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Abstract - Nano silver particles were synthesised through the chemical reduction of Ag+ using glucose to produce a 
stable nano silver suspension. The antimicrobial efficacy of this suspension was evaluated against 12 plant pathogenic 
microorganisms using both disc diffusion and agar well diffusion methods. While no antimicrobial activity was observed 
in the disc diffusion method, the agar well diffusion method proved suitable for identifying inhibition zones. 
Consequently, Minimum Inhibitory Concentration (MIC) measurements were conducted using the agar well diffusion 
method. The nano silver suspension demonstrated antimicrobial effects against all tested pathogens, including Alcaligenes 
piechaudii, Erwinia amylovora, Erwinia carotovora subsp. atroceptica, Erwinia chrysanthemi, Flavobacter sp., 
Pseudomonas cichorii, Pseudomonas syringae pv. syringae, Pseudomonas syringae pv. tomato, Xanthomonas 
axanopodis pv. malvacearum, Xanthomonas axanopodis pv. vesicatoria, Xanthomonas axanopodis pv. campestris, and 
Xanthomonas campestris pv. raphani. Notably, the suspension exhibited higher inhibitory activity against Erwinia 
amylovora, Pseudomonas cichorii, Pseudomonas syringae pv. syringae, and Xanthomonas axanopodis pv. vesicatoria. 
Post-synthesis characterization of the particles was conducted using Scanning Electron Microscopy (SEM) and X-Ray 
Diffraction (XRD) spectroscopy to analyse their morphology and crystalline structure. 
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Ekonomik açıdan önemli fitopatojenlerin biyolojik mücadelesinde 
sentezlenmiş gümüş nanopartiküllerin potansiyeli 
Öz  -  Nano gümüş parçacıkları, glikoz kullanılarak Ag+'nın kimyasal indirgenmesi yoluyla sentezlendi ve stabil bir nano 
gümüş süspansiyonu elde edildi. Bu süspansiyonun antimikrobiyal etkinliği, disk difüzyon ve agar kuyucuk difüzyon 
yöntemleri kullanılarak 12 bitki patojenik mikroorganizma üzerinde değerlendirildi. Disk difüzyon yönteminde 
antimikrobiyal aktivite gözlemlenmezken, agar kuyucuk difüzyon yöntemi inhibisyon bölgelerini belirlemek için uygun 
olduğu kanıtlandı. Sonuç olarak, agar kuyucuk difüzyon yöntemi kullanılarak Minimum İnhibisyon Konsantrasyonu 
(MIC) ölçümleri yapıldı. Nano gümüş süspansiyonu, Alcaligenes piechaudii, Erwinia amylovora, Erwinia carotovora 
subsp. atroceptica, Erwinia chrysanthemi, Flavobacter sp., Pseudomonas cichorii, Pseudomonas syringae pv. syringae, 
Pseudomonas syringae pv. tomato, Xanthomonas axanopodis pv. malvacearum, Xanthomonas axanopodis pv. 
vesicatoria, Xanthomonas axanopodis pv. campestris ve Xanthomonas campestris pv. raphani dahil olmak üzere tüm test 
edilen patojenlere karşı antimikrobiyal etki göstermiştir. Özellikle, süspansiyon Erwinia amylovora, Pseudomonas 
cichorii, Pseudomonas syringae pv. syringae ve Xanthomonas axanopodis pv. vesicatoria'ya karşı daha yüksek inhibe 
edici aktivite sergilemiştir. Parçacıkların sentez sonrası karakterizasyonu, morfolojilerini ve kristal yapılarını analiz etmek 
için Taramalı Elektron Mikroskobu (SEM) ve X-Işını Kırınımı (XRD) spektroskopisi kullanılarak gerçekleştirilmiştir. 

