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ABSTRACT 
The challenge is to find new compounds that show strong antibiotic activity and low toxicity 
to plants and the environment. The objectives of the present study were (1) to isolate 
Xanthomonas sp. which causes citrus canker lesions and Pseudomonas sp. which produce 
bioactive compound from lime leaves (Citrus aurantifolia Swingle.) (2) to extract and evaluate 
the secondary metabolites with antibiotic activity produced by Pseudomonas sp. in vitro 
against Xanthomonas sp. (3) to determine the potential of secondary metabolites in foliar 
application to control citrus canker under normal conditions. The results showed X.1, mX.1 
and CPs.2 isolated codes of Xanthomonas sp. and CPs.2 isolated code of Pseudomonas sp. 
The CPs.2 was the closest to Ps. oryzihabitans and Ps. phychrotolerans more than 100 
percent similarity by 16S rDNA. The secondary metabolites were extracted and inhibited 
isolated Xanthomonas sp. of polar layer by ethyl acetate extraction which against 
Xanthomonas sp. with undiluted - concentration of minimum inhibitory concentration (MIC). 
The minimum bactericidal concentration (MBC) test not showed bacteriocidal activity. In the 
application, The metabolites could control the lesion citrus canker after foliar application. 
These results suggest that secondary metabolites must be purified which improve a higher 
potential to be used as a bioproduct to control citrus canker. 
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  (Citrus species)   

  (Citrus reticulata Blanco)     
    (
, 2555)  (C. grandis (L.) Osbeck) 

  (  , 
. . .)  (C. aurantifolia Swingle)  

    
    

 ( , 2558)  
  

    Xanthomonas citri subsp. citri 
 ( , 2558)     

  
 (Chen., et al., 2012; Schubert & Sun, 2003) 

 
  X. citri subsp. citri   

   (Islam., et al., 2014)     
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 (Phyllocnistis citrella Stainton)  

    
     ( , 2549) 
    

  
Carbaryl Malathion)  Copper sulfate 
Steptomycin  ( , 2548)  
   

    
  (Biological control)  

   (  
, 2553)  Bacillus subtilis  

(Kalita., et al., 1996)   (Secondary 
metabolite)  Pseudomonas aeruginosa  Nutrient agar (NA)  
Copper chloride  0.01   

   (Organocopper compound) 
  

 500  (de Oliveira., et al., 2016)  
  

  Xanthomanas sp. 
  Pseudomonas sp.        

   (Bioactive 
compound)  Xanthomonas sp.  

 
 

 
 1.   
  
10     Ethanol 70 

  3   5   3  
  1   99  

 10-2  10-3  10-4 
 Xanthomonas sp.  

Yeast extract Dextrose Calcium carbonate medium (YDC) (Islam., et al., 2014)  
Modified Yeast extract Dextrose Calcium carbonate medium (mYDC)  
YDC  yeast extract  1.0    Pseudomonas sp.  NA  CuCl2 
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 0.01 %( / ) (  pH 6.4-6.8) (de Oliveira., et al., 2016)  NA  
NaCl  4 %( / )  35   2-3  

   
NA  35   24   NA 

 4   
 2.      
 2.1   
   Pseudomonas sp.  Xanthomonas sp. 

  (Islam., et al., 2014)  
 2.2   
   Nutrient broth (NB) 

 NA  NaCl  4 %( / ) NA  NaCl  
4 %( / )  35   24    
Xanthomonas sp.  (Islam., et al., 2014)  
 2.3  (Fluorescence)  
    King’s medium B 
Base  28   6   Xanthomonas sp.  
(Islam., et al., 2014)  Ps. aeruginosa  
 2.4  
  2.4.1 Triple Sugar Iron (TSI) test  
    TSI slant  35   24  

  Xanthomonas sp.  A/A Gas, H2S (Islam., et al., 2014)  Ps. aeruginosa 
 K/K 

  2.4.2 Oxidative-Fermentative test  
    Hugh Leifson Medium  35      

 24   Xanthomonas sp.  Fermentative (Islam., et al., 2014)       
Ps. aeruginosa  Oxidative 
 2.5   
    NB      
35   24   NB 

 Muller-Hinton agar (MHA)  15-20  
   1   2   

 1  5          
 Bacitracin  0.4   Chloramphenicol    

30   2           
5   35   24   
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(Inhibition zone)  
 Xanthomonas sp.  (Islam., et al., 2014)  Ps. aeruginosa 

