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,  ,     [4].  

  , , , ,  , , 

  [5,6].      
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  [7].   ,   

 ,       

 ,      . 

     

,       

(    ) [3,8]. 

       

  ,         
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   –     

   ,      

   - .  

      : 

1.      ,   

 Thermopsis lanceolate (  )  Lathyrus 

gmelinii (  ) 

2.       

Thermopsis lanceolata 

3.   ,     

 . 

4.      

     -  

 Escherichia coli, Staphylococcus aureus, Klebsiella pneumonia, 

Pseudomonas aeruginosa. 

5.          

    

          

     

   . . - . 
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1   

1.1     

 ( )     1  100 ,   

( , ,   .)    

  .  

     ,  

    ,    .  

     .    

      ,   

    ,  , , 

     [10].     

   ,     

   - ,   

   ,    . [11]. 

,    , ,  , 

,  ,      

      .  , 

    ,  

          . 

        

«  »       .  

        

  ,       ,    

  ( .1) [12].    

   ,  ,  ,   

 . ,    (Brassica juncea)  

  (Meticago sativa)     50   

  13.6%         

  . [13]        

(Solanum nigrum)    20-30 , , ,   
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   (Bauhinia variegat)    5-15 . 

[14,15]. ,      

       

  ,          

 .  

           

   –    . 

 

 

 1 -     

1.2       

    " "   

 ( )    -  .  

       

      ,  

  .     

   10  500  , , 

   .  

,    ,    
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   Nicotiana benthamiana  

 .  ,   

      

.  ,       

,      [16].  

        

,   , , , , ,   . . 

    .   

        

.      ,    

 ,    .     

    ( ,   . .).  

     .    

     .     

   ,   

   ,   ,   

,         

 .           

 ,     -   

. .  

1.3  –   

      

   ,     

  ,   [17,18,19].  

        

      ,    

    [20]. ,    

   ,     

(       ,     

   )   (   
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 , ,   .).   ,  

 ,          

   [21].      : 

  .    

,    ,   - 

,       [22].   

Mitter   (2013)     

    [2317]. 

,       

.        ,   

      . ,  

    -    

 .[17]  ,     

 ,       

 ,     

Burkholderia phytofirmans - ,      

     [23]. 

     200   16  , 

     Actinobacteria, Proteobacteria, 

Bacteriodetes  Firmicutes,    Ascomycota   Basidiomycota [24].  

   ,     

 Achromobacter, Acinetobacter, Agrobacterium, Bacillus, Brevibacterium, 

Microbacterium, Pseudomonas, Xanthomonas  . . [25].  

        

   ,  

    [24]. ,  

  Polygonum cuspidatum   244 

    Lysinibacillus, Paenibacillus, 

Pseudomonas, Bacillus, Providencia, Rhizobium, Leucobacter, Brachybacterium и 

Mycobacterium.       
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     (13   Gibberella 

fujikuroi, 18 –  Aspergillus niger, 6 –  Aspergillus fumigatus, 4 – 

 Klebsiella pneumoniae, 12 –  Staphylococcus aureus,  6 –  

Bacillus subtilis) [25].  

   ,     ,   

  Peganum harmala.  24    

   -   E. coli, 

Staphylococcus aureus, Enterococcus faecium, Enterococcus faecalis, Pseudomonas 

aeruginosa [26]. 

 ,     

   [3].  Streptomyces    

    [24].  

Streptomyces s .      

 - ,    Shigella sp. 

  -   . [25]. 

     Mycoplasma.   

     ,   Bryopsis pennata, B. 

hypnoides [27]. ,      

        

. 

 –      

,        

 .      

     . , 

  Taxomyces andreanae,     

  ,    

   .   (Sordaria araneosa)  

       [28].   

       

.       
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   - , -   (  )  

 -   .   

  ,      

      [29].   

      16s  [26]. 

        

   in situ    

  [30].  

 ,      

  , :  ,    

  ,  ,     

 ,     . [24].  

1.4       

     ,   

   ,      , 

        

,    .  

         Pseudomonas 

stutzeri AG259. ,     ,    

,       

    100-200  [31].  ,    

Fusarium oxysporum      

       20-50  [32]. 

 ,      

  ,      

   ,      

.    

        –   

    ,     

  .   ,    
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,      ,   

    AgNO3.     

  ,    ,    

. [33, 34]         

  (  70  )   pH    [34]. 

         

  .       ,   

        [35,36]. 

1.5     

 ,       

  .      

,     . 

  ,      

   ,       

   . 

         Ag+  

 (         

    )  ,  

      (   3,0)   

 Ag+ ( .2) [37].       

   ,  ,   

        ,   

    .  

      ,   

    ,   , 

        

 ,    ,   

 ,    . ,    

     ,   
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,    ,     

 [35].  

 

 2 -         

 

1.6         
 

 ,        ,   

  ,      . 

,          

   0,01–1,0 / 3   

 ,     ,   

         

.        

    [38,39]. 

       

  ,      ,  

 ,  ,   . , 

,       

  (20, 40, 60, 80  100 ppm)    

  (Phaseolus vulgaris)   (Zea mays L.).  
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,       

    ,     

  .     20  

60ppm       ,   

,  ,      

,      [40]. 

   ,   

   ,     . 

     , , 

 ,  ,  ,  

     [41].  

  ,         

 ,       , , 

       [42].   

        . (  1)  

        (Bacopa 

monnieri),  , ,    

     ,  

   ,       

  . [41] 

      

      (Boswellia ovaliofoliolata) [43].  

     ,  ,  , 

  ,     (Brassica 

juncea),  (Phaseolus vulgaris)   (Zea mays) [40,44]. 

      ,     

  ,       

     . ,    

   ,     ,  

   [45].  
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   .     3-     

 Arabidopsis thaliana.      