Anahtar kelimeler: Antimikrobiyal aktivite; MIC, nano gümüş; bitki patojenleri, sentez karakterizasyonu. 
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1. Introduction 
  
Over the past few decades, nanotechnology has emerged as a revolutionary frontier in materials 

science and has offered innovative solutions to long-standing challenges in agriculture and 
biotechnology. Typically defined as materials with at least one dimension between 1 and 100 
nanometers, nanostructures exhibit unique physical, chemical, and biological properties that differ 
significantly from their bulk counterparts. These distinct properties—such as an extraordinarily high 
surface-to-volume ratio, enhanced reactivity, and tunable surface chemistry—enable nanoparticles to 
interact with biological systems at the cellular and molecular levels, making them ideal candidates 
for targeted drug delivery and antimicrobial applications [1]. 

The primary driving force behind research into nanobiotechnology in the field of plant protection 
is the alarming rise in antibiotic and pesticide resistance among economically significant plant 
pathogens. For years, excessive reliance on traditional chemical fungicides and antibiotics has exerted 
intense selective pressure on microbial populations. This situation has led to the emergence of 
resistant strains that render traditional treatments ineffective, threaten global food security, and 
increase crop production costs. Unlike traditional molecular agents, which typically target a single 
metabolic pathway, nanomaterials provide a multifaceted mechanism of action, significantly 
hindering pathogens’ ability to develop defensive mutations [2]. 

Crop losses due to plant diseases caused by pathogenic bacteria, fungi, viruses, and insects 
represent a significant challenge for agriculture. Seed-borne bacterial and fungal pathogens further 
exacerbate this issue by spreading through contaminated seeds. Ensuring the use of healthy seeds is 
thus a critical strategy for controlling such diseases. Synthetic pesticides and antibiotics have 
traditionally been employed for rapid and effective disease management; however, while these 
methods inhibit bacterial growth, they are often insufficient for completely eradicating seed-borne 
pathogens. Moreover, their persistence in the environment, along with toxic residues harmful to 
mammalian health, raises ecological and health concerns. Although the use of antibiotics in 
agriculture is prohibited in many European Union countries, the United States and some other nations 
continue to permit oxytetracycline and streptomycin for controlling bacterial diseases in key crops. 
The development of microbial resistance and the high cost-benefit ratio further limit the long-term 
viability of synthetic pesticides, fostering interest in alternative approaches. Only the United States 
and a few other countries allow the use of oxytetracycline and streptomycin for the control of bacterial 
diseases on important crops [3]. In addition, the risk of developing the resistance by microorganisms 
and the high cost-benefit ratio are other disadvantages of synthetic pesticide uses [4]. Therefore, there 
has been a growing interest in research concerning the alternative pesticides and antimicrobials. 

Among various metallic nanostructures, silver nanoparticles (AgNPs) have attracted significant 
attention due to their broad-spectrum antimicrobial activity. Silver has been known for its antiseptic 
properties since ancient times, but its synthesis at the nanoscale has exponentially increased its 
potential. AgNPs function as potent biological control agents through various concurrent 
mechanisms: 

• Membrane Disruption: They adhere to and penetrate the microbial cell wall, causing 
physical damage and the leakage of intracellular contents. 

• Oxidative Stress: AgNPs trigger the formation of reactive oxygen species (ROS), inflicting 
lethal oxidative damage on proteins and nucleic acids. 

• Interference with DNA replication: Substances released from silver ion ($Ag^+$) 
nanoparticles can bind to sulfur and phosphorus groups in DNA, thereby inhibiting 
replication and cell division. 

https://doi.org/10.56171/ojn.1903425
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Metal nanoparticles have garnered significant attention due to their unique physical and chemical 
properties. They find applications in fields such as catalysis, photonics, optoelectronics, information 
storage, and antibacterial technologies. Among these metals, silver is particularly notable for its 
potent bactericidal properties, which have been recognised for centuries. Silver is highly toxic to 
bacterial species such as Escherichia coli (E. coli) and Staphylococcus aureus. Consequently, 
colloidal silver, nanosilver-coated fabrics, metal oxide granules, and ceramic materials integrated 
with nanosilver have been employed for antibacterial purposes. One of the most important metals is 
silver whose bactericidal property has been known for centuries. Silver is highly toxic to bacteria 
such as Escherchia coli (E. coli) and Staphylococcus aureas [5,6]. 

