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ABSTRACT:  

The present study aimed to synthesize zinc nanoparticles (ZnNPs) through a biogenic approach using the bacterial isolate 

KNH3 obtained from agricultural soil. The synthesized ZnNPs were characterized using UV–Visible spectroscopy, 

Scanning Electron Microscopy (SEM), and Fourier Transform Infrared Spectroscopy (FTIR). UV–Visible spectral analysis 

revealed a characteristic Surface Plasmon Resonance (SPR) peak at 390 nm, confirming the formation of ZnNPs. SEM 

analysis demonstrated that the nanoparticles were predominantly spherical with particle sizes ranging from 62 to 89 

nm. FTIR spectra indicated the presence of various biomolecules functioning as reducing, capping, and stabilizing agents 

during nanoparticle synthesis. The antimicrobial potential of the biosynthesized ZnNPs was evaluated against 

phytopathogenic microorganisms, including Agrobacterium tumefaciens, Arthrobacter sp., Rhizoctonia solani, and 

Sclerotium rolfsii. The ZnNPs exhibited significant antimicrobial activity against all tested pathogens, highlighting their 

potential application in plant disease management. Furthermore, the influence of biosynthesized ZnNPs on the growth 

of Solanum lycopersicum seedlings was investigated. Treatment with ZnNPs significantly enhanced root length, hypocotyl 

length, and fresh biomass compared to untreated controls. These findings demonstrate that biogenically synthesized 

ZnNPs possess promising antimicrobial properties and can effectively promote seedling growth, suggesting their potential 

utility in sustainable agricultural applications. 

 

Keywords Biogenic synthesis, Zinc nanoparticles (ZnNPs), KNH3 bacteria, UV–Visible spectroscopy, SEM, FTIR, 

Antimicrobial activity, Solanum lycopersicum, Seedling growth promotion. 

INTRODUCTION: 

In recent years, there has been a growing demand 

for the development of clean, safe, non-toxic, 

reliable, and economic procedures for the 

synthesis of nanoparticles for various applications. 

Nanotechnology dealing with metal nanoparticles 

has gained popularity due to its numerous 

applications in catalysis, magnetic, optics, 

antimicrobials, anticancer agents, drug delivery, 

diagnostics, and therapeutics (Duran et al.,2007; 

Kowshik et al., 2003; Namasivayam et al., 2010; 

Mukherjee et al., 2014; Vlerken and Amiji 2006). 

However, traditional physicochemical methods 

employed for nanoparticle synthesis often involve 

the use of toxic chemicals, energy-intensive routes, 

and low yields, thereby necessitating the 

development of alternative approaches. 

Green synthesis of nanoparticles through plants, 

bacteria, fungi, and algae is an eco-friendly, safe, 

and cost-effective method that has garnered 

significant attention in recent years. This method 

employs natural, renewable, and sustainable 

resources, such as plant extracts, microorganisms, 

and biomolecules, for nanoparticle synthesis. 

Moreover, the use of green synthesis offers several 

advantages over traditional methods, such as 

reduced energy consumption, lower costs, and 

higher yields. Green synthesis also avoids the use 

of toxic chemicals and reduces environmental 

pollution, making it a promising alternative to 
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conventional physicochemical methods. Several 

green synthesis approaches have been developed 

for the synthesis of nanoparticles, such as 

biosynthesis, photosynthesis, mycosynthesis, and 

microorganisms-mediated synthesis. These 

methods utilize the inherent properties of plant 

extracts, microorganisms and fungi, which act as 

reducing agents, stabilizing agents, and capping 

agents in the nanoparticles synthesis process. The 

biogenic nanoparticles thus synthesized possess 

unique physicochemical and biological properties, 

making them ideal for a wide range of applications 

in various fields (Sametana et al., 2005; Mallick et 

al., 2004; Narayanan et al., 2008). 

Tomato (Solanum lycopersicum) is a vital vegetable 

crop globally, and it belongs to the family 

Solanaceae. Tomatoes are an excellent source of 

antioxidants such as ascorbic acid (vitamin C), 

phenolics, and a small amount of Vitamin E (Rai et 

al., 2012). Lycopene is the primary carotenoid 

responsible for the red color of tomato, and 

carotenes give the fruit its yellow color. Due to its 

increasing demand, tomato cultivation is on the 

rise, especially in densely populated areas. 

