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Abstract
Buxus sinica leaf extract was used to synthesize silver nanoparticles, and leaf extract volume, concentration of AgNO3, and pH
value were adjusted to ascertain the optimized biosynthesis system, it included 20 mL of leaf extract, 4 mM AgNO3, and pH of
7. Transmission Electron Microscopy (TEM) images revealed that the silver nanoparticles were spherical and finely dispersed,
with an average size of 5.6 nm. SEM (Scanning Electronic Microscopy) and EDX (Energy-dispersive X-ray) further confirmed
their morphology and purity. As-synthesized silver nanoparticles exhibited prominent antifungal activity against Curvularia
lunata. At a dose of 200 μg mL-1 of silver nanoparticles, the inhibition rate of colony growth reached 85% and an IC50 value of
26 μg mL-1. Furthermore, an inhibition of 100% conidial germination and IC50 of 9.16 μg mL-1 were achieved at 50 μg mL-1.
Silver nanoparticles exerted destructive effects on mycelial morphology, which became expanded and distorted. The silver
nanoparticles effectively prevented the germination of and infection by conidia of C. lunata. It is possible to screen silver
nanoparticles as one kind of high efficient fungistatic agent to assist or replace chemical pesticide. © 2018 Friends Science
Publishers
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Introduction
Silver has been applied to diminish inflammation and heal
wounds since ancient times owing to its broad spectrum of
antimicrobial effects. Unlike other metals, silver exhibits
higher toxicity to microorganisms, such as bacteria, fungi,
and viruses, while presenting lower toxicity to mammalian
cells (Li et al., 2010). Nowadays, traditional silver
compounds are produced at the nanoscale by using
nanotechnology. The nanoparticles have unique optical,
physical, chemical, and magnetic properties (You et al.,
2012). Silver nanoparticles have shown wide prospects
for application in many fields, including medicine,
electronics, cosmetics, water disinfection, etc. (Zhao et
al., 2011; Bakshi et al., 2014).
In recent years, the synthesis, characterization, and
application of silver nanoparticles have attracted increasing
research attention. Silver nanoparticles could be synthesized
through physical, chemical, and biological methods. For
example, physical methods utilize high temperature and high
pressure, and require performing complicated operations
(Yin et al., 2004; Nadagouda et al., 2011). Although the
chemical method is easy to apply, toxic reagents such as
reducing and stabilizing agents, and organic solvents with
potential environmental contamination risks are required
for its utilization (Albrecht et al., 2006; Song et al., 2009).

The idea of green chemistry has prompted considerable
scientific focus on methods based on biosynthesis by
microorganisms and plant tissues (Huang et al., 2013;
Narayanan and Park, 2014; Khatami and Pourseyedi, 2015;
Khatami et al., 2016). Unlike physical and chemical
methods, the biosynthesis method is considered an
environmentally friendly approach with several advantages,
including low cost, adequate stability, minimal use of toxic
reagents, and thus greater environmental safety, etc.
Pathogen prevention in the medical and agricultural
domains is a persistent issue, which is even more difficult to
deal with due to the current situation of climatic changes and
pathogenic variability. It is necessary to establish the neotype
and discover novel efficient antimicrobial substances that
assist or replace traditional reagents. As a non-antibiotic
substance, biosynthesized silver nanoparticles exhibit
excellent antimicrobial properties against human, animal, and
plant pathogens (Schluesener and Schluesener, 2013;
Hussain et al., 2016). Silver nanoparticles have been used to
inhibit the development of phytopathogens a few years ago,
but the research is still at its initial stage.
In this report, the antifungal activity of Buxus sinica
leaf extract-mediated silver nanoparticles against
Curvularia lunata was determined. To our knowledge,
this is the first report showing effective antifungal control
exerted by optimized B. sinica based silver nanoparticles.
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The major objectives of this study included exploration of the
optimal system conditions for the biosynthesis of silver
nanoparticles, as well as evaluation of the efficacy and
potency of B. sinica-mediated silver nanoparticles against C.
lunata. These findings can be used either alone or for
application of these nanoparticles in combinations with other
chemical reagents for the control of Curvularia leaf spot of
maize.

