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ABSTRACT

In the present study pesticidal efficacy of mycogenic silver nanoparticles (AgNPs) was tested against white grubs
(Holotrichia sp), a potent pest of sugarcane in western Uttar Pradesh (India). The AgNPs were synthesized by using
Aspergillus niger biomass and characterized by color based method, UV (ultra voilet) - Visible Spectroscopy, Field
Emission Scanning Electron Microscopy (FESEM), Energy Dispersive X-Ray (EDX), Dynamic Light Scattering (DLS),
Fourier-transform infrared spectroscopy (FTIR) and Inductively coupled plasma mass spectroscopy (ICPMS). The
development of paint-like mustard colored solution by color-based identification method confirmed the synthesis of
AgNPs. The UV-Vis spectroscopy showed peak at 425nm, corresponding to AgNPs. The FESEM results also confirmed
the synthesis of nano sized particles. EDX analysis result showed the optical absorption peak at 3 kel which is specific to
AgNPs. The DLS result confirmed the synthesis of AgNPs with average size of 76.6 nm. FTIR analysis depicted
information about all the interaction of AgNPs with other chemicals present in environment. The AgNPs were applied
against first instar white grub larvae in vitro and lethal dosage (LD;,) was formulated by Probit analysis, which was further
validated and found to be significant at 0.05 levels by chi-square test and analysis of variance (ANOVA) including least
significant difference (LSD).

Keywords: Silver nanoparticles, myconanoparticles, nanopesticide, white grub, lethal dosage, nanoparticle toxicity,

EDX, FESEM, DLS, FTIR, ICPMS.

1. INTRODUCTION

Nanotechnology is a new area of research with ocean of
new possibilities. The area of nanotechnology based
research is however relatively recent and needs further
evaluation for its application in various fields of study.
Crop protection is one of the possible approaches of
nanotechnology but its use in crop protection is just in its
infancy [1].

Random use of various chemical pesticides is affecting the
soil fertility and enhancing pollution; hence various
countries are enforcing the use of biopesticides and
biological ~components for pest management [2].
However, there are several disadvantages associated with
the use of biopesticides like high selectivity or host
specificity, requirement of additional control measures,
delayed effect or mortality, storage problem, difficulty of

culturing in large quantities, short residual effectiveness,
soil quality dependency, slow activity etc.

Nanoparticles are basically metal oxides of nano size
range, typically between 1-100 nm and have been proved
to be efficient agents for pest management [3].
Nanoparticles (NPs) possess insecticidal property due to
their characteristics like size-shape, depth qualities,
greater strength, high chemical reactivity, high electrical
conductivity ~and  optical  properties [4].  Such
nanoparticles can be synthesized by physical, chemical
and biological methods [5], but the biogensis of
nanomaterials is eco-friendly approach and their
characterization is simple and reliable.

Number of studies has been made related to application
of nanoparticles as insecticides and different nanoparticles

have been found to be efficient insecticides against
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different pests viz silver NP (AgNP) against Aphis nerii,
Pediculus
ptamansueta [6-9], zinc oxide (ZnO) NPs against

Anopheles  subpictus, humans and  Lepidio
Trialeurodesva porariorum [10], titanium oxide (TiO,) NPs
against Spodoptera litura and Sitophilus oryzae [11-12],
aluminum (Al) NPs against S. oryzae [13] and silica NPs
against S. oryzae [14]. The possible mechanism of action
of NPs as pesticides can be discharge of larval inner
contents due to recapturing of midgut [15], binding with
the exoskeleton of the pest subsequently enters the pest’s
body and causes physiological reactions [16] or binding
with the genetic material of the organisms which leads to
cell proliferation [17]. Although, nanoparticles have been
widely evaluated as nanopesticides against various pests,
but with best of our knowledge no prior study has been
done to evaluate the efficacy of nanoparticles against
white grub (Holotrichia sp) pest. White grub is a potent
plant pest of western Uttar Pradesh (India), causing great
yield loss of sugarcane crop every year [18]. Its larva is
found in soil and feeds on the roots of the crop, causing
crop damage [19].