However, limited cultivation area, biotic and abiotic 

stress, and low genetic potential lead to an 

inadequate supply of tomatoes to meet the 

domestic demand. 

The fruit of the tomato plant is versatile, and it can 

be consumed as a salad, cooked vegetable, juice, 

sauce, ketchup, and chutney. The red color of 

tomatoes is due to the presence of lycopene, a 

potent antioxidant that has been linked to various 

health benefits, such as reducing the risk of heart 

disease and cancer. Carotenes, including beta-

carotene, are also present in tomatoes, and they 

provide the yellow color (Monirul et al., 2018). 

Tomatoes are rich in vitamins and minerals, 

including Vitamin C, potassium, and folate, which 

are essential for overall health. Vitamin C is an 

antioxidant that helps protect the body from 

oxidative stress, while potassium is essential for 

maintaining healthy blood pressure levels. Folate 

is essential for proper cell division and is especially 

important for pregnant women to prevent birth 

defects. 

However, tomato cultivation faces numerous 

challenges, including water shortages and biotic 

and abiotic stress, such as pests and diseases and 

unfavorable weather conditions. These factors can 

affect the yield and quality of the tomato crop, 

leading to a reduced supply of tomatoes in the 

market. In conclusion, while tomato cultivation 

has enormous potential to meet the increasing 

demand for food, addressing these challenges will 

be crucial in ensuring an adequate supply of high-

quality tomatoes in the market (Saleem et al., 

2013). 

Zinc nanoparticles (ZnNPs) have gained significant 

interest in recent years due to their distinctive 

physical, chemical, and biological properties. 

ZnNPs possess unique optical, catalytical, 

chemical sensing, electrical conductivity, and 

semiconducting properties, which makes them 

suitable for various applications in sunscreens, 

food packaging, paints, coating materials, and 

nanomedicines (Dogan and Kocabas et al., 2019). 

In addition to their numerous applications, ZnNPs 

have been reported to exhibit toxic effects on 

bacteria while having fewer side effects on humans. 

Therefore, they have potential applications in 

agriculture, diagnostics, food industry, surgical 

devices, and nanomedicines. Furthermore, the 

antimicrobial, anticancer, antibiofilm, and 

antityrosinase activities of ZnNPs have been 

extensively studied, and their effectiveness has 

been shown to depend on the size and shape of the 

particles. 

The small size of ZnNPs allows them to easily enter 

through the cell membrane, leading to cellular 

damage. The toxic effects of ZnNPs on bacterial 

cells have been reported to result from their ability 
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to disrupt the bacterial cell membrane, generate 

reactive oxygen species, and interfere with the DNA 

replication process. The ability of ZnNPs to induce 

cell damage has also been shown to have potential 

therapeutic applications in the treatment of cancer 

(Jayachandran et al., 2021). 

In summary, ZnNPs have distinctive properties 

that make them suitable for various applications in 

various fields, such as agriculture, industry, and 

medicine. The toxic effects of ZnNPs on bacteria 

have been extensively studied, and their 

effectiveness in the treatment of cancer and other 

diseases has been explored. However, further 

research is needed to fully understand the toxicity 

and potential health effects of ZnNPs on humans 

and the environment, and to develop safe and 

effective applications for these nanoparticles. 

MATERIALS AND METHODS 

MATERIALS 

The chemicals and media used in this research 

work were of analytical grade and procured from 

Hi-Media. The plant pathogenic bacteria and fungi 

namely Agrobacterium tumifaciens, Arthrobacter 

sp., Rhizoctonia solani, and Sclerotium rofsii were 

used in this study. 

Methods 

Sample collection, Isolation and Screening of 

Microorganisms 

In this current investigation, agricultural soil 

samples were procured from the Navsari district of 

the South Gujarat region, India, employing the 

standard microbiological protocols. The samples 

were collected in zip lock bags that were treated 

with alcohol and subjected to U.V. light. All the 

collected samples were preserved at room 

temperature for further analysis. For the isolation 

of bacteria, the soil suspension was prepared using 

sterile distilled water, and one loop full suspension 

was streaked onto Nutrient agar, R2A medium, and 

Actinomycetes agar. The resultant colonies were 

subsequently subcultured on their respective 

media to obtain a pure culture, which was stored 

for future use. 

