,  ,   ,  
   3-4     .  -

    118  - , 
 , 28-400    , 500   

  . 3-20% NaCl , , , 
, , , , , ,  

.     .  
 ,  ,  ,   

  .     .   
   ( , , )  

,  ( ,  )    
. -   -    

.    . -  
(   )   . 

    5  10   .  
       
 -   -   

  (Bergey, 2009)    .  
 80-  Bacillaceae ,  Bacillus   Bacillus subtilis BS-

80 ,  83-  Bacillaceae , Bacillus   Bacillus 
licheniformis BL-83 ,  113-  Paeniacillaceae , 
Paenibacillus , Paenibacillus polymyxa PP-113 ,   118-

 Paeniacillaceae , Paenibacillus , Paenibacillus 
amylolyticus PA-118    .  16S  

        -
 ,    GenBan   

   -    : 
Bacillus subtilis BS-80  99%  - Bacillus subtilis 1047  (accession number 
JF322981.1); Bacillus licheniformis BL-83 99%  - Bacillus licheniformis SBM6 

 (accession number KU556161.1); Paenibacillus polymyxa PP-113 100%  -  
Paenibacillus polymyxa NCIM 2726  (accession number KR185865.1); 
Paenibacillus amylolyticus PA-118 99%  – Paenibacillus amylolyticus 12L1  
(accession number HQ284944.1)   .   

    GenBank  : Bacillus 
subtilis BS-80 KY041889   
(https://www.ncbi.nlm.nih.gov/nuccore/KY041889); Bacillus licheniformis BL-83 
– KY041694 (https://www.ncbi.nlm.nih.gov/nuccore/KY041694); Paenibacillus
polymyxa PP-113 – KY041978(https://www.ncbi.nlm.nih.gov/nuccore/KY041978) 

 Paenibacillus amylolyticus PA-118 – KY041979
(https://www.ncbi.nlm.nih.gov/nuccore/KY041979).  -  

       
  . 
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   ( )      
. B. subtilis BS-80  P. amylolyticus A-118   

        
  2041,56 /    14,21 /     14,26 /  

   ,    0,70%   
 . B. licheniformis BL-83  P. polymyxa -113 

        
   20 000 /    4216 /     5115 /  
   ,    65,3%  71,23%  
 ,    (3- ). 

  B. subtilis BS-80  B. licheniformis BL-83 
 -      2  4 

   , 2     
     11,41%  

32,45%   , 4    42,46%  55,53%   
 . P.s polymyxa -113  P. amylolyticus A-118  

     2   
18,45%  29,24%   , 4    24,27%  35,57%  

.      
  2  4      

24,04%  40,72%    . 

      
    

     ,  
      

    . B.subtilis BS-80  
       

,     d: V. dahlia    78(±0,58)  
(86%), F.oxysporum  30(±1,53)  (33%), R. solani – 55(±1,53)  (55%), 
A. alternat  – 30(±1,15)  (33%), F. solani – 79(±1,15)  (88%), F.oxysporum 
f.sp vasinfectum R-3 – 22(±0,58)  (24%)  F. oxysporum f.sp vasinfectum R-7

 44(±0,58)  (50%)   . B. licheniformis BL-83  
      

,    d: V.dahliae  65(±1,53)  (72%), 
F. oxysporum – 35(±1,53)  (39%), F. solani –  73(±1,15)  (82%), R. solani – 
30(±0,58)  (33%)  A. alternata – 35(±0,58)  (38%)   . P. 
polymyxa PP-113       . P. 
amylolyticus PA-118     V. dahliae  

    d 80(±1,53)  (88%)  ,   
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3-
. 

 
 

 
 

  
 

 (
) 
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F.oxysporum  35(±0,58)  (39%), F. solani – 65(±1,20)  (22%)   
  (4- ).  

4- .      
    

       .     
-6524  ,      F. 

oxysporum f.sp vasinfectum 316  F.solani 319    
  4       

        
       

 .     
        F.solani 319 

     ,   0,07(±0,02)  
0,51(±0,06) ,        

 ,   1,73(±0,2) ,     
  1,92(±0,2)   .   

       F. oxysporum 
f.sp vasinfectum 316       

  ,     
1,27(±0,09)  1,90(±0,17) ,      
2,51(±0,09)   . 4      

         
       . 

      
        

. 

     
   

       
   ,   -3-  

 ( )       
.  ,  ,   
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 ,    4%  MgSO4  
Na2SO4     , 

        .  
    ,    4  
   MgSO4   7-   , 

30,86±0,3 / , Na2SO4   18,03 / ,    
29,6 /    .     

 7- , MgSO4      
 ,  430,3±1,15 /  , Na2SO4   

430,3±1,22 / ,    384,15±1,12 /    . 
MgSO4       

      ,  
 Na2SO4        

, B.licheniformis BL-83    , 
   .   MgSO4  Na2SO4  

 ,      
 .   

       
     

       ,  
       

       
. B.subtilis BS-80, B.licheniformis BL-83, P.polymyxa PP-113  

P.amylolyticus PA-118       
        (  3 106 

 3 109 /  ) , 14    
     

,      , 
       ,  

     . 
 , Bacillus  Paenibacillus   4   

     –  
,   ,   

(   )   ,   
  ,      

    .   
 «     

      
   »     

       
       

        
    .   
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 .     

       
       

    
       

        
     .  30 

       
 - 6,5(±0.21) lg /    1-2    7,5(±0,18) 

- 8,0(±0,26) lg /      .  
        

 .     
      

       
   ,    

    (5- , 2- ). 

5- .  
  

 
 

   
  

 
  

  
 ,  

  
 

 ,    ,   
     4   

    – B. subtilis BS-80, B. licheniformis 
BL-83, P. polymyxa PP-113  P. amylolyticus PA-118     

  RIZOKOM-1  .  , 
,      

          
    . 
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      RIZOKOM-1 

   ”   
        

   RIZOKOM-1  ,   
      

      
 .  

 
     

 . RIZOKOM-1   
       

 Bacillus      
   –   NaCl    ( )  

       -  
 ( ) .    

  BIOKOM  ( )    
  ( )      (  

UZ  IAP 04712, 2013).       
  ,     

 ,      
 . B. licheniformis BL-83    

  6,35(±0,24)  24      
9,1(±0,21) lg /    ,  3-    3 

     2-3   . 
    3      

     9,2(±0,21)  9,3±0,21 lg /  ,   
      2-3   , 
 7,7(±0,21)  6,7(±0,21)  lg /    ,    
   7,0  5,6(±0,26)  5,76(±0,20)   (6- ).     

B. subtilis BS-80, Paenibacillus polymyxa PP-113  Paenibacillus amylolyticus 
PA-118       . 

        
      ,  

     ,   
      

         
  .    RIZOKOM-1 

       
 (7- ).  
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6- .     B. licheniformis BL-83   
  ,         

 
 

  
 

7- .    RIZOKOM-1    
        

 
 ,      
    -    

     RIZOKOM-1 
    

   ,     
    ( -6524 )   ( -8 

)  -     
    RIZOKOM-1   
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      , 
   ,     

 ,     . 
  RIZOKOM-1     

      
      

   ,    
,     1-2   
. RIZOKOM-1     

    –   
   ,   

      
     , , 

    ,  (8 ).,   
 ,        

   . 
 

 
 

 8- .  ,      
        , 

 , ,      RIZOKOM-1 
  

 
RIZOKOM-1    -  

 ,      
    -8    

 ,    .  
   100%    -6524  7 

/ , -8  8,7 /   . 
 ,      

  RIZOKOM-1    
   .   25-28%  . 
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 «       
       » 

       
    :  

1.    ,   20   
.        4 

        
   (  80,  83, 113, 118)  .    

2.    (10-20% )  
(NaCl, MgCl2)   (Na2SO4, MgSO4)  ,  (5-6)  

 (8-10)    ,    
      .      

3.     4%    
      . 

    4   
       

       
.    

 4.   Bacillus subtilis BS-80 (KY041889), 
Bacillus licheniformis BL-83 (KY041694), Paenibacillus polymyxa PP-113 
(KY041978), Paenibacillus amylolyticus PA-118 (KY041979)  

 .  NCBI Genbank   
 .     

      
 .  

  5.          
       ,  

       
 .    
6.        

    ,   , 
,       

   ,     
   .   

7.   ,    
   ,     

,    .   4  
      RIZOKOM-1 

       
       .  

8.         
       

  RIZOKOM-1     .  
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 9. ,       
    -   

      RIZOKOM-1 
     , 

RIZOKOM-1    . 
    ,   

    ,  
      , 

     , 
,  ,     

   ,   
 ,   7,0-8,7 /    

      25-28%  
     RIZOKOM-1   

    .  
10.        

 ,    , 
     ,  

        
     . 

 



      
  14.07.2016. .01.03   

    
 ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 

   

  

    
    

     

03.00.04 –    
 (  ) 

   

 – 2016 



         
      30.09.2014/B2014.5. 87. 

     .  
     ( , , )   -

   «www.ik-bio.nuu.uz»  -   «Ziyonet» 
(www.ziyonet.uz). 

 :    
  ,  

 :     
  ,   

    
  ,  

   
   

 :         
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 (   ) 

    .    
       
   ,     

 .     
 ,      . 

          
      ,  

,     ( ), 
     1.  

        
        

        
.     -     

      
,  ,  , 

 ,   . 
        

    ,    
   ,   

,     ,  
   .       
       

   -    
     

 , :   ,  
      ,   

 ,  ,  
  ,     

   ,  -    .   
       
 ,     -1958  

    19  2013  «    
       

      2013-2017 » 
    142        

27  2013  «        
   2013-2017 »,       -

 ,     . 
     

   .     
        

1 Dong H. Technology and field management for controlling soil salinity effects on cotton // Aust. J. of  Crop Scien.- 2012.- V. 6, No.2.- P. 333-
341.
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 V. «  , ,    
 ». 

      2. 
 ,      
       
      ,   

: Cotton Breeding and Cultivation in Huang-Huaj-Hai Plain, Cotton 
Research Center Shandong Academy of Agricultural Sciences, Beijing Institute of 
Technology, Shihezi University ( ), German Research Center for 
Environmental Health ( ), National Institute for Biotechnology and 
Genetic Engineering ( ), USDA Agricultural research Services, Auburn 
University ( ), Marathwada Agriculture University ( ), Plant Pathology 
Research Institute of Agricultural Research Center ( ), Cotton Research 
Institute of Iran, Islamic Azad University ( ), New Mexico University 
( ),   ( ).  