Various antimicrobial properties of silver are well
known. Hence, it is the most commonly synthesized and
applied nanoparticle among various other metals.
Biologically, the silver nanoparticles can be synthesized
by plants, fungi and bacteria. Biogenic silver
nanoparticles (AgNPs) prepared with plant extracts of
various plants viz Pongamia pinnata [20-21], Azadirachta
indica [22-23], Annona squamosa [24], Chrysanthemum [25]
and fungal biomass extract of different fungi viz Aspergillus
niger [26], A. fumigates [27], have been utilized for many
purposes in different studies.

This study deals with determination of efficacy of
mycogenic silver nanoparticles (AgNPs) as nanopesticides
against white grubs, with following objectives:

1. Synthesis of silver nanoparticles by fungal biomass
extract of Aspergillus niger.

2. Characterization of synthesized nanoparticles.

3. Determination and evaluation of larvicidal properties
of silver nanoparticles against white grub larvae.

2. MATERIAL AND METHODS

2.1. Culturing of Aspergillus niger

The pure culture of Aspergillus niger was obtained from
Department of Biotechnology, C.C.S. University,
Meerut and sub-cultured on Potato Dextose Agar (PDA)
Media (to preserve) and Malt Glucose Yeast Peptone
(MGYP) Media (to generate biomass for nanoparticle
synthesis).

2.2. Biosynthesis of silver nanoparticles by

Aspergillus niger biomass
Two mili molar (2mM) aqueous solution of silver nitrate
(AgNO;) was prepared for the synthesis of silver
nanoparticles. One gram of wet fungal biomass was taken
and suspended in 100 ml of the 2mM aqueous AgNO,
solution in 250 ml Erlenmeyer flasks (in triplicate) for
reduction of silver nitrate into AgNPs. Whole mixture
was placed on a shaker at 28°C (at 150 rpm) and the
reaction was carried out for a period of 120 hours. The
bio-transformation was routinely monitored visually and
by UV-Visible Spectrophotometer after time intervals (0
hr, 4 hrs, 12 hrs, 24 hrs, 48 hrs, 72 hrs, 96 hrs and 120
hrs).

2.3. Characterization of AgNPs

The mycogenic silver nanoparticles were characterized
by chemical based color characterization method, UV
(ultra  voilet) - Visible Spectrophotometer, Field
Emission Scanning Electron Microscopy (FESEM),
Energy Dispersive X-Ray (EDX), Dynamic Light
(DLS),
spectroscopy (FTIR) and Inductively coupled plasma

Scattering Fourier-transform infrared

mass spectroscopy (ICPMS).

2.4. Larvicidal activity of AgNPs against white
grub larva
The first instar white grubs (Holotrichia sp) were collected
from agricultural fields of Meerut (Uttar Pradesh, India).
After harvest of sugarcane crops, the agricultural fields
were deep dug (10 inches to 30 inches) and larvae of
different instar levels were collected. The collected grubs
were preserved in laboratory in pots containing humus.
The in vitro larvicidal activity of AgNPs against white
grub was determined by simply taking ten first instar
grubs each in a control and test plate. Further, the parts
per million (ppm) concentration of AgNPs was
determined by ICPMS technique availed from Indian
Institute of Technology (IIT), New Delhi and on the basis
of various tests performed, a series of ppm dilutions (3
ppm, 5 ppm, 10 ppm, 15 ppm and 20 ppm) were
prepared to test for the mortality percentage and
establishment of lethal dose (LDj,). Each concentration
was tested in triplicate with 10 first instar white grubs
per plate. Control plates were kept without nanoparticle
treatment. Nanoparticle dilutions in 2 ml quantity were
directly applied on larvae and mortality was observed
over 72 hrs time duration. Larvae were kept at starvation
during treatment. Larvae were considered dead if they
were immobile and unresponsive to touch. The mortality
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percentage was calculated and LD, was formulated by
Probit analysis. The calculated LD, was further validated
in vitro and significance of result was analyzed by chi-
square test. All the statistical analysis were done using
Microsoft Excel (2010) and SPSS 16.0 version.