 2.6  Ps. aeruginosa  
   Pseudomonas sp.   NB 

 35   24   NB 
 MHA  15-20  

   1   2   
 1  5   

Imipenem  10  Ceftazidime  30 , Ciprofloxacin 
 5   Gentamicin  10  

 2   35   24  
 

 Oxoid 
 2.7  Xanthomonas sp.   
   Xanthomonas sp.  1  

 NB  50   28   150 
  24   108 Colony forming unit (CFU)/  

   12 × 24 
    

 
  

 4  5  2   3   Xanthomonas sp. 
 5   (Chen., et al., 2012) 

 2.8  16S rDNA  
   Pseudomonas sp.   16S 
rDNA  Polymerase chain reaction (PCR)  Amplified PCR product  GFX PCR 
DNA  Gel Band Purification Kit  16S rDNA  Amplified PCR 
products  ABI PRISM DNA sequencer  
Phylogenetic tree (  , 2552)   
 3.  (Bioactive compounds extraction) 
   Pseudomonas sp.  NB  CuCl2  
0.01 %( / )  50   28  

 100   24    40   NB 
 CuCl2  0.01 %( / )   400  

 28   100   10  
      

 (filtrate)   NA   
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50   Xanthomonas sp.  10  
 (Bioactive compounds)  (Centrifuge)    

20   5,000   (Supernatant) 
  2    Dichloromethane 

(d)/Ethyl acetate (e) (1:1)  1 : 2  5   
(Non - polar layer)  (Rotary evaporator)  

 45   (de Oliveira et al., 2016) 
 Ethyl acetate  1 : 1  10  

 60  
 (Spago., et al., 2014)  

 
 4.  
 4.1  
   (Polar layer)  2  8.3  

 20   5,000  
 (Supernatant)  (Membrane filter)  0.2  
 NA  50 %(v/v)  Xanthomonas sp. 

  35   24  
Xanthomonas sp. (You., et al., 2016) 
 4.2     
   Xanthomonas sp.   1   NB 

 50   35   150  
 24   NB  NA 

 15-20    6   1  
 1   (Polar layer)  (Non-polar layer)     

  20   
 28   48  

 (de Oliveira., et al., 2016) 
 4.3  (MIC) 
   Xanthomonas sp.   1   NB 

 50   28   150  
 18   0.5 McFarland  10   trypticase 

soy broth (TSB)  0.5   1  2  0.5  
 2   2  3  3  4 
 9   NB  0.5       

 (Positive control)  TSB  1   
 (Negative control)  10  TSB  0.5   Xanthomonas sp. 
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 NB  0.5   MIC 
 (de Oliveira., et al., 2016) 

 4.4  (MBC)  
   MIC 

  NA  28   48  
 4.5  (Antagonistic activity)  
   Xanthomonas sp.   1   NB 

 50  28   150   
24   Pseudomonas sp.  NB  CuCl2 0.01 
%( / )  50   28    
150   10   Xanthomonas sp. 

 2    MHA  NA  15-20      
 2    1  8   2    

5   1  20   2  
Pseudomonas sp.  20   2   6 

  2   5   1  (Control) 
  20   2  Pseudomonas sp.  20   

28   48   (Inhibition zone)        
 (Huang., et al., 2012) 

 4.6   
     
12×24     

  (Preventive)  
(Curative)  3   

 
  4  5  2  

 Xanthomonas sp.  NB  50  
 35   150   24  

  5   24   
Xanthomonas sp.  5   Xanthomonas sp. 

 5   24              
5   5   

 Xanthomonas sp.  5  
 (Chen., et al., 2012) 
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  Xanthomonas sp.  Pseudomonas sp. 
  

       
 Xanthomonas sp.  YDC  mYDC  Pseudomonas sp.  

NA  CuCl2  0.01 %( / )   NA  NaCl            
4 %( / )  35   2-3  

  YDC  6  
  X.1, X.2, X.3, X.4, X.5  X.6      

 X.1     X.2    X.3       
   X.4     X.5  

   X.6    
 mYDC   mX.1 

 35   2-3    
 NA  CuCl2  0.01 %( / )  2 

   CPs.1  CPs.2   CPs.1 
    CPs.2   NA  

NaCl  4 %( / )  3    NPs.1, NPs.1  
NPs.2   NPs.1  NPs.2 

  NPs.3   
  

 1  
 

  
 

  
4% Nacl 

 

 
TSI OF 

X.1 Rod - + - K/AG- F 
X.2 Rod + + - nc O 
X.4 Rod + - - nc O 
X.5 Cocci - + - K/A- F 
X.6 Rod + + - K/A- F 
mX.1 Rod - + - K/AG- F 
CPs.1 Rod - + - K/AG- F 
CPs.2 Rod - + - K/K- O 
NPs.1 Rod + + - K/K- O 
NPs.2 Cocci - + - K/A- F 
NPs.3 Cocci - + - K/AG- F 
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 : [Rod -] =  , [Rod +] = , [Cocci -] = 
 , TSI = Triple Sugar Iron, [K/A-] =     