In this study, nanosilver particles were synthesised through the reduction of Ag+ using glucose to 
produce a stable nanosilver suspension. The antimicrobial effects of this suspension were evaluated 
against 12 plant pathogenic microorganisms. Post-synthesis, the structural properties of the 
nanoparticles were characterised using Scanning Electron Microscopy (SEM) and X-Ray Diffraction 
(XRD) analysis. 

2. Experimental 

2.1. Synthesis of nano-silver particles 
Analytical grade reagents, including silver nitrate (AgNO3), glucose, and diethyl amine (DEA), 

were used for nanoparticle synthesis. Deionised water (17 MΩ.cm) served as the solvent. Silver 
nitrate (5 mL, 15 mM) and glucose (5 mL, 15 mM) solutions were mixed dropwise under continuous 
stirring until a homogeneous solution was obtained. Glucose was selected as the reducing agent due 
to its non-toxic nature and ability to minimise additional metal contamination, which can interfere 
with the antimicrobial properties of silver nanoparticles. Moreover, glucose oxidation produces 
gluconic acid, a stabiliser that helps prevent nanoparticle aggregation. 

To initiate the reduction reaction, an aqueous solution of diethyl amine (DEA, 5 mL, 345 mM) 
was rapidly added to the mixture, followed by vigorous stirring. The reaction mixture was diluted 
with deionised water to achieve a final silver concentration of 500 µg/mL. A 50 µl aliquot, containing 
25 µg of silver, was prepared for subsequent antimicrobial activity testing. 

The synthesised nanoparticles were characterised to assess their morphology and crystalline 
structure. SEM analysis (Carl Zeiss EVO 40) was employed to visualise particle shape and size, while 
XRD analysis (Rigaku Mini Flex diffractometer) was used to confirm crystallinity and preferred 
orientation of the silver nanocrystals. The crystallite size was calculated using Scherrer’s formula, D 
= 0.9λ / (β cos θ), where D is the crystallite size, λ is the X-ray wavelength (λ = 1.54050 Å), and β is 
the peak width at half-maximum intensity. 

2.2. SEM and XRD measurements  
To determine the morphology and particle size of the synthesised nanosilver particles, Scanning 

Electron Microscopy (SEM) analysis was conducted using a Carl Zeiss EVO 40 microscope. SEM 
images provided detailed insights into the shape and size distribution of the nanoparticles. 

X-ray Diffraction (XRD) analysis was performed to assess the crystallinity and preferred crystal 
orientation of the nanocrystals. The analysis was carried out using a Rigaku Mini Flex diffractometer 
with Cu Kα radiation (λ = 1.54050 Å) over a 2θ angle range of 20° to 80°. The crystallite size of the 
nanoparticles was determined using Scherrer’s formula, D = 0.9λ / (β cos θ), where D represents the 
crystallite size, β is the full width at half maximum (FWHM) of the diffraction peak in radians, and 
λ is the wavelength of the X-rays (λ = 1.5418 Å). 

https://doi.org/10.56171/ojn.1903425
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2.3. Antimicrobial activity 

Phytopathogenic bacterial strains 
The nanosilver suspensions were tested individually against 12 phytopathogenic bacterial strains, 

as detailed in Table 1. These strains were obtained from the culture collection unit of the Department 
of Plant Protection, Faculty of Agriculture, Atatürk University, Erzurum, Turkey. The bacterial 
strains had been isolated from fruits and vegetables displaying characteristic symptoms of bacterial 
infections on their respective host plants. For future studies, the bacterial cultures were preserved in 
Luria Broth supplemented with 15% glycerol and stored at -80°C. 
Table 1: Antibacterial activities of the nano silver against plant pathogenic bacteria. 50 μl of the nanosilver 
suspension was added to each agar well. 