   ,      

          

.        

      Cu / Zn.  

   - ,   -2 

 , -   -1,6-

- .  ,    

-1-   ( ) –  

  ,        

Arabidopsis thaliana [46]. 

    ,     

     , ,   ,   

   ZnO     

  [47,48,49,50]. 

  ZnO        

    .    ZnO 

  ,   ,  ,   

     . ,   ZnO 

      (Cyamopsis 

tetragonoloba),    ,  ,    

,  ,     [51]. 

  ZnO  MS- ,   in vitro  

 ,  ,     

,    ,   

,        [52]. 
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 1 –     [53] 

 
 

    

Ag 

10–30 µg/mL 
Boswellia 

ovaliofoliolata 

Germination and 

seedling growth 

Savithramma et al. 

(2012) 

60 ppm 

Phaseolus 

vulgaris, Zea 

mays 

Root length, shoot 

length, dry weight of 

root and shoot 

Salama (2012) 

100 µM Vigna radiata 

Antagonize inhibition 

by 2,4-

dichlorophenoxyacetic 

acid (2,4-D) at 500 

μM of plant growth 

Karuppanapandian et 

al. 

ZnO  

400 mg/kg 
Cucumis sativus 

fruit 

Micronutrients (Cu, 

Mn and Zn) 
Zhao et al. (2014) 

1.5 ppm 

(foliar spray) 
Cicer arietinum Shoot dry weight Burman et al. (2013) 

20ppm 

(suspension, 

foliar spray) 

Vigna radiata Biomass Dhoke et al. (2013) 

500,1000, 

2,000,4,000 

ppm 

Vigna radiate Dry weight Patra et al. (2013) 

 

         

    ,    

          

 ,    . 
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2    

2.1    
       

 ,       

 ,     Thermopsis 

lanceolata (  ).   ,   

    Thermopsis lanceolata  

Lathyrus gmelinii.         

         2017 .  

2.2    

       , 

      

 .  

,         1    

          

 .      3,5%  

   180      

 .    70%    60 , 

      ,  

      30 .  

        

 .       

Nutrient agar (HiMedia),       

 Sabouraud Dextrose Agar (HiMedia)    

  25     3 .     

   .     

    16S .   
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     , 

 . , . 

 

 

 3 -     

2.3   

       

  ,     

 -   Pseudomonas aeruginosa, Escherichia coli, 

Staphylococcus aureus, Klebsiella pneumonia.       

 (Nutrient agar)       

     25°    3 . ,  

     ,       

  ,  ,   

  20 .         

    7    -  (  

 0,6% )      -



20 
 

 : P. aeruginosa, E. coli, S. aureus, K. pneumonia.  (2  

   100  ).      

37°    .     

     . 

 

 

 4 -     

2.4       

  ,    , 

  150     Nutrien Broth (HiMedia)  

 3    25  .    

    .    

0,1 m       1:1.   

    (BIOSAN magnetic stirrer MSH 300)  

 60        15 .  

         - . 

   20    13000 / ., 

 . 

          2.5       

        

    200  .   

,  10 .      
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   .     

 10    10000 / .,     

. 

    0,1 m      

1mM    (ZnSO4).      

    3:7,      1:1. 

        60 °  

     15 .     

    . 

   20    13000 

/ .,  . 

 

 

 5 -       

2.6    -    
        

– ,      

  (   )  

  ,       

,     . -  
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(  )      

 ZetasizerNano ZS (Malvern, ). 

       

 (    )    

ZetasizerNano Z.        

 ,      

   .    

     .  

2.7     

      -

  P. aeruginosa, E. coli, S. aureus, K. pneumonia   

  .         

 -   ,   

    - .    

        5 .  

     .  

     37 .   

   24  ,   

     . 

2.8         

       , 

     Thermopsis lanceolata  Lathyrus 

gmelinii,      - .  

     100, 50, 20, 10, 5 ppm  

   .     

 .    20     

   20 .      

  .  
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   10  .   , 

      b 

        

   Bio-Rad SmartSpec  Plus.     

(3 )   ,      

  96% ,     (t = 65 ºC) 

 30 .         

   1 . 

       

 96%   .     649  

665    Bio-Rad SmartSpec  Plus.   

     ,    H.K. 

Lichtenthaler [54]. 

  a  b   : 

Ca( / )= 13,36 × D665 - 5.19 × D649 

Cb( / )= 27,43 × D649 –8.12 × D665 , 

  -     ( / ), b -   

b( / ), D -        

        

 (p=0,05) 
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3   

 

      ( )    

.   .   

       -

   P. aeruginosa 27853, E. coli 25922, S. 

aureus 25923, K. pneumonia 204.        

   .   

3.1   

 

 6 -    Thermopsis lanceolata 
 

     

   ,   .   

  ,        

     .   80  

 (   7  )  10   . 

,      

 .    

    Bacillus.   

      

  16S -   B. cereus, B. toyonensis, B. pumilus, B. 

amyloliquefaciens, B. methylotrophicus.  



25 
 

 

 

 7 –   Thermopsis lanceolata (  

B. pumilus 54  B. cereus 58) 

3.2   

 [34,55] ,     

      –    60-80 °   

 =8.        . 

     15    ( . 5). 

     -    ,  

   . 

 

 8 –       
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3.3    

       

- . -  –     

    ,  . -  

      

(   )    ,  

      ,   

  .  -   30  

(   )     

,    -    -

 .    ,  

 . 

 -  ,     

   .  -    

  -33  -40,1 ( . 2)  

 2 -   ,     

 
 -   

 

3 -36,00 75,00 

55 -35,70 39,00 

48 -40,10 10,00 

30 -38,30 21,00 

64 -35,40 80,00 

51 -39,50 106,00 

59 -38,10 56,00 

58 -36,20 7,50 

54 -38,40 47,00 

16 -33,00 31,00 

 

        

  (       

).     ( )   ,  
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     in situ   

,       

  .  