Green Synthesis of Zinc Nanoparticles (ZnNPs) 

In this experiment, a bacterial isolate was first 

inoculated in sterile Luria Bertani (LB) broth and 

incubated at room temperature for 24 hours. After 

the incubation period, the broth was centrifuged at 

10,000 rpm for 10 minutes and the resulting 

supernatant was collected in a sterile flask for 

further used. To the bacterial supernatant, 1mM 

zinc sulphate was added drop by drop, and the 

mixture was then heated at 80° C for 10 minutes 

until white precipitation was observed. This 

reaction mixture containing flask was then 

incubated for 24 hours (Jain et al., 2020). 

Characterization of ZnNP 

Zinc nanoparticles can be characterized using 

various techniques including UV-Visible 

spectroscopy, Scanning Electron Microscopy 

(SEM), and Fourier Transform Infrared (FTIR) 

spectroscopy. Here is a brief overview of each 

technique: 

UV-Visible Spectroscopy: 

UV-Visible spectroscopy is a technique that 

measures the absorption or reflection of light by a 

material in the ultraviolet and visible regions of the 

electromagnetic spectrum.  Zinc nanoparticles 

typically have a charecterstic absorption peak in 

the UV-Visible region that can be used to confirm 

the presence of the nanoparticles. The preliminary 

characterization of ZnO nanoparticles (NPs) was 

conducted using a UV-Vis spectrophotometer 

between the wavelengths of 350-nm to 800-nm. 

1. Scanning Electron Microscopy (SEM): 

SEM is a technique used to obtain high-resolution 

images of the surface of a material. Zinc 

nanoparticles can be imaged using SEM to 

determine their size, shape, and surface 

morphology. SEM can also provide information 
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about the distribution and aggregation of the 

nanoparticles. 

2. Fourier Transform Infrared (FTIR) 

Spectroscopy: 

FTIR spectroscopy is a technique that measures 

the absorption or transmission of infrared 

radiation by a material. Zinc nanoparticles can be 

analyzed using FTIR spectroscopy to identify the 

functional groups present on their surface. The 

FTIR spectrum can also be used to detect any 

chemical modifications made to the surface of the 

nanoparticles. 

Antimicrobial activity 

The effectiveness of synthesized Zinc nanoparticles 

(ZnNPs) against plant pathogenic bacteria and 

fungi was evaluated using the well diffusion 

method. Cultures of Agrobacterium tumifaciens, 

Arthrobacter sp., Rhizoctonia solani, and Sclerotium 

rofsii were prepared on individual nutrient agar 

plates and potato dextrose agar. Wells with a 

diameter of 6 mm were created on the plates using 

a sterile cup borer. A 25 µL, 50 µL, 75 µL and 100 

µL volume of the synthesized nanoparticles and 

sterile distilled water in the control plate was added 

to each well and allowed to diffuse for 30 minutes 

at refrigeration temperature. The plates were then 

incubated at 37°C for 24 hours, and the zone of 

inhibition was measured to determine the 

nanoparticles' antimicrobial activity. 

Seed Experiment 

Tomato (Solanum lycopersicum) seeds were 

subjected to sterilization by treating them with a 

4% NaClO solution and subsequently rinsed with 

double-distilled water. To conduct seed 

germination experiments, Petri dishes were 

prepared with Whatman no. 1 filter paper as the 

experimental medium. Each Petri dish was seeded 

with ten tomato seeds arranged at equal distances 

and treated with various concentrations of ZnNP 

(concentrated, 1:2 dilution, 1:5 dilution), as well as 

a control group treated with water. All samples 

were maintained at room temperature. The 

germination process was monitored and recorded 

after 

7 days of treatment. The percentage of 

germination, root length, and shoot length of the 

tomato seedlings were measured to evaluate the 

effects of the different ZnNP concentrations on seed 

germination and plant growth (Yasur and Rani 

2013). 

RESULTS 

In this research, 18 distinct isolates were obtained 

from agricultural soil of Navsari district of South 

Gujarat, India, and screened to evaluate their 

potential for synthesizing zinc nanoparticles 

(ZnNPs). The most effective isolate at producing 

ZnNPs was KNH3, based on its higher absorbance 

at lambda max. 