Bacterium Strains Nano silver suspension 50 µl Antibiotic 
Streptomycin sulfate (5mM) 
25 µl 

IZD for 500 
µgAg/mL(mm) 

MIC 
µgAg/mL 

IZD (mm) 

Alcaligenes piechaudii 14.0±1.0 50 28.0±1.0 
Erwinia amylovora 12.7±0.6 25 29.0±1.0 
Erwinia carotovora subsp. atroceptica 13.0±1.0 50 22.7±0.6 

Erwinia chrysanthemi 10.3±0.6 200 27.7±1.2 
Flavobacter sp. 9.3±0.6 200 24.3±1.2 
Pseudomonas cichorii 14.3±0.6 25 35.3±0.6 
Pseudomonas syringae pv. syringae 19.3±1.2 25 35.0±0.0 

Pseudomonas syringae pv. tomato 14.3±0.6 100 27.7±1.2 

Xanthomonas axanopodis pv. 
malvacearum 

17.2±1.8 - 34.3±0.6 

Xanthomonas axanopodis pv. 
vesicatoria 

18.0±2.0 25 a 

Xanthomonas axanopodis pv. 
campestris 

16.0±1.0 100 26.3±0.6 

Xanthomonas campestris pv. raphani 16.3±1.5 50 32.0±0.0 

IZD: Inhibition Zone Diameter. 
anot tested. 

 

Disc-diffusion assay 
Antibacterial activity assays were conducted using the disc diffusion method following the 

guidelines of the National Committee for Clinical Laboratory Standards [7] on Triptic Soy Agar 
(TSA; Merck, Germany) medium. Bacterial cultures were cultivated in Triptic Soy Broth (TSB; 
Merck, Germany) until they reached a concentration of 1x10^8 CFU/mL. A 100 µl aliquot of this 
bacterial suspension was evenly spread on TSA plates using a sterile swab. Sterile discs (6 mm in 
diameter) were impregnated with 10 µl of the nanosilver suspension and placed at the centre of the 
inoculated plates. The plates were then incubated at 27 ± 2°C for 48 hours. All experiments were 
performed in triplicate to ensure the reliability and reproducibility of the results. 

Agar well diffusion assay 
Bacterial cultures were cultivated in Triptic Soy Broth (TSB; Merck, Germany) until reaching a 

concentration of 1x10^8 CFU/mL. A 100 µl aliquot of this bacterial suspension was evenly spread 
onto Triptic Soy Agar (TSA) plates using a sterile swab. A well with a diameter of 6 mm was created 
at the centre of each plate using a cork borer, which was sterilised with alcohol and flame prior to 
each use. Each well was filled with 50 µl of the nanosilver suspension. The plates were then incubated 

https://doi.org/10.56171/ojn.1903425
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at 27°C for 24 hours. Antibacterial activity was assessed by measuring the diameter of the inhibition 
zones formed around the wells, following NCCLS 1993 guidelines [8]. Streptomycin sulfate (5 mM) 
was used as the standard antibiotic, with 25 µl of streptomycin solution added to control wells. All 
tests were conducted in triplicate to ensure reproducibility. 

To determine Minimum Inhibitory Concentration (MIC) values, the same assay was repeated with 
varying concentrations of the nanosilver suspension. 
 

3. Result and Discussion 
Silver nanoparticles (AgNPs) can be synthesised using various aqueous-based chemical methods. 

Numerous techniques have been developed for the production of silver nanoparticles, such as 
chemical reduction (involving the reduction of silver ions in either aqueous or non-aqueous 
solutions), biochemical reduction, electrochemical or ultrasonic-assisted reduction, photoinduced or 
photocatalytic reduction, irradiation reduction, template methods, microwave-assisted synthesis, and 
microemulsion methods, among others [9]. Chemical reduction is the most widely used method for 
producing large quantities of nanoparticles in a relatively short time. Additionally, by controlling the 
reaction conditions, nanoparticles with various shapes can be easily synthesised. However, silver 
particles have a tendency to grow or aggregate into larger particles, which can alter their characteristic 
properties. To prevent the agglomeration of silver nanoparticles during both the synthesis process and 
storage, special organic compounds such as surfactants, polymers, and stabilizing ligands are 
commonly employed to inhibit aggregation [9]. 