 

 9 -    (  3) 

 

 10 -    (  48) 

 

 

 11 -  TEM-   ,     

Thermopsis lanceolata 



28 
 

       106   7,5 . 

       ,  

      .   
 

3.4    

 

 12 -    

 

      ( .5) 

,         

-  .    

 -     , 

     16, 30, 48, 59  58,  

   ( .3).     -

   7  17 .       –  56 

        48, 58, 30, 

16, 54, 55, 59.    31    

 .      [31, 35],   

  ,    . 

,     30, 16, 48, 59   

   P. aeruginosa,   16  58 –   

K. Pneumonia,   59  30 –   E. oli,    16  

30 –   S. aureus. 



29 
 

       

   K. pneumonia  S. aureus.  

     , 

       .  

     -   E. 

oli  S. aureus  

 3 -     ( , )    

 

 Pseudomonas 

aeruginosa 

Klebsiella 

pneumoniae 

Escherichia 

oli 

Staphylococcus 

aureus   

3 7 7 7 7 

55 11 11 7 9 

48 15 13 9 11 

30 17 9 13 15 

64 11 7 7 7 

51 7 7 9 11 

1 0 11 7 7 

29 0 9 7 7 

47 9 9 9 9 

39 7 9 11 9 

18 13 11 7 11 

59 15 9 13 11 

58 11 15 11 11 

6 11 13 7 7 

54 11 11 11 11 

16 17 17 9 15 

77 7 9 9 9 

19 9 9 11 9 

9 11 11 9 11 

15 9 11 11 9 

33 9 9 11 11 

  10 11 17 15 

 

 12 13 17 16 



30 
 

3.5     

,       

       ,  

      . 

       

       [56]. 

 ,     ZnO  Ag  

     ,         

   ,     b. 

      ,    

 , ( .13)     

  20, 50, 100 ppm  22, 36  43% .  

       10, 20, 50  100 ppm 

 27  61%.    (t >tst). 

       ( .13) 

 (t >tst)       100 ppm 

 19%, 50 ppm  39%, 20 ppm  23%  10ppm  23%.   5, 

10, 20 50 ppm     20  55%. 

     (t >tst)    

     ZnO   

   ( . 14)  10  100 ppm.   

      ZnO   100 

ppm  42%, 50 ppm  38%, 20 ppm  30%  10 ppm  26%,    

.    (t >tst)     

 5-     25  53%    . 

  Ag,     ,   100, 50, 

 20ppm ( . 14),     24, 50  26%  

   .    (t >tst).  

         Ag  



31 
 

 50, 20  10 ppm  53, 39  34% ,    

. 

 

 

 13 -    ( )   ,  

    

 

 

 14 -    ( )   ,  

    

 

     ,    

 ,     ,  

     50 ppm,     32%  

   ( . 16).      



32 
 

      50 ppm  46% 20 ppm  

22%  10 ppm  21% .    (t >tst). 

     35%    

        , 

    ,   100  50 ppm. 

        ,  

 5ppm    42%     ( . 16). 

     ,    

 ,         

 (t ˂tst) ( . 15).  

       ( . 15),   

  ,       31  

27%   100  50ppm.    

(t >tst). 

 

 

 15 -    ( )   , 

     

 



33 
 

 

 16 -    ( )   , 

     

     59, 33, 16, 30, 54  

         

39, 37, 33, 31, 25%  ( .18).     

   59  18%  33  13%.    

30      17%    . 

 

 17 -       

  

    ( .17)     

  (t ˂tst).        
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29%   25 %    48  33 .   

 58       21% (t >tst). 

 

 

 18 -        

 

    ,        

 ,    ,      

   .  

       

     ,    

 .  

 ,     

   b     .    

,      ( .19) 

       18  23%. 

       

    50  20 ppm,   

   100  50 ppm.  

        , 

     ( .19).  
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   50  20 ppm      

 50 ppm      

      12  26%.  

 

 

 19 -      b / ,   

    

         

   ( .20).   (t >tst)  

   ,     

 50 ppm       100 ppm  

 50 ppm         

    . (t ˂tst).   

 

 20 -      b / ,   

    

0

2

4

6

8

10

12

14

и а

Те оп и

0

1

2

3

4

5

6

7

и а

Те оп и
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      ( .21).  

     ,   

59 –  47%, 48 –  52%, 58 –  31%  33 –  27%.  

        

     :16 –  18%    30 –  25%.  

 59  33      

       12  13%. , 

       . 

        

         

   .  

 

 21 -      b / ,   

    

 

  ,     

          

   .      ,  

           

    ,   

0.00

2.00

4.00

6.00

8.00

10.00

12.00

Ко
ли

че
т

о 
ло

о
ил

ла
 

к
/

л

та

и
то ат
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 .   ,     

,     .   

   (  100  20 ppm)   

    ,     

.    Ag  100 ppm   

        

  Ag 50 ppm.  ,    

 ,       

  .  
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     :  

1.  90     

Termopsis lanceolata,    , 

 88% .    

   B. cereus, B. toyonensis, B. 

pumilus, B. amyloliquefaciens, B. methylotrophicus.  

2.      ,  

   -  

.      

 ,     10  106 .  

3.      

  Escherichia coli, Staphylococcus aureus, Klebsiella 

pneumonia, Pseudomonas aeruginosa.     

-    7  17 .    31  

   . , 

    30, 16, 48, 59   

   P. aeruginosa,   16  58 –  

 K. Pneumonia,   59  30 –   E. 

oli,    16  30 –   S. aureus.   E. coli 

    . 