The nanoparticles generated from KNH3 were 

characterized using UV-visible spectroscopy, 

which indicated the presence of a surface Plasmon 

resonance (SPR) peak at 390 nm (Figure 1). The 

SPR is a phenomenon that arises when metal 

nanoparticles interact with light, leading to the free 

electrons on the nanoparticle surface oscillating at 

a particular frequency, which manifests as a peak 

in the UV-visible spectrum. 
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Figure 1: UV-Visible spectroscopy of biosynthesized ZnNPs 

 

The present study utilized field scanning electron 

microscopy (SEM) at various magnifications to examine 

the size and shape of the synthesized nanoparticles. The 

acquired SEM image revealed that the nanoparticles were 

present in their agglomerated form, as confirmed by the 

surface morphology analysis depicted in Figure 2. The 

literature reports the influence of surface morphology on 

the cooperative activity of ZnO, as previously 

demonstrated by Peng et al. (2011). Interestingly, the 

observed nanoparticles exhibited predominantly 

cylindrical shape and size ranges between 62 – 89 nm. 

Fourier transform infrared (FTIR) spectroscopy was 

employed to analyze the adsorption of functional groups 

on the surface of biosynthesized nanoparticles. FTIR 

spectra were collected in the spectral range of 450–4000 

cm–1 to examine the vibration modes of chemical bonds. 

Representative FTIR spectra are shown in Figure 3. 
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Figure 2: SEM image of biosynthesized ZnNPs 

 

The obtained spectra provide information on the 

functional groups present on the nanoparticles' surface 

and their interactions with the surrounding environment. 

In order to determine the molecules responsible for 

capping and stabilizing metal nanoparticles synthesized 

by bacterial supernatant, an FTIR spectroscopy analysis 

of aqueous ZnNPs was performed, which had been 

prepared from the KNH3 bacteria. The analysis revealed 

several fundamental modes of vibration, including a 

hydroxyl alcohol group (O─H) at 3417.16 cm-1, 

symmetric alkenes (C ≡ C) at 2108.79 cm-1 and stretching 

wings of alcohols/carboxylic (C─O) at 1111.19 cm-1. 

Additionally, the presence of metal oxide nature was 

indicated by the Zn─O stretching vibration observed in 

the range of 794.77 – 455.99 cm-1. These findings are 

consistent with previous research conducted by Xiao et 

al. (2018) and Ramesh et al. (2021).  
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Figure 3: FTIR spectra of biosynthesized ZnNPs 

The study evaluated the effectiveness of Zinc 

nanoparticles (ZnNPs) against various plant 

pathogenic bacteria and fungi, namely 

Agrobacterium tumifaciens, Arthrobacter sp., 

Rhizoctonia solani, and Sclerotium rofsii, using the 

agar well method (Table 1). ZnNPs were tested at 

four different concentrations (25 µL, 50 µL, 75 µL, 

100 µL), and a dose-dependent susceptibility was 

observed for all microorganisms. 

Among the tested organisms, Rhizoctonia solani 

exhibited the highest susceptibility to ZnNPs, 

whereas the inhibition zone of Arthrobacter sp. and 

Sclerotium rofsii are more or less similar to each 

other. Maximum zones of inhibition in all strains 

were reported at concentration of 100 µL. The 

lowest zone of inhibition recorded at concentration 

of 25 µL for Sclerotium rofsii while control shows no 

zone of inhibition (Figure 4 & 5). Previous studies 

by Krol et al. (2017) and Sirelkhatim et al. (2015) 

have also demonstrated the potential of ZnNPs to 

exhibit antimicrobial activity through various 

mechanisms. The inhibitory mechanisms of ZnNPs 

could be attributed to electrostatic interaction 

between the microbial cell wall and ZnONPs, 

resulting in the destruction of the cell wall and the 

compromise of cell integrity. Additionally, ZnONPs 

may accumulate within the bacterial cell and 

release Zn+2, or they may induce the formation of 

reactive oxygen species (ROS). 

