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Abstract

This study explores the eco-friendly synthesis of silver nanoparticles (AgNPs) using an aqueous extract from the leaves of an
invasive species Nicotiana glauca. The synthesized AgNPs were thoroughly characterized using X-ray diffraction (XRD), Fourier-
transform infrared (FTIR) spectroscopy, dynamic light scattering (DLS), and transmission electron microscopy (TEM). DLS analysis
confirmed the nanoparticles' monodispersity and stability, with an observed mean hydrodynamic diameter of 60.00 nm. XRD patterns
indicated a face-centered cubic crystalline structure, with an average crystallite size of 42.58 nm. TEM imaging revealed that the
nanoparticles were predominantly spherical, with sizes ranging from 50 nm to 55 nm. The AgNPs exhibited significant antifungal
activity, with the largest inhibition zone measuring 26.0 mm against Fusarium solani, followed by 23.1 mm for Aspergillus niger. This
study demonstrates that silver nanoparticles synthesized from Nicotiana glauca leaf extract possess potent antifungal efficacy against
key pathogens and exemplify a sustainable approach by valorizing an invasive plant for eco-friendly nanotechnolog Furthermore, this
study highlights the innovative use of invasive plant species like N. glauca as a sustainable, environmentally friendly resource for
nanoparticle production. By promoting green nanotechnology, this work contributes to biodiversity conservation efforts while provid-

ing a practical approach to managing invasive alien plants.
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Introduction

Nanotechnology is an advanced field with great poten-
tial to benefit human health. The main focus in this field is
on the production of nanoparticles with precise control
over their size, shape, chemical composition, and disper-
sion to improve their use in various fields (Mohanpuria et
al., 2008). Standard methods for producing nanoparticles
include physical, chemical, and biological methods. While
physical and chemical techniques can create well-defined
nanoparticles, they are often costly and environmentally
harmful (Bhattacharya & Gupta, 2005 ; Bachheti et al.,
2022). For these reasons, environmentally friendly alterna-
tives have been developed, with green synthesis emerging
as a sustainable, cost-effective, and scalable solution for
producing nanoparticles (Dhuper et al., 2012). This ap-
proach eliminates the need for toxic chemicals, reduces en-
ergy consumption, and avoids hazardous chemicals,
providing an environmentally friendly method for large-
scale production (Roy, 2015). Metallic nanoparticles, espe-
cially silver nanoparticles (AgNPs), have gained interest
due to their exceptional optical, magnetic, and catalytic
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properties (Suganthy et al., 2018; Bachheti et al., 2021).
These nanoparticles have tunable size, high dispersibility,
stability, biocompatibility, and superior adsorption capa-
bilities. Silver nanoparticles (AgNPs) are considered
among the most promising for various biological applica-
tions (Wang et al., 2021; Manjari et al., 2017; Husen et al.,
2019; Singh et al., 2018).

Biological methods are widely used and preferred for
the reasons mentioned above. As a result, numerous com-
mercial AgNPs products are currently available (Vance et
al., 2015). Silver nanoparticles (AgNPs) remain one of the
most extensively utilized metal nanoparticles, finding ap-
plications in various fields including wastewater treatment
(Suganthy et al., 2018), electronics (Bachheti et al., 2021;
Wang et al., 2021; Manjari et al., 2017), DNA labeling
(Husen et al., 2019; Singh et al., 2018; Vance et al., 2015),
filtration systems (Kalishwaralalf et al., 2010; Joshi et al.,
2016), sensor technology (Mcconnachie ef al., 2011; Ta-
mado & Milberg, 2000), antimicrobial coatings. Leyu et
al., 2023; Salayova et al., 2021; Rawat, 2017) , and as an-
timicrobial agents ( Rawat et al., 2023; Singh et al., 2003;
Lakshmi et al., 2007).
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These nanoparticles are produced using various phys-
ical, chemical, and biological techniques. Among the dif-
ferent biological methods for synthesizing nanoparticles,
microbe-mediated synthesis is not commercially feasible
due to the need for strict aseptic conditions and ongoing
maintenance. Plant extracts are favored over microorgan-
isms for this purpose because they are easier to scale up,
pose less of a biohazard, and do not require cell culture
maintenance (Kalishwaralal et al., 2010). Therefore, it is
an interesting idea to explore the potential of the invasive
plant species, N. glauca, for the production of nanoparti-
cles in Saudi Arabia. In many experiments, various chem-
icals are introduced to initiate reactions, with sodium hy-
droxide commonly used to modify pH or facilitate nano-
material synthesis. However, our method did not add any
external substance; instead, we utilized only the plant ex-
tract and the salt designated for nanomaterial preparation,
successfully attaining the intended results.

