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Abstract 

Mangifera indica is an important commercial fruit of India
and primary food source for the mango leafhopper, Amritodus bre-
vistylus further leading to the development of its associated fun-
gus, Aspergillus niger. The present study was done to assess the
antifungal and insecticidal activity of biologically synthesized sil-
ver nanoparticles using peel extracts of Raphanus sativus
(Brassicaceae). Raphanus sativus peel extract is effective in extra-
cellular reduction of Ag ions and capping the synthesized nanopar-
ticles avoiding further agglomeration. The synthesized AgNPs are
characterized by UV-vis spectroscopy, X-ray diffraction analysis,

fourier transform infrared spectroscopy, scanning electron
microscopy and energy dispersive x-ray analysis. Biologically
synthesized AgNPs exhibited significant toxicity (LC50 − 7.61
ppm/48h) over mango leafhopper, Amritodus brevistylus. Silver
nanoparticles synthesized using Raphanus sativus is also effective
against the fungal pathogen, Aspergillus niger (developed on the
infestations of mango leafhopper, Amritodus brevistylus) showing
very strong inhibitory zone (80 mm).

Introduction 

India is the world’s largest producer (52%) of mango which
is one of the world’s most popular fruits with both social and
economic importance (Sauco, 2004). The fruit contains essential
vitamins and dietary minerals. The unripe mango and its seed
constitute a rich source of Vitamin-C, whereas, the ripe mango
and its seed constitute a rich source of Vitamin-A with excellent
flavor and widespread industrial and commercial use (Benevides
et al., 2008; Shobana & Rajalakshmi, 2010). The reduction in
fruit yield a major issue for mass producers which is due to dam-
age caused by large number of insect pests. Insect pests belong-
ing to a number of species have been reported attacking mango
trees. Among them, mango leaf hoppers viz., Amritodus brevisty-
lus, Amritodus atkinsoni Leth., Idioscopus clypealis Leth., and
Idioscopus niveosparsus are the most serious and widespread
pest throughout the country (Sharma & Sharma, 2011; Gundappa
et al., 2014).

Insects are the most abundant and diverse organisms of
arthropods that attract a variety of pathogens including viruses,
bacteria and fungi Mango leaf hoppers secrete honeydew which
encourages the development of fungi on leaves, branches and
even fruits (Verghese & Jayanthi, 2001). The development of
fungal colonies over the leaves interferes with normal photosyn-
thetic activity of the plant, ultimately resulting in non-setting of
flowers and dropping of immature fruits (Fletcher et al., 2006).
Aspergillus sp. is a widely distributed fungal pathogen which
causes allergic bronchopulmonary aspergillosis, aspergilloma,
and invasive aspergillosis. Moreover, A.niger is widely distrib-
uted in nature with a wide range of hosts. Few strains of A.
niger are capable of producing Ochratoxin A (OTA), which is a
toxic secondary metabolite (Schuster et al., 2002) widely spread
all over the world. Ochratoxins A is a mycotoxin of Aspergillus
and Pencillium molds exerts hazardous effects targeting kidney
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and liver in animals and in humans, as well. The mode of action
also includes Inhibition of protein synthesis and energy produc-
tion, induction of oxidative stress, DNA adduct formation, as
well as apoptosis/necrosis and cell cycle arrest (Koszegi & Poor,
2016). 

Synthetic chemicals used for the control of pests and
pathogens are found to be environmentally toxic, reduce the soil
fertility and further the insects and pathogens developresistance
to these chemicals. Hence, there is a growing emphasis on eco-
friendly technologies in pest control, and use of various natural
resources to avoid toxic chemicals (Sahab et al., 2015).
Nanoparticles are defined as: [...] natural, randomly created or
manufactured materials containing particles in a free state or as
an aggregate or agglomerate, wherein at least 50% of the parti-
cles has one or more dimensions in the range 1-100 nm (Pulit-
Prociak & Banach, 2016). Noble metal nanoparticles have been
studied because of their unique optical properties. Gold and sil-
ver have a broad absorption band in the visible region of the elec-
tromagnetic spectrum. The properties of these metals change
depending on their shape, size and the surrounding medium and
they have been used in advanced technologies in medicine, opto-
electronics, and chemical catalysis, in sensors, for drug delivery,
and for etching and cutting (Nareshkumar et al., 2012).
Nanoparticles have high surface area to its volume ratio and
Surface Plasmon Resonance, thus considered as excellent candi-
date for research in various fields. Silver is an effective anti-
microbial agent, exhibits very low toxicity to environment, and
has diverse in vitro and in vivo applications. The AgNPs are
reported to possess insecticidal against Aedes aegypti, Anopheles
stephensi, and Culex quinquefasciatus, antibacterial against
Bacillus subtilis, Klebsiella pneumoniae, and Salmonella typhi
(Madhiyazhagan et al., 2015), antiviral against monkey poxvirus
(Rogers et al., 2008) and antifungal properties against Candida
sp. (Panacek et al., 2009). The nanoparticles offer an excellent
alternative to chemical insecticide as they can be more selective
than chemicals (Barik et al., 2012; Roni et al., 2013; Suresh et
al., 2015).

