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In this study, Myrtus communis was used for the bioproduction of colloidal silver nanoparticles
(AgNPs). The resultant AgNPs were characterized by X-ray di®raction (XRD), UV-Visible
spectroscopy and ¯eld-emission scanning electron microscopy (FESEM). The hump-like peaks
were recorded near the wavenumber 422 nm and such peaks originated due to the electronic
structures of silver tiny particles and silver nanoparticles. The four intensive peaks of XRD
patterns indicated the crystalline nature and the face-centered cubic structure of the AgNPs.
The average crystallite size of the AgNPs ranged from 19 nm to 25 nm. The FESEM image
illustrates the good dispersion of the AgNPs and the spherical shape of the nanoparticles. The
AgNPs were prepared to study antifungal activity against plant pathogenic fungi Aspergillus
niger, Rhizopus stolonifer and Neurospora crassain vitro. Results showed that the AgNPs
demonstrated high antifungal activity against these fungi with signi¯cant di®erences between
treatments when compared with the control (without nanoparticles).
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1. Introduction

Nanoparticles are classi¯ed as materials with one or

more dimensions between 1 nm and 100 nm in size,1

and they are considered metallic oxides, metalloids,

nonmetals, and nanomaterials. Given their small
scale, large surface area, and high reactivity, they
are useful as bactericides, fungicides and nano-
fertilizers.2 Plants and microorganisms have been
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used to synthesize nanoparticles in vivo, and there is
a large body of literature on this topic. Bioproduction
methods vary, but organic resources or their extracts
are exposed to a metallic salt that biologically reduces
the metal to a nanoscale size, which is then collected,
distinguished, and made available for use.3

Plant disease reduces agricultural production
every year, and many strategies can be used to
control plant disease, such as use of pesticides.
However, in recent years, scientists in the agricul-
tural sector have used silver nanoparticles (AgNPs)
in plant disease management.4,5 When AgNPs are
used, sclerotium-forming fungi decrease, which is
considered the most e®ective protection mechanism
for controlling plant pathogens.6

Researchers are attempting to determine how to
make AgNPs in the safest way possible. One of the
most popular and quickest ways to prepare nano-
particles is to use extracts from plant leaves, seeds,
and other sources. Plant ingredients, such as Aloe
vera, have been used by a number of scientists in the
preparation of nanoparticles.7 According to Kantha
and Arunachalam,8 preparing AgNPs and gold
nanoparticles from plant leaf water extracts is po-
tentially environmentally friendly, and the water
extraction method can be used to produce them
quickly. Di®erent quantities of extract can be used
to change the size of nanoparticles. Plants and plant
extracts take precedence over physico-chemical
methods.9,10 Plant-mediated nanoparticle proces-
sing is favored over other known methods because it
is safe for human use, low in cost, and environ-
mentally friendly.11 According to Mubarak Ali
I-Nan LinK,12 by increasing the molar concentra-
tion of gold precursor, the size of nanoparticles in-
creased up to the size of particles.

This study aimed to prepare AgNPs usingMyrtus
communis plant extract, to characterize and analyze
AgTPs and AgNPs prepared at di®erent molar con-
centrations and study their e®ect on fungi in vitro.

2. Materials and Methods

2.1. M. communis extract preparation

Leaves of M. communis were collected from the
University of Anbar, washed with distilled water,
and dried for 24 h in an incubator at 45!C. About
5 g of dry leaves was mixed with 500 mL of distilled
water in a °ask, which was centrifuged at 3000 rpm.
The solution was ¯ltered to obtain extracts with a
concentration of 100%.13

2.2. Bioproduction of AgNPs

M. communis extract was used to convert AgNO3

into AgNPs for AgNP bioproduction. About 1mL
of AgNO3 (0.4mM, 0.6mM and 0.8mM) was ap-
plied to 45mL of M. communis extract in a 250mL
°ask. The °ask was placed on a magnetic stirrer at
80!C for 60min.14,15

2.3. UV-Vis spectrophotometry

A UV-Visible spectrophotometer was used to track
the bioproduction of AgNPs on a regular basis. To
analyze this sample and research the formation of
AgNPs at 350–650 nm, 0.1mL of the sample was
diluted in 2mL of deionized water.