Nicotiana glauca Graham is a perennial shrub belong-
ing to the Solanaceae family. It is native to northwest Ar-
gentina and Bolivia but has become a fast-growing inva-
sive species in many countries, including the United
States, Mexico, South Africa, Namibia, Morocco, Egypt,
Saudi Arabia, Australia, and Croatia (Lakshmi & Srinivas,
2007; Issaly et al., 2020). Anthropogenic activities are re-
sponsible for its spread, it has alongwith it ability to grow
well in warm, temperate regions (Florentine et al., 2006).
This species is listed as invasive in both the Global Inva-
sive Species Database (GISD) and the Invasive Species
Compendium (CABI) (Florentine et al., 2006). N. glauca
is highly adaptable, growing across a wide range of eleva-
tions and soil types, where it can quickly establish dense,
monospecific populations (Florentine et al., 2006). It often
colonizes disturbed areas such as roadsides, rocky terrains,
arid grasslands, coastal zones, and other degraded habitats
(Nattero & Cocucci, 2007). Moreover, the plant faces lim-
ited predation due to its production of anabasine, a toxic
alkaloid harmful to humans and animals (Scharenberg et
al., 2019). In recent decades, many non-native plant spe-
cies have spread extensively across Saudi Arabia, espe-
cially in the southwestern region, which hosts 74% of the
country's plant species. Among these, N. glauca is regarded
as one of the most aggressive invasive species, able to grow
at elevations ranging from 800 to 2700 m a.s.l. (Thomas et
al., 2016). Although its impact is significant, no previous
studies have attempted to utilize this plant through environ-
mentally friendly, non-chemical methods.

The aim of this study was to synthesize and character-
ize silver nanoparticles (AgNPs) using the invasive plant
N. glauca through an eco-friendly green synthesis method
and to evaluate their antifungal activity. Most probably,
this has not been investigated previously.

Materials and Methods

Plant materials: Fresh Nicotiana glauca leaves were har-
vested from a rangeland farm (18°08'05" N, 42°42'26" E)
(Fig. 1). The collected leaves were dried in an oven at 60°C
for 48 hours. The plant species was taxonomically identi-
fied by the Herbarium of the Biology Department at King
Khalid University.

Preparation of V. glauca extract: The plant material was
properly washed with distilled water after being repeatedly
washed with tap water to eliminate impurities and visible
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contaminants. Then, it completely dried in the shade. The
dried plant material was crushed into a fine powder using
a mortar and pestle. About 20 g of cleaned N. glauca leaves
were placed in 200 mL of boiled distilled water for ~1 hour
at 50°C using a magnetic stirrer. After the mixture cooled
to room temperature, it was centrifuged for 10 minutes at
6000 rpm, and the supernatant was decanted. The extract
mixture was filtered through of Whatman No. 1. filter
paper. The clear supernatant solution was collected and
stored at 4°C (Latha et al., 2019).

Fig. 1. Nicotiana glauca tree with flowering shoots.

Synthesis of the silver oxide nanoparticles: The silver
nitrate (2.5 g) was dissolved in distilled water and then
treated with plant extract under sunlight using a magnetic
stirrer at 50°C. The solution turned deep red, confirming
AgNPs formation.. The mixture was centrifuged at 6000
rpm for 10 min and washed once with distilled water and
ethanol to remove residual extract.

Characterization of the synthesized Ag-based nano
particles

X-ray Diffraction (XRD): X-ray diffraction was utilized
to examine the formation and quality of the synthesized
AgNPs . The AgNPs were centrifuged (1400 rpm; 8°C) for
15 min, then washed three times in ethanol before being
washed three times with sterile Milli-Q water. The AgNPs
were then purified and ground using a ceramic mortar and
pestle in a 60°C oven. An X-ray diffractometer (X’Pert
PROPAN Analytical, Europe) was used to analyze the
powdered sample of characteristic Co-Ka radiation (A =
1.78 A) over a range of 20° to 90°, with a scan rate of 0.05°
/min and a time constant of 2 second.