In the present study, silver nanoparticles were synthesised through an oxidation-reduction reaction 
involving silver nitrate, glucose (as the reducing agent), and diethylamine (DEA) (as the catalyst), as 
described by Janardhanan et al. [10]. Various reducing agents, including glucose, NaBH4, DMSO 
(dimethyl sulfoxide), and citric acid, have been utilised to reduce silver ions into silver metal atoms 
[9,10]. In this study, glucose was selected as the reducing agent to avoid additional metal 
contamination and to prevent interference with the antimicrobial activity of silver. The oxidation of 
glucose results in the production of gluconic acid during the formation of silver nanoparticles. 
Gluconic acid is also recognised as a stabiliser for silver nanoparticles [10]. 
Samples for scanning electron microscopy (SEM) and X-ray diffraction (XRD) analysis were 
prepared by depositing droplets of the nano-silver suspension onto a glass substrate and allowing the 
solvent to evaporate. The majority of the silver particles are spherical and exhibit a range of particle 
sizes, with an average size of 31.99 nm, as calculated using Scherrer’s formula (2θ: 39.5, β (rad): 
0.4). Some agglomerates, approximately 1000 nm in size, are also visible in the images, likely formed 
during the evaporation of the solvent on the glass substrate. The typical XRD spectra for silver, shown 
in Figure 2, reveal peaks at 2θ values of 39.5, 45.6, 65.6, and 78.6, which are consistent with the 
literature [11]. These values confirm the crystalline nature of the AgNPs, specifically aligning with 
the face-centered cubic (fcc) structure of metallic silver. The calculated average grain size of 31.99 
nm is a critical factor for the subsequent antimicrobial assays; as particle size decreases, the surface-
area-to-volume ratio increases, significantly enhancing the contact surface and interaction between 
the nanoparticles and the bacterial cell membranes. 
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6 

Open Journal of Nano - Neslihan Hıdıroğlu İspirli 
DOI: 10.56171/ojn.1110326 

Open Journal of Nano  
ISSN: 2147-0081 
(2026) 11 
Research Article / Araştırma Makalesi 

 

 
Figure 1: a) SEM image of silver nanoparticles b) SEM image of silver nanoparticles. 
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Figure 2: XRD of silver nanoparticles. 

 
In this method additional chemicals don’t need to be used to prevent aggregation of nanoparticles 

at studied silver concentration. Because gluconic acid which is produced by oxidation of glucose has 
a carboxylic acid group and it can bind to silver surface. Therefore, surfaces of nanoparticles contain 
gluconic acid and it causes to form negative charge on the particle surface. Consequently, gluconic 
acid acts as a stabiliser for silver nanoparticles. The capping of the silver particle with gluconic acid 
also controls the grain growth. In addition, silver nanoparticles do not have any oxide layer as it is 
protected by gluconic acid molecules. 

During synthesis of nanosilver particles DEA acts as a catalyst. The concentration of DEA is also 
known as size controlling factor. When DEA the concentration is decreased, the particle size increases 
[8]. Its final concentration was 115 mM in the preparation of nanosilver suspension.  

The stability of the synthesized nanosilver suspension is inherently linked to the oxidation of 
glucose into gluconic acid. The carboxylic acid groups of the resulting gluconic acid molecules bind 
to the silver surface, imparting a negative electrostatic charge. This surface functionalization creates 
a repulsive force between particles, effectively inhibiting aggregation and secondary grain growth 
without the need for auxiliary chemical stabilizers. Furthermore, Diethylamine (DEA) serves as a 
crucial size-controlling catalyst; at a final concentration of 115 mM, it ensures a narrow particle size 
distribution, which is vital for maintaining consistent biological activity. 