2.4. Diagnosis of AgNPs by ¯eld-
emission scanning electron
microscopy (FESEM)

The ¯lms on the FESEM grids were permitted to
stand for 2min after being dipped in an aqueous
solution of AgNPs. The excess solution was
extracted with blotting paper, and the grid was
allowed to dry until measurement.16

2.5. Antifungal activity of the prepared
AgNPs in vitro

The in vitro assay involved one type of growth
medium (PDA) treated with diverse concentrations
(0mM, 0.4mM, 0.6mM and 0.8mM) of AgNPs.
About 2mL of AgNPs of various concentrations
was poured into a Petri dish with PDA. Growth
media with AgNPs were inoculated with fungi at
the center of each Petri dish and then incubated at
30!C for 2weeks.17

2.6. Calculation of inhibition rate (%)

The radial growth of fungi was measured after they
were incubated on various growth media containing
AgNPs. When mycelial growth in the control Petri
dish reached the end of the plate, the inhibition
ratio was calculated. The inhibition rate (%) was
calculated using the following formula17:

Inhibition rateð%Þ ¼ R % r=R;

R ¼ radial growth of fungi mycelia on the control
Petri dish.
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r ¼ radial growth of fungi mycelia on the Petri
dish treated with AgNPs.

3. Results

AgNPs were synthesized using the natural materials
of plants. They were ¯rst identi¯ed by the color
change in the reaction to a ruby red color. UV-Vis
absorption spectra were used to study the intensity
of absorbed ¯eld of AgTPs and AgNPs synthesized
for di®erent molar concentrations. Figure 1 shows
the absorption peaks of the UV-Vis spectra of
aqueous media of AgNPs as a function of silver ni-
trate salt's concentration.18 In the UV-Vis spectra
of AgNPs prepared at 0.6mM, we observed the
absorption peak at 422 nm. This peak indicated
the formation of the spherical shape of AgNPs. The
shift in the wavelength (from 422 nm to 416 nm) of
the AgNP spectra indicated an increase in the
concentration of elongated and deformed metal
(silver) atoms.19 The higher the metal ion concen-
tration, the higher the particle size of the AgNPs.
The sharp peak around 422 & 2 nm indicated AgNP
formation.20 Meanwhile, the enhancement of the
intensity might be related to the enlargement of the
formed nanoparticles when the number of silver ions
decreased in the aqueous solution, thereby increas-
ing the absorbance intensity of the AgNPs. This
result was in an agreement with the ¯ndings
reported by Edreese Alsharaeh et al.,21 who utilized
lemon juice under microwave irradiation and UV
light irradiation to synthesize AgNPs. The reported
results revealed that the maximum absorption peak
of the spherical AgNPs was located between 420 nm
and 450 nm. Pandian Bothi Raja et al.20 employed a
rapid green method to synthesize AgNPs by using a
variety of tannin sources such as mangrove (MG),
chestnut (CN) and quebracho (QB) as reducing
agents. They revealed that the absorbance peak
areas at 430–450 nm increased as the reaction time
increased. Jae Yong Song et al.18 reported the use of
¯ve plant leaf extracts (e.g., pine and persimmon).
The peaks related to all samples show the high in-
tensity (in arbitrary unit), and this validates the
electronic structures of AgTPs and AgNPs. In
Fig. 1, each peak's trend is di®erent. In Fig. 1, the
hump-like peaks are related to the absorbed high-
¯eld intensity. These attribute the electronic
structures of silver tiny particles and silver nano-
particles. At di®erent molar concentrations, the
electronic structures of (AgTPs and) AgNPs also

become di®erent regardless of that a silver atom has
¯xed number of electrons.19,21,22

X-ray re°ection (XRF) patterns of the
dried AgNPs (see Fig. 2) showed the partially

Fig. 1. Visual and ultraviolet spectra of AgNPs prepared
using M. communis leaf extract as a function of the molar
concentration of AgNO3.