Materials and Methods
Preparation of Leaf Extract
The extract of B. sinica was prepared as follows. Leaves
were washed in sterile water several times and cut into
small pieces (1 cm × 1 cm), followed by air-drying on a
clean bench. An amount of 10 g of the above cut leaves
was added to 100 mL of deionized water and heated at
95°C for 30 min. During the heating process, intermittent
stirring was performed to achieve uniform heating. Then, the
extract was filtered through filter paper and preserved at 4°C
for further experiments.
Optimized Biosynthesis of Silver Nanoparticles
Silver nanoparticles were biosynthesized by addition of the
leaf extract to deionized water at a ratio of 1:9 (v:v), followed
by reaction with AgNO3 at a temperature of lower than 60°C.
An optimization process was performed, including the
examination of different volumes of the leaf extract (5, 10,
20, and 50 mL), concentrations of AgNO3 (1, 2, 4, and 8
mM), and pH values (pH 3, 5, 7, 9 and 11).
Characterization of Silver Nanoparticles
Obvious solution color change was observed after incubation
for 15 min. The formation of silver nanoparticles was
determined by UV-Vis spectroscopy (TU-1950, PERSEE,
China). TEM (JEM-2100F, JEOL, Japan) and field-emission
SEM (S-4800, Hitachi, Japan) were also performed, and the
purity of silver nanoparticles was measured by energydispersive X-ray analysis (EDX).
Antifungal Activity of Silver Nanoparticles against C.
lunata
Inhibition of colony growth: Oven-dried silver
nanoparticles were dissolved in sterile water as a stock
solution (10 mg mL-1). A volume of 5 mL of diluted stock
solution was added to 45 mL of PDA (Potato Dextrose Agar)
medium at an approximate temperature of 55-60°C, and final
concentrations of silver nanoparticles of 6.25, 12.5, 25, 50,
100, and 200 μg mL-1were obtained by dilution with sterile
water. The control set contained 5 mL of sterile water without
silver nanoparticles. A fungus block (φ=5 mm) was
inoculated in the center of each Petri dish containing a
different concentration of silver nanoparticles, followed by

incubation at 28°C for 3-5 d. Each control and experimental
treatment was performed in three replicates.
Influence on Conidia Germination
The densities of C. lunata conidia were adjusted to 106 mL-1
by a counting chamber. Next, various concentrations of silver
nanoparticles (6.25, 12.5, 25, 50, 100 and 200 μg mL-1) and
conidia suspensions were added into sterile centrifuge tubes
at a ratio of 1:9 (v: v). The conidia suspension served as
control. Then, incubation at 25°C for 1-2 d was performed.
Images of conidia in the control and experimental treatments
were obtained under a microscope (100 X).
Influence on Mycelial Morphology
Mycelia were treated with different concentrations of silver
nanoparticles (6.25, 12.5, 25, 50, 100 and 200 μg mL-1),
followed by incubation at 25°C for 2-3 d. Mycelial solution
with sterile water served as control. The morphology of the
mycelia in the control and experimental treatments were
photographed under a microscope (400 X).
Detached Leaf Assay
Maize leaves (Zhengdan 958, ZD958) were washed
thoroughly with sterile water, surface-sterilized by dipping
into 2% (v/v) sodium hypochlorite for 1 min, and rinsed three
times with sterile water under aseptic conditions. Air-dried
leaves were placed in a sterile Petri dish containing PDA
medium and inoculated with 10 μL of the solutions with
different concentrations of silver nanoparticles (6.25, 12.5,
25, 50, 100 and 200 μg mL-1). A suspension of leaves spotted
with conidia served as control; four drops per leaf, and four
replicates for each treatment were applied.

Results
Biosynthesis of Silver Nanoparticles
AgNO3 (Ag+) was reduced into metallic silver (Ag0) in the
presence of the plant extract, and the solution color changed
from light green (Fig. 1b) to red brown (Fig. 1c), while the
AgNO3 solution without the plant extract remained colorless
(Fig. 1a). The solution color change indicated formation of
silver nanoparticles. The UV-Vis absorption spectrum
showed a sharp absorbance at 448 nm, corresponding to the
surface plasmon resonance of silver nanoparticles (Shukla et
al., 2012). However, there was no obvious absorption peak
for the AgNO3 solution and B. sinica leaf extract (Fig. 1d).
Construction of an Optimal Biosynthesis System
Effect of plant extract volume: The plant extract
volume had a direct relation to its reducing action. Under
the same condition of 1 mM AgNO3, the solution color
darkened with the increase in volume (Fig. 2a).
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Effect of Varied Concentrations of AgNO3
The concentration of AgNO3 had a direct relation to the
content of the synthesized silver nanoparticles. The solution
color turned from red-brown to black-brown as the
concentration of AgNO3 increased from 1 mM to 8 mM (Fig.
3a). UV-Vis spectra showed that the absorption peak
increased gradually with the augmentation of the
concentration of AgNO3 and reached its maximum at 4 mM
AgNO3 (Fig. 3b). Hence, the optimum concentration of
AgNO3 was determined as 4 mM.
Effect of Varied pH

