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Pyricularia oryzae (syn. Magnaporthe oryzae) causes rice blast, which remains a 
significant threat to global rice production. Chemical fungicides are often used to manage 
it, but excessive use can have detrimental effects on human health and the environment. 
Bioinspired nanomaterials offer efficient, cost-effective, and eco-friendly alternatives to 
traditional methods. This study aimed to synthesize silver nanoparticles (AgNPs) using 
the seaweed endophytic Bacillus siamensis strain CCTB2 and to evaluate their antifungal 
effect against the rice blast pathogen P. oryzae. Using 16S rDNA gene sequence analysis, 
the endophyte bacterial isolate CCTB2, isolated from seaweed, was identified as Bacillus 
siamensis strain CCTB2. Cell-free supernatants (CFSs) from the seaweed endophytic 
bacterial strain CCTB2 were used to synthesize the AgNPs, which were then examined 
using energy-dispersive X-ray spectroscopy (EDX), electron microscopy, Fourier 
transform infrared spectroscopy (FTIR), and UV-visible spectroscopy. AgNP production 
was confirmed by the UV-visible spectra, which showed a surface plasmon resonance 
peak at about 430 nm. The functional groups in the CFSs of isolate CCTB2 that promoted 
Ag+ reduction, stability, and AgNPs capping were identified by FTIR spectroscopy. 
AgNPs have a spherical shape with an average particle size of 32.24 nm, according to 
electron microscopy. The presence of 2-theta emission peaks in the XRD results indicated 
that the biosynthesized AgNPs had a crystalline structure. The rice blast pathogen P. 
oryzae strain MP2 was significantly inhibited by biosynthesized AgNPs at 40 μg/mL, 
with a mycelial diameter inhibition rate of 96.65%. The mycelial morphology showed 
swelling and anomalies under microscopy after treatment with AgNPs. To combat 
rice blast fungus and preserve long-term rice productivity and food security, this study 
illustrated the development and use of sustainable, environmentally friendly solutions.
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Introduction

Rice (Oryza sativa L.), a member of the 
Poaceae family, is the main staple crop in 
Bangladesh and is vital to the food security 
of almost 160 million people. Bangladesh 
produces roughly 40.7 million metric tons of 
rice annually, which is grown on about 28.9 
million acres of land (BBS, 2024). According 
to Bhuiyan et al. (2002), almost 95% of 
Bangladeshis consume rice, which meets 
almost all their dietary protein requirements 
and provides 76% of their daily calories. By 
2030, Bangladesh’s population is anticipated 
to reach 223 million, requiring around 48 
million tons of food grains (Bhuiyan et 
al., 2014). However, plant diseases are a 
serious threat to rice production, potentially 
destroying enough food to feed millions of 
people. Several diseases significantly affect 
rice growth and yield, with over 70% of these 
caused by biological agents, including fungi, 
viruses, bacteria, and nematodes (Zhang et 
al., 2009). The most harmful pathogens are 
fungi causing blast, sheath blight, as well as 
newly emerging ones like bakanae disease of 
rice (Raghu et al., 2018; Asmaul et al., 2021).

Among rice diseases, blast caused by 
Pyricularia oryzae (syn. Magnaporthe 
oryzae) is the most destructive worldwide 
(Wilson and Talbot, 2009). In Bangladesh, 
blast disease has become endemic, impacting 
major rice-growing regions and showing 
distinct race variations (Khan et al., 2016; 
Asmaul et al., 2021) is thus considered 
a permanent disease of rice. Rice blast 
manifests with four typical disease symptoms: 

