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ABSTRACT

Synthesis of bio-nanoparticles is considered one of the most important trends for providing an eco-
friendly method for nano compounds used in industry and biological purposes. Bio-nanoparticles are
one of the safest important techniques. During the recent decades, many fungi have become serious and
less likely to be treated with harmful fungicides, which are threatening human beings. The study tested
Trichoderma viride, T. hamatum, T. harzianum, and T. koningii for the synthesis of biogenic silver
nanoparticles. The bio-reduction of silver nanoparticles (AgNPs) was observed spectrophotometrically.
The investigated AgNPs were characterized using ultraviolet-visible spectroscopy (UV-Vis) also, the
transmission electron microscopy (TEM) and scanning electron microscopy (SEM) were followed. The
synthesized AgNPs by Trichoderma spp. was observed and used as antifungal against four soil-borne
Fusarium spp., F. solani, F. semitectum, F. oxysporum and F. roseum. The antifungal potency of AgNPs
by Trichoderma species was evaluated against the investigated four Fusarium spp. which are considered
serious soil-borne fungi.

Keywords: Bio-nanoparticles, Trichoderma spp., AgNPs, Fusarium spp., Antifungal activity.

*Correspondence: EI-Wakil, D.A.
E-mail: de107@yahoo.com

Deiaa A. ElI-Wakil

https://orcid.org/0000-0002-5854-8576

1- Plant Pathology Research Institute, Agricultural
Research Center, 12619, Giza, Egypt.

2- Department of Biology, Faculty of Science,
Jazan University, Kingdom of Saudi Arabia.

INTRODUCTION

Bio-nanoparticles are one of the safest
important techniques around the world. During
the recent decades, many fungi have become
serious and less likely to be treated with harmful
fungicides, which are threatens human beings.
Fungicide-resistant microorganisms are emerging
pathogens which resistance features pose a major
challenge to containing their spread and their
impact on different plants (Verma et al., 2010).
Nanoparticles (NP) are usually a group of atoms
in a size range from 1 to 100 nanometres (hm). It
is understood that the properties of mineral NP
are determined by their size, shape, composition,
crystallization and structure. As an important
mineral, silver nanoparticles (AgNPs) have a
large number of applications (White et al., 2011).
Nanoparticles have unparalleled physical,
chemical, biological, and visual properties, and
are used as antimicrobials in various fields. They

also have many applications in optical devices,
catalytic ~ processes, biomarking,  sensor
technology and electronics (Schrand et al., 2008;
Jain et al., 2009; Govender et al., 2010).
Nanoparticles may suppress the expression of
associated proteins with the production of
adenosine triphosphate though some
antimicrobial mechanisms affecting silver are not
well understood (Liu et al., 1994 and Kabir et al.,
2011). It was found that the exact dosages of
silver and copper ions may kill bacteria in water,
while higher doses of silver ions may be toxic to
mammals (Kannan et al.,, 2015). Different
concentrations  of  silver  nanoparticles
synthesized by fungi were used by earlier
workers in plant disease control (Vijayan et al.,
2016). It has no harmful effects on humans e.g.,
as an alternative to synthetic fungicides, the use
of AgNPs as antifungal agents have become more
important and safer for environment. Application
of AgNPs can be used to manage plant diseases
(Ahmad et al., 2003 and Jain et al., 2011). So far,
there have been some reports of silver
applications of nanoparticles against plant
pathogens. Silver is increasingly used against
plant diseases from the information about the
antimicrobial  activity of  several silver
compounds. Another requirement is to develop
strategies to increase the application efficacy of
AgNPs to suppress many plant pathogens (Huang
et al., 2007 and Jin, 2012).
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The aim of the present study was to synthesize
silver NPs and investigate their inhibitory effect
against four Fusarium species infecting many
plants leading to seedling damping-off and seed
mortality (Ahmad et al., 2003).

MATERIALS AND METHODS

Source of fungal species:

During the present study, Trichoderma viride,
Trichoderma hamatum, Trichoderma harzianum
and Trichoderma koningii were isolated from
Egyptian soil samples, identified (Dugan, 2017)
by the Regional Centre for Mycology and
Biotechnology Culture Collection Unit, at Al-
Azhar University, Cairo Egypt, to investigate
their AgNPs synthesizing capability as well as
antifungal activity against four isolates of
Fusarium spp., i.e. F. solani, F. semitectum, F.
oxysporum and F. roseum, obtained from Plant
Pathology Research Institute, Agricultural
Research Center, Giza, Egypt.