After preparation of nanosilver suspension, it was applied for antimicrobial activity by using disc 
diffusion method and agar well diffusion method. Antimicrobial effect of nanosilver suspension was 
tested against 12 plant pathogen microorganisms. It was interesting that any inhibition zone was 
observed on plates in disc diffusion method. Afterwards, the same experiments were performed using 
agar well diffusion method. 50 µl nanosilver suspension (it contains 25 µg silver) was added into 
each well. All of the microorganisms were inhibited by nanosilver in this method. This observation 
indicates that nanosilver particles cannot diffuse from disc to agar media while it can diffuse from 
well to agar media in which microorganisms grow (Figure 3a, 3b). Then MIC values were determined 
using the same method and results were given in Table 1. It can be seen from MIC values that 
nanosilver suspension was more effective on Erwinia amylovora, Pseudomonas cichorii, 
Pseudomonas syringae pv. syringae, Xanthomonas axanopodis pv. vesicatoria. 

In the antimicrobial assays, a striking contrast was observed between the two diffusion methods. 
While the disc diffusion method yielded no visible inhibition zones, the agar well diffusion method 
revealed broad-spectrum activity against all 12 phytopathogens. This discrepancy suggests a 
significant mass transfer limitation in the disc method, where the AgNPs likely remain adsorbed to 
the cellulose fibers of the disc. In contrast, the well diffusion assay facilitates a superior radial 

39.5

45.6
65.6 78.5

150

200

250

300

350

400

450

500

550

30 35 40 45 50 55 60 65 70 75 80

In
te

ns
ity

2θ (Degrees)

https://doi.org/10.56171/ojn.1903425


 

8 

Open Journal of Nano - Neslihan Hıdıroğlu İspirli 
DOI: 10.56171/ojn.1110326 

Open Journal of Nano  
ISSN: 2147-0081 
(2026) 11 
Research Article / Araştırma Makalesi 

diffusion of the nanosilver suspension into the surrounding agar, allowing for the direct interaction 
of AgNPs with the bacterial cell wall. This observation aligns with the low MIC values obtained, 
particularly for E. amylovora, P. cichorii, P. syringae pv. syringae, and X. axanopodis pv. vesicatoria, 
highlighting their extreme susceptibility to the nano-suspension. 

The in vitro antibacterial activity of the nano-silver suspension against Erwinia amylovora and 
Pseudomonas syringae pv. Syringae is evident from the distinct inhibition zone (IZD) formed by 
nanoparticles diffusing from the central well on the bacterial culture. 
 

 

 
Figure 3: a) Inhibition zone showing the antibacterial effect of silver nanoparticles against Pseudomonas 

syringae pv. syringae via the agar well diffusion method b) Inhibition zone showing the antibacterial effect 
of silver nanoparticles against Erwinia amylovora via the agar well diffusion method 

 

It has been reported that silver nanoparticles can inhibit bacterial growth in a number of ways: (a) 
silver ions interact with the thiol groups of proteins that are important for the bacterial respiration and 
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transport of substance across the cell membrane and within the cell and (b) silver ions are bound to 
the bacterial cell wall and can alter the function of the bacterial cell membrane [12].  
The antibacterial mechanism of the synthesized AgNPs involves a multi-targeted approach. Beyond 
the interaction of silver ions with the thiol groups of essential bacterial proteins, the nanoparticles 
physically disrupt the integrity of the bacterial cell membrane, leading to a loss of homeostatic 
control. Consequently, this study demonstrates that AgNPs prepared via this cost-effective and green 
synthesis route offer a robust alternative to conventional antibiotics in agriculture. Given their high 
efficacy at relatively low concentrations, these nanoparticles hold significant potential as a sustainable 
nano-biopesticide to mitigate crop damage and enhance agricultural productivity. Future studies 
involving field-scale trials will be essential to translate these in vitro findings into practical plant 
protection strategies [13]. 

Consequently, we propose that silver nano particles prepared with a simple, cost-effective method 
can be used against the plant pathogen microorganisms which cause damage and degrease crop 
efficiency at relatively low concentration in comparison to antibiotics. 
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