Fig. 1: Biosynthesis of silver nanoparticles based on 10 mL
of B. sinica leaf extract. (a) AgNO3 solution; (b) leaf extract;
(c) leaf extract with 1 mM AgNO3; (d) Corresponding UVVis absorption spectra

Solution pH is an important factor that affects the formation,
size, and morphology of silver nanoparticles. As shown in
Fig. 4a, solutions with varied pH (3, 5, 7, 9 and 11) presented
a different color. At pH 3 and 5, the solution was milkwhite and yellow-orange, respectively, and its UV-Vis
absorption spectra (Fig. 4b, black and red curves) did not
correspond to the surface plasmon resonance of the silver
nanoparticles. At pH 7–11, the solution color turned from
red-brown to black-brown, while the spectra of solution
at pH 9 and 11 exceeded the acceptable range (higher than
9.99), which might cause instability; thus, the optimal pH
value was determined as 7.
Characterization of Silver Nanoparticles

Fig. 2: Effect of the varied volume of B. sinica leaf extract
on silver nanoparticles formation. (a) Photograph of silver
nanoparticles based on 5, 10, 20, and 50 mL of B. sinica leaf
extract (from left to right); (b) Corresponding UV-Vis
absorption spectra
UV-Vis spectra showed that the maximum absorption was
gradually elevated from 5 mL to 50 mL (Fig. 2b). While the
spectrum of solution based on 50 mL filtrate exceeded the
acceptable range (higher than 9.99) and was prone to
aggregation; thus, the optimal plant extract volume was
determined as 20 mL.

TEM analysis: As can be seen in the TEM image in Fig. 5,
the synthesized silver nanoparticles were typically spherical
or near spherical with favorable dispersal behavior (Fig. 5a).
To determine the particle size and size distribution, 200
particles were randomly selected from several TEM images.
The size of the biosynthesized silver nanoparticles was found
to be in the range 2.6~10.8 nm, and the average particle size
was approximately 5.6 nm (Fig. 5b).
SEM and EDX analysis: The SEM image in Fig. 6a displays
synthesized silver nanoparticles with a spherical shape. As
can be observed in the EDX spectrum of silver nanoparticles
in Fig. 6b, the peaks around 3 Kev indicate the existence of
elemental silver, signal of Pt owing to gold film coated on
sample before scanning, while other peaks like Cl, Al, C, O,
and Si should be due to components of B. sinica leaf extract
and other solutions.
Inhibition of Colony Growth
As shown in Fig. 7, silver nanoparticles exhibited a
prominent inhibition effect on colony growth. The
diameter of C. lunata without silver nanoparticles
measured by cross method was 6.73 cm (Fig. 7a), and it
decreased gradually with the rise in the concentration of
silver nanoparticles (Fig. 7b, c, d, e, f and g). The
diameter of the silver nanoparticles reached its minimum
value (1.43 cm) at 200 μg mL-1 (Fig. 7g).
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Fig. 5: TEM image (a) and size distribution (b) of silver
nanoparticles

Fig. 3: Effect of varied concentrations of AgNO3 on silver
nanoparticles formation. (a) Photograph of silver
nanoparticles based on 1, 2, 4 and 8 mM AgNO3 (from left
to right); (b) Corresponding UV-Vis absorption spectra

Fig. 6: SEM image (a) and EDX spectrum (b) of silver
nanoparticles

Fig. 7: Inhibition of the colony growth of C. lunata by silver
nanoparticles. (a) colony of the control isolate; (b)-(g), C.
lunata with silver nanoparticles concentration of 6.25, 12.5,
25, 50, 100 and 200 μg mL-1
Fig. 4: Effect of varied pH on silver nanoparticles formation.
(a) Photograph of silver nanoparticles with pH 3, 5, 7, 9 and
11 (from left to right); (b) Corresponding UV-Vis absorption
spectra
The data from three replicates of the treatments with different
concentrations were averaged and used to calculate by SPSS
13.0 the median inhibitory concentration (IC 50), which
was 26.06 μg mL-1 (95% CI: 15.18-40.68 μg mL-1). The
inhibition rate caused by the varied silver nanoparticles
concentrations (6.25-200 μg mL-1) in the control and
experimental treatments of C. lunata was in the range
8.99%-85.07%.

obviously with the increase in the concentration of silver
nanoparticles, and conidia were totally inhibited at 50 μg
mL-1 or more. IC50 calculated by SPSS 13.0 was 9.16 μg
mL-1 (95% CI: 8.42–9.88 μg mL-1).
Influence on Mycelial Morphology
Mycelia of C. lunata treated with silver nanoparticles had
abnormal morphology. As shown in Fig. 8, the mycelia of the
control isolate were intact, smooth, and well-organized (Fig.
8a), whereas the incubation with silver nanoparticles (200 μg
mL-1) for 3 d caused breakdown of mycelia to fragments (Fig.
8b), surface roughening, expansion (Fig. 8c), and
multiangular distortion (Fig. 8d).