  ,      
    ,    

,   :      
 (Cotton Research Institute of Iran, New Mexico University, Cotton 

Breeding and Cultivation in Huang-Huaj-Hai Plain);   
      

        
  (Plant Pathology Research Institute of Agricultural Research 

Center, King Abdulaziz City for Science and Technology, Islamic Azad 
University, National Institute for Biotechnology and Genetic Engineering); 

      
 ,       

 (  )    (Beijing Institute of 
Technology, Shihezi University). 

         
     ,   : 

        
;       
;      
;       

 . 
  . ,     

     . 
        

   ,       
     –   ,  

     .   

2         http://www.arc.sci.eg/; http://www.caas.cn/;  http://www.areo.ir; 
http://leyendeckers.nmsu.edu/precision-organic-cotton.html; http://www.chetnajrganic.org.in/programms/green-cotton, Agronomy for 
Sustainable Development, Springer Verlag/EDP Sciences/INRA, 34 (4)/2014   .
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   ,      

 -  (Martinez, Läuchli, 1991; Pessarakli, 2001; Karimi, 2005; 
Zhang et al., 2006; Gong et al., 2009; Chen et al., 2009; Dong, 2012).  

        
   ,    

 ,      
      (Dong H., 2012). 

  ,    
     ,  

         
(Javid, Yasin, 2001).       

 MCBuTTB  ,      
  (Stark, 1991).     

      Rs-5 Klebsiella oxytoca 
(Yue, Mo, 2007)  Rs-198 Pseudomonas putida (Yao, Wu, 2010),  

        
    Mg, K  Ca,  

 Na  ,        
 . 

,   . Bacillus      
     (Orhan et al.,  2006; 

Hafeez et al.,  2006; Rivas et al., 2006; Kaymak et al.,  2008; Zaidi Khan et al., 
2009, , 2010). . .  (2012) ,  

   . Bacillus   
       
,       

        
      .  

        
 ,    

  -    (10-20%) 
  ,    

 ( 3( 4)2)   ( )  , 
      

( ,  ),  
     , 

   .     
        

       
        

c      
 ,     

  ,    
     .  
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     -   
,   .   
    -    

  : -7-068 «   
      » (2006–2008 .), 

- 9- 131 «     
     » 

(2009–2011 .)  - 6- 111 «   
     

RIZOKOM-1  RIZOKOM-2» (2015–2017 .).  
      

       
      
   . 
 : 

         
,      
;  
       

          
 ; 

     
  2 5    ; 
 -   -  

    ,   
 ; 

      
  ; 

     
      ; 

     
 ; 
     

   ; 
      

 ; 
     

        
    ; 

     
    ,  

      ; 
     
      ;  
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      . 

    4    
  ,     
 ,     - Ca3(PO4)2  

,  (NaCl  MgCl2)   (Na2SO4  MgSO4) 
 ,    ( , ),  

 V. dahlia , R. solani, F. solani, A. alternata,  F. oxysporum  
   ,   

     – F. oxysporum vasinfectum R-7,  F. 
oxysporum vasinfectum R-3,    -2, -6524, -8, 

-       . 
   ,    

    ,   
  - ,  

,  ,   
 ;    

 ;       
     ,  

       
       ;  

      
 ;     

      
.  

 .     
, , , 

- , , , 
   . 

     :  
       

,        
   4  ;  

    4   
   :   

   (NaCl, MgCl2)   (Na2SO4, 
MgSO4)  ,    

 ( 3( 4)2)   ( ) ,   
    ( , ), 

      , 
   .   

  - Bacillus subtilis BS-80, Bacillus licheniformis 
BL-83, Paenibacillus polymyxa PP-113, Paenibacillus amylolyticus PA-118; 
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      RIZOKOM-1  
   4      

; 
       

 .   
     :     

       
   RIZOKOM-1; 

     
 RIZOKOM-1       

  -    ,   
  ; 

 ,     
 RIZOKOM-1      

   ,    
,     , 

     ; 
     

 RIZOKOM-1      
.  

    ,  
        3 , 

        . 
      

   STATISTICA 6.0   
  , ,  ,  

.      , 
    ,  

,    .  
   ,  t-  

. 
     . 

       
      

         
   .  

       ,   
      , 

      
      

 RIZOKOM-1. ,     
         

      
 ,       
 ,    
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  - ,    
       . 

        
- .       

       
  . 

  .    
,        

  RIZOKOM-1: 
        

      
 (UZ  IAP 04712, 2013).     
        

; 
   RIZOKOM-1  2014 – 2015 .  

         
  «   » 

    (   
     15  2016 ,  02/20-3326).  
   RIZOKOM-1  
     .   

-   12 – 14,6 / ,    25 – 
28%.  

 .     
 4-     ( , 2008),  

-  : «   
  »,     

. .  ( , 2009), «     
 ,    » ( , 2011), 

«      ,  
  » ( , 2012), «  

     » ( , 2012), 
«       » 
( , 2013) «   ,   

»  (  2016),  -  
   «     

 » ( , 2012),   -
 : «     

–     » ( , 2010),
«       » ( , 2016), 
“Science, technology and innovative technologies in the prosperous epoch of the 
powerful state” (Turkmenistan, Ashgabat, 2016), 5-   6-   

-   «   
      » 

( , 2012, 2016), International Symposium  “Microorganisms and the 
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Biosphere” “ ICROBIOS-2013” (Kirgizstan, Bishkek 2013), International 
Congress “AGRICASIA’2013” - “1st entral asia congress on modern agricultural 
techniques and plant nutrition” (Kirgizstan, Bishkek 2013), 2nd International 
Conference of Arid Land Studies “Innovations for sustainability and food security 
in arid and semiarid lands” (Samarkand, 2014),   
« ICROBIOS-2015» «   » ( , 2015), 
International Scientific Conference International Conference “Word Cotton 
Research Conference-6” (Brazil, Goiania, 2016). 

 .     
55  ,  1    4  ,   10 

 ,    9    1   
,      

       
. 

   .     
,  , ,   , 

.    179 . 

   

      
 ,    ,  

  ,     
     ,   

    ,    
   ,    

 ,       
.  

    «     
       

     » 
     , , 

   ,  
         
,    ,     

        
   ,    

    ,   
    .  

    «   
     » 

       
, - , -

   ,  
, - ,  
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  , ,   
        

   . 
    « ,    

    
,   »   
       
 ,    

        
. 

       
.      

 
  ,   -   
     20  .  

       
 4    80, 83, 113, 118.  

      
         

   
   (3%-20%)   

(Na2SO4  MgSO4)   (NaCl  MgCl2)     
  .  ,    

  ,     
       (10%-

20%)     .  
      118 –   

  3   3-       
    –  7,1(±0,21) – 8,4(±0,15)  11,1(±0,25) lg 

/    2  -     – 8,4(±0,15) - 
9,1(±0,25)  11,1(±0,25) - 11,8(±0,31) lg /  ( .1).  

   80, 83  113 . 
        

      10    
       5  10. , 

           
     .     83    

  12,3(±0,32) lg / ,     
    6,9 (±0,08) ( .1.).   

  80, 113  118 . 
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.1.     118    
         

 (lg / ) 

    2 5  
   

   P2O5  3( 4)2      
       

    4%  . 
,       Na 

      
      ,    
   Mg   P2O5   Ca3(PO4)2, 

    ,   .   
   4  .  

        
Na    .     
NaCl  28,78(±0,67) %  10  .   MgCl2  

      7-  
   12,44(±0,68) %, MgSO4 - 12,41(±1,3) %  3  , 

  Na2SO4 - 35,28±(1,13) %  5-   .  
   80, 83, 113  118 . 
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 1 
        83   

      
 

(  ./ ) 
 

1 3 5 7 10
  , lg /  

83/5 8,1±0,21 9,3±0,21 11,4±0,15 10,9±0,35 11,4±0,15
83/6 8,3±0,15 9,4±0,06 10,9±0,15 11,1±0,25 12,1±0,12
83/7 9,1±0,32 10,1±0,12 11,4±0,15 11,4±0,31 12,3±0,32
83/8 9,3±0,15 10,4±0,15 11,6±0,21 11,4±0,15 12,1±0,49
83/9 9,2±0,26 10,3±0,06 10,8±0,06 12,1±0,26 12,1±0,12

 83/10 8,1±0,15 10,2±0,06 9,4±0,15 12,1±0,30 12,1±0,15 
    

83/5 5,2±0,25 5,5±0,38 5,9±0,10 4,5±0,15 4,6±0,21
83/6 5,5±0,38 5,6±0,29 6,0±0,15 5,5±0,18 4,8±0,36
83/7 5,1±0,40 5,6±0,24 6,0±0,26 4,8±0,31 4,4±0,15
83/8 5,5±0,21 5,6±0,16 6,5±0,19 6,2±0,23 4,7±0,17
83/9 5,6±0,25 5,7±0,32 6,2±0,21 4,9±0,15 4,8±0,21

 83/10 6,1±0,31 5,7±0,16 6,4±0,32 6,2±0,35 6,9±0,08 

  P2O5  Ca3(PO4)2    
    .  P2O5  Ca3(PO4)2

 7,4(±0,21)  P2O5/100    5,6(±0,15)    
8,2(±0,06) lg / .      Na    

    P2O5  Ca3(PO4)2:   
    NaCl - 8,9(±0,26)  P2O5/100 ,   5,3(±0,15)   
 5,5±0,25 lg / ,    Na2SO4 – 7,7(±0,21)  P2O5/100 ,  

 5,5±0,21    6,6(±0,21) lg / ,     –
7,4(±0,21)  P2O5/100 ,   5,6±0,15.   P2O5

 Ca3(PO4)2   MgCl2      
    3-    – 2,2(±0,12)  P2O5/100   

 5,57(±0,38)    12,2(±0,32) lg / ,    MgSO4 – 
2,5(±0,15)  P2O5/100    5,7(±0,55)    12,3(±0,21) lg 

/   5-   .  P2O5    
  7,8(±0,21)  P2O5/100      

   5,31±0,21    7,2(±0,21) lg / ,   
NaCl       - 8,8(±0,25)  P2O5/100   

 5,3(±0,21)    8,1(±0,21) lg / ,    Na2SO4 – 
8,7(±0,21)  P2O5/100    5,14±0,20    8,3(±0,23) lg 

/ .      MgCl2  5-    
 P2O5  1,5(±0,26)  P2O5/100    6,17(±0,20)  

  11,4(±0,40) lg / ,  MgSO4 – 1,8(±0,21)  P2O5/100   
 6,97(±0,24)    12,39±0,26) lg /   3-    

( .2).   
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-   -   
   ,  

    
     

     -
  -  .  