Recent studies have further reported that biogenic 

ZnO nanoparticles exhibit enhanced antimicrobial 

efficiency compared to chemically synthesized 

nanoparticles due to the presence of bioorganic 

capping molecules that improve stability, surface 

reactivity, and biocompatibility. Moreover, 

nanoparticle size, morphology, and surface charge 

strongly influence antimicrobial performance, with 

smaller particles showing higher activity due to 

increased surface area and better interaction with 

microbial membranes (Yang et al., 2025; Jafari 

Sales et al., 2025). In agricultural systems, ZnNPs 

have also been shown to enhance plant defense 

responses by stimulating antioxidant enzyme 

activity and activating stress-related signaling 

pathways, thereby improving resistance against 

phytopathogens (Mendes et al., 2026). 
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Table 1: In vitro efficacy of biosynthesized ZnNPs against plant pathogens 

 

Pathogenic Microorganisms 

ZnNPs 

25 µL 50 µL 75 µL 100 µL 

Agrobacterium tumifaciens 12 ± 0.1 15 ± 0.1 19 ± 0.2 24 ± 0.1 

Arthrobacter sp. 12 ± 0.2 13 ± 0.3 15 ± 0.2 18 ± 0.1 

Rhizoctonia solani 13 ± 0.1 17 ± 0.2 27 ± 0.1 29 ± 0.2 

Sclerotium rolfsii 11 ± 0.2 13 ± 0.1 14 ± 0.1 16 ± 0.2 

 

 

Figure 4: Various concentrations of ZnNPs against plant pathogens (A) 25 µL (B) 50 µL (C) 75 µL (D) 100 µL (E) 

Control (D/W) 
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Figure 5:  Antimicrobial activity of ZnNPs synthesized from KNH3 bacterial isolate 

Figure 6: Effect of ZnNPs on seedling growth (RL- root length, HL-hypocotyls length, FW- fresh weight, 

Treatment A- concentrated ZnNPs, Treatment B- 1:2 dilution of ZnNPs, Treatment C- 1:5 dilution of ZnNPs)
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The present study aimed to investigate the efficacy 

of biosynthesized zinc nanoparticles (ZnNPs) on the 

growth of Solanum lycopersicum seeds. The 

experiment was conducted in triplicate, with three 

different concentrations of ZnNPs applied to the 

seeds, while control seeds were treated with water. 

The growth parameters analyzed included root and 

hypocotyl elongation and increase in fresh weight. 

The results indicated that the treatment of seeds 

with ZnNPs had a differential effect on the growth 

of the seedlings compared to the control (Figure 6). 

The lowest values for root length, hypocotyl length, 

and fresh weight were recorded in control seeds, 

while the maximum values were observed in 

treatment C (1:5 dilutions) of ZnNPs. The treatment 

A (concentrated ZnNPs) and treatment B (1:2 

dilution of ZnNPs) showed minor differences in 

seedling growth. 

These findings suggest that the application of 

ZnNPs can have a positive effect on the growth of 

Solanum lycopersicum seeds. The differential 

response observed with varying concentrations of 

ZnNPs suggests the importance of optimizing the 

concentration of ZnNPs for maximal growth 

promotion. Further research is warranted to 

understand the mechanisms underlying the 

growth-promoting effects of ZnNPs and their 

potential applications in agriculture. 

Recent studies have reported that biogenic ZnNPs 

enhance seed germination and early seedling vigor 

by improving nutrient uptake efficiency, 

stimulating root system architecture, and 

activating phytohormonal signaling pathways 

involved in cell division and elongation. In addition, 

ZnNPs have been shown to increase chlorophyll 

content, enhance antioxidant enzyme activity, and 

reduce oxidative stress during early plant 

development stages, leading to improved biomass 

accumulation and stress tolerance (Kumar et al., 

2024; Singh et al., 2025; Patel et al., 2026). These 

findings support the potential use of biologically 

synthesized ZnNPs as sustainable nano-fertilizers 

for improving crop productivity under both normal 

and stress conditions. 

CONCLUSION 

In conclusion, a simple and eco-friendly method for 

the synthesis of Zinc nanoparticles (ZnNPs) using 

bacteria was demonstrated in this study. The 

successful synthesis was confirmed by UV-Vis 

spectra and FTIR analysis, which showed a peak at 

390 nm and a band at 794-455 686 cm−1, 

respectively. The SEM analysis further revealed the 

morphology and shape of the ZnNPs. These 

biosynthesized ZnNPs exhibited significant effects 

on seedling growth and demonstrated good 

antibacterial activity against four different plant 

pathogenic strains. Therefore, this green synthesis 

approach holds great potential for applications in 

agriculture, food industries, medicines, and 

cosmetic industries. The remarkable antimicrobial 

activity of these nanoparticles also suggests their 

potential use in the development of antibiotics and 

drugs against various pathogenic strains of 

bacteria. 
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