Biomass preparation:

Each of Trichoderma species was grown on
malt extract broth in flasks 100 mL at 25°C on a
rotary shaker (120 rpm) for 96 hrs. Fungal
biomass was briefly collected by filtration using
Whatman filter paper No.1, followed by washing
with distilled water to remove any unsuitable
components of the medium. The biomass (2.5¢g)
wet weight was placed in an individual flask
containing 100 mL water and incubated at 25°C
for 24 hrs. The biomass was filtered, and the cell
filtrate was harvested and used for the process of
biosynthesis of AgNPs (Bharde et al., 2006 and
Devi and Joshi, 2012).

Biosynthesis of AgNPs, 50 mL of cell
filtration were mixed with 10 mL of AgNO3
solution (ImM) and a reaction mixture without
AgNO3 was used as a control. Preparations were
incubated at 28°C for 24 hrs. Solutions were kept
in the dark to avoid any photochemical reactions
during the experiment. AgNPs were purified by
centrifugation at 10,000 rpm for 10 minutes twice
and collected for further characterization (Devi
and Joshi, 2012).

Characterization of AgNPs:

Production of AgNPs in an aqueous solution
was monitored at the Regional Centre for Mycology
and Biotechnology using the following:

1- Analysis of UV-Visible Spectroscopy:

Change in colour of the filtrate incubated
with silver nitrate solution was observed visually
over some time. Absorption measurements of the
filtrate were carried out after 24 hrs using a UV-
visible between 200-300 nm (Milton-Roy
Spectron 1201), Ingle et al. (2008).

2-Transmission Electron Microscopy (TEM):

Concerning TEM analysis, a drop of the cell
filtrate was placed on the carbon-coated copper
grids and dried by allowing water to evaporate at
room temperature. Electron micrographs were
obtained using JEOL JEM- 1010 transmission
electron microscope (Japan) at 70 KV (Jain et al.,

2011).
3-Energy Dispersive Analysis of X-Ray
(EDX):
The presence of elemental silver was
confirmed  through EDX. The EDX
microanalysis was carried out by X-ray

microanalyzer (Oxford 6587 INCA) attached to
JEOL JSM-5500 LV scanning electron
microscope (Jeol, Japan) at 20 KV. Sample
filtrate was examined after drying on the
specimen stubs and coated by gold coating on
SPI-Module sputter coater and then examined
under SEM on high mode under 15KV. The EDX
spectrum was recorded in the spot profile mode
from one of the densely populated silver
nanoparticles region on the surface of the film
(Devi et al., 2012).

Fourier-Transform

(FTIR):

The FTIR spectra of biosynthesized AgNPs
was recorded by KBr pellet method using JASCO
FTIR-6200 with wavelength range 400-4000 cm™
in transmission measuring mode.

X-Ray Diffraction (XRD):

The crystal phase information of the
biosynthesized AgNPs was characterized from 10
to 80°C in 26 by an X-ray diffractometer with CuK
a radiation (Shimadzu XRD 6000, Japan), Sun and
Xia, (2002).

Antifungal activity and minimum inhibitory
concentration of AgNPs:

The agar well diffusion method was used.
Sabouraud dextrose agar plates were seeded with
the tested organisms; Trichoderma viride, T.
hamatum, T. harzianum and T. koningii, and
punched with a sterile Cork borer (0.6 cm
diameter) to make open wells. AgNPs were
added into the open wells at a concentration of
1mM. The plates were incubated at 28°C for 48
h. The experiment was carried out in triplicates
and the average zone of inhibition in mm + S.D
was calculated. The lowest concentration of
AgNPs which inhibited the growth of each tested
microorganism was recorded using the broth
dilution method (Wiegand et al., 2008) as the
minimum inhibitory concentration (MIC).
Morphological and ultrastructural studies:
Scanning electron microscopy of fungi treated

with AgNPs

Fungal cells untreated (control) and treated
with AgNPS at 0.25x MIC (detected from the

Infrared Spectroscopy
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previous sections) were investigated
morphologically using JEOL JSM-5500LV
Scanning Electron Microscope (SEM) JEOL,
Japan. Treated and untreated cells were prepared
using an automatic tissue processor (Leica EM
TP) where the samples were fixed in 2.5%
glutaraldehyde and dehydrated using a series of
ethanol washes (30, 50, 70, 90, and 100%).
Samples were then dried using a critical point
drier (Autosamdri-815) and then coated with gold
using a gold sputter coater (SPI-Module) to be
ready for mounting and examination (Suwalak
and Voravuthikunchai, 2009).