leaf blast, node blast, neck blast, or panicle 
blast (Miah et al., 2013). Globally, it causes 
70 to 80% rice yield loss (Nasruddin and 
Amin, 2013). It weakens the plant defense 
system without producing visible symptoms 
during biotrophic association and promotes 
cell death when it shifts to the necrotrophic 
association (Fernandez and Orth, 2018). 
While rice blast is found worldwide, the 
humid tropical climate of Bangladesh 
significantly increases infection rates by P. 
oryzae. The swift spread of rice blast disease 
across the nation poses a serious threat to 
food security, as most cultivated rice varieties 
are vulnerable to it. BRRI dhan28 showed the 
highest disease severity at 29.6%, followed 
by BRRI dhan29 at 25.9%, and T. Aman 
rice, BRRI dhan34, at 22.9%, according to 
Hossain et al. (2017). Neck blast causes the 
highest yield loss because it directly affects 
the panicle, unlike leaf blast. It is most 
devastating and can sometimes cause a 100% 
yield loss. The primary symptoms of blast 
disease manifest on leaves as brown spots 
that progress to a grey center. On the neck of 
the panicle, there are depressed lesions in the 
nodal region characterized by brown or black 
discolorations. Panicle blast causes a brown 
lesion on the grain, leading to complete 
degradation of the internal tissue (Kumar 
and Ashraf, 2019). A region characterised by 
elevated precipitation and a temperate climate 
is significantly impacted by blast disease 
(Ghatak et al., 2013). Pyricularia oryzae is 
one of the most important plant pathogenic 
fungi, having an exceptional capacity to 
rapidly change its genetic makeup, resulting 
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in new pathogenic variant races (Dean et al., 
2012; Khan et al., 2016). 

The management of blast disease in rice is 
crucial for sustainable agriculture, primarily 
because the pathogen can be transmitted 
through seeds. Fungicidal treatment is used in 
rice-growing areas such as China, Vietnam, 
and Japan because it is economical; however, 
the use of synthetic pesticides increases 
disease resistance and creates environmental 
issues (Sella et al., 2021). Driven by concerns 
about human health and biodiversity, 
this movement favours the use of natural 
alternatives for disease control. Strategies 
that combine biological crop protection with 
ecological antagonists are being investigated, 
particularly in Bangladesh. Innovations like 
nanotechnology are becoming increasingly 
crucial in agriculture to address issues such as 
climate change and food security. Numerous 
studies have shown how nanoparticles 
improve plant germination, growth, and 
development (Razu and Hossain, 2015; 
Shang et al., 2019). Compared to chemical 
and physical approaches, bio-inspired 
nanoparticles including metal nanoparticles 
such as silver nanoparticles offer non-toxic, 
stable, and environmentally acceptable ways 
to combat various infections (Masum et al., 
2019; Ali et al., 2020; Saha et al., 2025). 
While global research has shown the potential 
of seaweed extracts for antagonistic and bio-
inspired nanoparticle (NP) synthesis, specific 
studies focusing on Bangladeshi seaweed 
resources for these applications seem 
limited, representing a significant research 

gap and opportunity for local innovation 
in eco-friendly materials for agriculture 
and biomedical applications. In this work, 
biosynthesized silver nanoparticles produced 
by seaweed-associated endophytic bacteria 
were characterized, and their antibacterial 
efficacy against the rice blast pathogen P. 
oryzae was evaluated.

Materials and Methods

Collection of pathogen

Previously identified from an infected rice 
plant, the blast pathogen P. oryzae strain 
MP2 was used in this investigation (Saha et 
al., 2025). The fungus was grown in Potato 
Dextrose Agar (PDA) medium containing 
200g of potatoes, 20g of dextrose, and 20g of 
agar per liter, adjusted to pH 7.0. Following 
that, the culture’s purity was confirmed.

Isolation of antagonistic bacteria from 
seaweed

In January 2024, fresh seaweed (Gracilaria 
tenuistipitata and Sargassum oligocystum) 
was acquired from the coastal areas of 
Bangladesh, specifically Cox’s Bazar and 
St. Martin’s Island. During collection, 
seaweeds were placed in a chilled container 
and enclosed in a sterile polybag containing 
saltwater, occupying more than three-quarters 
of the available air space. The samples were 
delivered to the laboratory immediately after 
collection. The endophytic bacteria were 
isolated in the Plant Pathology laboratory at 
GAU, Gazipur, Bangladesh.



