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ABSTRACT 
 
    In this research, the inhibitory effects of silver nanoparticles and zinc oxide nanoparticles,  in vitro, on 
disease stone fruits bacterial canker caused by Pseudomonas syrigae pv. Syringae and disease bacterial 
blight caused by Xanthomonas arboricola pv. juglandis, were studied. Different concentrations of 
nanoparticles were prepared on Mueller Hinton agar medium in two different ways in a complete 
randomized design with 3 replications and controls. According to the observations both  silver and zinc 
oxide nanoparticles had more  inhibitory effect on bacteria X.arboricola than on bacteria P.syringae, and 
zinc oxide nanoparticles in the prepared concentrations almost had no inhibitory effect on bacterial 
growth on P.syringae. 
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Introduction 
 
Every year around the world the amount of crops decreases due to plant diseases. Various natural and 
synthetic methods for controlling plant diseases are used out of which the use of chemical pesticides is the 
most common. In recent years, the environmental hazards of chemical pesticides have made scientists to 
look for alternative methods with minimum environmental risks (Jo et al., 2009).  Today, the antibacterial 
properties of nanoparticles, has attracted the attention of many researchers and many articles are 
published every day about the wonderful property of nanoparticles to overcome pathogens which have 
become resistant to current antibiotics (Elchinguerra et al., 2005). Most of antimicrobial studies have been 
on bacteria and fungi in human and few studies have been done plant pathogens. Currently, in order to 
control bacterial diseases of plants antibiotics are prescribed to which these pathogens have become 
resistant in recent years. In studies conducted by ‘Berger et al’ on silver nanoparticles, it was concluded 
that these particles own the properties of being compatible with the environment and having strong 
antimicrobial effects. Numerous studies have been donebased on the possible reactions between 
nanoparticles and macromolecules of living organisms. The difference between negative charge of 
microorganisms and positive charge of nanoparticle acts as an electromagnetic absorber between the 
microbe and the nanoparticle and helps the nanoparticle to stick to  the cell surface and this leads to the 
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cell’s death. Finally, many of these contacts lead to oxidation of surface molecules of microbes and their 
rapid death. (Lin and Xing, 2007) . 
 
Materials and Methods 
 
All equipment and media were purchased from Germany Merck, bacteria was prepared from Prokaryotes 
collection of Ferdowsi University of Mashhad, and business forms of sliver and zinc oxide nanoparticles 
were purchased from Nanocid Tehran. The mean size of the nanoparticles was between 5 and 10nm. 
1 - Evaluation of the Antimicrobial Effect Nanoparticles Based on Disc Method 
    InPhase I, the Hinton agar solidified medium was cooled in a sterile test tube slant and obliquely. After 
culturing the bacteria in the test tubes at 30 °C for 48 hours, they were incubated. Then, using Ringer's 
solution under the hood, the bacteria were isolated from the culture medium and by using 
Spectrophotometer and a quartzcell, 0/5 MF(McFarland) concentration of bacteria was prepared in sterile 
test tubes. 
 Then using samplers, 100ml of 0/5 MF on the surface of Mueller Hinton agar medium, was poured into 
Petri and was completely cultured using a sterile swab. Then different concentrations of 50,100,150, and 
200 ppm of silver nanoparticles were prepared in 4 sterile Falcons, and the sterile discs were placed in a 
solution of Nano for 10 minutes and then placed in culture medium containing bacteria. The Petri dishes 
were incubated at temperature 30°C,for 48 hours. After completion of the growth of bacteria, the halo 
created around the disc was measured using a digital ruler. 

 

  
 
Figure 1: Inhibitory effect of different doses of silver nanoparticles on (A)X.arboricola and 
(B)P.syringae 
 
In the next step, using sampler, 100ml of 0/5 MF on the surface of Mueller Hinton agar 
medium was poured into Petri and completelly cultured using sterile swab. Then 
Concentrations of 100 and 200 ppm of zinc oxide nanoparticles, were prepared in sterile 
Falcon, the sterile disks were placed in a solution of Nano(ZnO) for 10 minutes based on the 
previous method, and then the disk were put on the culture media containing the bacteria and 
incubated for 48 hours at 30°C. The experiment was done with three replications and the 
results were evaluated. Similar experiments were performed for both bacteria. 
 