Transmission electron microscopy of fungi

treated with AgNPs:

Ultrastructure of Trichoderma hamatum, cells
untreated (control) and treated with AgNPS at
0.25xMIC (detected from the previous section)
was studied using JEOL JEM-1010 transmission
electron microscope as the size of produced
AgNPS of Trichoderma hamatum was the
biggest relatively to other Trichoderma species.
Samples were fixed in 1% osmium tetroxide in
cacodylate buffer at room temperature for 1 hr.
The cells were dehydrated in ethanol followed by
acetone, then filtrated and embedded in Epon
Epoxy resin. Then, samples were trimmed and
cut into ultrathin sections using Leica Ultra cut
UCT ultramicrotome. Ultrathin sections were
stained with uranyl acetate and lead citrate,
mounted on grids, then examined (Suwalak and
Voravuthikunchai, 2009; Jain et al., 2011).

RESULTS AND DISCUSSION

Biosynthesis of silver nanoparticles (AgNPs)

The four fungal strains of Trichoderma spp.
reduced silver salt into silver nanoparticles as
noticed by visual observation of the fungal
filtrate. The fungal filtrate exhibited a gradual
change to a brown colour indicating formation of
AgNPs. The colour of the culture filtrate with
silver nitrate solution changed to intense brown
after 24 hrs of incubation, while the control
(without silver nitrate salt) did not exhibit any
colour change as shown in Fig.l. These
observations were noted also by Guilger et al.
(2017), they reported that the synthesized
nanoparticles showed bioactivity against many
fungi which are attributed to new structures of
different components especially when it used in
biological evaluations.

Characterization of AgNPs

The UV-visible spectra of Trichoderma
viride, Trichoderma hamatum, Trichoderma
harzianum and Trichoderma koningii filtrate

treated with silver nitrate showed characteristic
surface plasmon absorption due to the formation
of AgNPs at 424, 429, 433 and 435 nm, with
Trichoderma hamatum, respectively (Fig.2). UV
absorption spectra are essential way to monitor
the formation and stability of metallic
nanoparticles in aqueous solutions, such as the
spectral response to nanoparticles depend on their
diameter. The peak echo of the plasmon moves to
longer wavelengths. It expands as the diameter
increases. (Sun and Xia, 2002 and Shivaraj et al.,
2014). Therefore, the agueous biosynthesis of
silver ions can be successfully observed through
UV-VIS rays, which are sensitive to many
factors, such as particle shape, size, and
interaction with the medium when synthesized
the sample was subjected to UV spectroscopy
(Shankar et al., 2004 and Khan et al., 2013). The
maximum value obtained was 400-500 nm, and
the obtained results are in agreement with those
obtained by Bansal et al., 2011 and Elgorban et
al. (2016).

A C D E F G H
Figure (1): The Biosynthesis of silver
nanopatrticles, Trichoderma viride (A &B)
control and with (AgNPs), Trichoderma
hamatum, (C&D), control and with
(AgNPs), Trichoderma harzianum (E&F)
control and with (AgNPs) and Trichoderma
koningii (G&H) control and with (AgNPs).

Absorbance

300 325 350 375 400 425 430 475 500 525 550 575 600
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Figure (2): UV-visible absorption spectra for
silver  nanoparticles synthesized by
Trichoderma hamatum. (RCMB 017005).

Transmission Electron Microscopy (TEM):
Electron micrograph was obtained using

JEOL JEM-1010 transmission electron

microscope as shown in Fig.3. Morphology and
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size of complex silver nanoparticles were
examined using TEM. The obtained photo (Fig.3)
shows that compounded NPs have a spherical

morphology, with a size range of 40 to 60 nm.
= = - Ry

500 nm

Figure (3): Transmission electron micrograph
of synthesized silver nanoparticles.
synthesized by Trichoderma hamatum of
scale bar = 500nm.

Energy Dispersive Analysis of X-ray (EDX):
The EDX spectrum was recorded in the spot
profile mode from one of the densely populated
silver nanoparticles region on the surface of the
film (Devi et al., 2012). As shown in Fig.4. The
EDX profile showed a strong Ag signal and weak
carbon tops, which may be due to carbon tape
used for analysis. The EDX spectrum revealed a
clear identification of the component coil of the
silver nanoparticles. The intense signal at 3 KeV
strongly indicates that silver was the main
component that showed optical absorption in this
range, as a result of surface plasmon resonance.
Such results are similar to those reported by other
workers (Shankar et al., 2004; Ingle et al., 2008;
Mohanpuria et al., 2008 and Kim et al., 2009).