4.         

.         

 ZnO  – 100, 50, 20  10 ppm,  Ag – 50, 20, 10 

ppm.       

  ZnO  100  50 ppm.  Ag – 50, 20, 10 ppm.  

        

  59  33,    – 48  33. 

5.       

    Ag   50  20 ppm, 
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    ZnO –   100  50 ppm.  

      

  Ag   50 ppm   ZnO  

 100  50 ppm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



40 
 

   

 
1) Subbulakshmi, G. K. Bioactive endophytic fungal isolates of  Biota 

orientalis, Pinus excelsa and Thuja occidentalis / G. K. Subbulakshmi, A. 

Thalavaipandian, R. V. Bagyalakshmi, and A. Rajendran // Int. J. Adv. Life Sci.-  

2012.  - Vol. 4. - P. 9–15. 

2) Pimentel, M. R. Use of endophytes to obtain bioactive compounds and their 

application in biotransformation process / M. R. Pimentel, G. Molina, A. P. Dionisio, 

M. R. Maróstica, and G. M. Pastore // Biotechnol. Res. Int. - 2011.  

3) Singh, R. Endophytic actinomycetes as emerging source for therapeutic 

compounds / R. Singh and A. K. Dubey // Indo Global J. Pharm. Sci.- 2015. - Vol. 5. 

- P. 106–116.  

4) Nair, D. N. Impact of endophytic microorganisms on plants, environment 

and humans / D. N. Nair and S. Padmavathy // Sci. World J. - 2014.  

5) Specian, V., Chemical characterization of bioactive compounds from the 

endophytic fungus Diaporthe helianthi isolated from Luehea divaricata / V. Specian, 

M. H. Sarragiotto, J. A. Pamphile, and E. Clemente // Braz. J.Microbiol. - 2012. - 

Vol. 43. - P. 1174–1182.  

6) Stepniewska, Z. Endophytic microorganisms-promising applications in 

bioremediation of greenhouse gases / Z. Stepniewska and A. Kuzniar // Appl. 

Microbiol. Biotechnol. - 2013. - Vol. 97. - P. 9589–9596.   

7) Dudeja S. S. Beneficial properties, colonization, establishment and 

molecular diversity of endophytic bacteria in legume and non-legume / S. S. Dudeja 

and R. Gir // Afr.J. Microbiol. Res. - 2014.- Vol. 8. - P. 1562–1572.  

8) Parthasarathi, S. Isolation and characterization of antimicrobial compound 

from marine Streptomyces hygroscopicus / S. Parthasarathi, S. Sathya, G. Bupesh, D. 

R. Samy, M. R. Mohan, G. K. Selva, et al. // World J. Fish Mar. Sci. - 2012. - Vol. 4. 

- P. 268–277 

9) Baker, S. Synthesis of silver nanoparticles by endosymbiont Pseudomonas 

fluorescens CA 417 and their bactericidal activity / S. Baker, M.N. Nagendra Prasad, 



41 
 

 
B.L. Dhananjaya, K. Mohan Kumar, S. Yallappa, S. Satish // Enzyme and Microbial 

Technology. – 2016 – Vol. 95. – P. 128–136 

10)  . .  :     

  / . . , . . , . . , . . 

 //      – 2016. - № 

1(14). – . 66-69. 

11) , . .      

   : . … . .  : 02.00.04 /  

  . – , 2014. – 153 .  

12) Velusamy, P. Bio-inspired green nanoparticles: synthesis, mechanism, and 

antibacterial application / P. Velusamy, G. Venkat Kumar, V. Jeyanthi, J. Das, R. 

Pachaiappan // Toxicological research. – 2016. – . 32. – №. 2. – . 95 

13) Harris, A.T. On the formation and extent of uptake of silver nanoparticles 

by live plants / A. T Harris, R. Bali // Journal of Nanoparticle Research - 2008. – Vol. 

10. – P. 691-695.   

14) Malaikozhundan, B. Two potential uses for silver nanoparticles coated with 

Solanum nigrum unripe fruit extract: Biofilm inhibition and photodegradation of dye 

effluent / B. Malaikozhundan, S. Vijayakumar, B.Vaseeharan, A.A. Jenifer, P. Chitra, 

N.M. Prabhu, E.Kannapiran // Microbial Pathogenesis – 2017.  

15) Johnson, P. Rapid biosynthesis of Bauhinia variegata flower extract-

mediated silver nanoparticles: an effective antioxidant scavenger and α-amylase 

inhibitor / P. Johnson, V. Krishnan, C. Loganathan, K. Govindhan, V. Raji, P. 

Sakayanathan, S. Vijayan, P. Sathishkumar, T. Palvannan // Artificial Cells, 

Nanomedicine, and Biotechnology. – 2017.  

16)      / .  [  .] 

// . - 2012. - .7. - .16–22. 

17) Andreote, F. D. Exploring interactions of plant microbiomes / F. Andreote, 

D. T. Gumiere, and A. Durrer // Sci. Agric. - 2014. - Vol. 71. - P. 528–539.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Johnson%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krishnan%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Loganathan%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Govindhan%20K%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Raji%20V%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sakayanathan%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vijayan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sathishkumar%20P%5BAuthor%5D&cauthor=true&cauthor_uid=28885044
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palvannan%20T%5BAuthor%5D&cauthor=true&cauthor_uid=28885044


42 
 

 
18) Mendes, R. (2013) The rhizosphere microbiome: significance of plant 

beneficial, plant pathogenic, and human pathogenic microorganisms / R. Mendes, P. 

Garbeva, J.M. Raaijmakers // FEMS Microbiol Rev. – 2013. – Vol. 37. – . 634–

663. 

