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ABSTRACT: Faba bean is amang the most strategic crops in Egypt and suffering from many
destructive diseases especially chocolate spot caused by Botrytis fabae Sard. which can reduce yield
production. Effect of chitosan nanoparticles (ChNPs) and silver nanoparticles (AgNPs) with average
particle size of 7.54 and 8.043 nm, respectively at five concentrations (20, 40, 60, 80 and 100 ppm), as
well as recommended dose of carbendazim (CZ) 100 g/100L (field rate) were studied in vitro against
aggressive isolate of Botrytis fabae (B.f4). All concentrations significantly inhibited the radial growth
of B.f4 compared with the control treatment. In vitro results showed that ChNPs followed by AgNPs
were effective over conventional chemical fungicide CZ. Where the radial growth of B.f4 decreased
by increasing concentration of the different materials especially ChNPs at 20-40 ppm recording
73.33% and 100% growth inhibition, respectively. While 100 ppm of AgNPs and recommended dose
of CZ rate of 75.33% and 46.11% growth inhibition, respectively. In addition, scan electron
microscope (SEM) showed that, the mycelium of B.f4 treated by AgNPs did not have detruation
changes at 20 ppm. Contrary to B.f 4 mycelia treated with ChNPs 20 ppm exhibited seriously shrunk
after 72 h post treatment in relative to the control. The antifungal effect of ChNPs, showed marked
covered distorted mycelia. Most B.f4 spore morphology treated with AgNPs 20 ppm appeared to be
shrunk and abnormal shape 72 h post treatment compared with the control. In addition, AgNPs lead to
deforming B. fabae spores and explosion of others. On the other hand, spore production of B. fabae
treated with ChNPs 20 ppm was completely inhibited 72 h post treatment. The obtained results offers
a possibility of developing new manufacturing fungicides using chitosan and silver nanoparticles as
substances for save control of faba bean chocolate spot disease and minimize the impact of
conventional fungicides in the agri-ecosystem.
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Faba bean is suffering from many destructive
diseases in Egypt, especially chocolate spot
caused by Botrytis fabae. It is one of the most

INTRODUCTION

Faba bean (Vicia faba) is mainly grown in

Egypt for its green pods and dried seeds, which
are rich in protein (18.5 to 37.8%) that can
substitute for animal protein in humans, as well
as other compounds (El Hendawy et al., 2010;
Sahile et al., 2011). Also, as the other legumes,
faba bean plays a significant role in the
restoration of soil fertility by fixing nitrogen and
is used as suitable rotation crop for cereals and
other crops (Teshome and Tagegn, 2013).
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economically important diseases that damage
the foliage, limit photosynthesis activity, and
reduce faba bean production (EI-Kholy, 2014).

Several strategies can be employed to
management chocolate spot disease in faba bean
crop. Application of fungicides has been the
most effective and widely used strategy and
provides reliable effective disease control
measure (Teshome and Tagegn, 2013). Previous
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studies showed that, carbendazim, gave good
control of this disease in faba bean (EI-Kholy,
2014). However, the widespread and uncontrolled
use of conventional fungicides in plant health
management has contributed significantly in
deteriorating the quality of biotic and abiotic
components of ecosystem (Damalas and
Eleftherohorinos, 2011). To overcome such
difficulties, researchers focused attention to find
economical and environmentally friendly
alternative strategies against the disease by the
applications of nanotechnology and bio-agents
(Cho et al., 2010; Esh et al., 2010; Ouda, 2014
and Massalimov et al., 2016).