  80 –       
 .   , , 

,   .  
   -    28-300  

 48         
,  4-5       .  

     280   ,    
 ,    2-3 .  5-7  

          
   4-5       

 .  -     80 
 , ,      28-

500 ,     550 .   3-20% 
NaCl.  , , , , , , 

, , .      . 
 ,  ,  ,   

 .     .   
      ( , , 
),    (  , ) .   

-  -  .     . 
 -  (  ) 

.        5-10.  
  83 –       

 .   , , 
,   .    

-    28-300   48     
    ,  ,  5-7  

  .      
      28-300   ,  

   , -    3-4 . 
 -     83  

- , ,     
 28-400 ,     550 . 

  3-20% NaCl,  , , , , 
, , , .      
.  , ,   ,  
,    .     

.        
( , , ),    (  , 
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) .   -    -  
.     .  -

 (  ) .   
     5-10.  

  113 –      
   .  , 

, ,   .  
  -    28-300   48   

 ,  4-5    .  
     280   , , 

      ,  
  4-5 .  -    

 113  , ,     
 28-400 ,     450 . 

  3-20% NaCl,  , , , , 
, , .      . 

 ,  ,  ,   
 .     .   

      ( , , 
),    (  , ) .   

-  -  .     . 
 -  (  ) 

.        5-10.  
  118 –      

   .  , 
, ,   .  

  -    28-300   48    
  ,  ,  4-5   

   .       280  
 , ,     , 

   3-4 .  -   
  118  - , ,  

    28-400 ,    
 500 .   3-20% NaCl,  , , 

, , , , , .   
   .  ,  ,  
,    .     

.         
( , , ),    (  , 

) .   -  -  .  
   .  -  (  

) .      
  5-10.  

   -   -
     



47 

       
(Bergey, 2009).   80    Bacillaceae,  
Bacillus,  Bacillus subtilis BS-80,   83    
Bacillaceae,  Bacillus,  Bacillus licheniformis BL-83,   113 

   Paeniacillaceae,  Paenibacillus,  Paenibacillus 
polymyxa PP-113    118    Paeniacillaceae,  

 Paenibacillus,  Paenibacillus amylolyticus PA-118.    
  16S     

  ,    Genbank  
   : Bacillus subtilis BS-80  99%  
 Bacillus subtilis 1047 (accession number JF322981.1); Bacillus 

licheniformis BL-83  99% - Bacillus licheniformis SBM6 (accession number 
KU556161.1  100% - Paenibacillus polymyxa NCIM 2726 (accession number 
KR185865.1);  99% –Paenibacillus amylolyticus 12L1 (accession number 
HQ284944.1).     GenBank 

  : Bacillus subtilis BS-80   KY041889 
(https://www.ncbi.nlm.nih.gov/nuccore/KY041889);  Bacillus licheniformis BL-83 
– KY041694 (https://www.ncbi.nlm.nih.gov/nuccore/KY041694); Paenibacillus
polymyxa PP-113 – KY041978(https://www.ncbi.nlm.nih.gov/nuccore/KY041978) 

 Paenibacillus amylolyticus PA-118 – KY041979
(https://www.ncbi.nlm.nih.gov/nuccore/KY041979). ,   

           
. 

      
    

         
      

     
   -  ( )  . 

,       B. subtilis BS-80  
P. amylolyticus A-118       

  2041,56 /    14,21 /    14,26 /  , 
,    0,70%.    

  B. licheniformis BL-83  P. polymyxa -113  
        20 000 /  
  4216 /    5115 /  ,    

65,3%  71,23%,  ( .3). 
 -    B. subtilis BS-80 

 B. licheniformis BL-83      2   4  
  ,   2     

      
11,41%  32,45% ,  4  –  42,46%  55,53% 

. 
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     P. polymyxa -113  P. 
amylolyticus A-118    2    18,45% 

 29,24% ,   4   –  24,27%  35,57%.  
       

  2   4      24,04%  
40,72% . 

    
      

 
       

  ,    
 ,    .  B.subtilis BS-80 

      , d 
   :  V. dahlia  – 78(±0,58)  (86%), 

F.oxysporum – 30(±1,53)  (33%), R. solani – 55(±1,53)  (55%), A. alternat  
– 30(±1,15)  (33%), F. solani  – 79(±1,15)  (88%), F.oxysporum f.sp
vasinfectum R-3 – 22(±0,58)  (24%)  F. oxysporum f.sp vasinfectum R-7 – 
44(±0,58)  (50%).  B. licheniformis BL-83,   

      , 
d    :  V.dahliae – 65(±1,53)  (72%), 

 F. oxysporum – 35(±1,53)  (39%),  F. solani – 73(±1,15)  (82%), 
 R. solani – 30(±0,58)  (33%)   A. alternata – 35(±0,58)  (38%). 

      P. polymyxa PP-113. 
 P. amylolyticus PA-118     

  V. dahliae, d     80(±1,53)  (88%), 
 F. oxysporum – 35(±0,58)  (39%), F. solani  – 65(±1,20)  (22%) ( .4).  

. 4.       
  

        
     -6524    
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      4-   
         , 

        F. 
oxysporum f.sp vasinfectum 316  F.solani 319 . 

,       
        

  F.solani 319 ,    
0,07(±0,02)  0,51(±0,06),        - 

  1,73(±0,2),       
 1,92(±0,2). ,        

 F. oxysporum f.sp vasinfectum 316   
       

,    1,27(±0,09)  1,90(±0,17), 
,     - 2,51(±0,09). 

  4-        
          

    . ,   
    ,   

      . 

    
  

,        
  ,     

    ( )  . 
  ,     , 

     4%  MgSO4  Na2SO4, 
        

   .     
 4-  ,     7-     MgSO4 

 30,86(±0,07) / ,   Na2SO4 – 18,04(±0,01) / ,  
 - 30,59(±0,22) /   5-   .   

     7-     
   MgSO4 - 1330,3(±0,75) / ,   Na2SO4 – 

1484,2(±0,35) / ,    384,15(±0,42) / .  
,    MgSO4    

      ,   
   Na2SO4    B.licheniformis BL-83  

,   .  
  MgSO4  Na2SO4     

       . 
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      . 
,    B.subtilis BS-80, B.licheniformis BL-83, 

P.polymyxa PP-113  P.amylolyticus PA-118     
        

   (  3 106  3 109 / )   
 ,       

    14  ,     
        

  . 
  ,  4    

 . Bacillus  Paenibacillus   
 – ,  , 

     (   ), 
       

   .  
    «    

        
   »   
       

       
           
 .  

     
 .     
        

        
    

        
     . , 

  30-        1-2    
7,5(±0,18) - 8,0(±0,26) lg /         

  – 6,5(±0.21)  lg /  .   
      

.       
      , 

         
    ( . 2, .5).  
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BIOKOM ( )    ( ) (  UZ  IAP 04712, 
2013).        

    ,    
 ,       
 .     B. licheniformis BL-83 

 24   9,1(±0,21) lg /       
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   2-3        3-   
.     3      

  9,2(±0,21)  9,3±0,21  lg /       ,   
           2-3   - 
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5,76(±0,20)        ( . 6). 
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INTRODUCTION (annotation of the doctoral dissertation) 

Topicality and demand of the theme of dissertation. Around the world, modern 
agriculture faces different problems of biotic and abiotic character, which decrease 
growth and productivity of crops. Soil salinization represents global ecological 
problem posing great threat for cotton production. Surplus of toxic salts in the soil 
results in a number of physiological and biochemical metabolic disorders in cotton 
plants, mainly as result of osmotic processes (dehydration), nutrition imbalance 
and toxicity of salt ions1.  

During years of the independence measures on soil washing and improvement 
of drainage system are undertaken in the republic to improve meliorative 
conditions of the salinized soils and to decrease the degree of their salinization. 
The new salt-tolerant varieties of cotton are developed by methods of selection, 
salt-tolerant and drought-tolerant crops are sowed, melioration measures are 
conducted to receive high yield of cotton wool on salinized soils. 

On a global scale, excessive chemization of agriculture and improper 
irrigation led to salinization, over phosphatization and environment pollution with 
exotoxicants, decrease of natural fertility of soil, quantity and quality of 
agricultural products, increase of plant pathogens and pests. In these regards, issues 
of increasing fertility of salinized degraded soils and receiving high quality yield of 
cotton wool by means of application of environment friendly highly efficient 
biological fertilizers of the new generation capable to enhance root nutrition, 
stimulate growth and development of cotton plants on salinized soils, decrease 
degree of sol salinization and cotton plants morbidity, restore fertility of salinized 
soils, increase resistance of cotton plants to pathogens and pests, cotton wool yield 
and quality of fiber are of topicality. 

This dissertation research to some extent serves to carry out the tasks 
provided in the Decree of the President of the Republic Uzbekistan No 1958 from 
April 19, 2013 “On measures to further improvement of melioration conditions of 
the irrigated land and rational use of water resources for period of 2013-2017” and 
in the Decree of the Cabinet of Ministers of the Republic of Uzbekistan No 142 
from May 27, 2013 “On the program of actions on preservation of the environment 
of the Republic of Uzbekistan for 2013-2017” and in other legal documents 
adopted in this area as well. 

Relevance of the research to priority directions of development of science 
and technologies of the Republic of Uzbekistan. This research was carried out 
according to priority directions of science and technology development of the 
republic V. «Agriculture, biotechnology, ecology and environmental protection». 