3. RESULTS AND DISCUSSION
3.1. Biosynthesis of silver nanoparticles using
Aspergillus niger

It is well known that the Silver nanoparticle solution has
dark brown or dark reddish color [28-30]. As the fungal
biomass was added with aqueous solution of the silver
nitrate, it started to appear pale-yellow after 4 hrs and
eventually turned brown after few hrs (fig 1) which
indicated the formation of silver nanoparticles. After 120
hrs, the fungal biomass was separated by filteration (first
with Whatman filter paper no. 1 and further with syringe
filters of 0.45um pore size) and AgNPs were subjected to
further characterizations and application.

A number of the workers in the past have reported the
synthesis of extracellular silver nanoparticles with the
help of fungi. These include Verticillium [31], Fusarium
oxysporum [32], Aspergillus niger [26], Aspergillus fumigatus
[33-34], Aspergillus flavus [35] etc. Since the fungi are
known to secrete much higher amount of proteins, these
are expected to have significantly higher productivity of
nanoparticles [36]. Fungal reductase enzymes are key role

players in reduction of metal oxides to nanoparticles

[37].

Fig. 1: Control (left) and three test flasks after 96
hrs incubation. Brown color in test flasks
indicates the formation of AgNPs.

3.2. Color based characterization of AgNPs
The chemical based color test was performed as per the
method given by Zhu et al [38]. In this method 5ml of

AgNP solution was taken in a flask and 30 ml of 2mM
solution of sodium borohydrate was added with
continuous stirring. The solution was kept in ice-bath for
20 minutes. Further, a small portion of this solution was
taken in a test tube and few drops of 1.5 M solution of
sodium chloride were poured that lead to the
development of cloudy grey color, further 4% polyvinyl
alcohol solution was added and the solution turned in
yellow paint like color which confirmed the synthesis of
silver nanoparticles (Fig 2).

Reduction of silver by chemical method goes through a
one step process to produce a colored silver solution
because of the surface of a metal having freed electrons.
Sodium borohydrate reduced silver ions and clusters of
silver [39]. Borohydrate play a key role in stabilizing
growing silver nanoparticle by providing a particle
surface charge [38]. The NaCl works as electrolyte is
used for aggregation of silver nanoparticles. The charge
allows the particles to clump together to form
aggregates. Polyvinyl alcohol works as stabilizer and
needed to prevent aggregation of silver nanoparticles and

capping with the particle [40].

Fig 2: Chemical conformation method for the
presence of AgNPs. Yellow-paint like color is
developed.

3.3. UV-Vis

AgNPs
The AgNPs were characterized by UV-Vis double beam
spectrophotometer (Lasany LI-295). All spectra were

Spectrophotometer analysis of

measured at room-temperature, in a quartz cell with 1
cm optical path, to know the kinetic behavior of AgNPs.
The scanning range for the samples was 200-800 nm. The
spectrophotometer was equipped with “UV  prov
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software” to record and analyze the data. Base line
correction of the spectrophotometer was carried out by
using a blank reference. The samples were analyzed at 0,
4,12, 24, 48, 72, 96 and 120 hrs. In the present study
the reaction stabilized after 96 hrs and a sharp peak at
observed  (Fig  3). UV-Vis
spectrophotometer based characterization of silver

425 nm was

nanoparticles is the preliminary characterization method.
According to Kamaraj et al (2012) the peak range of
AgNPs in UV-Vis spectroscopy lies between 410 to 425
nm [41]. The peak range for silver nanoparticles may
vary. In various studies vast difference in peak range of
AgNPs has been observed, but generally it ranges from
400 nm to 480 nm [42-44].
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Fig 3: UV-Vis graph of 96 hrs sample
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Fig 4: Image of AgNPs obtained from FESEM analysis.
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3.4. Analysis of AgNPs by FESEM

The AgNPs dried samples were prepared by placing two
drops of AgNP solution on aluminum foil and placing it
in hot air oven at 100°C for 15 hrs. The FESEM facility
was availed from Advance Imaging Centre, Indian
Institute of Technology (IIT), Kanpur (UP, India). The
image taken indicated that the nanoparticles are partially
spherical, well distributed with the lowest agglomeration
(Fig 4).