28      Biosynthesis of AgNPs using Bacillus siamensis for protection of rice blast pathogen P. oryzae

Identification of isolated bacteria by 
biochemical and molecular tests

Bacterial isolates were initially identified 
based on their morphological, biochemical, 
and molecular tests. Standard tests such 
as Gram staining, catalase hydrolysis test, 
oxidase test, KOH test, gelatin liquefaction 
test, starch hydrolysis test, and nitrate 
reduction test were performed as described in 
Bergey’s Manual of Systematic Bacteriology 
(Boone et al., 2001). 

The DNA from bacteria was extracted using 
the commercial DNA extraction kit (Monarch 
Genomic DNA purification kit). PCR for the 
amplification of the 16S rDNA gene from 
bacteria was performed using universal primers 
27F (5′AGAGTTTGATCCTGGCTCAG-3′) 
as forward and 1492R 
(5′-GGTTACCTTGTTACGACTT-3′)  as reverse 
(Masum et al., 2018). PCR amplification was 
performed in 50 μL total volumes with Taq 2X 
Master Mix with Buffers (New England Biolabs, 
USA) using Minicamp Thermal Cyclers (Thermo 
Fisher Scientific, USA). The conventional PCR 
reaction system (50 μL) consisted of Taq2 X 
Master Mix (25 μL), forward Primer (10μM) 
(2 μL), reverse Primer (10 μM): 2 μL, DNA (2 
μL), and ddH2O (19 μL). The PCR results were 
visualized on a 1% (w/v) agarose gel, purified 
using a Gel extraction kit, and submitted to 
Biotech Concern for sequencing.  

Phylogenetic analyses 

Multiple sequence alignments were performed 
using the Clustal_X program. Phylogenetic 

trees were generated using the neighbor-
joining method in the MEGA 11.0 program. 
Bootstrap replication (1000) was used to 
analyze the nodes in the phylogenetic trees. 

Preparation of the cell-free supernatants 
(CFSs) of the endophytic bacterium  

The cell-free supernatants (CFSs) of the 
selected endophytic bacterium isolated from 
seaweed were prepared according to Masum 
et al. (2018) with slight modifications. In 
brief, the isolated bacteria were inoculated in 
freshly prepared nutrient broth and incubated 
at 30°C and 200 rpm for 2 days. The bacterial 
culture (about ~1 × 108 CFU/mL) was 
centrifuged twice at 10,000 rpm, 4 °C for 
20 minutes, and 0.22 μm filter was used to 
purify the CFSs. A 100 μL of CFSs was 
spread out on NA media for a day to rule out 
any potential contamination. The CFSs were 
kept at 4 °C till their use in the biosynthesis 
of AgNPs.

Biosynthesis of silver nanoparticles (AgNPs)

The CFSs were used for the biosynthesis of 
AgNPs according to the procedure described 
by Ibrahim et al. (2020). Briefly, 10 mL of CFSs 
were mixed with 90 mL of an aqueous AgNO3 
solution (2 mM) in a 250 mL Erlenmeyer 
flask. After that, the mixture was incubated in 
the dark for three days at 30 °C and 200 rpm 
on a rotary shaker. As a control, 10 mL of NA 
broth containing the same amount of AgNO3 
was used.  They were periodically checked 
for a visible color change from yellow light to 
dark brown, indicating the formation of silver 
nanoparticles, which were further confirmed 
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by UV spectrophotometry. After successful 
nanoparticle synthesis, the pellets were 
collected by centrifugation, freeze-dried, and 
stored at −80°C for further characterization.

Characterization of AgNPs mediated by 
CCTB2 bacteria

UV-vis spectrophotometry and Fourier 
transform-infrared spectroscopy (FTIR)

The biosynthesis of AgNPs, resulting from 
the reduction of silver metal ions using 
CFSs of Bacillus siamensis strain CCTB2, 
was monitored using a UV-2550 Shimadzu 
Spectrophotometer (Shimadzu Corporation, 
Kyoto, Japan) with a resolution of 1 nm 
and a wavelength range of 200-800 nm. To 
identify the functional groups responsible 
for the stabilization and capping of the 
biosynthesized AgNPs, Fourier-transform 
infrared (FTIR) spectroscopy of the freeze-
dried nanoparticles was performed in the 
spectral range of 4000–500 cm⁻¹ (Singh 
et.al., 2016). 