Influence of Conidia Germination
Detached Leaf Assay
As seen from the data in Table 1, silver nanoparticles affected
dramatically the germination of conidia of C. lunata. In
the control, the germination rate was 91.67%, but it decreased

C. lunata causes a serious foliar spot disease in maize leading
to major yield losses. The process of infection starts with
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Table 1: Influence of silver nanoparticles on conidia germination of C. lunata
Concentration (μg.mL-1)
0
6.25
12.5
25
50
100
200

Total number of conidia
300
300
300
300
300
300
300

Number of germinated conidia
275
192
91
28
0
0
0

Fig. 8: Influence of silver nanoparticles on the mycelial
morphology of C. lunata. (a), mycelia of control isolate; (b)–
(d), mycelia treated with silver nanoparticles
conidia germination on the leaf surface, and thus it is the key
point that determines whether a disease would occur. Maize
leaves inoculated with a conidia suspension of C. lunata
alone for 3 d showed obvious disease symptoms, and the
leaves turned yellow (Fig. 9a). Conversely, the combination
of conidia suspension and silver nanoparticles reduced
significantly disease severity. Especially when the
concentration of silver nanoparticles was 200 μg mL-1, no
spot blotch appeared on the treated maize leaves, and they
looked as healthy as the control leaves (Fig. 9b). Microscopic
images further confirmed the complete conidia germination
on maize leaves inoculated with C. lunata alone (Fig. 9c),
which was totally inhibited by the treatment with silver
nanoparticles (Fig. 9d).

Discussion
Synthesis and application of silver nanoparticles is a
prevalent field in view of their distinct characteristics. In the
past few years, biosynthesis of silver nanoparticles by plant
tissues has been reported (Borase et al., 2014; Roy and Das,
2015; Abdelghany et al., 2018), as far as we know, B. sinica
has not been applied for this purpose, and few reports focused

Germination rate (%)
91.67
64.00
30.33
9.33
0
0
0

Inhibition rate (%)
-30.18
66.91
89.82
100
100
100

Fig. 9: Detached leaf assay of the use of silver nanoparticles
against C. lunata. (a) maize leaf inoculated with a conidia
suspension of C. lunata; (b) maize leaf inoculated with a
conidia suspension of C. lunata and silver nanoparticles; (c)
microscopic image of the local area of (a); (d) microscopic
image of the local area of (b)
on optimized biosynthesis (Krishnaraj et al., 2012; Iravani
and Zolfaghari, 2013). In addition, solution color change and
UV-Vis absorption spectra were integrated to ascertain the
optimal synthesis conditions based on selected plant tissues.
The attempts for prevention and control of C. lunata, a
worldwide plant pathogen on maize, have never ceased.
However, the application of nanoparticles especially metal
nanoparticles against phytopathogen is a newly developed
field. Introduction of such materials into plant disease control
could reduce its long-term dependence on chemical
pesticides, and contribute to resolve some problems like
environment pollution, pesticide residue, fungicides
resistance, etc. Although silver nanoparticles synthesized by
Acalypha indica leaf extract were used to inhibit C. lunata in
a previous examination (Krishnaraj et al., 2012), the effective
inhibition concentration was 0.5 mg μL-1, which is more than
ten thousand times the concentration (50 μg mL-1) selected
here that totally inhibited conidia germination. It is supposed
that the size, morphology, dispersity, and purity of silver
nanoparticles might be directly associated with their
antimicrobial activity (Ivask et al., 2014). Our results
indicated that such synthesized silver nanoparticles
exhibit prominent antifungal activity against C. lunata,
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and the potential of an environmentally friendly
inhibitory substance was screened for comprehensive
management of phytopathogens.

Conclusion
On the basis of these results, silver nanoparticles were
biosynthesized by B. sinica leaf extract, and the optimal
synthesis system was also ascertained through adjusting
filtrate volume, AgNO3 concentration, and pH value. In
addition, silver nanoparticles synthesized here show
excellent antifungal activity against C. lunata. As one kind of
non-antibiotic fungistat, silver nanoparticles could prevent
the development of drug-resistant pathogens to the utmost
extent. Further experiments should focus on parameters
that influence their antifungal activity such as high
temperature, ultraviolet ray, aggregation behavior, and
surface charge, and so on.
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