19) Malcolm, G.M. Hidden host plant associations of soilborne fungal 

pathogens: an ecological perspective / G.M. Malcolm, G.A. Kuldau, B.K. Gugino, 

M.D. Jiménez-Gasco // Phytopathology. – 2013. – Vol. 103(6). – P. 538–544. 

20) Mendes, R. The rhizosphere microbiome: significance of plant beneficial, 

plant pathogenic, and human pathogenic microorganisms / R. Mendes, P. Garbeva, 

and J. M. Raaijmakers // FEMS Microbiol. Rev. - 2013. - Vol.37. - P. 634–663.  

21) Turner, T. R. The plant microbiome / T. R. Turner, E. K. James and P. S. 

Poole // Genome Biol. - 2013. Vol. 14 

22) Abreu-Tarazi, M. F. Endophytic bacteria in long-term in vitro cultivated 

axenic pineapple microplants revealed by PCR DGGE / M. F. Abreu-Tarazi, A. A. 

Navarrete, F. D. Andreote, C. V. Almeida, S. M. Tsai and M. Almeida // World J. 

Microbiol. Biotechnol. - 2010. - Vol. 26. - P. 555–560.  

23) Mitter, B. Comparative genome analysis of Burkholderia phytofirmans 

PsJN reveals a wide spectrum of endophytic lifestyles base on interaction strategies 

with host plants / B. Mitter, A. Petric, M. W. Shin, P. S. G. Chain, L. Hauberg- Lotte, 

B. Reinhold-Hurek et al. // Front. Plant Sci. - 2013. Vol. 4 

24) Golinska, P. Endophytic actinobacteria of medicinal plants: diversity and 

bioactivity / P. Golinska, M. Wypij, G. Agarkar, D. Rathod, H. Dahm, and M. Rai // 

Antonie Van Leeuwenhoek. - 2015. - Vol. 108. - P. 267–289  

25) Sun, H. Isolation, characterization, and antimicrobial activity of endophytic 

bacteria from Polygonum cuspidatum / H. Sun, Y. He, Q. Xiao, R. Ye, and Y. Tian //  

Afr. J. Microbiol. Res. - 2013. - Vol. 7. - P. 1496–1504.  

26) Bibi, F. Diversity of antagonistic bacteria isolated from medicinal 

plant Peganum harmala / F. Bibi // Saudi Journal of Biological Sciences.- 2015   

27) Hollants, J. Exploration of endophytic bacteria within the 

http://www.sciencedirect.com/science/journal/1319562X


43 
 

 
siphonous green seaweed Bryopsis (Bryopsidales, Chlorophyta) / J. Hollants, 

O. Leroux, F. Leliaert, H. Decleyre, O. De Clerck, and A. Willems // PLoS ONE. - 

2011. - Vol.6  

28) Jalgaonwala, R.E. Natural products from plant associated endophytic fungi 

/ R.E. Jalgaonwala, B.V. Mohite and R.T. Mahajan // J. Microbiol. Biotechnol. Res. -

2011. - Vol. 1. - P. 21–32.  

29) Menpara, D. Endophytic bacteria - unexplored reservoir of antimicrobials 

for combating microbial pathogens / D. Menpara, A. Méndez-Vilas // Formatex 

Research Center -2013. - P. 1095–1103.  

30) Berg, G. Unraveling the plant microbiome / G. Berg, M. Grube, M. 

Schloter, and K. Smalla // Front. Microbiol. - 2014. - Vol. 5. - P.148.    

31) , . .     :   

 / . . , . . , . . , . .  

//  . – 2008. – №77(3). – . 242-269. 

32) Ahmad, A. Extracellular biosynthesis of silver nanoparticles using the 

fungus Fusarium oxysporum / A. Ahmad, P. Mukherjee, S. Senapati, D. Mandal, M.I. 

Khan, R. Kumar, M. Sastry // Colloids and Surfaces B: Biointerfaces. -  2003. – Vol. 

28. – P. 313-318.  

33) Yassin, M.A. Characterization and anti-Aspergillus flavus impact 

of nanoparticles synthesized by Penicillium citrinum / M.A. Yassin, A. El-Rahim, 

M.A. El-Samawaty, T.M. Dawoud, O.H. Abd-Elkader, K.S. Al Maary, A.A. 

Hatamleh, A.M. Elgorban // Saudi Journal of Biological Sciences. – 2017. – Vol. 24. 

– P. 1243–1248.  

34) Baker, S. Biomimetic Synthesis of Silver Nanoparticles Using 

Endosymbiotic Bacterium Inhabiting Euphorbia hirta  and Their Bactericidal 

Potential / S. Baker, H.C. Yashavantha Rao, M.N. Nagendra-Prasad, A. Prasad, B.P. 

Harini, P. Azmath, D. Rakshith, S. Satish // Scientifica. – 2016.   

35) Manikprabhu, D. Antibacterial activity of silver nanoparticles against 

methicillin-resistant Staphylococcus aureus synthesized using model Streptomyces 



44 
 

 
sp. pigment by photo-irradiation method / D. Manikprabhu, K. Lingappa // Journal of 

pharmacy research. – 2013. – Vol. 6. – P.  255-260. 

36) Dong, Z.Y. Antibacterial Activity of Silver Nanoparticles against 

Staphylococcus warneri Synthesized Using Endophytic Bacteria by Photo-irradiation 

/ Z.Y. Dong, M. P. N. Rao, M. Xiao, H.F. Wang, W. N. Hozzein, W. Chen, W.J. Li // 

Frontier Microbiol. – 2017. – Vol. 8. 

37) Xiu, Z Negligible particle-specific antibacterial activity of silver 

nanoparticles, , Z XiuQ, Zhang, HL Puppala, VL Colvin, PJJ Alvarez - Nano letters, 

2012 - ACS Publications 

38)        / . . 