Fourier-transform infrared spectroscopy (FT-IR): FT-
IR spectroscopy was used to detect the functional groups
associated with the reduction of Ag ions and the capping of
reduced Ag oxide nanoparticles. Shimadzu infrared (IR)
double-beam spectrophotometer was used for recording the
FT-IR spectrum of dried silver nanoparticles (NPs) in
transmittance mode. The samples were prepared using the
potassium bromide (KBr) pellet method at a 1:30 ratio
(NPs:KBr). The resulting spectral peaks, indicative of mo-
lecular stretching, were plotted with transmittance on the
Y-axis and wavenumber (cm™) on the X-axis. The spec-
trum was recorded in the wavenumber range of 500—4500
cm’, and a baseline correction was applied by subtracting
the spectrum of pure KBr.
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Fig. 2. The color change of solution after the reduction of AgNO3
by N. glauca leaf extract.
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Fig. 3. XRD- the pattern of biogenically synthesized AgNPs na-
noparticles (NPs).

Transmission electron microscopy (TEM): Transmis-
sion electron microscopy (TEM (JEM-1230, JEOL, Aki-
shima, Japan)) was used to examine the structural charac-
teristics and particle size of the NPs. A drop of NP-contain-
ing solution was placed on carbon-coated copper grids, for
1 min to form a thin film. Excess liquid was then removed
using filter paper, and the grids were vacuum-dried over-
night before being loaded into a specimen holder for anal-
ysis (Nasiriboroumand ef al., 2018).

SEM analysis: Scanning electron microscopy (SEM) anal-
ysis was conducted using a Carl Zeiss Japan model. A thin
film of the nanoparticle powder was prepared on carbon-
coated tape, with a small amount of dried fine powder ad-
hered to the grid. Excess material was carefully removed
using blotting paper. After exposure to a mercury lamp for
5 minutes, the film on the SEM grid was left to dry com-
pletely. The surface structure of the biogenically synthe-
sized silver nanoparticles (Ag NPs) was then examined
through SEM analysis.

In vitro antifungal activity of AgNPs: The antifungal
activity of AgNPs was evaluated using agar well diffusion
against Aspergillus niger RCMB 02724, and Fusarium
solani SX13. All tested fungal strains were grown on PDA
plates and incubated for 3—5 days at 30°C (Hashem et al,,
2021; Khalil & Hashem, 2018). The fungal suspension was
prepared in sterilized phosphate buffer solution (PBS) pH
7.0, and then the inoculum was adjusted to 107 spores/mL
after counting in a cell counter chamber. One milliliter was
uniformly distributed on agar PDA plates, which acted as
the positive control. Using a sterile cork-borer, wells (8
mm) were cut; agar MEA was first loaded with 100 mL of
plant extract, and AgNPs were transferred to each well
individually and left for 2 h at 4°C, and then the plates were
incubated for 3 days at 30°C. Moreover, concentrations of
125, 250, and 500 pg/ mL of AgNPs were evaluated, and
after incubation, the inhibition zones were determined.

Results

Visual examination: The transformation in color from
light yellow to deep brown confirmed clear visual evidence
for the synthesis of silver nanoparticles. This color
transition was observed within 30 minutes of exposure, as
shown in Fig. 2.

The XRD analysis confirms the presence of character-
istic AgNPs diffraction peaks, thus validating the wurtzite
crystal structure of the nanoparticles. The peaks observed
at 32.49°, 37.64°, 46.44°, 55.00°, 64.26°, and 77.34° cor-
respond to the (111),(200),(211),(220),(311),and (3
2 1) planes of AgNPs, respectively (Fig. 3). The XRD dif-
fraction peaks align exclusively with the face-centered cu-
bic (FCC) structure of metallic silver (Ag®), as confirmed
by comparison with standard reference data (JCPDS 04-
0783). No evidence of silver oxide or other crystalline
phases was observed, indicating complete reduction of Ag*
ions to elemental silver by the phytochemicals present in
the Nicotiana glauca extract. These results are consistent
with established green synthesis mechanisms, where plant-
derived biomolecules facilitate the formation and stabiliza-
tion of zero-valent silver nanoparticles.

The calculated crystalline size of the AgNPs, the
strain, and cell parameters are presented in Table 1. The
crystallite size of the prepared AgNPs was determined to
be around 42.58 nm; also, lattice parameters (a, b, ¢) were
measured to be about 4.718.