In recent years, great considerable attention
is paid to antifungal effects of chitosan and
silver nanoparticles due to their antifungal
properties and their different properties
compared with bulk (Vaidyanathan et al.,
2009; El-Hadrami et al., 2010; Bhattacharjee
et al.,, 2017 and Kriti, 2020). Chitosan based
nanoparticles (ChNPs) are preferably used for
various  applications  owing to  their
biodegradability, high permeability towards
biological membranes, and a low toxicity for
mammalian cells, cost effectiveness and broad
antifungal activities. ChNPs imbued versatility
in biological activities due to altered physico-
chemical characteristics like size, surface area,
cationic nature, active functional groups, higher
encapsulation efficiency etc. (Xu et al., 2007;
Meng et al.,, 2010; Saharan et al., 2013;
Youssef et al., 2019). In this respect Kheiri et
al. (2017) recorded that, ChNPs had high
potential of antifungal activity on suppress of
Fusarium sp. growth in wheat. ChNPs showed
antifungal  activites against all  tested
phytopathogenic fungi at different concentration
compared with the control treatment (Saharan
et al., 2013; OH et al., 2019). Silver in ionic or
nanoparticle forms (AgNPs) is a metal had
highly toxic effect to fungal pathogens, some of
the in vitro assays showed strong inhibitory
effects of AgNPs even at low concentration
against various fungal plant pathogens (Kim et
al.,, 2012; Krishnaraj et al., 2012; Gopinath
and Velusamy, 2013; Lee et al., 2013; Pulit et
al., 2013; Mishra et al., 2014; Ouda, 2014).

Therefore, the objective of this study was to
evaluate the sensitivity of B. fabae isolate (B.f 4)
to AgNPs and ChNPs at different concentrations

comparing with the commercial fungicide CZ,
achieve the following objectives; 1) Effect on
mycelia growth of B. fabae, 2) Involve
mechanism or morphological change on the
spores and mycelia under the direct observation
of scanning electron microscope (SEM) to
establish the efficacy mechanism on plant
pathogen controls.

MATERIALS AND METHODS

The Used Isolate Pathogen

Isolate B.f4 has been previously isolated and
identified as B. fabae. B.f4 which was isolated
from Sakha at Kafr EI Sheikh and was found to
be the most aggressive isolate during two
successive growing seasons (2017/2018 and
2018/2019) (Ghareib et al., 2021).

Growth Media for the Fungal Pathogen

In this study two growth media were used i.e.
faba bean leaf agar (FBLA) medium was used
for preparing spore suspention of B. fabae
(Leach and Moore, 1966), and potato dextrose
agar (PDA) medium was also used for B. fabae
mycelial growth according to Riker and Riker
(1936).

Tested Materials

Silver nanoparticles (AgNPs) and Chitosan
nanoparticles (ChNPs) as well as conventional
fungicide carbendazim (CZ) were used in this
study. Silver nanoparticles was obtained from
Nagaa Nanotechnology Labe, Cairo, Egypt,
while ChNPs was prepared according to Tang et
al. (2007) in Nanotechnology lab. Desert
Research Center (DRC), Cairo, Egypt.
Carbendazim SC 50%. was used at 100 ml/100
L (field rates) as compared treatment.

Chitosan Nanoparticles
Chemicals and reagents

Chitosan (deacetylation 85%) was procured
from STARCHEMIC sodium tripolyphosphate
from SRL Company and acetic acid glacial were
used without any further purification.

Preparation of chitosan nanoparticles

Chitosan nanoparticles were prepared based
on ionic gelation method of chitosan with
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tripolyphosphate (TPP) anions. TPP anions has
often been used to prepare chitosan nanoparticles
because TPP is nontoxic. The interaction can be
controlled by the charge density of TPP and
chitosan, which is dependent on the pH of the
solution. Chitosan 20 gm was dissolved in 40 ml
of 2% (v/v) acetic acid aqueous solution. Twenty
milliliter of 0.75 mg/ml sodium tripolyphosphate.
The TPP solution was prepared by double
distilled water. Tripolyphosphate was dropped
wisely under magnetic stirring at 1000 rpm, 1
hour under room temperature (Tang et al.,
2007).

Concentrations used

Metal nanoparticles were diluted at different
concentrations of 20, 40, 60, 80 and 100 ppm
using distilled water at room temperature 24°C.
The prepared solutions were stored at 4°C for
experimental use. Sterilized distilled water was
used as control treatments (Ahmed, 2017).