Fig. 2. The results of the XRF examination of prepared using
M. communis leaf extract as a function of the molar concen-
tration of AgNO3.
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crystalline-partially non-crystalline (amorphous)
structure of AgNPs synthesized using M. communis
leaf extract as a function of the metal atom con-
centration. Consequently, the peaks of 2! at 38.45!,
44.39!, 64.57! and 77.54! corresponded to the dif-
ferent electronic rings of silver atoms belonging to
the top-layered surface of AgTPs and AgNPs.23 No
extra peaks belonging to other crystalline phases
were detected, indicating the pure synthesis of
AgTPs and AgNPs without impurities. The XRF
peaks of our synthesized AgNPs agreed with the
gold standard peaks (JCPDS pattern; ¯le no. 04-
0784). The peak at 38.18! of the (1 1 1) plane
exhibited stronger intensity than the peaks at
44.39!, 64.57! and 77.54!. The number of peaks and
their intensities are a®ected by the change in metal
ion concentration. At a low concentration (0.4mM),
the intensity of the four detected peaks was higher
than that at high concentrations (0.6mM and
0.8mM). The crystalline size distribution was

between 19 nm and 25 nm with an average crystal-
lite size of 22 nm. The higher the metal ion con-
centration is, the bigger is the size of particle. For
this, please refer to the published study, Ref. 23.

FESEM was used to investigate the morphology
of the synthesized AgNPs. As shown in Fig. 3, the
AgNPs had a spherical shape and a small particle
size for samples prepared with 0.6mM compared
with other samples. This behavior was in agreement
with the results of XRD.

3.1. Antifungal activity of the prepared
AgNPs in vitro

The results of this study showed the e®ect of AgNPs
on the growth diameter (Table 1) and inhibition
ratio (Table 2) of plant pathogenic fungi Aspergillus
niger, Rhizopus stolonifer and Neurospora crassa.
Signi¯cant di®erences were found among all treat-
ments. The concentration of 0.8mM gave the best

Fig. 3. FESEM image of AgNPs prepared using M. communis leaf extract as a function of the molar concentration of AgNO3:
(a) 0.4mM, (b) 0.6mM and (c) 0.6mM.
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e®ect on the growth diameters of A. niger, R. sto-
lonifer and N. crassa (3.16 cm, 3.33 cm and 3.80 cm,
respectively) compared with the control (8.73 cm,
8.83 cm and 8.90 cm, respectively; Table 1), with
inhibition ratios reaching 63.80%, 62.28% and
57.30%, respectively (Table 2). The concentration
of 0.6mM inhibited the growth diameters of
A. niger, R. stolonifer, and N. crassa to 4.80 cm,
5.43 cm and 6.33 cm, respectively, and the inhibi-
tion ratios reached 45.01%, 38.50% and 28.87%,
respectively (control ¼ 0%).

The poor e®ects of AgNPs on the growth diam-
eter and inhibition ratio of fungi at 0.4mM yielded
diameters of 7.30 cm, 7.90 cm and 7.53 cm (Table 1)
and inhibition ratios of 16.38%, 10.53% and 15.39%
(control ¼ 0%; Table 2) for A. niger, R. stolonifer
and N. crassa, respectively.

4. Conclusion

The use of materials, including AgNPs, within the
nanoscale in medical applications has become com-
monplace due to their unique properties. An en-
vironmentally friendly method was used to prepare
AgNPs from silver nitrate, as this method is con-
sidered one of the easiest, economical, and safest
methods in the ¯eld. XRF patterns of the dried
AgNPs showed the partially crystalline-partially
non-crystalline (amorphous) structure of AgNPs.

FESEM shows that the AgNPs had a spherical
shape and a small particle size. This study showed
the importance of nanoparticles in reducing fungal
plant diseases; it showed that the concentration of
0.8mM was superior to the rest of the concentra-
tions in the e®ect on the studied fungi: Aspergillus
niger, Rhizopus stolonifer and Neurospora crassa,
then the concentration of 0.6mM came second in
terms of the e®ect on fungi, and then the concen-
tration 0.4mM as compared to the control stan-
dard.
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