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Abstract

Silver nanoparticles (AgNPs) were synthesized by ginkgo fruit extract. UV-vis, TEM, SEM, EDX and AFM were applied for
their characterization. The inhibition rate of AgNPs against Bipolaria maydis reached 78.7% at the concentration of 200
ug/mL. Prominent synergistic antifungal effect was found when AgNPs were combined with selected fungicides. The toxicity
ratio determined by Horsfall’s method reached 1.33, 1.34, and 1.23 when the proportion of AgNPs and tebuconazole,
propineb, fludioxonil was 1:1, 9:1, and 7:3, respectively. Such compounds not only explore a novel approach to control
phytopathogens but also provide possibility to avoid development of drug resistance. © 2018 Friends Science Publishers
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Introduction

In recent years, nanomaterials or nanoparticles have come
into more and more people’s sight. The size of nanoparticles
is in the range of 1 to 100 nm at least in one dimension
(Shetty et al., 2014). Nano-sized materials have unique
properties that differ from bulk counterparts, such as small-
sized effect, surface effect, quantum size effect,
macroscopic quantum tunneling effect, and so on (Osuwa
and Anusionwu, 2011). As an important member of metal
nanoparticles, AgNPs emerged potential applications in the
fields of heavy metal ion detection (Wang and Chen, 2009;
Kirubaharan et al, 2012), chemical substances
determination (Ping et al., 2012; Han et al., 2014), surface
enhanced Raman scattering (Gil and Lucassen, 2010; Garg
and Dhara, 2013), fluorescent signal enhancement (Fu et al.,
2007, 2008), inhibition of microorganisms (Elechiguerra et
al., 2005; Morrones et al., 2005; Lu et al., 2008;
Kasprowicz et al., 2010; Sotiriou and Pratsinis, 2010;
Lamsal et al., 2011).

Among these synthesis methods, biological approach
using living organism like microorganisms and plants are
considered the most popular. There were many research
articles focused on biosynthesis of AgNPs, such as Bacillus
licheniformis (Kalimuthu et al., 2008), Septoria apii and
Trichoderma koningii (Huang et al., 2013), Phoenix
dactylifera (Khatami and Pourseyedi, 2015), Hibiscus rosa-
sinensis (Nayak et al., 2015), Osmanthus fragrans (Alani et
al., 2012), Caulerpa racemosa (Kathiraven et al., 2015),
orange peel (Castro et al., 2015), etc. Besides, several
review articles have summarized green synthesis of AgNPs

based on such materials (Borase et al., 2014; Asha et al.,
2016; Mohammadlou et al., 2016).

It’s well known that phytopathogens that cause plant
diseases do severe damage to agroforestry. Under traditional
concept, chemical pesticides were used as the first ever
unique choice. However, with the growing environmental
and drug resistance problems, novel eco-friendly fungistats
need to be developed urgently. The rapid development of
nanotechnology provides the possibility to resolve such
challenge. At nanoscale, antimicrobial activity of silver
dramatically enhanced, and it was proved more broad-
spectrum for AgNPs including bacteria (Lok et al., 2007;
Kumari et al., 2015), fungi (Khatami et al., 2016; Huang et
al., 2017a), virus (Elechiguerra et al., 2005; Lara et al.,
2010) and pathogenic cell (Mohammad et al., 2017) etc.

In this study, ginkgo fruit extract was used to
synthesize AgNPs, and TEM, SEM, EDX, and AFM were
applied to characterize the synthesized AgNPs in order to
provide more information for their application. In addition,
antifungal activity of AgNPs alone and synergistic effect of
AgNPs and three efficient fungicides (tebuconazole,
propineb, fludioxonil) were determined through mycelium
growth rate method.

Materials and Methods

Ginkgo fruits were gathered in Fengyang city, Anhui
Province, China. Silver nitrate (AgNQOj;) was purchased
from Sinopharm Chemical Reagent Co., Ltd (China).
Tebuconazole, propineb, and fludioxonil were purchased
from Shandong Weifang Rainbow Chemical CO., Ltd. The
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fungus named B. maydis was conserved in the Plant
Protection laboratory of Anhui Science and Technology
University.

Preparation of Fruit Extract

The extract of Ginkgo fruit was prepared as follows: fruits
were denucleated and washed thoroughly in sterile water,
then dried on a clean bench. Putting 10 g of fruits into 100
ml of deionized water, then heated at 95°C for 30 min.
During the heating process, it’s necessary to stir it from time
to time. After that, the extract was filtered through filter
paper for two times and preserved for further use.

Synthesis of AgNPs

Green synthesis of AgNPs was achieved through adding 10
mL filtrate to 90 mL deioniszed water, followed by reaction
with 1 mM AgNO; at 80°C for 15 min. During this heating
process, the solution color changed (Scheme 1).