Characterization of NPs using transmission
electron microscope (TEM)

A drop of an aqueous dispersion of the
nanomaterial was placed on a carbon-coated
copper grid and allowed to dry in air before
characterization. There prepared grids were used
to study. The morphological and particles size of
AgNPs and ChNPs were demonstrated using
TEM model JEM-1230, Japan, operated at 120
kV, with maximum magnification of 600 x 103
and a resolution until 0.2 nm.

In vitro screening of tested materials
against pathogenic fungi

Effect of different concentrations of ChNPs,
AgNPs and CZ were tested against B. fabae in
vitro. The concentrations of nanoparticles and
recommended dose of CZ were prepared by
adding the amounts of the stock solutions of
nanoparticles to 100 ml of PDA media cooled to
45°C. Five replicates (Petri dishes 9 cm in
diameter) were used for each concentration. Five
mm in diameter agar plugs were obtained from
the actively growing edge of fungal cultures (6
days old cultures) inoculated in the center of
plates supplemented with different concentrations.
The plates were incubated at 25°C and colony
diameters were measured after 3 days when the
control reached full growth. The percentages of
growth inhibition were calculated relative to

control growth treatment using the following
formula:

Inhibition rate (%) = (R-r) / R x 100

Where R is radial growth of the fungi in
control plates and r is the radial growth of fungi
in treated plates (Lamsal et al., 2011).

Scanning electron microscopy

Mycelia of B. fabae grown on PDA medium
treated with AgNPs or ChNPs were fixed in
2.5% glutaraldhyde at 4°C for 24 hr and post—
fixed in 1.0% osmium tetraoxide for one hr at
room temperature (Harley and Fergusen,
1990). The speciments were then dehydrated
with ascending concentrations of acetone,
critical point dried, and finally sputter coated
with gold. The examination and photographing
was done through Joel Scanning Electron
Microscope (Salem et al., 2019).

Statistical Analysis

Variance analysis was calculated for assessed
traits using M Static 10*" Program described by
Steel and Toori (1980). The comparison of
means were calculated for traits based on least
significant differences (LSD o45) of interaction
between stated factors (pathogenic fungus and
nanoparticles).

RESULTS AND DISCUSSION

Characterization of AgNPs and ChNPs
Using Transmission Electron Microscopy
(TEM)

Transmission electron microscopy (TEM)
characterization represents the morphological
structure of ChNPs that was found to be uniform
and spherical with average particle size 7.54 nm
while, AgNPs was more spherical with average
particle size 8.043 nm (Fig. 1).

Effect of ChNPs, AgNPs and carbendazim
on radial growth of B. fabae

Data in Table 1 represented the antifungal
effects of five concentrations (20 ppm, 40 ppm,
60 ppm, 80 ppm and 100 ppm) of each AgNPs
and ChNPs as well as recommended dose of
conventional fungicide Carbendazim against
B. fabae (B.f4) isolate. The nanoparticles
inhibited the radial growth of B. fabae at different
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Fig. 1. Trasmission electron microscopy characterization size and morphological structure of
nano chitosan (ChNPs), and nano silver (AgNPs)

Table 1. Effect of different concentrations of silver and chitosan nanoparticles on B. fabae isolate
(B.f 4) mycelial growth after three days from inoculation.

Treatments Means Reduction (%0)
AgNPs 20ppm 2.93 67.44
AgNPs 40ppm 2.60 71.11
AgNPs 60ppm 2.60 71.11
AgNPs 80ppm 2.33 74.11
AgNPs 100ppm 2.22 75.33
ChNPs 20ppm 2.40 73.33
ChNPs 40ppm 0.00 100.00
ChNPs 60ppm 0.00 100.00
ChNPs 80ppm 0.00 100.00
ChNPs 100ppm 0.00 100.00
Carbendazim 4.85 46.11
Control 9.00 0.00