Table 1. The lattice constant values for the samples.
Sample a=b=c c/a strain  Crystallite size
AgNPs 4.718 1 0.27 42.58 nm

Structure refinements: The atomic positions of the
biogenically synthesized AgNPs were determined via X-
ray powder diffraction utilizing the Rietveld refinement
technique. The position of the silver atoms was found to
correlate with the oxygen content. The FULLPROF
software, designed for Rietveld-type analysis, facilitated
the least-squares structural refinements. Fig. 4 illustrates
the observed, calculated, and various profiles resulting
from the final Rietveld refinement of the AgNPs. The blue
line in the figure represents the correspondence between
the experimental data and the model during the refinement
process. The analysis used the Pn-3m space group
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appropriate for cubic structures. To fit the parameters of
the X-ray diffraction data, the pseudo-Voigt function was
used. The refining parameters for the biogenically
produced AgNPs including occupancy, atomic positions,
crystal system, space group, lattice parameters, and cell
volume, are summarized in Table 2. The lattice constants
(a, b, and c) were determined to be ~ 4.8, and the cell
volume was 105.02 A.

FTIR Analysis: Various biomolecules essential for coating
and stabilizing reduced silver nanoparticles (AgNPs) and
reducing silver ions (Agt+) were identified using FTIR
analysis. Fig. 5. revealed intense absorption peaks are
detected at 2918 cm ™!, 2364 cm™, 2202 cm ™, 1580 cm ™, and
655 cm™ with a wavelength range of 5004000 cm™. These
results indicate the presence of important functional groups
from the plant extract in the synthesized nanoparticles,
confirming the stabilization and reduction of AgNPs made
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by the plant extract. The FTIR spectrum of the synthesized
AgNPs represented in Fig. (5) displayed minor alterations in
both peak position and intensity. The shift observed at
2918.88 c¢m! could be indicative of hydrogen bond
disruption, which is important in the reduction process of
silver ions to form silver nanoparticles.

TEM study of nanoparticle: The morphological
characteristics of the biosynthesized silver nanoparticles
(AgNPs), including their size, shape, and other features,
were analyzed using transmission electron microscopy
(TEM). TEM images of the nanoparticles are presented in
(Fig. 6a). The measurements obtained from these images
indicated that the sizes of the AgNPs range from 45 to 75
nm (Fig. 6a). Differences in particle size were observed
when comparing the sizes obtained from TEM with those
from dynamic light scattering (DLS) analysis.

Table 2. Final Rietveld refinement parameter of Cubic AgNPs.

Compound Space group a=b=c () o=p=7 n=c/a  Cell volume (A) Atom X y z
Ag 0.25 0.25 0.25
3m o
Ag0 Pn 4.8 90 105.02 o 0.00 0.00 0.00

Cycle: SO0 ChiZ2: 0O0.135E+O4Dr—massaud-A.dat
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Fig. 4. Rietveld refinement results of cubic structure of AgNPs.
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Fig. 5. FTIR spectra of biosynthesized AgNPs.
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Fig. 6. TEM image (a) the particle size distribution histogram (b) and the area distribution histogram (c).

Figure 6 (b and c) present histograms showing the par-
ticle size distribution for nb- AgNPs and Np- AgNPs, re-
spectively. The average particle size of Np-Ag,O ranges
from 50 to 55 nm, with an average area of 2000 to 3000
nm?. Furthermore, the transmission electron microscopy
(TEM) image of Np- AgNPs shown in Fig 6(a) indicates
that this material has a high level of crystallinity. The dif-
ference between TEM (50-55 nm) and DLS (60 nm) is
slight and may be due to the process of aggregation of sil-
ver nanoparticles, which gives them a larger size.

SEM: The morphology and distribution of the synthe-
sized silver nanoparticles (AgNPs) were analyzed using
Field Emission Scanning Electron Microscopy (SEM).
SEM images captured at scales of 10 pm and 42.48 nm,
with magnifications of 25,000%, 50,000%, and 100,000 x
respectively, revealed spherical, polydisperse nanoparti-
cle aggregates (Fig. 7).

SElI  30kV

WD17mm SS28

Fig. 7. Scanning electron microscope (SEM) images of synthe-
sized AgNPs at 10 pm.