Characterization of AgNPs

In order to measure optical properties of green synthesized
AgNPs, UV-Vis spectroscopy (TU-1950) was applied at the
range of 350 nm to 600 nm. The characteristics of AgNPs
like morphology, size, and dispersion were measured
through TEM, SEM, AFM, etc. TEM (JEM-2100F) analysis
of the particles were sonicated for 10 min at first, and then
dripped on carbon-coated copper grid to dry completely. For
SEM (S-4800) analysis, such synthesized AgNPs were
deposited on a sample plate, followed by coating with
platinum. AFM (BioScope) was applied to detect AgNPs
dried on a mica plate. Furthermore, EDX was used to
measure the purity of AgNPs.

Inhibition Rate of AgNPs

Centrifuges and Oven-dried AgNPs were dissolved in sterile
water as a stock solution (10 mg/mL). A volume of 5 mL of
diluted stock solution was added to 45 mL of PDA medium
at an approximate temperature of 55-60°C, and final
concentrations of AgNPs of 12.5, 25, 50, 100 and 200
pg/mL were obtained by dilution with sterile water. The
control set contained 5 mL of sterile water without silver
nanoparticles. A fungus block (¢ 5 mm) was
inoculated in the center of each Petri dish with different
concentration of AgNPs, followed by incubation at 28°C
for 3-5 d. Each control and experimental treatment was
performed in three replicates.

Synergetic Antifungal Effect of AgNPs and Fungicides

The 50% effective concentration (ECs) of AgNPs and three
fungicides was measured through mycelium growth rate
method, respectively. Based on that, various compound
proportion was settled as 0:10, 1:9, 2:8, 3:7, 4:6, 55, 6:4,
7:3, 8:2, 9:1 and 10:0. All compounds were prepared fresh
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and mixed thoroughly for 5 min. The synergetic effect
assessment (toxicity ratio) of AgNPs and fungicides was
determined by the follow equations (Horsfall, 1945):

(1) Actual inhibition rate = [(Diameter of control
colony-Diameter of treatment colony)/(Diameter of control
colony-Diameter of fungus block)]*100%;

(2) Theoretical inhibition rate = (Actual inhibition rate
of A at medium concentration* percentage of A +Actual
inhibition rate of B at medium concentration*
percentage of B)*100%;

(3) Toxicity ratio = Actual inhibition rate/ Theoretical
inhibition rate.

The combination effect shows synergistic when
toxicity ratio was greater than 1; it shows antagonistic when
toxicity ratio was less than 1; it shows additive when
toxicity ratio was almost equal 1.

Results
Biosynthesis of AgNPs

As shown in Fig. 1, the color of diluted filtrate changed
from white to yellow after heating at 80°C for 15 min under
the condition of 1 mM AgNO;, indicating formation of
AgNPs, while the color remained unchanged for filtrate
without AgNO; (Fig. 1a). UV-Vis spectroscopy indicates
that maximum absorbance is at 426 nm (Fig. 1b),
corresponding to the surface plasmon resonance of AgNPs
(Lok et al., 2007). However, there were no characteristic
absorption peak of silver on account of AgNO; (green line)
or filtrate (red line) alone.

Characterization of AgNPs

TEM analysis: As shown in Fig. 2, characterizations of
morphology, dispersion, size and size distribution of AgNPs
emerged. Easy to see such synthesized AgNPs were
spherical or near spherical with favorable dispersion (Fig.
2a, b and c). In order to determine particle size and size
distribution, 200 typical AgNPs were selected randomly
from several TEM micrographs. The particle size was in the
range of 8~24 nm with average size of about 14 nm. 6.5%
of particles distributed between 5~10 nm, 60% of particles
distributed between 10~15 nm, while 32%fell between
15~20 nm, and 1.5% between 20~25 nm (Fig. 2d).

SEM and EDX Analysis: When illuminated by SEM,
particles appeared on the substrate, which represent
AgNPs (Fig. 3a). Peaks at about 3 keV indicate the
existence of elemental silver, while other peaks may be
attributed to the elements of ginkgo fruit extract and
reagents (Fig. 3b). The results showed synthesized
AgNPs was pure, and could be used for further
experiments.