TEM observation and EDX spectrum 
analysis

The morphology of the biosynthesized AgNPs 
was determined according to the method of 
using Transmission Electron Microscopy 
(TEM) (JEM-1230, JEOL, Akishima, Japan). 
In brief, the sample was prepared with a copper-
coated grid for 24 h at room temperature to 
make a film of the AgNPs sample. The excess 
liquid was discarded and kept in a grid box 
sequentially. The EDX (energy-dispersive 
X-ray) spectrum was performed to examine 

the metallic nature, elemental compositions, 
and purity of synthesized AgNPs using the 
detector attached to FE-TEM (Singh et.al., 
2016).

X-ray diffraction (XRD) analysis

The XRD patterns of the biosynthesized 
AgNPs were analyzed as described by Fouad et 
al. (2014) using an Xpert PRO diffractometer 
(Holland) with a detector voltage of 45kV 
and a current of 40mA using Cu Kα radiation. 
The recorded range of 2θ was 0–80° with a 
scanning speed of 6° min−1.

Antifungal activity of the biosynthesized 
AgNPs against P. oryzae

Effect of AgNPs on mycelium growth

The inhibitory effect of AgNPs at three 
concentrations (20, 30, and 40 µg/mL) on 
mycelium growth of  P. oryzae  strain was 
determined using a potato dextrose agar 
(PDA) medium as described by Ibrahim et al. 
(2020) with slight modification. In brief, a disk 
of 7-day-old mycelium (10 mm in diameter) 
was introduced into the center of petri dishes 
(9 cm in diameter) containing Potato Dextrose 
Agar (PDA) medium (pH 7.0) supplemented 
with various concentrations of AgNPs. The 
PDA plates were used as a control without 
AgNPs. The diameter of the fungal colony 
was assessed after 7 days of incubation at 27 
°C, followed by the calculation of mycelial 
growth inhibition. The inhibition rate was 
calculated using the following equation.

Rate of Inhibition (%) = R-r ×100R
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where ‘R’ represents the radial growth of 
fungal mycelium in control plates, and ‘r’ 
is the radial growth of fungal mycelium in 
AgNPs-treated plates (Hari et al., 2023). This 
assay was performed with a minimum of three 
independent replicates, incorporating suitable 
controls in each experiment and maintaining 
consistent experimental conditions across 
all replicates to ensure the accuracy and 
reliability of the results.

Effect of AgNPs on cell wall morphology

Damage to the cell wall of P. oryzae strain 
MP2 was assessed using AgNPs according to 
the method of Gao et al. (2016), with minor 
modifications. Briefly, a mycelial disc of 
P. oryzae strain MP2 (10 mm in diameter) 
was taken from PDA medium, treated and 
untreated with AgNPs, and examined under a 
compound microscope in the plant pathology 
laboratory at GAU. 

Statistical analysis

All experiments were conducted using a 
completely randomized design. Data were 
subjected to an analysis of variance (ANOVA) 
test using Statistix 10 (Analytical Software). 
The data presented were from representative 
experiments repeated at least twice with 
similar results. Individual comparisons of 
mean values were conducted using the least 
significant difference (LSD) test (P<0.05).

Results and Discussions

Isolation of the seaweed endophytic bacteria

A total of nine endophytic bacteria were 
isolated from two seaweed species. Of these, 