FESEM topographical  and
information at magnifications of 10X to 300,000X, with
virtually unlimited depth of field. Compared with

Provides elemental

convention scanning electron microscopy (SEM), FESEM
produces clearer, less electrostatistically distorted images
with spatial resolution down to 1 or 2 nanometers. A
study has been reported where FESEM has been used to
detect the presence of nanoparticles inside cells even
without disrupting cells, due to its high resolution [45]. It
provides high resolution without need of coating. This

may be the reason why it is most frequently used electron
Microscopy for the analysis of size and structure of
nanoparticles [46-48].

3.5. Analysis of AgNPs by EDX

This facility was also availed from Advance Imaging
Centre, IIT, Kanpur (UP, India). EDX analysis showed
the optical absorption peak at 3 keV (Fig 5), which is
typical for metallic silver nanocrystallites, with 100%
weight percentage.

EDX is a surface analytical technique where an electron
beam hits the sample, exciting an electron in an inner
shell, causing its ejection and formation of an electron
hole in the electronic structure of element [49]. EDX is a
standard method for
quantifying elemental

identifying and
compositions in a very small
sample of material [50]. This technique is generally
equipped with FESEM assembly.
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Fig 5: EDX analysis graph of AgNPs, where X-axis is showing the energy in keV and Y-axis is signifying
intensity count
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Fig 6: DLS image of AgNPs depicting size distribution of nanoparticles

Journal of Advanced Scientific Research, 2020; 11 (1) Suppl 1: March 2020



Shukla et al., | Adv Sci Res, 2020; 11 (1) Suppl 1: 296-304 301

3.6. Analysis of AgNPs by DLS

Dynamic light scattering (DLS) which is based on the
laser diffraction method with multiple scattering
techniques was employed to study the average particle
size of AgNPs. This analysis was facilitated by Centre for
Interdisciplinary Research (CIR), Motilal Nehru National
Institute of Technology (MNNIT), Allahabad (U.P.),
India. The DLS size distribution image of biosynthesized
silver nanoparticles is shown in Fig. 6. It was observed
that the average size of majority of synthesized AgNPs
(88.4% volume) was found to be 76.6 nm. DLS is used
to characterize the nanoparticles in terms of their size
distribution [51-53]. The theory and mathematical basics
of DLS technique is already well known [54]. It measures

the light scattered from the laser that passes through a
colloid solution. Further, the scattered light intensity is
analyzed as a function of time and the size of particles in
the solution can be determined [55]. The mean diameter
of NPs can also be determined by this technique.

3.7. Analysis of AgNPs by FTIR

The FTIR facility was availed from Sophisticated
Analytical Instrument Facility (SAIF), Indian Institute of
Technology (IIT), Bombay to recognize the organic,
inorganic, biomolecule residues along with nanoparticle
formation, which may come along via reducing agent on
to the surface of AgNPs (Fig 7).

100

Transmittance [%)]
a7 ag

a6

a4

10 ET —
S —

3500 2000 2500

Wavenumber cm-1

2000 1500 1000 500

Fig 7: FTIR-spectrum of AgNPs

Absorption bands for AgNPs were found to be at 578.26
cm ', 1024.67 cm ', 1078.23 cm ', 1153.63 cm ',
1358.00 cm ', 1545.42 cm ', 1637.09 cm ', 1743.72
cm ', 2851.80 cm ', 2923.66 cm ™', 3436.98 ¢cm ' and
3745.84 ¢cm '. The intense bands at 3436.98 cm ' and
3745.84 cm™' correspond to O-H stretching [56]. The
peaks at 2851.80 cm ' indicate the presence of C-H
bond. The peak at 1637.09 cm’ is corresponding to
C=C stretch in the aromatic ring. The band at 1743.72
cm symbolizes presence of C=O stretch. Band at
1545.42 cm ' indicates the asymmetric stretching of N-O
bond [57]. Peak at 1358.00 cm '

significance presence of C—O bending vibration. Peak at

indicates the

1153.63 cm ' shows presence of alkyl halides. Peak at

1024.67 cm”™' correspond to C-O stretch [58]. The peak
at 578.26 cm ' indicates the stretching of C-Br [59].