Counts

5000

Energy (keV)

Figure (4): Showing EDX of AgNPs where
scale bar =1 mm of Trichoderma hamatum

Fourier-transform infrared
(FTIR):
The FTIR spectra of biosynthesized AgNPs

were recorded by KBr pellet method using

spectroscopy

JASCO FTIR-6200 with wavelength range of
400 to 4000 cm™ in transmission measuring mode
as shown in Fig.5.The infrared spectroscopy
cleared the peaks of elements of nanoparticles.
Such observations agree with results recorded by
many investigators (Huang et al., 2007,
Ramanathan, et al., 2011 and Anna et al., 2015).

3400 3000 2500 000 1750 1500 1250 1000 740 500
Thirl dlerr

Figure (5): The IR of selected Trichoderma
hamatum showing the peaks of infrared
spectroscopy

X-Ray Diffraction (XRD):

The crystalline nature of the Ag NPs complex
was confirmed by X-ray diffraction pattern
analysis (XRD). Six clear reflections of the
deviation were observed in 1.96480 ,2.65675,
3.20200, 3.68699, 4.10829 (Theta 10.000). The
XRD pattern is shown in Fig 6. These results are
cubic structure (fcc) cantered around the face is
indicated by silver nanoparticles. These results
are in agreement with those reported by Wiley et
al. (2006); Mohanpuria et al. (2008); Schrand et
al. (2008); Bansal et al. (2010); Bansal et al.
(2011) and Elgorban et al. (2016).

Antifungal activity and minimum inhibitory
concentration of AgNPs:

Antifungal activity and minimum inhibitory
concentration of AgNPs were statistically
measured by the size of AgNPs as measured by
TEM (n=50). For Trichoderma harzianum
(AgNPs) the mean size was 21.14, Trichoderma
viridi  (AgNPs) mean size was 18.63,
Trichoderma koningii (AgNPs) mean size was
13.08. On the other hand, Trichoderma hamatum
(AgNPs) recorded the highest measurement of
the size at 72.86 (Table 1). All the tested fungal
species showed a significant difference among
isolates. Similar observations were recorded by
Bharde et al., 2006; Narayanan and Sakthivel,
2010 and Devi and Joshi, 2012.
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Figure (6): Scale values XRD of major synthesized bio-nanoparticles produced by selected

Trichoderma hamatum.

Table (1): Statistical measurements of the size of AgNPs as measured by TEM (n=50).

Diameter (nm)

Statistical Function T. harzianum T. hamatum, T. viride T. koningii
AgNPs AgNPs AgNPs AgNPs
Minimum size 11.78 49.53 9.43 9.94
Maximum size 33.64 91.52 38.78 20.76
Mean size 21.14 72.86 18.63 13.08
Standard Deviation 4,82 14.47 7.25 3.34
Count 50 50 50 50

The energy dispersive analysis of X-ray (EDX)
of the elemental analysis of the four
biosynthesized AgNPs:

Data in Table (2) show the Energy dispersive
analysis X-Ray (EDX) of the elemental analysis
of the four biosynthesized AgNPs. The highest
percentage of Na was recorded with Trichoderma
hamatum at 54.85 whereas P was observed with
Trichoderma koningii at 14.93. Also, the element
of K was observed at highest percentage with T.
koningii (23.41%), Ca was recorded with T.
koningii at 1.84%, and the highest percentage of

Cu was recorded with Trichoderma hamatum at
3.84%, Zn was observed at 1.93 with T.
hamatum, the highest percentage of Ag was
recorded at 25.78 with Trichoderma hamatum
also. These results are similar to those obtained
by other researchers (Jain et al., 2009; Jin, 2012;
Phanjom and Ahmed, 2017 and Siddigi et al.,
2018), they discussed the biosynthesized AgNPs
on different produced elements at different doses
for creating a novel biosynthesized AgNPs
material to employ it in different purposes in
agriculture.

Table (2): Energy Dispersive Analysis of X-ray (EDX) showing the elemental analysis of the four

biosynthesized AgNPs.
Element %
Element T. harzianum T. hamatum T. viride T. koningii

AgNPs AgNPs AgNPs AgNPs
Na 53.91 54.85 52.96 47.36
P 11.84 9.17 10.23 14.93
K 21.38 14.68 19.04 23.41
Ca 0.74 1.29 1.47 1.84
Cu 2.17 3.84 1.89 0.13
Zn 0.00 1.93 0.00 0.00
Ag 8.63 25.78 14.25 4.87
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Antifungal activities of biosynthesized AgNPs: being 7.3, 8.6, 9.0 and 7.0 mm on the average,