The crystal structure of cubic AgNPs: As shown in
(Fig. 7), the final Rietveld refinement parameters were
employed to standardize the crystal structure and
fractional coordinates using the VESTA (Visualization
for Electronic and Structural Analysis) program. Ag
nanoparticles (NPs) have a well-established cubic crystal
structure characterized by the space group Pn-3m. The
hexagonal unit cell of the wurtzite structure features two

lattice parameters, (a) and (c), with the ratio c/a = 1,
which is typical for an ideal wurtzite configuration.
Figure 8 presents a schematic representation of the cubic
AgNPs structural model based on the final Rietveld
refinement parameters. This structure consists of two
interpenetrating ~ hexagonal  close-packed  (hcp)
sublattices, each formed by one type of atom that is
displaced by u = 3/8 = 0.375 along the three-fold axis of
the c-axis, as detailed in Table 2 (in an ideal cubic
structure) in fractional coordinates. The internal
parameter u is defined as the length of the link parallel to
the c-axis (the anion—cation bond length or nearest-
neighbor distance) divided by the c lattice parameter.

L1

)

Fig. 8. Schematic model of cubic AgNPs structure with lattice
constants a, b and c.

Antifungal activity: Aspergillus niger demonstrated a
higher sensitivity to both plant extracts and AgNPs
compared to Fusarium solani. The highest inhibition zone
(26.4 + 0.43 mm) was observed for Aspergillus niger at 500
pg/mL of AgNPs (Table 3). For Aspergillus niger, the zone
of inhibition produced by the plant extract was 12.3 £0.13
mm, while AgNPs at concentrations of 125 pg/mL, 250
pg/mL, and 500 pg/mL produced zones of 13.4 £0.18 mm,
17.5 £ 0.50 mm, and 26.4 + 0.43 mm, respectively (Table
3). Similarly, for Fusarium solani, the plant extract
exhibited a zone of inhibition of 11.2 + 0.11 mm, and
AgNPs at 125 ng/mL, 250 pg/mL, and 500 ug/mL showed
inhibition zones of 10.0 £ 0.12 mm, 15.1 + 0.42 mm, and
23.4 £ 0.14 mm, respectively (Table 3).



Table 3. Zone of inhabitation produced (mm), of plant extract, and
AgNPs at concentration125, 250 and 500 pg/mL against
Aspergillus niger and Fusarium solani.

Zone of inhibition produced (mm)

Microorganisms AgNPs (ng/ mL)

Plant extract 125 | 250 | 500
Aspergillus niger 12.3+0.13 13.4+0.18 17.5+0.50 26.4+0.43
Fusarium solani 112+ 0.11 10.0+0.12 15.1+£0.42 234+0.14

These results indicate that AgNPs exhibit a concentra-
tion-dependent increase in antimicrobial activity. Further-
more, this suggests that AgNPs are more effective against
fungal pathogens at higher concentrations (Table 3).

Discussion

The observed color change can be attributed to surface
plasmon resonance (SPR), as evidenced by biogenically
reduced silver nanoparticles (AgNPs) (Ahsan & Farooq,
2019). These results agree with previous studies by
Erdogan et al., (2016), and Moreno, (2018). The results
revealed a specific and sharp peak, indicating that the
formed particles had a well-crystallized structure and
metallic nature (Pourzahedi et al., 2017; Alsamhary, 2020).
The strong intensity of these diffraction peaks underscores
the crystalline nature of the AgNPs (Shu et al., 2020). The
diffraction peaks observed can be attributed to the cubic
structure, specifically reflecting the pure Bragg's
reflections characteristic of the face-centered cubic (FCC)
arrangement found in metallic silver powder (Khalil et al.,
2014). these results agreed with the Joint Committee on
Powder Diffraction Standards (JCPDS) standard No. 04-
0783. (Leyu et al, 2023) documented successfully
synthesized crystalline silver nanoparticles (AgNPs)
through reducing silver ions using the invasive alien
species Parthenium hysterophorus, characterized by face-
centered cubic structures. These results agree with the
previous work; the average crystallite size of the AgNPs
nanoparticles was determined using the Debye—Scherrer
equation (Mostafa et al., 2020).

t=0.9A/BCos0 (1

Where A is the wavelength, B is the full width at half
maximum (FWHM), and 0 is the diffraction angle.