LSD g5 0.137 -
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concentration where all treatments showed
significant effects compared with the control
and conventional fungicide Carbendazim. The
most effective treatments was 40 ppm of ChNPs
where inhibited B. fabae growth by 100%.
While, AgNPs at 100 ppm recorded inhibition
rate by 75.33% followed by 80 ppm (74.11%)
inhibition rate. On the other hand, chitosan
nanoparticles were effective at 20 ppm and
recorded 73.33% of inhibition (Table 1 and Fig.
2). The results of laboratory study showed that
ChNPs followed by AgNPs were effective over
conventional fungicide Carbendazim (Fig. 3).
Results showed that, increase of effectiveness
especially with increasing concentrations of
ChNPs (20-40 ppm). These findings were in
agreement with many investigators. In this
respect ElI-Mohamedy et al. (2019) indicated
that, there was a higher fungicidal effects as
chitosan nanoparticles concentration increased
(0.0125%- 0.1%), the radial growth, spors and
sclerotia germination of all tested fungi were
decreased.

Saharan et al. (2013) revealed that, chitosan
nanoparticles showed antifungal activities
against Alternaria alternata, Macrophomina
phaseolina and Rhizoctonia solani. Where
ChNPs exhibited maximum inhibitory growth
effect 87.6% in vitro of M. phaseolina mycelial
growth at 0.1% concentration. While, Kheiri et
al. (2017) found that, maximum percentage of
Fusarium sp. growth reduction was 68.18%, and
77.5% by ChNPs at concentrations of 1000 and
5000 ppm. Chitosan nanoparticles exhibit the
inhibition activity on different growth stages
namely mycelial growth, sporulation, spore
viability germination, and the production of
fungal virulence factors (Xu et al., 2007;
Saharan et al., 2013; Kheiri et al., 2017).

Also, Derbalah et al. (2013) evaluated the
efficacy of some non-traditional methods, alone
and in combination with recommended
fungicides, for controlling B. fabae and showed
that carbendazim and its mixtures was the
lowest while, AgNPs alone showed significant
inhibition of B. fabae radial growth relative to
control. Also, Bhattacharjee et al. (2018) found
that nano-formulations were effective over
conventional chemicals, and among the most
effective nano-formulations, AgNP followed by
ChNP. Ahmed (2017) studied the antifungal
effect of AgNPs and ChNPs on B. fabae and

Alternaria alternata, and showed that the most
effective treatments were 100 ppm of AgNPs
that inhibited the fungal growth by 79% and
70% in B. fabae and A. alternate, respectively,
followed by 80 ppm of AgNPs with inhibition
rate 77% and 67% of radial growth of B. fabae
and A. alternata. Also, ChNPs 80 ppm was
effective, recording the inhibition rate 69% of B.
fabae and 63% of A. alternata, respectively.
While, 100 ppm recorded 72% and 68%
inhibition rate of B. fabae and A. alternata radial
growth, respectively. Lamsal et al. (2011)
reported that AgNPs inhibited growth of
Colletotrichum spp. with concentrations of 50
ppm and 100 ppm by 84.56% and 93.5%,
respectively. These findings were contrast with
previous studies which showed that, carbendazim,
gave good control of this disease of faba bean
(Giltrap, 1991; Davidson and Kimber, 2007;
El-Kholy, 2014).

Nanoparticles may be more effective due to
its higher adherence to the fungal cell surface,
degrading its lipopolysaccharide molecules and
increase the permeability of cell membrane
(Morones et al., 2005). Studies have concluded
that chitosan possesses antifungal activity by
affinity of its cationic amino groups to cellular
components forming polyelectrolytic complexes,
and affecting membrane permeability as well as
causing leakage of intracellular electrolytes and
proteinaceous constituents (Badawy and Rabea,
2009; Meng et al., 2010; Suhartono, 2015).
This decrease of protein could be due to the
adherence of the chemicals with cell wall of the
fungi and denaturation of proteins, inhibition of
DNA replication (Feng et al., 2000) and mMRNA
synthesis (Sudarshan et al., 1992), inactivation
of the expression of ribosomal subunit proteins,
production of reactive oxygen species (ROS)
and increasing the permeability of cell
membrane causing leakage of cellular contents
and accumulation of proteinase inhibitors etc.
Similar effect was reported in B. fabae due to.
ChNPs and AgNPs (Hwang et al., 2008; Kong
et al., 2010; Lamsal et al., 2011; Kim et al.,
2012 and Ahmed, 2017).