seven isolates originated from the seaweed 
species Gracilaria tenuistipitata (CCTB1, 
CCTB2, CCTB3, CCTB4, CCTB5, CCTB6, 
and CCTB7), while two isolates (SD1 
and SD2) were obtained from Sargassum 
oligocystum. Among all isolates, only 
CCTB2 demonstrated the unique ability to 
biosynthesize silver nanoparticles (AgNPs), as 
confirmed by UV–visible spectrophotometry. 
This isolate was subsequently identified and 
characterized (Fig. 1-3). Several studies also 
reported that marine algal species harbor 
diverse microorganisms, particularly fungal 
and bacterial endophytes, which may be 
utilized in biological control (Juhmani et 
al., 2020; Suji et al., 2024). Endophytes in 
algal tissues are explored as sources of novel 
natural products and biocontrol agents, with 
a focus on isolating their abilities to combat 
plant pathogens and synthesize nanoparticles. 
Bangladesh possesses extensive coastal 
and marine biodiversity, particularly along 
the Bay of Bengal, where diverse marine 
macroalgae are abundant yet underutilized. 
Utilizing indigenous seaweed species for 
eco-friendly nanoparticle synthesis offers 
biodegradable and non-toxic alternatives to 
traditional chemical methods. 

Phylogenetic identification of isolate CCTB2 
based on the sequences of 16S rDNA

The 16S rDNA gene sequence of endophytic 
bacterial isolate CCTB2 was successfully 
amplified using a universal 16S primer, 
confirming the product size of approximately 
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1.5 kb (Fig. 2a). The NCBI Blast homology 
analysis revealed high similarity values 
(98.46–98.53%), indicating that the 16S rDNA 
sequence of the endophytic isolate CCTB2 
was nearly identical to several Bacillus type 
strains, including Bacillus siamensis KCTC 
13613, Bacillus subtilis subsp. subtilis str. 168, 
Bacillus subtilis subsp. subtilis NBRC 13719, 
and Bacillus velezensis strain NRRL B-41580  
(Fig. 1). The sequences were also analyzed 
to justify further using the EzBioCloud 
database (https://www.ezbiocloud.net/). 
A phylogenetic tree constructed from 16S 
rDNA data indicated that isolate CCTB2 was 
closely related to Bacillus siamensis KCTC 
13613 (MN176482.1), forming the same 
clade with a bootstrap value of 58, while being 
distinctly separated from the type strains 
of other species of the same family, such 
as B. subtilis subsp. subtilis,  B. velezensis, 
B. amyloliquefaciens, B. nematocidal, B. 
inaquosorum, B. tequilensis, B. stercoris etc.
To construct the neighbouring-joining tree, 
the type strain Bacillus cereus ATCC 14579 

(NR 074540.1) was used as an outgroup. 
The findings indicated that the strain CCTB2 
is classified within B. saimensis. The 16S 
rDNA gene sequence of strain CCTB2 has 
been submitted to GenBank under accession 
number PX580557. In accordance with this 
work, phylogenetic identification of bacteria 
was frequently performed in other research 
by analyzing the nucleotide sequences of 
the 16S ribosomal DNA (rDNA) gene, 
a conventional molecular technique for 
describing and classifying microbial 
communities  (Masum et al., 2018; Mahajan 
et al., 2025). Researchers demonstrated that 
seaweed endophytic bacterial communities 
were highly diverse and primarily comprised 
specific genera, particularly those belonging 
to the Firmicutes, including Bacillus (Masum 
et al., 2018; Ibrahim et al., 2020).

Morphological, physiological, and 
biochemical characterization of B. siamensis 
strain CCTB2

The strain CCTB2 was rod-shaped, producing 
fast-growing, rounded to irregular, elevated, 
smooth-surfaced colonies. Moreover, it 

Fig. 1. BLAST search analysis based on 16S rDNA gene sequence of isolate CCTB2. 
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produced sticky, wet colonies on LB agar 
medium (Fig. 4a). The tested isolate exhibited 
positive results for Gram staining, KOH 
solubility, catalase test, oxidase test, nitrate 
reduction test, gelatin liquefaction test, and 
indole production test, while demonstrating 
a negative reaction in starch hydrolysis (Fig. 
3). Earlier studies reported that Bacillus spp. 
were shown to be positive for Gram staining, 
catalase, oxidase, and nitrate reduction tests 
(Rajashekhar et al., 2017), which is consistent 
with the present work. Consequently, 
biochemical tests from other investigations 
corroborated our findings, affirming the 
bacterium as Bacillus sp. Similar to our 
results, the genus Bacillus showed a negative 
result in the starch hydrolysis test (Joseph et 
al., 2018) and a positive result in the gelatin 
liquefaction test (Sarode et al., 2019). 