  
 
Figure 1: Inhibitory effect of different doses of ZnO nanoparticles on (A)X.arboricola and 
(B)P.syringae 
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Table 1:The Average Halo Diameter of Bacterium X.arboricola and P.syringae 
Zone of Inhibition 

nanoparticles Ag ZnO Contro
l 

ppm 50 100 150 200 100 200  
X.arboricola 10.1 10.8 11.2 11.6 - 8 - 
P.syringae 10.9 11.6 12.9 15 23.1 24.1 - 

 
2-Evaluation of the antimicrobial effect of nanoparticles using nanoparticles combined with 
medium 
   In Phase II experiment, 200cc Muller Hinton agar medium was prepared in 7 - 250 ml 
Erlenmeyer flasks. After autoclaving the media, when the temperature of the medium inside 
the flask reached 50 °C and by  Using equation M1V1 = M2V2, different volumes of silver 
and zinc oxide Nanoparticles were poured separately into each flask, so that the entire 
solution in flask(1) with concentration of 50ppm, flask(2) with concentration of 100ppm, 
flask(3) with concentration of 150ppm and flask(4) with concentration of 200ppm of silver 
nanoparticles and in flask(5) solution with concentration of 100ppm and flask(6) with 
concentration of 200 ppm of zinc oxide nanoparticles were prepared and flask (7) was 
prepared without nanoparticles as a control flask. 
Then 15ml of culture medium was poured in each Petri dish (mm15 × 90). After they cooled 
down100microliters of 0/5 MF concentration of bacteria was poured on the surface of the 
medium and with a sterile glass rod spreader the entire surface of the culture medium was 
treated. The culture was done with three replications for each concentration separately. This 
was done separately for both bacteria. Petri dishes were incubated at 30°C.After 48 hours of 
incubation, the results of observing the petri dishes were analyzed. For the bacterium 
Xanthomonas, in all concentrations of silver and zinc oxide nanoparticles, no growth was 
observed (Fig. 3). The bacterium Pseudomonas,had no growth at prepared concentrations of 
silver nanoparticles, but had significant growth in zinc oxide nanoparticles, (Fig. 5). 
 

 

   
Control       200ppm(Ag)  200ppm(ZnO) 

 
Figure 3:the Inhibitory effectssilver and zinc oxide nanoparticles at concentrations of 100 
and 200ppm on the growth of X.arboricola 
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  Control       12.5ppm(Ag)   12.5ppm(ZnO) 

 
Figure 4: the Inhibitory effects silver and zinc oxide nanoparticles atconcentration of 12.5 
ppm on the growth of X.arboricola 
 
 

 
Control   200ppm(Ag) 12.5ppm(Ag) 200ppm(ZnO) 

 
Figure 5: the Inhibitory effects silver and zinc oxide nanoparticles at different concentrations 
on the growth of P.syringae 
 
 

Results and Discussion 
 
   In this study, inhibitory effects of various concentrations of zinc oxide and silver 
nanoparticles were evaluated on two bacterial plant pathogens. Results were expressed as 
mean disc method in Table 1. According to Table 1 and Figures 1 and 2, both zinc oxide and 
silver nanoparticles had more impact on the bacterium Xanthomonas than on Pseudomonas. 
Results showed that on the bacterium Xanthomonas, ZnO nanoparticles had a diameter 
greater than that of silver nanoparticles. In bacterium Pseudomonas, in theinhibitionbyzinc 
oxide nanoparticle, at concentration of ppm100 no effect on the inhibition was seen, and at 
concentration of 200ppm zone diameter was very small. But different concentrations of 
silver nanoparticles had a greater impact on deterrence. In the second stage of the 
experiment, the bacterium Xanthomonas, at concentrations of 100, 200, 50, 25ppm of silver 
and ZnO nanoparticles, showed no growth, and only at concentration of 12.5 ppm growth 
observed was lower than in controls. In bacterium Pseudomonas, there was no significant 
inhibition by the ZnO nanoparticles but silver nanoparticles at concentrations of 100, 200, 
50, 25ppm showed growth inhibition and at concentration of 12.5 ppm less growth was 
observed compared with the controls. Regarding the fact that the environmental risks of 
nanoparticles are less than chemical pesticides, silver and zinc oxide nanoparticles can be 
used for controlling plant pathogens. But the potential use of nanoparticles requires further 
testing and evaluation of nanoparticles’ interactions with plants and better strategy 
development. 
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