Morphological Observation of B. fabae
Treated with AgNPs and ChNPs by
Scanning Electron Microscope

The microscopic observation revealed that,
the two types of nanoparticles clearly damaged



34 Ghareib, et al.

120

100 R

“ reduction of mycelial growth
= B & 8
&
>
> ]

Treatments

Fig. 2. Reduction percentage of B. fabae mycelial growth after three days from incubation with

different concentrations of silver, chitosan nanoparticles and recommended dose of
carbendazim
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Fig. 3. Effect of different concentrations of nano silver (AgNPs), nano chitosan (ChNPs) and CZ on
the radial growth of B. fabae isolate (B.f4) after three days from incubation and
recommended dose of carbendazim
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hyphae of B. fabae compared with control
treatments (Fig. 4). Microscopic observation
revealed, that nanoparticles caused detrimental
effects not only on fungal hyphae but also on
conidial germination. Moreover, the spore
morphology of B. fabae treated with AgNPs
indicated that most of spore surface appeared to
be shrunk and abnormal shape 72 h post AgNPs
20 ppm treatment (Fig. 4. B2) in comparison
with the control. Inaddition, AgNPs lead to
deformation of B. fabae spores and explosion of

others. On the other hand, spore production of B.
fabae treated with 20 ppm of ChNPs was
completely inhibited (Fig. 4 Al). Also, the
mycelia of B. fabae treated with AgNPs did not
have signifcantly changed at the concentration
of 20 ppm. Contrary, B. fabae treated with
ChNPs at 20 ppm caused serious mycelial
shrunk 72 h post treatment (Fig.4 A2) in relative
to the control. The antifungal effect of ChNPs,
showed marked distorted mycelia and ChNPs
covered fungal mycelia (Fig. 4 A3.).

A.Chitosan

Al A2

A3

C.Control treatment

Cl1 C2

C3

Mag 5000 x

Fig. 4. Morphological observation of B. fabae treated with nano silver (AgNPs) and nano chitosan
(ChNPs)s by scanning electron microscope at concentration 20 ppm and 72 h post

treatment
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In this respect with Salem et al. (2019) tested
the antifungal effect of AgNPs against the
growth of B. cinerea by scanning electron
microscope, the study showed marked distorted
mycelia and AgNPs were covered on mycelia.
In addition, deforming of B. cinerea spores and
explosion of others. Lamsal et al. (2011)
reveald that, AgNPs clearly damaged the hyphae
of Alternaria alternate and Botrytis cinerea
compared with control, and caused detrimental
effects not only on fungal hyphae but also on
conidial germination. Silver nanoparticle upon
accumulation in fungal hyphae of Bipolaris
sorokiniana, = Magnaporthe  oryzae  and
Colletotrichum gloeosporioides can provide
greater protection to plants due to cellular
disruption of fungi in addition to interrupting
cellular processes such as respiration and
metabolism due to reacting with molecules
(Kriti, 2020). Also, SEM showed that ChNPs
caused inhibition of B. cinerea hyphal growth
and alteration of hyphal morphology such as cell
wall disruption, withering, and excessive
septation (Ayat et al, 2019). Chitosan
nanoparticles causes fungal mat accumulation,
and structural changes, such as excessive
branching, cell wall swelling, and reduced
hyphal size, which have been observed in
Penicillium expansum and Rhizopus stolonifer
(Oliveiraet al., 2012).

All the examined nanoparticle concentrations
of AgNPs and ChNPs were found to be effective
in controlling hyphal growth and spore
germination of B. fabae. AgNPs and ChNPs at
20 ppm concentration while it was found
less effective for inhibition of mycelial growth
and spore germination.
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