Fig. 3. Biochemical tests of seaweed endophytic 
bacterial isolate CCTB2.  (a) Nitrate test; (b) 
Indole test; (c) starch hydrolysis test; (d) Gelatin 
liquification test

Fig. 2. Molecular identification of seaweed endophytic bacteria isolate CCTB2. (a) Validation of 16S 
rDNA genes for the isolate CCTB2 endophytic bacteria, M: Marker DL2000; (b) A phylogenetic tree of 
endophytic bacteria using the Neighbor-Joining method based on 16S rDNA gene sequence analysis. The 
bootstrap consensus tree was inferred from 1000 replicates. The type material, Bacillus cereus ATCC 
14579, was used as the outgroup. 
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Biosynthesis of AgNPs mediated by B. 
siamensis strain CCTB2 

The endophytic bacterial isolate CCTB2, 
obtained from seaweed Gracilaria 
tenuistipitata, was used to synthesize silver 
nanoparticles (AgNPs). The cell-free culture 
filtrate of B. siamensis strain CCTB2 caused 
a color change from light yellowish to dark 
brown, indicating the complete reduction 
of Ag+ to Ag0 within two days (Fig. 4a). 
Additionally, a UV-Vis spectrophotometer 

was used to confirm nanoparticle production. 
The SPR spectra of AgNPs in the cell-free 
culture filtrate of strain CCTB2 showed 
a sharper and stronger absorption band 
at 430 nm (Fig. 4b). Subsequently, the 
nanoparticles were freeze-dried for further 
analysis. Consistent with this study, earlier 
research reported that UV absorption peaks 
of AgNPs ranged from 400 to 450 nm, with 
observations at 420, 430, and 480 nm in 
various experiments (Manikandan et al., 
2017; Hossain et al., 2023; Saha et al., 2025). 

Fig. 4. Confirmation of the ability of cell-free culture filtrate (CFCs) of B. siamensis strain CCTB2 
to biosynthesize silver nanoparticles (AgNPs). (a) Schematic diagram of the biosynthesis of AgNPs 
mediated by CFCs of B. siamensis strain CCTB2; (b) UV–Vis spectra of AgNPs biosynthesized using 
CFCs of B. siamensis strain CCTB2. The peak at 430 nm corresponds to the surface plasmon resonance 
of the AgNPs.
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Indigenous seaweed species and the bacteria 
that live with them could be good alternatives 
to making chemical nanoparticles. They could 
be useful for healthcare (as antimicrobial 
and anticancer medicines), agriculture (plant 
disease management and nano-fertilizers), 
and environmental remediation.

Characterization of biosynthesized AgNPs

Fourier-transform infrared (FTIR) 
spectroscopy was employed to identify 
the functional biomolecules involved in 
the capping and stabilisation of the silver 
nanoparticles. The FTIR spectrum of silver 
nanoparticles (AgNPs) derived from the CFC 
of bacterial isolate CCTB2 is depicted in Fig. 
5. There was a total of 8 bands detected at the 
following wavelengths for AgNPs mediated 

by bacterial isolate CCTB2: 3271.46, 2919.20, 
2844.48, 2262.71, 1619.57, 1371.39, 1032.47, 
637.51 as derived from several research 
studies (Fig. 5 & Table 1). FTIR spectroscopy 
analysis identified specific functional groups 
in the CFCs of B. siamensis strain CCTB2 that 
facilitated the reduction of Ag+, stabilization, 
and the capping of AgNPs. 

The peaks identified in the spectrum of AgNPs 
synthesized using CFCs of bacterial isolate 
CCTB2 are summarized in Table 1. The 
significant FTIR peaks corresponding to O–H 
stretching vibrations, C–H stretching, C=O 
stretching, C–H bending, C–H stretching in 
CH₃, C–O stretching, and C–N stretching 
vibrations demonstrated the presence of 

Fig. 5. Fourier transform infrared (FTIR) spectra of biosynthesized (AgNPs) from CFC of Bacillus 
siamensis isolate CCTB2 displaying functional groups accountable for the AgNPs synthesis and 
their stabilization.