 [  .] //   – 2014. -№ 1 – . 69–73.  

39)         

  / . .  [  .] //    

   « , ». - 2014 -  27 (66). - 

№ 1. - . 127–135. 

40) Salama, H. Effects of silver nanoparticles in some crop plants, Common 

bean (Phaseolus vulgaris L.) and corn (Zea mays L.) / H. Salama // J. Biotechnology. 

– 2012. – Vol. 3, No. 10. – . 190–197. 

41) Khodakovskaya, M. V. Carbon nanotubes induce growth enhancement of 

tobacco cells/ M.V. Khodakovskaya, K. de Silva, A.S. Biris, E. Dervishi, H. 

Villagarcia // ACS Nano. – 2012. – Vol.6(3). – P. 2128–2135. 

42) Ma, X. Interactions between engineered nanoparticles (ENPs) and plants: 

phytotoxicity, uptake and accumulation / X. Ma, J. Geiser-Lee, Y. Deng, A. 

Kolmakov // Sci Total Environ. – 2010. - Vol408(16). – P. 3053–3061. 

43) Savithramma,  N. Effect of nanoparticles on seed germination and seedling 

growth of Boswellia ovalifoliolata an endemic and endangered medicinal tree taxon / 

N. Savithramma, S. Ankanna, G. Bhumi //  Nano Vision. – 2012. – Vol. 2. – P.61–68. 

http://pubs.acs.org/doi/abs/10.1021/nl301934w
http://pubs.acs.org/doi/abs/10.1021/nl301934w
https://scholar.google.ru/citations?user=NbGn_ecAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=PI0Pm3AAAAAJ&hl=ru&oi=sra
https://scholar.google.ru/citations?user=J6-ljTwAAAAJ&hl=ru&oi=sra


45 
 

 
44) Sharma, P. Silver nanoparticle mediated enhancement in growth and 

antioxidant status of Brassica juncea / P. Sharma, D. Bhatt, M.G. Zaidi, P.P. Saradhi, 

P.K. Khanna, S. Arora // Appl Biochem Biotechnol. – 2012. Vol.167. P. 2225–2233. 

45) Gruyer, N. Interaction between silver nanoparticles and plant growth / N. 

Gruyer, M. Dorais, C. Bastien, N. Dassylva, // International Symposium on New 

Technologies for Environment Control, Energy-Saving and Crop Production in 

Greenhouse and Plant 1037. – 2013. – P. 795-800. 

46) Syu, Y.Y. Impacts of size and shape of silver nanoparticles on Arabidopsis 

plant growth and gene expression / Y.Y. Syu, J.H. Hung, J.C. Chen, H.W. Chuang // 

Plant Physiol Biochem. – 2014. Vol.83. P. 57–64. 

47) Prasad, T. Effect of nanoscale zinc oxide particles on the germination, 

growth and yield of peanut / T. Prasad, P. Sudhakar, Y. Sreenivasulu, P. Latha, V. 

Munaswamy, K.R. Reddy, R. Sajanlal, T. Pradeep // J Plant Nutr. – 2012. Vol.35(6). 

P. 905–927. 

48) Sedghi, M. Effect of nano zinc oxide on the germination of soybean seeds 

under drought stress / M. Sedghi, M. Hadi, S.G. Toluie // Annals of West University 

of Timisoara: Series of Biology. – 2013. – . 16. – №. 2. – P. 73-78. 

49) Ramesh, M. Effects of bulk & nano-titanium dioxide and zinc oxide on 

physio-morphological changes in Triticum aestivum / M. Ramesh, K. Palanisamy, K. 

Babu, N.K. Sharma // Linn. J Glob Biosci. – 2014. Vol.3. – P. 415–422. 

50) Raskar, S.V. Effect of zinc oxide nanoparticles on cytology and seed 

germination in onion / S.V. Raskar, S.L. Laware // Int J Curr Microbiol App Sci. – 

2014. – . 3. – №. 2. – P. 467-73. 

51) Raliya, R. ZnO nanoparticle biosynthesis and its effect on phosphorous-

mobilizing enzyme secretion and gum contents in cluster bean (Cyamopsis 

tetragonolobaL.) / R. Raliya, J.C. Tarafdar // Agric Res. – 2013. Vol.2. – P. 48–57. 

52) Helaly, M.N. Effect of nanoparticles on biological contamination of in 

vitro cultures and organogenic regeneration of banana / M.N. Helaly, M.A. El-



46 
 

 
Metwally, H. El-Hoseiny, S.A. Omar, N.I. El-Sheery // Aust J Crop Sci. – 2014. Vol. 

8. – P. 612–624. 

53 ) Siddiqui, M. H. Role of nanoparticles in plants / M. H. Siddiqui et al.  // 

Nanotechnology and Plant Sciences. – 2015. – P. 19-35. 

54) Lichtenthaler,  H.  K.  Chlorophylls  and  carotenoids:  Pigments  of  

photosynthetic biomembranes. / H. K. Lichtenthaler // Meth. Enzym, 1987. – V. 148.-

P. 350 – 382. 

55) Balakumaran, M.D. Exploitation of endophytic fungus, Guignardia 

mangiferae for extracellular synthesis of silver nanoparticles and their in vitro 

biological activities / M.D. Balakumaran, R. Ramachandran, P.T. Kalaichelvan // 

Microbiological Research. - 2017. -  Vol. 178. – P. 9–17. 

56) Sah, S. Effect of nano silver and silver nitrate on seed yield of borage / S. 