, [A/A-] = , [K/AG-] =     
H2S, [K/K-] = , nc =  (Not change), OF = Oxidation 
Fermentation test, O = Oxidation, F = Fermentation 
    

 NA  NaCl  4 %( / )  
  2   TSI           

 OF  1  
 2   Bacitracin  0.4   

Chloramphenicol  30   2 
 

 2  

 
 

Bacitracin (0.4 ) Chloramphenicol (30 ) 

Xanthomonas sp. R S 
Pseudomonas sp. R R 
X.1 R S 
X.2 R S 
X.3 S S 
X.4 S S 
X.5 R S 
X.6 R S 
mX.1 R S 
CPs.1 R S 
CPs.2 R S 
NPs.1 R S 
NPs.2 R S 
NPs.3 R S 

: R = Resistant ( ), S = Susceptible ( ) 
 

    
 Xanthomonas sp.  3   X.1, mX.1  CPs.1 

     NA  
NaCl  4 %( / )  

  2   TSI  K/AG- (    
   H2S   OF  F (Fermentation) (  1) 

 2   Bacitracin  
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0.4   R ( )  Chloramphenicol  30 
  S ( ) (  2) 

  Xanthomonas sp.     
  X.1, mX.1  CPs.1  YDC  mYDC 

 
 X.1  YDC  mX.1  mYDC 

  CPs.1  NA  CuCl2      
 0.01 %( / )  Pseudomonas sp. 

Xanthomonas sp.  Cu   
Xanthomonas sp.  2   NA  CuCl2       

 0.01 %( / )  NA  Cu(OH)2        
 Funguran  0.01 %( / )  Xanthomonas sp. 

 2   de Oliveira et al., (2011) 
 X. citri pv. citri  NA  CuCl2    

 CuCl2  0.01 % ( / )  X. citri pv. citri 
  X. citri pv. citri  Cu 

 X. citri pv. citri  Favaro et al. (2017)         
  

Biofilm   
   Cu 

   Xanthomonas sp. 
     

   12 × 24    
Xanthomonas sp.  108 CFU/  
Xanthomonas sp.          

  20  
      

  
Xanthomonas sp.  mYDC 

  Xanthomonas sp. 
   mYDC 
  Xanthomonas sp.     

 Xanthomonas sp.   
   

 Pseudomonas sp.   CPs.2         
   NA  NaCl  4 %( / )    

   2  
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 TSI  K/K ( )  OF  O (Oxidation) 
(  1)  2   Bacitracin 

 0.4   R ( )  Chloramphenicol  30 
  S ( ) (  2)  Ps. aeruginosa 

 
(Organocopper antibiotic compound)  de Oliveira., et al. (2016)  

 X. citri subsp. citri    
 Ps. aeruginosa  

Pseudomonas sp.     4   Imipenem  10 
, Ceftazidime  30 , Ciprofloxacin  5 
  Gentamicin  10   Pseudomonas sp.      

 (Susceptible)  4  (  3)  
Pseudomonas sp.  Ps. aeruginosa  Ps. aeruginosa  
(Resistant)  
 

 3  Pseudomonas sp.    
               Ps. Aeruginosa 
 

 
 

Pseudomonas aeruginosa CPs.2 
 

( ) 
 

( ) 
 

( ) 
 

Imipenem 10  22 20-28 38.33 S 
Ceftazidime 30  27 22-29 31.33 S 
Ciprofloxacin 5  30 25-33 42.67 S 
Gentamicin 10  18 17-23 27.67 S 

: S = Susceptible ( ) 
 

   Pseudomonas sp. 
 16S rDNA  Ps. oryzihabitans  Ps. phychrotolerans 

 100   Pseudomonas sp.  
 2   Ps. 

oryzihabitans  Bhagat et al. (2016) 
 Asparaginase  Ps. oryzihabitans 

  Acrylamide   Asparaginase      
Ps. oryzihabitans  (Hibiscus rosa-
sinensis)  Ps. oryzihabitans 

  Pseudomonas sp. 
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  Ps. phychrotolerans 
 

  
  Pseudomonas sp.  NB  
CuCl2  0.01 % ( / )  28   
100   10   2   1  
CPs.2/1  2  CPs.2/2 

 10   1  Pseudomonas sp.     
 1  2  (Lag phase)   