Saha et al. 	 Ann. Bangladesh Agric. 2025. 29(2).85915     35     

potential functional groups, suggesting their 
involvement in the stabilization and capping 
of AgNPs (Jyoti et al., 2016;  Dada et al., 
2017; Chafidz et al., 2020; Huq, 2020; Tiwari 
et al., 2023; Saha et al., 2025).

The silver nanoparticles (AgNPs) produced 
using the bacterial isolate CCTB2 were 
further examined by XRD and TEM. The 
XRD test results demonstrated that the 
biosynthesized AgNPs exhibited a crystalline 
structure, as indicated by the presence of 
2-theta emission peaks. The X-ray diffraction 
pattern of the AgNPs exhibited characteristic 
Bragg reflection peaks at 2-theta values 
of 38.200, 44.400, 64.600, 77.5970, and 
88.755⁰. These peaks correspond to the silver 
crystal planes (111), (200), (220), (311), and 
(322), respectively, as illustrated in Fig. 6. 
The observation of these reflection peaks is 
linked to the crystallographic properties of 
the centring face and the cubic structure of 
AgNPs. The X-ray diffraction pattern was 

obtained using the JCPDS standard powder 
diffraction card, specifically the silver file 
No. 06-0480. The observed pattern provided 
evidence that the particles produced during 
biosynthesis were indeed silver nanoparticles. 
The results of this study are in line with those 
obtained from another research (Manikandan 
et al., 2017; Fouda et al., 2020; Hossain et 
al., 2023)

The characteristics of the produced AgNPs, 
including size, shape, and morphology, 
were analysed using Transmission Electron 
Microscopy (TEM). The morphology 
of silver nanoparticles (AgNPs) was 
predominantly spherical. The dimensions of 
AgNPs mediated by CCTB2 ranged from 
20 to 50 nm, with an average size of 32.24 
nm (Fig. 7). The variations in particle size 
observed between transmission electron 
microscopy (TEM) and in situ dynamic light 
scattering techniques can be attributed to 
aggregation that occurs during the sample 

Table 1. Relation of the prominent peaks found in FTIR spectra of the biosynthesized 
AgNPs using Bacillus sp. isolate CCTB2

Peak Bands Possible functional group Compound Class References
1 3271.46 stretching vibration of O-H groups aromatic ring Huq, 2020
2 2919.20 C–H stretching alkanes Chafidz et al., 2020
3 2844.48 C–H stretching alkane Huq, 2020
4 2262.71 C-H stretch aldehydes Dada et al., 2017
5 1619.57 The C = O stretching amide or vinylic 

keto
Tiwari et al., 2023

6 1371.39 C–H stretching in CH3, C–O stretching, 
CH bending

aliphatic Darweesh et al., 
2022

7 1032.47 C-N stretch vibration amines Jyoti et al., 2016
8 637.51 C-H bending alkyne Dada et al., 2017
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preparation process (Liu and Hurt, 2010). 
Similarly, Sun et al. (2014) documented that 
TEM images of AgNPs produced using a 5% 
(v/v) diluted tea extract (1 g/L TOC) revealed 
an AgNPs size distribution spanning from 
20 to 90 nm. Additionally, energy dispersive 
spectroscopy validated that metal silver (Ag0) 
predominated in the synthesized AgNPs (Fig. 
8). The characteristic absorption peak of the 
Ag element was observed in AgNPs at 3 
KeV, confirming that pure silver existed at the 
nanoscale, as previously reported (Masum et 
al., 2019; Ibrahim et al., 2020; Hossain et al., 
2023; Saha et al., 2025). In agreement with 

the EDX of AgNPs in another investigation, 
the EDS spectrum indicated seven different 
peaks, of which oxygen (6.08%), carbon 
(60.34%), and silver (15.2%) were detected 
(Fig. 8). These findings were consistent with 
the findings of the EDS spectrum (Saha et al., 
2025).