AFM Analysis: The specified morphological features of the
green synthesized nanoparticles were investigated by
AFM. All of the particles on the mica were
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Fig. 1: Green synthesis of AgNPs, based on 1 mL ginkgo
fruit extract: (a), color change of diluted filtrate before and
after adding 1 mM AgNO; at 80°C; (b), UV-Vis spectrum
of AgNPs
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Fig. 5: Inhibition of the colony growth of B. maydis by
AgNPs with various concentrations

Inhibition Rate of AgNPs

As shown in Fig. 5, AgNPs exhibited a prominent inhibition
effect on colony growth. The diameter of C. lunata without
AgNPs measured by cross method was 6.37 c¢cm, and it
decreased gradually with the rise in the concentration of
Tl — AgNPs. The diameter of the AgNPs reached its minimum
e value (1.75 c¢m) at 200 pg/mL. The data from three
replicates of the treatments with different concentrations
were averaged and used to calculate by SPSS 13.0 the 50%
effective concentration (ECs), which was 31.73 pg/mL.
The inhibition rate caused by the varied AgNPs
concentrations  (12.5-200 pg/mL) in the control and
experimental treatments of B. maydis was in the range 27.6—
78.7%.

Fig. 2: TEM micrographsat different magnifications (a-c)
and size distribution (d) of AgNPs

monodispersed (Fig. 4a), the surface morphology of the

sample can be better visualized by their respective
3Dtopographic view (Fig. 4b).
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Synergistic Antifungal Activity of AgNPs and Fungicides

As shown in Table 1, 2 and 3, there exhibited obvious
synergistic antifungal activity between AgNPs and three
fungicides against B. maydis. The combination of AgNPs
and tebuconazole showed universal synergistic antifungal
effect at various proportions, and the maximum reached
1.33 when the two components were equal. The compounds
of AgNPs and propineb presented synergistic antifungal
effect at the volume ratio of 8:2 and 9:1, and the maximum
reached 1.33 at 9:1, the rest ones were additive or
antagonistic. The compounds of AgNPs and fludioxonil
showed synergistic antifungal effect at the volume ratio of
7:3, 8:2 and 9:1, and the maximum reached 1.23 at 7:3, the
rest ones were additive or antagonistic.

Discussion

In recent years, biosynthesis of AgNPs attracts more and
more researchers’ attention in view of their unique
properties. Among these materials, plant tissues proved to
be optimal. As a famous medicinal material, Ginkgo leaf
extract was used to prepare AgNPs in previous studies
(Song and Kim, 2009; Ren et al., 2016; Huang et al.,
2017b). To our knowledge, it’s the first time to synthesize
AgNPs using ginkgo fruit extract.

Drug resistance by pathogenic bacteria and fungi has
been continuously increasing, so it is necessary to develop
new antimicrobial agents. Researches in recent years proved
that AgNPs was a promising candidate, and the enhanced
antibacterial activity of AgNPs and antibiotics was verified
by Li et al. (2005) and Dar et al. (2013), while synergistic
antifungal effect of AgNPs and chemical substances was
rarely reported (Monteiro et al., 2013).

Conclusion

There appeared synergistic antifungal activity of AgNPs and
three different fungicides, and the optimal proportion of
each varied with fungicides category. These results would
not only provide a new way for pathogens inhibition but
also reduce drug resistance to the utmost extent.
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Table 1: Toxicity ratio between AgNPs and tebuconazole
against B. maydis

Volume Actual inhibition rate Theoretical inhibition Toxicity
ratio (%) rate (%) ratio
0:10 52.41 52.41 1.00
1:9 63.35 52.00 1.22
2:8 60.05 55.39 1.08
37 63.50 55.23 1.15
4:6 63.03 55.07 1.14
5:5 73.08 5491 1.33
6:4 70.88 54.74 1.29
73 67.59 54.58 1.24
8:2 69.78 54.42 1.28
91 64.76 54.26 1.19
10:0 48.28 48.28 1.00

Table 2: Toxicity ratio between AgNPs and propineb
against B. maydis

Volume Actual inhibition rate Theoretical inhibition rate Toxicity

ratio (%) (%) ratio
0:10 57.16 57.16 1.00
1.9 45.92 56.17 0.82
2:8 53.48 55.18 0.97
37 17.56 54.19 0.32
4:6 20.25 53.20 0.38
5.5 44.03 52.22 0.84
6:4 54.57 51.23 1.07
73 51.59 50.24 1.03
8:2 59.70 49.25 121
9:1 64.56 48.26 134
10:0 47.27 47.27 1.00

Table 3: Toxicity ratio between AgNPs and fludioxonil
against B. maydis

Volume Actual inhibition rate Theoretical inhibition rate Toxicity
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ratio (%) (%) ratio
0:10 46.73 46.73 1.00
1.9 43.49 47.27 0.92
2:8 35.39 47.81 0.74
37 3241 48.35 0.67
4:6 49.70 48.89 1.02
5:5 38.90 49.43 0.79
6:4 48.62 49.97 0.97
73 62.13 50.51 1.23
8:2 61.32 51.05 1.20
9:1 59.43 51.59 115
10:0 52.13 52.13 1.00
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