(Log phase)  6  (Stationary phase)  8  10  
  Pseudomonas sp.  2  

    1 - 4 
 5 - 8  (Death phase)  9  10  

 Pseudomonas sp.  1  2  
  

 (Metabolite)     
 

  

 
 1  Pseudomonas sp.  NB  CuCl2  

 0.01 %( / )  10  
 

   
 Pseudomonas sp.  NB  CuCl2    

 0.01 % ( / )  
 NA   50  
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 Xanthomonas sp.   Xanthomonas sp.  NA  
  

  Pseudomonas sp.  NB  CuCl2  
0.01 % ( / )  10   

  2   
 Dichloromethane(d)/Ethyl acetate(e) (1:1)  

1 : 2  5    d : e CPs.2/1  d : e CPs.2/2 
 Ethyl acetate  1 : 1    

10    e CPs.2/1  e CPs.2/2 
    

  
    
d : e CPs.2/1  d : e CPs.2/2  45    e CPs.2/1 

 e CPs.2/2  60    45 
  

d : e CPs.2/1  5.5 , d : e CPs.2/2  3.3 , e CPs.2/1 
 1   e CPs.2/2  2.9  

 d : e CPs.2/1, d : e CPs.2/2, e CPs.2/1  e CPs.2/2  0.2 
  NA  50 %( / )  Xanthomonas 

sp.   e CPs.2/2  
Xanthomonas sp.  (  2 .)  1       

 CPs.2/2  
  CPs.2 

    (Continuous culture) 
  

 e CPs.2/2 
 45   

 2   
   
  

  20  
 NA  Xanthomonas sp.  108 CFU/          
  Xanthomonas sp.       
  e CPs.2/2 

 Xanthomonas sp.   10.33      
(  4,  3) 
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 4  Xanthomonas sp.   
              (Disk Diffution Method) 
 

    ( ) 

 
 

d : e CPs.2/1 5.5 /  - 
d : e CPs.2/2 3.3 /  - 

e CPs.2/1 1.0 /  - 
e CPs.2/2 2.9 /  - 

 e CPs.2/2 100% 10.33 

: , (-) = , (d)  Dichloromethane , (e) Ethyl 
acetate (e) 
 

( )   ( ) 

( )   ( )                                 
 2  Xanthomonas sp.  NA        

 50 %(v/v) ( ) d : e CPs.2/1 ( ) d : e CPs.2/2 ( ) e CPs.2/1 ( ) e CPs.2/2 

 
 3  e CPs.2/2   

Xanthomonas sp.  
  (MIC) 

 (MBC) 
  e CPs.2/2  MIC  Xanthomonas 
sp.   2    100 

, 50 , 25 , 12.50 , 6.25 , 3.15 , 1.56 
, 0.78   0.39   TSB        
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 TSB  Xanthomonas sp.   MIC 
  

 100  (  4 .) 
  e CPs.2/2  Xanthomonas sp.  

 
  Xanthomonas sp.  (  4 .)  

 

         ( )                              
 

( ) 
 4  ( )  (MIC) 

( )  (MBC) 
 

  (Antagonistic activity) 
  Pseudomonas sp.  NB  CuCl2 0.01 
%( / )  28   150   
10   108 CFU/   20  

 8  (  5 .)  6  (  5 .)  
 MHA  NA  Xanthomonas sp.  108 CFU/

  Pseudomonas sp.  Xanthomonas sp.          
  

  
     

 12 × 24    
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 4  5  2  
  24  

Xanthomonas sp.  108 CFU/   
Xanthomonas sp.  24     

  Xanthomonas sp. 
 3   20  

 

 ( )  ( ) 
 5  ( )  1  8  ( )  2 

 6  
 

    
  

Xanthomonas sp.  (  6 )       
 (  6 )  

Xanthomonas sp.  (  6 ) 
 Xanthomonas sp.  (  6 )   

       
 

 Xanthomonas sp.  
 

 
   Pseudomonas sp.  Xanthomonas sp. 

 (C. aurantifolia Swingle)     
 Pseudomonas sp.  
 NB  CuCl2  0.01 % ( / )  28  

 100   10   Pseudomonas sp. 
 (Stationary phase)   
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 e CPs.2    

Ethyl acetate  Xanthomonas sp.  
 (MIC)  100   

 (MBC) 
  Xanthomonas sp. 

 
 

( ) ( ) 

( ) ( ) 
 6  ( )  (Preventive)  

( )   (Curative) ( )  (Negative control)  
( )  (Positive control) 

 

 
  (Antagonistic activity) 

 Pseudomonas sp.  
 Xanthomonas sp.   Xanthomonas sp.  

 NA  
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