Review of international research on the topic of dissertation2. Scientific 
study directed on increase of the yield and quality of cotton fiber by biological 

1  Dong H. Technology and field management for controlling soil salinity effects on cotton // Aust. J. of  Crop Scien.- 2012.- V. 6, No.2.- P. 333-
341. 
2 Review of foreign scientific researches by the theme of dissertation was made on the base:  http://www.arc.sci.eg/; http://www.caas.cn/;
http://www.areo.ir; http://leyendeckers.nmsu.edu/precision-organic-cotton.html; http://www.chetnajrganic.org.in/programms/green-cotton, 
Agronomy for Sustainable Development, Springer Verlag/EDP Sciences/INRA, 34 (4)/2014 and other issues. 
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methods are conducted in the leading scientific centers and higher educational 
institutions of the world, including: Cotton Breeding and Cultivation in Huang-
Huaj-Hai Plain, Cotton Research Center Shandong Academy of Agricultural 
Sciences, Beijing Institute of Technology, Shihezi University (China), German 
Research Center for Environmental Health (Germany), National Institute for 
Biotechnology and Genetic Engineering (Pakistan), USDA Agricultural research 
Services, Auburn University (USA), Marathwada Agriculture University (India), 
Plant Pathology Research Institute of Agricultural Research Center (Egypt), Cotton 
Research Institute of Iran, Islamic Azad University (Iran), New Mexico University 
(Mexico), Institute of Microbiology (Uzbekistan). 

As result of research activities conducted all over the world on increasing 
cotton yield on salinized soil, a number of scientific results is received, including 
determination of salinization impact on cotton development (Cotton Research 
Institute of Iran, New Mexico University, Cotton Breeding and Cultivation in 
Huang-Huaj-Hai Plain), proof of efficacy of pre-sowing treatment of seeds with 
bacteria to biocontrol phytopathogenic diseases of cotton and increase of its yield 
on native soils (Plant Pathology Research Institute of Agricultural Research 
Center, King Abdulaziz City for Science and Technology, Islamic Azad 
University, National Institute for Biotechnology and Genetic Engineering), 
development biological methods of pre-sowing treatment of cotton seeds by 
bacteria stimulating growth and development of plants on native (Institute of 
Microbiology) and salinized soils (Beijing Institute of Technology, Shihezi 
University). 

In the world, the research activities are carried-out on a number of priority 
directions of increased cotton yield on salinized soils, including: development of 
salt-tolerant varieties of cotton by methods of gene engineering and selection; 
development of bacterial biopreparations for treatment of cotton seeds; production 
of biofungicides to control cotton diseases; increase of cotton resistance to stress 
factors by microbiological methods. 

The extent of study of the problem. It is known that at high degree of 
salinization the nutrition of cotton plants by biogenic elements is interrupted. 
Cotton plants do not receive sufficient quantity of phosphorus and calcium at the 
seedling stage due to fixation of these elements in soil in the form inaccessible for 
plants – in the form of tricalcium phosphate, which results in development of the 
weak root system. Excessive quantity of salts in soil medium leads to osmotic 
stress and ion imbalance in cotton cells, as result yield and quality of cotton-wool 
decreases (Martinez, Läuchli, 1991; Pessarakli, 2001; Karimi, 2005; Zhang et al., 
2006; Gong et al., 2009; Chen et al., 2009; Dong, 2012). Increase of yield and 
resistance of cotton to stress factors on salinized and degraded soils, besides of 
development of genetically salt-tolerant varieties, may be conducted via chemical 
and biological treatment of cotton seeds or plants (Dong H., 2012). There is a 
scientific report on application of pre-sowing chemical seed treatment with 
calcium solution, which enhanced seeds germinating ability and seedlings 
germination on salinized soil (Javid, Yasin, 2001). Application of seed and leaves 
treatment with MCBuTTB, a cytokinin analogue, increased germination, growth 
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and yield of cotton on salinized soils (Stark, 1991). Biopreparation for cotton seeds 
treatment on basis of strains Rs-5 Klebsiella oxytoca (Yue, Mo, 2007) and Rs-198 
Pseudomonas putida (Yao, Wu, 2010) are also known, which decreased 
suppressing action of salinization and stimulated growth of cotton seedlings by 
increased absorption of Mg, K and Ca, decreased assimilation of Na from soil, 
improved excretion of IAA and suppression of abscisic acid in cotton seedlings. 

It is proved that rhizobacteria of Bacillus genus may be applied as basis for 
bacterial fertilizers for crop production (Orhan et al., 2006; Hafeez et al., 2006; 
Rivas et al., 2006; Kaymak et al., 2008; Zaidi Khan et al., 2009, Tajiev, 2010). 
Djumaniyazova (2012) established that some types of Bacillus rhizobacteria 
possess phosphorus mobilizing capacity and antagonistic activity against 
phytopathogens, stimulate growth and development of plants via arrangement of 
phosphate regime of soil and enhanced nutrition of cotton plants and sugar beet on 
native soils. 

There is almost absent data on study of cotton rhizobacteria possessing 
simultaneously following polyfunctional properties – resistance to high (10-20%) 
concentrations of toxic salts, capacity to solve hardly accessible mineral 
(tricalcium phosphate) and organic (phytin) phosphates of soil, ability to degrade 
persistent organochlorine pesticides (hexachlorocyclohexane, polychlorined 
bephenils), antagonistic activity towards cotton phytopathogens, growth promoting 
and root-forming activity. 

That is why the development of ecologically safe biopreparation of complex 
action on basis of new local salt-tolerant strains of cotton rhizobacteria with 
polyfunctional properties is an important aspect at cultivation of cotton on 
salinized and degraded soils. The application of such preparations would promote 
to improvement of ecological situation, increased fertility of salinized and 
degraded soils and cotton productivity. 

Connection of the theme of thesis with the scientific-research works of 
higher educational institution, where the thesis is conducted. The dissertational 
research is carried out within the framework of the applied projects of the Institute 
of Microbiology: A-7-068 “Development of efficient microbial technology to 
combat salinization of soils” (2006-2008), FA-A9-T131 “Development of 
biotechnology of receipt of biopreparations of complex action on basis of 
polyfunctional microorganisms” (2009-2011) and FA-A6-T111 “Development of 
biotechnology of semi-industrial production of biopreparations RIZOKOM-1 and 
RIZOKOM-2” (2015-2017). 

The aim of the research is development of the new preparation of complex 
action on basis of the new salt-tolerant cotton rhizobacteria with polyfunctional 
properties for cotton cultivation on salinized soils. 

The objectives of the research: 
to search and isolate from salinized soils local strains of cotton rhizobacteria, 

to conduct screening by acid-forming capacity for active strains; 
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to study impact of increasing concentrations of chloride and sulphate toxic 
salts and pH of medium on growth activity of selected active strains of 
rhizobacteria; 

to study ability of salt-tolerant strains of cotton rhizobacteria to mobilize P2O5 

from hardly accessible soil phosphates; 
to study cultural and morphological, physiological and biochemical features 

of active salt-tolerant strains of rhizobacteria, to determine the taxonomic 
allocation; 

to study ability of salt-tolerant rhizobacteria for destruction of persistent 
organochlorine pesticides; 

to determine antagonistic ability of active strains of salt-tolerant rhizobacteria 
towards cotton phytopathogens; 

to study phytohormone activity of salt-tolerant strains of cotton rhizobacteria; 
to conduct toxicological study of strains of cotton rhizobacteria individually 

and in association; 
to study survival ability of cotton rhizobacteria in sterilized salinized soil; 
to study influence of salt-tolerant rhizobacteria with polyfunctional properties 

on growth and development of cotton on salinized soils in laboratory conditions; 
to optimize cultivation conditions for rhizobacteria with polyfunctional 

properties in laboratory conditions, to develop technological and instrumental 
scheme for production of biopreparation; 

to conduct industrial trials of the new biopreparation of complex action on 
cotton on salinized soils; 

to determine biological and economical efficacy of the biopreparation at 
cotton cultivation on salinized soils. 

The objects of the research were 4 new local strains of salt-tolerant cotton 
rhizobacteria isolated from salinized soils of Syrdarya region, mineral and organic 
phosphates - Ca3(PO4)2 and phytin, chloride (NaCl and MgCl2) and sulphate 
(Na2SO4 and MgSO4) toxic salts, organochlorine pesticides (HCCH, PCB), cotton 
phytopathogens V. dahlia , R. solani, F. solani, A. alternata, F. oxysporum and 
aggressive races of phytopathogenic fungi provided by the Center of Genomics and 
Bioinformatics – F. oxysporum vasinfectum R-7, F. oxysporum vasinfectum R-3, 
cotton varieties An Bayaut-2, C-6524, Bukhara-8, moderately and heavily 
salinized soils of Syrdarya and Bukhara regions. 

The subject of the research was search, isolation and screening of cotton 
rhizobacteria from salinized soils, study of their polyfunctional properties – salt-
tolerance, phosphorus mobilizing activity, pesticides destruction, antagonistic and 
growth stimulating capacity; determination of taxonomic allocation of active 
strains; development of the new biopreparation of complex action on basis of the 
new salt-tolerant strains of cotton rhizobacteria, study of influence of the 
biopreparation on biometric indices of cotton development on salinized soils in 
laboratory and field conditions; optimization of cultivation conditions of 
rhizobacteria in laboratory and semi-industrial conditions; development of 
technological and instrumental scheme of technological line for semi0industrial 
production of the new biopreparation of complex action. 
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The methods of the research. In the course of research microbiological, 
biochemical, spectrophotometric, molecular-biological, chromatographic, 
agrochemical, biotechnological and biometric methods were used. 

Scientific novelty of research consists in the following: 
the new salt-tolerant strains of rhizobacteria were isolated from salinized 

soils, cotton rhizosphere and four active strains were selected based on results of 
screening by acid-forming activity; 

for the first time, polyfunctional properties of 4 new salt-tolerant strains of 
rhizobacteria were determined, including: salt-tolerance to high concentrations of 
chloride (NaCl, MgCl2) and sulphate (Na2SO4, MgSO4) toxic salts, ability to 
dissolve hardly accessible mineral (tricalcium phosphate) and organic (phytin) 
phosphates, ability to degrade persistent organochlorine pesticides (HCCH, PCB), 
antagonistic activity towards cotton phytopathogens, growth stimulating and root-
forming activity. Taxonomic allocation of rhizobacteria was identified: Bacillus 
subtilis BS-80, Bacillus licheniformis BL-83, Paenibacillus polymyxa PP-113, 
Paenibacillus amylolyticus PA-118; 

for the first time, developed biopreparation of complex action RIZOKOM-1 
on basis of association of 4 new salt-tolerant strains of cotton rhizobacteria; 

for the first time, cultivation conditions for rhizobacteria with polyfunctional 
properties were optimized. 