3.8. Larvicidal activity of AgNPs against white
grubs (Holotrichia sp)
While testing for larvicidal activity of AgNPs (original
concentration), it was observed that the color of larval
skin started appearing reddish in the treatment plate. As
compared to control plate, a more frequent egestion of
undigested waste was observed by the larvae in the
treatment plate. The absorption or consumption of silver
nanoparticles by larval skin and mouth respectively is
well known to cause the formation of reactive oxygen
species (ROS) in cells [60]. The increase in egestion rate
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can be correlated to the stress generated because of ROS,

which interferes with proper functioning of digestive
system [61]. All the larvae died within 12 hrs in the
AgNPs treated plate, while all larvae were alive in

control plate,

larvicidal properties of AgNPs.

which  preliminarily

confirmed

the

Further, the larval mortality in control and at different

ppm solutions of AgNPs was recorded (fig 8). The detail

of recorded death of larvae in each replication during

incubation is given in table 1.

Table 1: Record of larvae died with time in treatments.

Test sample

Replication Exposure time and mortality counts of Holotritia sp larvae Total

1 hr 2 hrs 4 hrs 12hrs  24hrs  48hrs 72hrs  mortality
Control 1 - - - - - - - 0
2 . - - - - 1 - 1
3 - - - - - - - 0
3 ppm AgNPs 1 - - 1 1 - 1 - 3
2 - - - 2 - - - 2
3 - - - 1 1 - 2
5 ppm AgNPs 1 - - - 2 1 1 - 4
2 - - - 1 1 - 1 3
3 - - - - 2 1 - 3
10 ppm AgNPs 1 - - 1 1 - 2 - 4
2 - - - 1 1 1 1 4
3 - - - 2 1 1 1 5
15 ppm AgNPs 1 - - 1 1 2 1 - 5
2 - - 2 1 - 2 1 6
3 - - 1 1 1 2 - 5
20 ppm AgNPs 1 - - 1 3 2 2 - 8
2 - - - 2 3 1 1 7
3 - - 1 3 4 1 - 9
%‘
5
= 4000
2
Contral 3 ppm S ppm Test 10 ppm 15 ppm 20 ppm

Fig 8: Mean plot of mortality in different tests, prepared by SPSS 16.0 software

The average mortality percentage in control and AgNPs

ppm tests is given in table 2 and the Analysis of Variance
(ANOVA) including least significant difference (LSD)

was found to be significant at 0.05 levels for the

difference in mortality percentage among control and
AgNP treatments. The LDy, was calculated to be 9.03
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ppm by Probit analysis. The calculated LDy, was
validated in 5 replications (each plate containing 10
Holotritia sp first instar larvae) with one control plate
(without treatment). The mortality data was recorded for
72 hrs. The chi square test value for LD, validation was
found to be significant at 0.05 significance levels. Probit
Analysis is commonly used protocol to determine the
relative toxicity of chemicals to living organisms [62].
Various studies have been reported for = silver
nanoparticles against insect larvae of animal and plant
pests [63-68]. However, with best of our knowledge it is
pioneer study of silver nanoparticles against Holotrichia sp

larvae.

Table 2: Larval mortality per ppm concentration
of AgNPs

Larval mortality percentage®
Test sample yPp g

+ SD
Control 3.3%5.8
3 ppm AgNP 26.8+5.8
5 ppm AgNP 33.3%+5.8
10 ppm AgNP 43.3%5.8
15 ppm AgNP 53.3%5.8
20 ppm AgNP 80X10

SD: standard deviation; * values are mean * SD of three replicates.

4. CONCLUSION
The present study was performed to demonstrate the
pesticidal effects of silver myco-nanoparticles against
white grub insects. This study primarily confirms the
efficacy of synthetic silver myco-nanoparticles as effective
pest control agent against white grubs, which can lead to
the replacement of harmful chemical pesticides in near
future. It is possible that by adding silver myco-
nanoparticles to formulations of pesticides, the toxicity of
chemical pesticides for humans and other non-targeted
organisms would be mitigated. Further study will need to
focus on methods to increase stability and physiological
mechanisms of nanoparticles to increase their effects in
integrated  pest

management programs at large

greenhouse and field levels.
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