The final Rietveld refinement analysis indicates that
AgNPs have a cubic structure and high crystallinity
(Mobarak et al., 2020). Results revealed intense absorption
peaks are detected at 2918 cm™, 2364 cm™!, 2202 cm™!,
1580 cm™, and 655 cm™ with a wavelength range of 500—
4000 cm™ (Oluwaniyi et al., 2016). The peak at 29180.88
cm™ is Caused by C—H stretching vibrations, while the
peaks at 2364.83 cm™ and 2202.16 cm™ are Combined
with C=0 stretching and N-H bending modes in primary
amides (Awwad et al., 2013). The stretching mode for the
carbonyl group (C=0) was detected at 1580 cm™,
indicating the presence of compounds such as carboxylic
acids, aldehydes, esters, or ketones derived from
flavonoids and tannins (Kumar ez al., 2019). The main peak
observed at 2918 cm™ could be attributed to the OH
stretching group of phenols and alcohols or the NH
stretching of aliphatic primary amines (Jalali et al., 2020).
Also, the spectral patterns of the plant leaf extract and the
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synthesized AgNPs Similar to each other, suggesting that
the identified phytochemicals are present in the
synthesized nanoparticles (Javan et al., 2020).

This variation is due to the aggregation of the
nanoparticles, which affects the accuracy of the DLS
measurements. The presence of larger particles increases
light scattering, inflating the measured particle size (Souza
et al, 2016). TEM images confirm that most of the
nanoparticles exhibit a spherical morphology. SEM images
captured at scales of 10 pum and 42.48 nm, with
magnifications of 25,000x, 50,000, and 100,000x
respectively, revealed spherical, polydisperse nanoparticle
aggregates (Amargeetha & Velavan 2018). The final
Rietveld refinement parameters were employed to
standardize the crystal structure and fractional coordinates
using the VESTA (Visualization for Electronic and
Structural Analysis) program (Momma & Izumi, 2011).
Previous studies showed that antifungal activities were
determined in broth dilution bioassay (Pujol et al., 1996;
Irkin & Korukluoglu, 2009). Similarly, for Fusarium solani,
the plant extract exhibited a zone of inhibition of 11.2£0.11
mm, and AgNPs at 125 ug/mL, 250 ug/mL, and 500 pg/mL
showed inhibition zones of 10.0 £0.12 mm, 15.1 + 0.42 mm,
and 23.4 £+ 0.14 mm, respectively (Singh et al., 2024).The
successful green synthesis of AgNPs using N. glauca is
confirmed by characteristic SPR and XRD patterns, showing
well-crystallized, cubic nanoparticles with a size comparable
to those from other invasive plants (Leyu et al., 2023). The
AgNPs  exhibited strong, concentration-dependent
antifungal activity, with inhibition zones up to 26.4 mm
against 4. niger. This efficacy surpasses that of AgNPs from
Carya illinoinensis (Javan et al., 2020) and matches the
potency of Prunus serrulata-synthesized AgNPs (Kim,
2018). The antifungal action is primarily attributed to ROS
generation and Ag" ion release, which disrupt fungal
membranes and cause oxidative stress (Suganthy et al.,
2018; Singh et al., 2024). Phytochemicals from the extract,
identified by FTIR, likely enhance this mechanism through
synergistic capping. Ecologically, this work valorizes N.
glauca a highly invasive species threatening biodiversity
(Thomas et al., 2016) by transforming it into a nanomaterial
resource. This approach supports sustainable invasive
species management through biorefining, aligning with
circular economy principles (Rawat et al., 2023). Thus, the
study provides both an effective antifungal agent and a
practical strategy for ecological conservation.

Conclusion

This study successfully demonstrates the viability of
Nicotiana glauca leaf extract for the sustainable, green
synthesis of silver nanoparticles (AgNPs). The characteri-
zation confirmed the formation of well-defined, crystalline
AgNPs suitable for functional applications. The findings
underscore the significant translational potential of these
nanoparticles in agricultural and biomedical fields. As a
potent antifungal agent, the synthesized AgNPs could be
developed into eco-friendly formulations for crop protec-
tion against pathogenic fungi such as Aspergillus niger and
Fusarium solani, reducing reliance on synthetic fungicides.
Furthermore, their inherent antimicrobial properties posi-
tion them as promising candidates for biomedical applica-
tions, including wound dressings, antibacterial coatings,



N. GLAUCA-MEDIATED SILVER NANOPARTICLES AS ANTIFUNGAL AGENTS 7

and therapeutic nanosystems. Beyond material innovation,
this work establishes a circular model for invasive species
management by converting N. glauca an ecological threat
into a valuable resource for nanotechnology. This approach
not only advances green synthesis but also contributes to
environmental conservation, offering a dual-purpose strat-
egy that aligns with sustainable development goals. Future
work should focus on scaling production, conducting in
vivo efficacy and safety studies, and exploring integrated
applications in agri-biotechnology and healthcare.
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