Practical results of the research are as follows: 
technological and instrumental schemes for production of the biopreparation 

of complex action RIZOKOM-1 were developed; 
industrial trials of the biopreparation of complex action RIZOKOM-1 were 

conducted on cotton on heavily salinized soils of Syrdarya and Bukhara research-
experimental stations of the Institute of selection, seed farming and agrotechnology 
of cotton production; 

for the first time, it was established that application of the biopreparation of 
complex action RIZOKOM-1 for pre-sowing treatment of cotton on salinized soils 
stimulated root-formation, growth and development of cotton, decreased morbidity 
of plants from root-rot, Verticillium and Fusarium wilt and Alternaria blight; 

biological and economical efficacy of the preparation RIZOKOM-1 at cotton 
production on salinized soils was determined. 

The reliability of the results is proved by that each experiment of research is 
conducted not less than in 3 replications that allowed finding average most reliable 
and stable result. The statistical analysis of experimental data is carried out with 
STATISTICA 6.0 computer program and standard methods of calculation of 
errors, average, confidence intervals and standard deviations. While choosing the 
suitable method of mathematical analysis, applicable to results of concrete 
experiment, we were guided by recommendations presented in appropriate 
literature. For definition of results statistical significance, calculated Student's t-
criterion. 

Scientific and practical significance of research results. The scientific 
significance of the research results consists of study of polyfunctional properties 
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of salt-tolerant cotton rhizobacteria and their role in improving fertility of soil and 
productivity of cotton on salinized and degraded soils. 

Practical significance of the work is that isolated and studied new strains of 
salt-tolerant rhizobacteria of cotton possessing polyfunctional properties serve as 
basis for receipt of the new ecologically safe biopreparation of complex action 
RIZOKOM-1. It was established that application of the new biopreparation for 
pre-sowing treatment of cotton seeds at its cultivation on salinized soils promotes 
to normalization of the balance of soil-borne microbial community, alkali pH of 
salinized soils and balance of nutritional elements, bioremediation and 
biorehabilitation of degraded soils – phosphates dissolving, gradual desalinization 
and clearing of salinized soils from organochlorine pesticides and mycotoxins. As 
result of increased fertility of salinized soils yield of cotton wool increased. 
Developed technological and instrumental schemes may serve as basis at 
production of biopreparations of complex action for agriculture. 

Implementation of the research results. On basis of scientific results 
received during process of development and introduction of the biopreparation of 
complex action RIZOKOM-1: 

Patent on invention of the Agency of Intellectual Property of the Republic of 
Uzbekistan on strain of bacteria with polyfunctional properties was received (UZ 

 IAP 04712 , 2013). As result, the developed new nutritional medium provides 
opportunity to produce biopreparation in industrial conditions; 

The biopreparation of complex action RIZOKOM-1 was introduced in2014-
2015 on cotton on salinized soils at the farm “Suvchi Mirob Dalasi” of Mirzaabad 
district of Syrdarya region (certificate  02/20-3326 of the Ministry of Agriculture 
and Water Resources from October 15, 2016). As result of application of the 
biopreparation RIZOKOM-1, the fertility of salinized soils and cotton yield 
increased. Yield surplus of cotton wool was 12-14.6 centers per hectare, 
profitability raised by 25-28%. 

Approbation of the research results. The main provisions of dissertation 
were presented at the 4th meeting of Uzbekistan microbiologists (Tashkent, 2008), 
Republican scientific-practical conferences “Problems of modern microbiology 
and biotechnology” dedicated to the memory of academician A. Khalmuradov 
(Tashkent, 2009), “Rational use of water and soil resources, approaches for 
increasing fertility of soil” (Tashkent, 2011), “Ways of increasing and 
rehabilitation of soil fertility, efficient use of soil recourses” (Tashkent, 2012), 
“Institutional problems of protection and rational use of soil” (Tashkent, 2012), 
“Perspectives of use of natural compositions in agriculture” (Gulistan, 2013), 
“Modern problems of genetics, genomics and biotechnology” (Tashkent, 2016), 
Republican scientific-practical conferences of young scientists “Scientific progress 
and innovative development of economy” (Tashkent, 2012), International 
scientific-practical conferences: “Gene pool of the world cotton diversity – the 
basis for fundamental and applied study” (Tashkent, 2010), “Education and science 
for the sake of sustainable development” (Tashkent, 2016), “Science, technology 
and innovative technologies in the prosperous epoch of the powerful state” 
(Turkmenistan, Ashgabat, 2016), 5th and 6th International scientific-practical 
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conference “Problems of rational use and protection of biological recourses of the 
Southern Aral Sea region” (Nukus, 2012, 2016), International Symposium 
“Microorganisms and the Biosphere – ICROBIOS-2013” (Kirgizstan, Bishkek 
2013), International Congress “AGRICASIA’2013 – 1st Central Asian congress on 
modern agricultural techniques and plant nutrition” (Kirgizstan, Bishkek 2013), 2nd 
International Conference of Arid Land Studies “Innovations for sustainability and 
food security in arid and semiarid lands” (Samarkand, 2014), International 
symposium “ ICROBIOS-2015 – Microorganisms and Biosphere” (Tashkent, 
2015), International Scientific Conference International Conference “Word Cotton 
Research Conference-6” (Brazil, Goiania, 2016). 

Publication of the research results. On the theme of the dissertation a total 
of 55 scientific papers were published, one patent was received and 4 patent 
application were submitted, 10 of them are the articles, which were published in 
the journals recommended by the Supreme Attestation Commission of the 
Republic of Uzbekistan for publishing the main scientific results of doctoral 
dissertations, including 9 in republican and 1 article in international journals. 

The structure and volume of the dissertation. The dissertation consists of 
introduction, five chapters, conclusions, list of references, appendixes. The volume 
of the dissertation is 179 pages. 

 
THE MAIN CONTENT OF THE DISSERTATION 

 
In the introduction the topicality and demand of the conducted research is 

proved, the aim and objectives are formulated, the object and subject of the 
research are characterized, the conformity of the research to priority directions of 
development of science and technologies of the Republic of Uzbekistan is shown, 
the scientific novelty and practical results of the research are stated, the scientific 
and practical significance of the received results, implementation of the research 
results, data on published papers and dissertation structure are presented. 

In the first chapter of dissertation entitled “Influence of salinization on 
cotton development and role of rhizospheric microorganisms in increase of 
fertility of degraded soils and cotton productivity” the extended analysis of the 
current state of researches on problems of salinization, over phosphatization, 
pollution with pesticides of arable land, mechanisms of action of toxic salts on 
cotton development in stress conditions of salinization, drought and water deficit, 
influence of salinization on soil fertility and perspectives of use of microorganisms 
for decreasing degree of over phosphatization and pesticide pollution, biocontrol of 
cotton diseases (wilt and root-rot), increase of fertility of degraded soils and cotton 
yield are reviewed. 

In the second chapter of dissertation entitled “Methods of study of 
polyfunctional properties of rhizobacteria and field trails” materials and 
methods that were used for study of complex of polyfunctional, physiological and 
biochemical, cultural and morphological features of cotton rhizobacteria are 
described in details, spectrophotometric, molecular-biological, chromatographic 
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methods of laboratory study, microbiological, agrochemical and biometric methods 
of phenologic observations of cotton growth and development in field conditions 
are described. 

The third chapter of dissertation entitled “Search, isolation and study of 
polyfunctional properties of salt-tolerant rhizobacteria of cotton, 
identification of active strains" represents results of study on screening of local 
active acid-forming cultures of cotton rhizobacteria, study of polyfunctional 
properties of selected active cultures of rhizobacteria and determination of their 
taxonomic allocation. 

 
Search and isolation of local salt-tolerant strains of cotton rhizobacteria. 

Screening of active strains on acid-forming ability 
Twenty cultures of rhizobacteria were isolated from the cotton rhizosphere 

cultivated on moderately and heavily salinized soils of Syrdarya region. As result 
of screening by qualitative test on acid formation, four active cultures (80, 83, 113, 
and 118) were selected. 

 
Influence of rising concentrations of chloride and sulphate toxic salts and pH 

of medium on growth activity of selected strains of rhizobacteria 
Influence of growing (3%-20%) concentrations of sulphate (Na2SO4 and 

MgSO4) and chloride (NaCl and MgCl2) toxic salts on growth activity of cotton 
rhizobacteria was studied. It was established that studied cultures possess active 
salt tolerance, which is proved by high growth activity of cultures at presence of 
high (10%-20%) concentrations of chloride and sulphate toxic salts. 

High growth activity was observed at culture 118 – the titre of cells increased 
by 3 orders on 3rd day of cultivation at addition to the nutrient medium of sodium 
salts – from 7.1(±0.21) – 8.4(±0.15) up to 11.1(±0.25) lg CFU/ml and by 2 orders 
in case of addition of magnesium salts – 8.4(±0.15) – 9.1(±0.25) up to 11.1(±0.25) 
– 11.8(±0.31) lg CFU/ml (figure 1). Similar data obtained for strains 80, 83 and 
113. 

Dynamics of growth activity and pH changes of nutrient medium was studied 
at cultivation of rhizobacteria during 10 days on liquid nutrient medium with pH 
values increasing from five to 10. It was established that all studied cultures of 
rhizobacteria not only actively grew on media with acid and alkali pH values. Cells 
titre of the culture 83 increased up to 12.3(±0.32) lg CFU/ml and decreased alkali 
pH value to normal 6.9(±0,08) (table 1.). Similar data was obtained for cultures 80, 
113 and 118. 