In vitro antimicrobial activity of AgNPs

The antifungal activity analysis revealed that 
AgNPs produced from B. siamensis strain 
CCTB2 effectively inhibited the mycelial 
growth of P. oryaze isolate MP-2, as depicted 
in Fig. 9. The inhibitory effect of AgNPs on 

Fig. 6. X-ray diffraction spectrum demonstrating the nanosize and crystalline nature of the AgNPs 
mediated by Bacillus siamensis strain CCTB2.
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Fig. 7. TEM analysis of biosynthesized AgNPs mediated by Bacillus siamensis strain CCTB2. (a): 
TEM micrograph; (b) Size distribution plots).

Fig. 8. EDS spectrum of biosynthesized AgNPs mediated by bacterial isolate CCTB2

mycelial growth increased with increasing 
their concentration. Silver nanoparticles 
(AgNPs) synthesized from the bacterial 
strain CCTB2 reduced mycelial diameter by 
80.66%, 90.05%, and 96.65% as compared to 

control plates at concentrations of 20, 30, and 
40 μg/mL, respectively (Fig. 9). The present 
study aligns with previous research that has 
shown the effectiveness of AgNPs as an 
antifungal agent in protecting plants against 
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fungal infections (Abd-Elsalam and Prasad, 
2018; Masum et al., 2019; Ibrahim et al., 
2020; Saha et al., 2025). 

Our results revealed that untreated hyphae 
maintained their typical structural features, 
including smooth surfaces, uniform 
branching, and robust, intact cell walls (Fig. 
10). In contrast, exposure to AgNPs induced 
pronounced morphological alterations, 
evidenced by irregular and distorted hyphal 
growth, abnormal swelling at multiple 
regions, loss of structural integrity, and a 
markedly higher frequency of branching 
per unit hyphal length. These abnormalities 

indicate that AgNPs disrupt normal hyphal 
development and compromise cell wall 
stability. Silver nanoparticles (AgNPs) show 
antifungal effects through multiple interrelated 
mechanisms, primarily by generating 
reactive oxygen species (ROS) and directly 
disrupting the cell membrane (Ibrahim et 
al., 2020; Chandrakar et al., 2025).  These 
mechanisms often work together to cause 
significant cellular dysfunction, leading 
to the death of fungal cells. Additionally, 
microbial cell intrusion of AgNPs may cause 
damage to intracellular microorganelles 
(such as vacuoles and ribosomes) as well as 
biomolecules, including DNA, proteins, and 

Fig. 9. Inhibition of mycelium growth of Pyricularia oryzae strain MP2 by Bacillus siamensis strain 
CCTB2 mediated AgNPs at different concentrations
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lipids (Dakal et al., 2016). The modulation 
of intracellular signaling pathways may also 
lead to apoptosis (Lee and Jun, 2019). 

Conclusion

The green synthesis of silver nanoparticles 
(AgNPs) is a safe alternative to physical 
and chemical methods. This study presents, 
for the first time, the production of AgNPs 
using a seaweed endophytic bacterium, B. 
siamensis. The formation of bio-synthesis 
AgNPs was further confirmed through UV-vis 
spectroscopy, FTIR, XRD, TEM, XRD, and 
EDX.  Additionally, the biosynthesized silver 
nanoparticles demonstrated potent antifungal 
activity against the rice blast pathogen, 
P. oryaze strain MP2. The antimicrobial 
activity of AgNPs may be attributed to their 
ability to inhibit cell wall disintegration. In 
summary, the results indicate the potential 

of biosynthesized AgNPs as an eco-friendly 
antifungal agent against blast disease. 
However, the greenhouse and field-level 
tests are necessary to verify their efficacy 
in semi-controlled and real agricultural 
situations and ensure reproducibility. The 
green synthesis strategy has high scale-up 
and commercialization potential, providing a 
sustainable alternative for agricultural system 
integration and long-term food security.
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