Sah, A. Sorooshzadeh, H. S. Rezazadeh, H.A. Naghdibadi //Journal of Medicinal 

Plants Research. – 2011. – . 5. – №. 5. – P. 706-710.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



47 
 

 

  

 1 –       ,    

     

 

 

 

 

 

 

 

 

 
t  

 

 

 

 

 

 
t  

 

 

 

 

  

Ag100 16,59 0,51 3,5796 11,88 0,64 1,4216 30 

Ag50 19,97 0,70 6,4504 15,86 0,44 5,7893 32 

Ag20 16,83 0,86 3,0663 14,43 0,97 3,1695 29 

Ag10 15,62 0,95 1,8732 13,92 0,96 2,7930 27 

Ag 5 14,53 0,92 1,0011 11,47 0,46 1,1450 29 

Zn100 18,85 0,86 5,1056 15,85 0,70 5,0184 28 

Zn50 18,39 0,74 4,8016 14,54 0,85 3,4898 28 

Zn20 17,36 1,01 3,1960 13,54 0,44 3,3469 28 

Zn10 16,88 0,88 3,0449 13,41 0,66 2,8509 30 

Zn5 14,42 0,61 1,1071 12,96 0,71 2,3473 26 

  

Ag100 15,88 0,79 2,3180 12,38 0,78 1,7453 26 

Ag50 18,58 0,44 5,9981 16,08 0,43 6,0506 27 

Ag20 16,42 0,77 2,8605 14,00 0,89 2,9612 26 

Ag10 16,36 0,59 3,1465 12,61 0,54 2,2416 28 

Ag5 13,20 0,74 -0,1368 12,43 0,45 2,1638 29 

Zn100 19,03 0,65 5,7310 16,69 0,76 5,5777 30 

Zn50 18,11 0,90 4,0622 14,71 0,80 3,7537 28 

Zn20 16,32 0,95 2,4651 13,68 0,55 3,2959 28 

Zn10 15,50 0,75 2,0375 13,13 0,58 2,7027 29 

Zn5 14,41 0,52 1,1696 11,88 0,46 1,5792 31 

 13,34 0,75  10,38 0,84   
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 2 -    ( )   ,   

     

 

 

 

 

 

 

 

 

 
t  

 

  

 

 

 
t  

 

 

 

 

        

Ag100 4,72 0,30 1,2314 2,69 0,22 1,0438 31 

Ag50 5,20 0,44 1,8554 3,47 0,24 1,4693 30 

Ag20 4,88 0,26 1,6372 3,35 0,36 0,8462 28 

Ag10 4,50 0,25 0,8267 3,31 0,29 0,8832 31 

Ag 5 4,30 0,21 0,4158 3,30 0,21 1,0205 30 

Zn100 5,41 0,34 2,5113 3,44 0,31 1,1755 31 

Zn50 5,23 0,31 2,2491 3,50 0,28 1,4428 30 

Zn20 5,17 0,41 1,8708 3,37 0,21 1,2534 30 

Zn10 4,97 0,40 1,5215 3,10 0,18 0,3659 30 

Zn5 4,72 0,37 1,1305 3,00 0,20 0,0000 31 

        

Ag100 4,75 0,36 1,2034 2,38 0,25 1,9348 31 

Ag50 5,43 0,25 2,8514 4,37 0,39 3,0928 30 

Ag20 4,88 0,21 1,7519 3,65 0,18 2,4101 28 

Ag10 5,03 0,24 2,0126 3,63 0,22 2,0974 31 

Ag5 4,85 0,22 1,6314 3,19 0,17 0,7234 28 

Zn100 5,57 0,41 2,5914 3,57 0,38 1,3372 29 

Zn50 5,56 0,30 2,9611 2,78 0,13 0,9027 31 

Zn20 5,00 0,44 1,5159 2,82 0,16 0,6926 29 

Zn10 4,94 0,43 1,4275 2,71 0,17 1,1240 32 

Zn5 4,83 0,34 1,3928 4,25 0,46 2,5005 31 

 4,75 0,36  3,00 0,20   
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 3 -        

 

 

 

 

 

 

 

 

 
t  

 

 

 

 

 

 
t  

 

 

 

 

 16,38 1,18  13,29 0,66   

59 22,70 0,60 4,7807 15,70 0,55 2,8203 25 

54 20,41 0,84 2,7859 11,88 0,62 1,5714 26 

33 22,38 0,65 4,4542 15,00 0,50 2,0708 26 

48 18,83 1,59 1,2424 14,08 0,65 0,8575 22 

58 19,50 1,05 1,9800 14,50 0,40 1,5666 18 

16 21,71 0,80 3,7556 14,00 0,50 0,8589 24 

30 21,44 0,54 3,9098 11,06 0,59 2,5304 28 

 

 4 -        

 

 

 

 

 

 

 

 

 
t  

 

 

 

 

 

 
t  

 

 

 

 

 5,20 0,42  2,80 0,16   

59 5,40 0,30 0,3881 3,40 0,26 1,9758 30 

54 5,70 0,20 1,0780 2,70 0,17 0,4343 32 

33 5,20 0,22 0,0000 3,50 0,14 3,2694 28 

48 4,70 0,20 -1,0774 3,60 0,12 4,0614 34 

58 4,80 0,18 -0,8718 2,20 0,19 2,4495 32 

16 6,00 0,41 1,3665 2,70 0,17 0,4334 32 

30 6,20 0,32 1,9006 3,20 0,18 1,6417 28 
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 5.     (t- )  

  α=0,95   

 
 
 

tst 

18 2,1009 

22 2,0739 
24 2,0639 

25 2,0595 
26 2,059 

28 2,0484 

29 2,0452 
30 2,0423 

31 2,0400 
32 2,0360 
34 2,0322 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



51 
 

 

  

 1 -     b / ,     

  (tst = 2,776 (α=0,95)) 

  
  

( \ ) 

  

( \ ) 