 
Ability of salt-tolerant cultures to mobilize 2 5 from hardly accessible 

phosphates 
Mobilization of P2O5 from 3( 4)2 and phytin by salt-tolerant monocultures 

of cotton rhizobacteria and their associations was studied at addition of 4% of toxic 
salts to nutrient medium. 
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= 
Figure 1. Growths activity of strain 118 under action of rising concentrations of toxic 
chloride and sulphate salts in dynamics of submerged cultivation (lg CFU/ml) 

 
Table 1 

Dynamics of change of pH and growth activity of culture 83 depending on initial pH 
values of nutrient medium 

Variants 
(culture/ ) 

Days  
1 3 5 7 10 

Titre of viable cells . lg CFU/ml 
83/5 8.1±0.21 9.3±0.21 11.4±0.15 10.9±0.35 11.4±0.15 
83/6 8.3±0.15 9.4±0.06 10.9±0.15 11.1±0.25 12.1±0.12 
83/7 9.1±0.32 10.1±0.12 11.4±0.15 11.4±0.31 12.3±0.32 
83/8 9.3±0.15 10.4±0.15 11.6±0.21 11.4±0.15 12.1±0.49 
83/9 9.2±0.26 10.3±0.06 10.8±0.06 12.1±0.26 12.1±0.12 

 83/10 8.1±0.15 10.2±0.06 9.4±0.15 12.1±0.30 12.1±0.15 
 parameter of nutrient medium 

83/5 5.2±0.25 5.5±0.38 5.9±0.10 4.5±0.15 4.6±0.21 
83/6 5.5±0.38 5.6±0.29 6.0±0.15 5.5±0.18 4.8±0.36 
83/7 5.1±0.40 5.6±0.24 6.0±0.26 4.8±0.31 4.4±0.15 
83/8 5.5±0.21 5.6±0.16 6.5±0.19 6.2±0.23 4.7±0.17 
83/9 5.6±0.25 5.7±0.32 6.2±0.21 4.9±0.15 4.8±0.21 

 83/10 6.1±0.31 5.7±0.16 6.4±0.32 6.2±0.35 6.9±0.08 
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It was determined that phosphorus mobilizing ability of rhizobacteria and 
their associations in variants with addition of sodium salts increases compared to 
variants without salts, at addition of magnesium salts to nutrient medium activity 
to mobilize P2O5 from both Ca3(PO4)2 and phytin is preserved, but decreases a bit. 
The best result was observed at use of association of all four cultures.  

Increase of total quantity of titrated acids under action of sodium salts was 
observed at association of rhizobacteria. Total acidity at presence of NaCl was 
28.78(±0.67) % on 10th day of experiment. At addition of MgCl2 to the nutrient 
medium, the highest acid formation was observed on 7th day – 12.44(±0.68) %, 
MgSO4 – 12.41(±1.3) % on 3rd day of experiments, at addition of Na2SO4 – 
35.28±(1.13) % on 5th day of experiment. Similar data was obtained for individual 
cultures 80, 83, 113 and 118. 

Active mobilization of P2O5 from Ca3(PO4)2 was observed at association of 
rhizobacteria already on the second day of experiment. Mobilization of P2O5 from 
Ca3(PO4)2 was 7.4(±0.21) mg P2O5/100 ml at pH 5.6(±0.15) and cell sitter 
8.2(±0.06) lg CFU/ml. at presence of toxic salts Na in medium the association of 
rhizobacteria more actively mobilized P2O5 from Ca3(PO4)2: after a day of 
experiments in medium with NaCl – 8.9(±0.26) mg P2O5/100 ml, at pH 5.3(±0.15) 
and cells titre 5.5(±0.25) lg CFU/ml, in medium with Na2SO4 – 7.7(±0.21) mg 
P2O5/100 ml at pH 5.5(±0,21) and cells titre 6.6(±0.21) lg FCU/ml, in medium 
without salts – 7.4(±0.21) mg P2O5/100 ml at pH 5.6±0.15. The highest release of 
P2O5 from Ca3(PO4)2 at presence of MgCl2 in nutrient medium was observed at 
association of rhizobacteria on 3rd day of experiment – 2.2(±0.12) mg P2O5/100 ml 
at pH 5.57(±0.38) and cells titre 12.2(±0.32) lg CFU/ml, at presence of MgSO4 – 
2.5(±0.15) mg P2O5/100 ml at pH 5.7(±0.55) and cells titre 12.3(±0.21) lg CFU/ml 
on 5th day of experiment. Mobilization of P2O5 from phytin by association of 
rhizobacteria was 7.8(±0.21) mg P2O5/100 ml in nutrient medium without salts at 
pH 5.31(±0.21) and cells titre 7.2(±0.21) lg CFU/ml, at presence of NaCl in 
nutrient medium after a day of experiment – 8.8(±0.25) mg P2O5/100 ml at pH 
5.3(±0.21) and cells titre 8.1(±0.21) lg CFU/ml, on medium with Na2SO4 – 
8.7(±0.21) mg P2O5/100 ml at pH5.14(±0.20) and cells titre 8.3(±0.23) lg CFU/ml. 
With addition of MgCl2 to nutrient medium on 5th day of experiment the 
mobilization of P2O5 was 1.5(±0.26) mg P2O5/100 ml at pH 6.17(±0.20) and cells 
titre 11.4(±0.40) lg CFU/ml, with MgSO4 – 1.8(±0.21) mg P2O5/100 ml at pH 
6.97(±0.24) and cells titre 12.39(±0.26) lg CFU/ml on 3rd day of experiment (figure 
2). 

 
Cultural and morphological and physiological and biochemical features of active 
salt-tolerant strains of rhizobacteria, determination of their taxonomic allocation 

Specific allocation of active salt-tolerant phosphorus mobilizing cultures of 
cotton rhizobacteria were determined by cultural and morphological and 
physiological and biochemical features. 

Culture 80 – isolated from rhizosphere of cotton seedling growing on 
moderately salinized soil. Cells – bacilli, mobile, Gram positive, spore formation 
of bacillary type. At stationary cultivation on beef-extract peptone broth at 28- 
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30°C after 48 h culture forms thick folded film on surface of medium, on 4-5 day 
the color of nutrient medium becomes brown. On fish peptone agar after a day of 
cultivation at 28°  forms convex, matt colonies with lobar edges, cream-colored, 
diameter 2-3 mm. After 5-7 days colonies become folded with raised skirting on 
edge, reach 4-5 mm in diameter, become flat, and acquire brown color. By 
physiological and biochemical properties culture 80 is aerobic, thermophilic, well 
grows within interval of 28-50°C, preserves viability at 55°C. It grows at 3-20% 
NaCl. It digests glucose, sucrose, arabinose, mannitol, maltose, galactose, inositol, 
and sorbitol. When fermenting sugars it does not produce gases. It hydrolyzes 
starch, degrades casein, thins gelatin, and produces indole and ammonia. It 
possesses lecithinase and catalase activity. As nitrogen source, it digest both 
organic forms (peptones, autolysates, extracts) and mineral forms (salt of 
ammonium, nitrates). Reaction on nitrite- and nitrate-ions is positive. It grows on 
Ashby nutrient medium. Reaction of Voges-Proskauer (formation of 
acetylmethylcarbinol) is positive. It grows at pH of nutrient medium ranging from 
5 to 10.  

Culture 83 – isolated from rhizosphere of cotton seedling growing on 
moderately salinized soil. Cells – bacilli, mobile, Gram positive, spore formation 
of bacillary type. At stationary cultivation on beef-extract peptone broth at 28-
30°C after 48 h culture forms thin hardly noticeable film on surface of medium, 
medium is muddy, sediment is observed on 5-7 day of cultivation. At cultivation 
on solid nutrient medium FPA after a day of cultivation at 28-30°C it forms 
convex, matt colonies with folded edges, light cream colored, 3-4 mm in diameter. 
By physiological and biochemical properties culture 83 is facultative aerobic, 
thermophilic, well grows between 28 and 40° , preserves viability at 55° . It 
grows at 3-20% NaCl. It digests glucose, sucrose, arabinose, mannitol, maltose, 
galactose, lactose, and sorbitol. When fermenting sugars, it does not produce gases. 
It hydrolyzes starch, urea, does not degrade casein, thins gelatin, and produces 
indole and ammonia.When fermenting sugars it does not produce gases. It 
hydrolyzes starch, urea, does not degrade casein, thins gelatin, and produces indole 
and ammonia. It possesses lecithinase and catalase activity. As nitrogen source, it 
digest both organic forms (peptones, autolysates, extracts) and mineral forms (salt 
of ammonium, nitrates). Reaction on nitrite-ions is negative and on nitrate-ions is 
positive. It grows on Ashby nutrient medium. Reaction of Voges-Proskauer 
(formation of acetylmethylcarbinol) is positive. It grows at pH of nutrient medium 
ranging from 5 to 10. 

Culture 113 – isolated from rhizosphere of grown-up plant of cotton on 
heavily salinized soil. Cells – bacilli, mobile, Gram positive, spore formation of 
bacillary type. At cultivation on beef-extract peptone broth at 28-30°C after 48 h 
medium becomes muddy, sediment is observed on 4-5 day of cultivation. At 
cultivation on FPA after a day of cultivation at 28°C it forms mucous, convex, 
glossy colonies with slightly fringed edges, cream colored, 4-5 mm in diameter. By 
physiological and biochemical properties culture 113 is aerobic, thermophilic, well 
grows between 28 and 40° , preserves viability at 45° . It grows at 3-20% NaCl. 
It digests glucose, sucrose, arabinose, mannitol, maltose, lactose, and sorbitol. 
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When fermenting sugars it does not produce gases. It hydrolyzes starch, degrades 
casein, thins gelatin, and produces indole and ammonia. It possesses lecithinase 
and catalase activity. As nitrogen source, it digest both organic forms (peptones, 
autolysates, extracts) and mineral forms (salt of ammonium, nitrates). Reaction on 
nitrite- and nitrate-ions is positive. It grows on Ashby nutrient medium. Reaction 
of Voges-Proskauer (formation of acetylmethylcarbinol) is positive. It grows at pH 
of nutrient medium ranging from 5 to 10. 

Culture 118 – isolated from rhizosphere of grown-up plant of cotton on 
heavily salinized soil. Cells – bacilli, mobile, Gram positive, spore formation of 
bacillary type. At cultivation on beef-extract peptone broth at 28-30°C after 48 h 
medium forms slightly noticeable shining film, medium becomes muddy, scarcely 
noticeable flakes are observed on 4-5 day of cultivation. At cultivation on FPA 
after a day of cultivation at 28°C it forms mucous, convex, glossy colonies with 
uneven edges, cream colored, 3-4 mm in diameter. By physiological and 
biochemical properties culture 118 is facultative aerobic, thermophilic, well grows 
between 28 and 40° , preserves viability at 50° . It grows at 3-20% NaCl. It 
digests glucose, sucrose, arabinose, mannitol, maltose, lactose, inositol, and 
sorbitol. When fermenting sugars it does not produce gases. It hydrolyzes starch, 
degrades casein, thins gelatin, and produces indole and ammonia. It possesses 
lecithinase and catalase activity. As nitrogen source, it digest both organic forms 
(peptones, autolysates, extracts) and mineral forms (salt of ammonium, nitrates). 
Reaction on nitrite- and nitrate-ions is positive. It grows on Ashby nutrient 
medium. Reaction of Voges-Proskauer (formation of acetylmethylcarbinol) is 
negative. It grows at pH of nutrient medium ranging from 5 to 10. 