The antifungal activity of biosynthesized respectively compared with control for each
AgNPs against the investigated Fusarium species fungus. Earlier workers investigated the
is shown in Table (3). The biosynthesized AgNPs antifungal activity of different biosynthesized
of Trichoderma hamatum gave the highest AgNPs and stated that nano materials play an

inhibition zone by average 19.6mm against important role in suppressing each of the tested
Fusarium solani relative to the control treatment, fungi if produced by microorganisms or
10.6. The same trend was observed with T. medicinal plants (Vahabi et al., 2011; Devi et al.,

hamatum against F. semitectum at (23.3mm) 2012; Pantidos and Horsfall, 2014; Alghuthaymi
followed by F. oxysporum and F. roseum at the et al., 2015; Vijayan et al., 2016; Guilger et al.,
averages 19.3 & 21.6, respectively. On the other 2017; Kamil et.al., 2017; Liang et al., 2017 and
hand, T. koningii gave the least antifungal effect Mohamed et al., 2017).

with the four investigated Fusarium species

Table (3): Antifungal activities of biosynthesized AgNPs., the results are expressed as three
readings of inhibition zone diameter in mm

Inhibition Zone Diameter (mm)

Fungi T. harzianum T. hamatum T. viride T. koningii AgNO3 Filtrate
AgNPs AgNPs AgNPs AgNPs Control Control*
8 22 7 8 11 -
F. solani 8 17 8 7 10 -
7 20 7 7 11 -
Mean 7.6 19.6 7.3 7.3 10.6 0.0
11 23 15 9 10 -
F. semitectum 10 21 16 8 12 -
10 26 15 9 11 -
Mean 10.3 23.3 15.3 8.6 11 0.0
7 21 17 8 11 -
F. oxysporum 7 18 15 9 9 -
8 19 16 10 9 -
Mean 7.3 19.3 16.0 9.0 9.6 0.0
9 20 7 7 7 -
F. roseum 10 24 7 7 8 -
10 21 8 7 7 -
Mean 9.6 21.6 7.3 7.0 7.3 0.0

*The filtrate control that used for the biosynthesis of AgNPs for all the four fungi gave the same negative results.
AgNO3 control was tested at 1mM conc.
The samples were tested at 1mM conc.
The antifungal assay was performed using agar well diffusion assay.

~

1S5kV X6, 0880

Figure (7): Scanning Electron Microscope photo showing the non-treated T. hamatum X 7,000 (A)
and treated with AgNPs X 6, 000 (B) where the hyphae seem broken and deformed.
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Scanning electron microscopy of fungi treated

with AgNPs:

The plates obtained by SEM in Fig. (7) show
a great variations between a non- treated
T.hamatum X 7,000 (A) and treated with AgNPs
X 6, 000 (B) scanned samples. Figure (A) shows
the normal shape of fungal mycelium, whereas
the treated sample with AgNPs at shape (B)
shows aggregations of small micro nanoparticles
at earlier stage of formation on the hyphae, Devi
et al. (2012) and Mahdizadeh et al. (2015)
obtained similar results.
Transmission electron microscopy of fungi

treated with AgNPs:

Results obtained by TEM in Fig. (8) show a
great variation between a non-treated sample of
T. hamatum and treated ones in the plate (A).

The granules and cell vacuoles, also the
cytoplasmic components were detected, also dark
grains of fungal structures were shown. On the
other hand, in plate (B) treated one a transparent
mycelium was shown due to treatment of AgNPs,
the same observation was seen in plate (C) non-
treated sample and in plate (D) treated mycelium.
The study also showed that the fungal cell wall
was affected by the treatment. These findings are
in agreement with those reported by Jadhav et al.,
2016. These results may propose that the use of
biosynthesised AgNPs along with Trichoderma
spp. could serve as effective green tools in order
to inhibit the growth of pathogenic Fusarium spp.
in vitro condition. Similar results were recorded
by White et al. (2011) and Jadhav et al. (2016).

500 nm

wso
axsaysx0

Figure (8): Transmission electron microscope photos show the non-treated T. hamatum (A &C)

and treated with AgNPs (B & D). The vacuoles inside the hyphae and transparency of
hyphae are noticed in plate B and plate D where the dark spots and granule accumulation
are observed in plate A and plate C, untreated T. hamatum.

CONCLUSION:

The present study proved that nano
biomaterials produced by Trichoderma species
caused inhibitory effect against four plant

pathogenic  Fusarium species which are
considered serious pathogens to many important
field crops. The biosynthesized AgNPs of
Trichoderma hamatum gave the highest effect
against the four tested Fusarium spp.
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