  +   

( \ ) 
t  

       

Ag100 6,86 ±   0,03 2,54 ±   0,13 9,40 2,3208 

Ag50 8,96 ±   0,03 3,68 ±   0,11 12,64 6,4657 

Ag20 9,52 ±   0,12 2,60 ±   0,16 12,13 4,2618 

Ag10 7,80 ±   0,07 2,91 ±   0,14 10,71 1,0965 

Ag 5 7,53 ±   0,05 2,60 ±   0,15 10,13 0,3519 

Zn100 9,61 ±   0,13 3,00 ±   0,25 12,61 4,6410 

Zn50 9,66 ±   0,12 2,75 ±   0,51 12,41 3,0123 

Zn20 8,77 ±   0,13 2,36 ±   0,11 11,13 2,0816 

Zn10 8,43 ±   0,06 2,63 ±   0,13 11,06 2,0236 

Zn5 6,82 ±   0,06 3,17 ±   0,16 9,99 0,6975 

       

Ag100 7,94 ±   0,16 1,79 ±   0,13 9,73 1,1965 

Ag50 9,50 ±   0,16 3,42 ±   0,12 12,93 6,0492 

Ag20 8,41 ±   0,07 3,10 ±   0,12 11,51 3,1688 

Ag10 8,46 ±   0,13 2,43 ±   0,02 10,88 1,6430 

Ag5 6,78 ±   0,20 3,45 ±   0,29 10,23 0,0640 

Zn100 9,39 ±   0,40 3,03 ±   0,34 12,42 2,6463 

Zn50 8,66 ±   0,22 3,66 ±   0,25 12,31 3,5434 

Zn20 7,82 ±   0,39 2,98 ±   0,20 10,80 0,7839 

Zn10 6,70 ±   0,16 3,73 ±   0,08 10,43 0,3741 

Zn5 6,99 ±   0,10 3,11 ±   0,24 10,10 0,3624 

 7,39 ±   0,11 2,88 ±   0,22 10,27  
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 2 -     b / ,     

  (tst = 2,776 (α=0,95)) 

  
  

( \ ) 

  

( \ ) 

  +   

( \ ) 
t  

       

Ag100 2,94 ±   0,16 1,19 ±   0,17 4,13 0,3686 

Ag50 3,03 ±   0,11 2,59 ±   0,12 5,61 4,1812 

Ag20 3,20 ±   0,06 1,87 ±   0,22 5,08 2,2393 

Ag10 3,11 ±   0,08 1,14 ±   0,12 4,25 0,1069 

Ag 5 2,71 ±   0,20 1,23 ±   0,17 3,94 0,7644 

Zn100 3,47 ±   0,18 2,10 ±   0,17 5,57 3,0720 

Zn50 3,41 ±   0,11 2,31 ±   0,04 5,71 5,2955 

Zn20 3,51 ±   0,14 0,97 ±   0,13 4,47 0,5572 

Zn10 3,38 ±   0,16 0,74 ±   0,09 4,13 0,4501 

Zn5 3,16 ±   0,03 0,93 ±   0,07 4,09 0,7783 

       

Ag100 2,74 ±  0,08 1,09 ±  0,10 3,83 1,5524 

Ag50 3,10 ±  0,04 2,24 ±  0,25 5,34 2,9067 

Ag20 2,62 ±  0,09 1,79 ±  0,20 4,41 0,3692 

Ag10 2,88 ±  0,01 1,57 ±  0,30 4,45 0,4455 

Ag5 2,77 ±  0,05 1,25 ±  0,05 4,01 1,0880 

Zn100 3,89 ±  0,13 1,73 ±  0,14 5,62 3,8153 

Zn50 3,88 ±  0,09 1,82 ±  0,15 5,71 4,3818 

Zn20 3,09 ±  0,06 1,24 ±  0,07 4,34 0,2244 

Zn10 2,88 ±  0,03 1,22 ±  0,20 4,10 0,5492 

Zn5 2,80 ±  0,06 1,12 ±  0,06 3,92 1,4002 

 2,90 ±  0,07 1,38 ±  0,15 4,28  
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 3 -      b / ,     

   (tst = 2,776 (α=0,95)) 

 
  

( \ ) 

  

( \ ) 

  +   

( \ ) 
t  

 6,06 ±   0,08 1,69 ±   0,21 7,75  

59 9,12 ±   0,13 2,29 ±   0,36 11,40 6,4459 

54 5,88 ±   0,21 1,61 ±   0,34 7,48 0,4340 

33 9,48 ±   0,12 2,30 ±   0,02 11,77 12,3940 

48 8,00 ±   0,10 1,86 ±   0,10 9,86 5,9100 

58 8,75 ±   0,01 1,42 ±   0,13 10,17 7,4163 

16 7,28 ±   0,12 1,46 ±   0,30 8,73 1,9017 

30 6,24 ±   0,24 1,87 ±   0,21 8,11 0,6562 

 

 4 -      b / ,     

   (tst = 2,776 (α=0,95)) 

 
  

( \ ) 

  

( \ ) 

  +   

( \ ) 
t  

 7,01 ± 0,11 1,37 ± 0,11 8,38  

59 6,03 ± 0,02 1,33 ± 0,11 7,36 3,8915 

54 6,04 ± 0,60 3,57 ± 0,18 9,62 1,5185 

33 7,01 ± 0,31 1,20 ± 0,21 8,22 0,2885 

48 6,04 ± 0,14 1,22 ± 0,12 7,25 3,2185 

58 6,52 ± 0,07 1,84 ± 0,11 8,37 0,0407 

16 6,90 ± 0,16 2,96 ± 0,03 9,86 4,9023 

30 7,52 ± 0,26 2,94 ± 0,01 10,47 5,9596 

 