Based on study of cultural and morphological and physiological and 
biochemical features of active salt-tolerant phosphorus mobilizing cultures of 
rhizobacteria were identified according to Bergey’s manual (Bergey, 2009). 
Culture 80 was identified as related to family Bacillaceae, genus Bacillus, species 
Bacillus subtilis BS-80, culture 83 was related to family Bacillaceae, genus 
Bacillus, species Bacillus licheniformis BL-83, culture 113 was related to family 
Paeniacillaceae, genus Paenibacillus, species Paenibacillus polymyxa PP-113 and 
culture 118 was related to family Paeniacillaceae, genus Paenibacillus, species 
Paenibacillus amylolyticus PA-118. Sequence of 16S rRNA was conducted and 
analysis of nucleotide sequences of strains according to the GenBank data resulted 
in identification to following bacterial species: Bacillus subtilis BS-80 by 99% was 
identical to Bacillus subtilis 1047 (accession number JF322981.1); Bacillus 
licheniformis BL-83 by 99% - Bacillus licheniformis SBM6 (accession number 
KU556161.1, Paenibacillus polymyxa PP-113 by 100% - Paenibacillus polymyxa 
NCIM 2726 (accession number KR185865.1); Paenibacillus amylolyticus PA-118 
by 99% – Paenibacillus amylolyticus 12L1 (accession number HQ284944.1). 
Identified strains were recorded in the GenBank respectively as: Bacillus subtilis 
BS-80 number KY041889 (https://www.ncbi.nlm.nih.gov/nuccore/KY041889); 
Bacillus licheniformis BL-83 – KY041694 
(https://www.ncbi.nlm.nih.gov/nuccore/KY041694); Paenibacillus polymyxa PP-
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113 – KY041978 (https://www.ncbi.nlm.nih.gov/nuccore/KY041978) and 
Paenibacillus amylolyticus PA-118 – KY041979 
(https://www.ncbi.nlm.nih.gov/nuccore/KY041979). It was determined that 
cultures do not express antagonism towards each other and may exist in synergism. 

 
Ability of salt-tolerant strains of cotton rhizobacteria to degrade persistent 

organochlorine pesticides 
Ability of active salt-tolerant phosphorus mobilizing strains of cotton 

rhizobacteria to transform organochlorine pesticides (lindane) and PCB was 
studied jointly with scientists from the Institute of Nuclear Physics and the Center 
of Hydrometeorological Service at the Cabinet of Ministers of the Republic of 
Uzbekistan. It was established that at incubation of soil samples with cells of B. 
subtilis BS-80 and P. amylolyticus A-118 HCCH content considerably decreased 
within a month from 2041.56 ng/g soil to 14.21 ng/g soil and 14.26 ng/g soil, 
respectively, HCCH degradation was 0.70%. at incubation od soil samples with 
cells of B. licheniformis BL-83 and P. polymyxa -113 HCCH content 
considerably decreased within a month from introduced 20,000 ng/g soil to 4,216 
ng/g soil and 5115 ng/g soil, HCCH degradation was 65.3% and 71.23%, 
respectively (figure 3). 

Study of PCB-destructive activity of strains B. subtilis BS-80 and B. 
licheniformis BL-83 by radioisotope method in dynamics after 2 and 4 months 
incubation revealed that for 2 months in samples with introduced strains 
radioactivity count decreased by 11.41% and 32.45%, respectively, and after 4 
months by 42.46% and 55.53%, respectively. In samples with introduced strains P. 
polymyxa -113 and P. amylolyticus A-118 radioactivity count after 2 months 
decreased by 18.45% and 29.24%, respectively, and after 4 months by 24.27% and 
35.57%. In soil sample with introduced association of rhizobacteria radioactivity 
count after 2 and 4 months of incubation decreased by 24.04% and 40.72%, 
respectively. 

 
Antagonistic capacity of active strains of salt-tolerant rhizobacteria 

towards phytopathogens of cotton 
Antagonistic activity of rhizobacteria towards phytopathogenic fungi causing 

Verticillium and Fusarium wilt, root-rot and Alternaria blight on cotton was 
studied. Strain B. subtilis BS-80 actively inhibited growth of all studied pathogens 
of cotton, diameter of zone of growth suppression was for V. dahliae – 78(±0.58) 
mm (86%), F. oxysporum – 30(±1.53) mm (33%), R. solani – 55(±1.53) mm 
(55%), A. alternat  – 30(±1.15) mm (33%), F. solani – 79(±1.15) mm (88%), F. 
oxysporum f. sp. vasinfectum R-3 – 22(±0.58) mm (24%) and F. oxysporum f. sp. 
vasinfectum R-7 – 44(±0.58) mm (50%). Strain B. licheniformis BL-83 expressed 
high antagonistic activity towards following phytopathogens, diameter of zone of 
growth suppression was for V. dahliae – 65(±1.53)  mm (72%), F. oxysporum – 
35(±1.53)  mm (39%), F. solani – 73(±1.15) mm (82%), R. solani – 30(±0,58)  
mm (33%) and A. alternata – 35(±0,58) mm (38%). Similar data was obtained 
with strain P. polymyxa PP-113. Strain P. amylolyticus PA-118 expressed  
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antagonistic activity towards V. dahliae, diameter of zone of growth suppression 
was 80(±1.53) mm (88%), F. oxysporum – 35(±0.58) mm (39%), F. solani – 
65(±1.20) mm (22%) (figure 4). 
 

  

 
 

Figure 4. Inhibition of growth and development of phytopathogenic fungi by 
cotton rhizobacteria  

Laboratory experiments were conducted jointly with the Center of Genomics 
and Bioinformatics on cotton variety C-6524 to study influence of pre-sowing 
treatment of cotton seeds with association of 4 active strains of rhizobacteria on 
growth and development of cotton seedlings on background with light, moderate 
and heavily infestation with local aggressive races of fungi F. oxysporum f. sp. 
vasinfectum 316 and F. solani 319. 

It was established that cotton seeds treatment with the association of active 
strains of salt-tolerant rhizobacteria is the most efficient on light and moderate 
infested with F. solani 319 backgrounds, index of pathogenicity was 0.07(±0.02) 
and 0.51(±0.06), and the least efficient on heavily infested background – index of 
pathogenicity was 1.73(±0.2), whereas in control with pathogen index of 
pathogenicity was 1.92(±0.2). it was determined that in variants on moderate and 
heavily infested with F. oxysporum f. sp. vasinfectum 316 backgrounds the 
association of rhizobacteria revealed the highest resistance of seedlings to the 
pathogen, index of pathogenicity was 1.27(±0.09) and 1.90(±0.17), respectively, 
whereas in control it was 2.51(±0.09). 

 Association of four active strains of rhizobacteria was studied in field 
conditions at the Institute of selection, seed farming and agrotechnology of cotton 
production on moderately infested with Verticillium wilt background. It was 
established that at bacterization of cottonseeds with the association of rhizobacteria 
sickness of cotton with Verticillium wilt and root-rot was not observed. 

 
Phytohormone activity of salt-tolerant strains of cotton rhizobacteria 

It was established that stains of cotton rhizobacteria and their association 
possess root forming and growth promoting activity, which is testified by active 
production of indoleacetic acid (IAA) and gibberellins. Results of study revealed 
that in artificially salinized conditions at addition to the nutrient medium at 4% 
concentration of MgSO4 and Na2SO4 monocultures of cotton rhizobacteria and 
their association more actively produced IAA and gibberellins. The best result was 
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presented by the association of four stains, synthesis of phytohormone IAA on 7th 
day under influence of MgSO4 was 30.86(±0.07) μg/ml, under influence of Na2SO4 

– 18.04(±0.01) μg/ml, without salts – 30.59(±0.22) μg/ml on 5th day of experiment. 
High yield of gibberellins at the association was observed on 7th day of experiment 
on nutrient medium with addition of MgSO4 – 1330.3(±0.75) μg/ml, under 
influence of Na2SO4 – 1484.2(±0.35) μg/ml, whereas without salts it was 
384.15(±0.42) μg/ml.  

It was established that under influence of MgSO4 monocultures and their 
association more actively synthesized phytohormone IAA, similarly on medium with 
addition of Na2SO4, except for strain B. licheniformis BL-83 and association, where 
production slightly reduced. Presence of toxic salts MgSO4 and Na2SO4 in nutrient 
medium activated production of gibberellins compared to control without salts. 

 
Toxicological study of active salt-tolerant strains of monocultures of cotton 

rhizobacteria and their association 
Study of acute toxicity of selected salt-tolerant phosphorus mobilizing strains 

of cotton rhizobacteria and their association was conducted jointly with the 
Institute of Chemistry of Plant Substances. It was established that studied strains B. 
subtilis BS-80, B. licheniformis BL-83, P. polymyxa PP-113 and P. amylolyticus 
PA-118 and their association at intraperitoneal and peroral application on white 
mice with increasing cells titre (from 3 106 to 3 109 CFU/ml) did not cause signs 
of disease, did not render toxic action and loss of test mice during 14 days of 
observation. They were classified as low-toxic compounds and non-pathogenic for 
warm-blooded animal and human. 

Thus, it was established that four active stains of cotton rhizobacteria from 
genera Bacillus and Paenibacillus possess polyfunctional properties: salt-tolerance, 
phosphorus-mobilizing activity, ability to degrade organochlorine pesticides 
(HCCH and PCB), antagonistic activity towards phytopathogenic fungi causing 
diseases on cotton, root forming and growth stimulating activity. 

In the fourth chapter of dissertation entitled “Study of influence of salt-
tolerant rhizobacteria with polyfunctional properties on growth and 
development of cotton on salinized soils” the results of study on establishment of 
rhizobacteria in the cotton rhizosphere on salinized soils and influence of 
bacterization by monocultures of salt-tolerant rhizobacteria and their association on 
growth and development of cotton seedlings in laboratory condition are presented. 

 
Establishment of cotton rhizobacteria in the sterile salinized soil. Influence of seed 

bacterization with monocultures of rhizobacteria and their association on 
biometric indices of cotton growth and development on salinized soil in laboratory 

conditions 
Studied strains of salt-tolerant phosphorus mobilizing rhizobacteria of cotton 

and their association actively established in cotton rhizosphere on sterile salinized 
soil. It was determined that on 30th day of experiment the cell titre increased by 1-2 
orders and was 7.5(±0.18) – 8.0(±0.26) lg CFU/g of soil compared to initial titre at 
the seed bacterization – 6.5(±0.21) lg CFU/g of soil. Stimulation of the root 
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formation of cotton seedlings was observed on sterile salinized soil. Study of 
influence of cottonseed bacterization with monocultures of rhizobacteria and their 
association revealed stimulation of root formation, growth and development of 
cotton seedlings in laboratory conditions on heavily salinized soil of Syrdarya 
region (figure 5, table 2). 

 
Thus, as result of conducted study, we developed the new biopreparation of 

the complex action RIZOKOM-1, which is based on association of 4 new local 
active strains of salt-tolerant rhizobacteria of cotton – B. subtilis BS-80, B. 
licheniformis BL-83, P. polymyxa PP-113 and P. amylolyticus PA-118 that possess 
polyfunctional properties. The biopreparation is recommended for pre-sowing 
treatment of cottonseed at cotton cultivation on salinized, over phosphatized, and 
polluted with pesticides and mycotoxins, degraded soils. 

In the fifth chapter of dissertation entitled “Development of biotechnology 
for production of the biopreparation RIZOKOM-1 on basis of salt-tolerant  
cotton rhizobacteria with polyfunctional properties” the results of study on 
selection of optimal nutrient media for industrial cultivation of strains and 
production of the biopreparation RIZOKOM-1, field trails of the biopreparation on 
cotton on salinized soils of Syrdarya and Bukhara regions are presented. 

 
Optimization of cultivation conditions of rhizobacteria with polyfunctional 

properties. Development of technological and instrumental scheme of 
production of the biopreparation RIZOKOM-1  

Expensive nutrient media, peptone water with glucose and NaCl (PW) and 
standard medium with corn-steep extract (CSE), are used for industrial cultivation 
of Bacillus species and phosphorus mobilizing bacteria, respectively.  

 

 

 
 

Figure 5. Establishment of rhizobacteria on sterile salinized soil and influence of association 
of salt-tolerant rhizobacteria on root formation, growth and development of cotton seedlings 
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Aiming reduction of cost of the final product, we developed new nutrient media on 
basis of water extractions of biocompost BIOKOM (WEBC) and poultry droppings 
(WEPD) (Patent UZ  IAP 04712, 2013). Dynamics of growth of viable and 
spore cells of rhizobacteria, change of pH of nutrient media during cultivation of 
strains on different media were studied in laboratory conditions. Titre of viable 
cells of B. licheniformis BL-83 after 24 h was 9.1(±0.21) lg CFU/ml on PW at pH 
6.35(±0.24), and after 3 days of experiment 11.2(±0.15) lg CFU/ml and it was 
higher by 2-3 orders compared to titre of cells on other 3 media. Titre of spore cells 
after 3 days of experiment was similar and comprised 9.2(±0.21) and 9.3(±0.21) lg 
CFU/ml on media with CSE and WEPD, whereas on PW and medium with WEBC 
titre of spore cells was by 2-3 orders lower – 7.7(±0.21) and 6.7(±0.21) lg CFU/ml, 
pH decreased from 7.0(±0.18) to 5.6(±0.26) and 5.76(±0.20) on media with WEBC 
and WEPD (figure 6). 
 

 
Figure 6. Dynamics of growth activity, spore formation and pH changes at submerged 

cultivation of B. licheniformis BL-83 on different nutrient media 
 

Similar data was received for strains B. subtilis BS-80, P. polymyxa PP-113 
and P. amylolyticus PA-118. It was established that on media with WEPD and 
WEBC monocultures expressed good growth and spore formation activity, pH of 
the nutrient medium naturally decreased, which testifies preservation of acid 
producing features of rhizobacteria on new nutrient media and possibility of their 
use for industrial cultivation.  

Technological and instrumental schemes for production of the biopreparation 
of complex action RIZOKOM-1 was developed (figure 7). 
 

Field trials of the biopreparation of complex action RIZOKOM-1 on cotton on 
salinized soils of Syrdarya and Bukhara regional stations of the Institute of 

selection, seed farming and agrotechnology of cotton production 
Influence of the biopreparation RIZOKOM-1 on soil microbial biota, 

agrochemical and salt composition of soil, biometric indices of growth and 
development of cotton and yield of cotton-wool in dynamics throughout cotton 
vegetation was  
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Figure 7. Technological and instrumental schemes for production of the biopreparation of 
complex action RIZOKOM-1  

studied in field conditions on heavily salinized soils of Syrdarya (cotton variety C-
6524) and Bukhara (cotton variety Bukhara-8) regional stations of the Institute of 
selection, seed farming and agrotechnology of cotton production. It was 
established that cottonseed bacterization by RIZOKOM-1 on salinized soils 
normalized alkali value of pH of salinized soils and expressed positive influence 
on balance of soil-borne microorganisms in favor of useful microbiota, where its 
quantity increased by 1-2 orders compared to control. Application of RIZOKOM-1 
promoted to increase of fertility of salinized degraded soils – normalization of the 
balance of nutritional biogenic elements in soil, decrease of content of digestible 
forms of nitrogen, phosphorus, potassium and humus on account of increased 
coefficient of assimilation of nutritional elements by cotton plants throughout 
whole vegetation, decrease of degree of salinization (figure 8) and disease 
incidents caused by root rot, Verticillium and Fusarium wilt. 
 

 
Figure 8. Influence of the biopreparation RIZOKOM-1 on dynamics of humus 

content, pH and sum of salts, mobile forms of nitrogen, phosphorus and potassium on 
salinized soils of Syrdarya regional station of the Institute of selection, seed farming and 

agrotechnology of cotton production throughout cotton vegetation 
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Similar data on biological efficiency were obtained at field trials of the 
biopreparation RIZOKOM-1 on cotton variety Bukhara-8 on salinized soils of 
Bukhara regional station of the Institute of selection, seed farming and 
agrotechnology of cotton production. Yield of cotton wool increased by 7 centers 
per hectare for variety C-6524 and by 8.7 c/h for variety Bukhara-8 compared to 
control on the background of standard application of mineral fertilizers. 

Thus, high biological efficiency of application of biopreparation RIZOKOM-
1 for cultivation of cotton on salinized degraded soils was established. Profitability 
raised by 25-28%. 

CONCLUSION 
 

As result of the research activities carried out on the theme of the doctoral 
dissertation “Salt-tolerant rhizobacteria of cotton with polyfunctional properties 
and biopreparation of complex action on their basis” the following conclusions 
were made: 

1. Twenty bacterial cultures were isolated from cotton rhizosphere cultivated 
on moderately and heavily salinized soils. Four active acid producing cultures were 
selected as result of screening by acid-forming ability (No 80, No 83, No 113, No 
118). They normalize pH of alkali salinized soils. 

2. Tolerance of rhizobacteria to high (up to 10-20%) concentrations of 
chloride (NaCl and MgCl2) and sulphate (Na2SO4 and MgSO4) toxic salts and to 
high alkali values of pH (8-10) allows to use them on moderately and heavily 
salinized alkali soils. 

3. Salt-tolerant cotton rhizobacteria actively dissolve tricalcium phosphate 
and mineralize phytin at presence of 4% of toxic salts in nutrient medium. 
Application of the association of four strains of cotton rhizobacteria on salinized 
soils promotes to transfer of hardly accessible mineral and organic phosphates into 
forms accessible for plants. 

4. Taxonomic allocation of cotton rhizobacteria was determined - Bacillus 
subtilis BS-80 (KY041889), Bacillus licheniformis BL-83(KY041694), 
Paenibacillus polymyxa PP-113 (KY041978), Paenibacillus amylolyticus PA-118 
(KY041979). Strains are registered in Genbank NCBI database. Conducted 
toxicological study of rhizobacteria monocultures and their association testifies 
that strains are not pathogenic. 

5. Salt-tolerant phosphorus mobilizing rhizobacteria of cotton possessing 
high destructive activity towards HCCH and PCB are capable to cleanse soils 
polluted with organochlorine pesticides. 

6. Salt-tolerant phosphorus mobilizing rhizobacteria of cotton possessing 
antagonistic activity towards cotton phytopathogens inhibit growth of fungi 
causing root rot, Verticillium and Fusarium wilt, Alternaria blight, which provides 
an opportunity for their application in biocontrol of cotton diseases. 

7. Association of cotton rhizobacteria possess high phytohormone activity 
in stress conditions of salinization, which provides with an opportunity to 
recommend it for stimulation of growth and development of cotton on salinized 
soils. Salt-tolerant rhizobacteria possess capacity to actively settle down in cotton 
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rhizosphere on salinized soils and thus stimulate root formation, growth and 
development of plants. The new biopreparation of complex action RIZOKOM-1 
was developed on basis of four salt-tolerant rhizobacteria and is recommended for 
pre-sowing treatment of cotton seeds at its cultivation on salinized soils. 

8. Developed new effective nutrient media on basis of water extract of 
biocompost or poultry droppings are recommended for industrial cultivation of 
rhizobacteria strains and production of the biopreparation RIZOKOM-1.  

9. Results of conducted field trials of the new biopreparation of complex 
action RIZOKOM-1 on cotton on salinized soils of Syrdarya and Bukhara regional 
stations of the Institute of selection, seed farming and agrotechnology of cotton 
production testify its high efficacy. Conducted field trials of the biopreparation 
RIZOKOM-1 proved its biological and economic efficacy – pH normalization of 
alkali salinized soils, balance of soil microbial community in favor of useful 
microorganisms, balance of nutritional elements in form accessible for plants, 
decrease of levels of over phosphatization, salinization and pollution of salinized 
sols with pesticides and mycotoxins, increase of fertility of degraded soils, cotton 
yield by 7.0-8.7 c/h and profitability of cotton wool production on salinized soils 
by 25-28%. 

10. Obtained  scientific and practical results of the dissertation  can be used  
in the  study processes for bachelors and masters of institute of higher education  
concerning the course of microbiology, biology and  ecology of soils, 
biotechnology and also in the trainings for  agricultural  employees and farmers,   
specialized on  cultivation of cotton  on salinized and degraded soils. 
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