Biosynthesis of nanoparticles using plant parts is advantageous
over chemical and physical synthesis because it is aneco-friendly
and cost-effective method, where there is no need for the high
pressure, energy, temperature, and toxic chemicals. Several species
of plants viz., Anthocepholus cadamba (Nareshkumar et al., 2013),
Catharanthus roseus (Velayutham et al., 2012), Pedilanthus tithy-
maloides (Sundaravadivelan et al., 2013), Vincarosea (Subarani et
al., 2013), Sidaacuta (Veerakumar et al., 2013), Annona squamosa
(Nareshkumar et al., 2012), Leucasaspera (Suganya et al., 2014)
and many more have been used for the synthesis of different metal
nanoparticles. 

In the present study the peels of Raphanus sativus are used as
a biological reducing agent in synthesis of nanoparticles. Root,
stem and leaf of Raphanus sativus have showed broad spectrum of
antibacterial activity against food-borne pathogens and drug resist-
ant strains (Beevi et al., 2009). Raphanin, the main active com-
pound of R. sativus is reported to be effective in inhibiting the
development of Escherichia coli, Pseudomonus pyocyaneus,
Salmonella typhi, Bacillus subtilis (Abdou, 1972), Staphylococcus
aureus, Streptococci spp. and Pneumococci spp. (Yeung, 1985). It
is also active against many food borne pathogenic and food spoil-
ing bacteria such as Listeria, Micrococcus, Enterococcus,
Lactobacillus, Pedicoccussp. and Aspergillus oryzae (Yildium &
Johnson, 1998). In the present study Raphanus sativus peels were
used to synthesis eco-friendly silver nanoparticles for testing their
toxicity on the mango pest, Amritodus brevistylus and its associat-
ed fungus, Aspergillus niger.

Materials and methods

Collection and preparation of peel broth
Raphanus sativus peels were collected from households in

Salem, Tamil Nadu, India. The R. sativus peels were washed well
with distilled water and dried for 2 days at room temperature and
the broth was prepared by taking 5 g of thoroughly washed and
finely cut peels in a 300 mL Erlenmeyer flask with 100 mL of dis-
tilled water and then boiling the mixture for 5 min before finally
decanting it. They were stored at 4°C and used within a week. 

Synthesis of silver nanoparticles
10 mL of Raphanus sativus peel broth was added to 190 mL of

1mM aqueous AgNO3 solution for reduction of Ag+ ions. The syn-
thesis process was carried out in water bath at 90°C with reflux. The
silver nanoparticle solution thus obtained was purified by repeated
centrifugation at 15,000 rpm for 20 min followed by redispersion of
the pellet in deionized water (Nareshkumar et al., 2012). 

Characterization of silver nanoparticles
UV-vis spectra were recorded as a function of reaction time on

a UV-3600 Shimadzu spectrophotometer operated at resolution of
1 nm. After freeze drying of the purified silver particles, the struc-
ture and composition were analyzed by 10 kV Ultra High
Resolution Scanning Electron Microscope (FEI QUANTA- 200
SEM) and energy dispersive X-ray spectroscopy. The surface
groups of the nanoparticles were qualitatively confirmed using
FTIR spectroscopy. FTIR spectra were recorded on a perkin-Elmer
spectrum 2000 FTIR spectrophotometer. X-ray diffraction using
Cuk α radiation (PANanlyticalX’pert Pro MPD diffractometer)
was used to determine the crystalline structure of silver nanoparti-
cles. Powder X-ray analysis was carried out using a Philips Model
PW 1050/37 diffractometer, operating at 40 kV and 30 mA, with a
step size of 0.02° (2θ) (Nareshkumar et al., 2012). 

Biology of mango leafhopper
Twenty pairs of adult leafhoppers were collected random from the

mango tree near Periyar University, Salem, Tamil Nadu, India. The
pests were released into a cage which enclosed fresh tender leaves; the
cage of 45×45×45 diameter was made from fine nylon mesh. The
development of the leafhoppers was monitored daily for oviposition.
The adults were removed from cage when oviposition was seen.
Biology was studied in the laboratory on mango graft enclosed in the
rearing cage and observation on incubation, hatching, molting and
nymphal period were recorded (Gnaneswaran et al., 2007). 

Bioassay
The pests were cultured under laboratory condition. Adults with

less than 2 weeks old (Negahban & Moharramipour, 2007) were used
for the experiments. Effects of the silver nanoparticles on adult
mango leafhoppers were determined by contact toxicity assay at five
different doses of 5 ppm, 10 ppm, 20 ppm, 50 ppm and 100 ppm. The
experiments were carried out in Completely Randomized Design
with five replications, each consisted of 10 adults of mango leafhop-
per in small plastic screw capped jars containing leaves individually
immersed in different concentrations of silver nanoparticles for 5-10
seconds and dried in shade. Then all small plastic screw capped jars
were kept at same condition. The effects of silver nanoparticles on
leafhoppers were recorded at 12h, 24h, 36h and 48h. In one additional
set leaves immersed in distilled water served as control. 

The control mortalities were corrected by using Abbott’s for-
mula (1925):
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Corrected mortality =  observed mortality in treatment − observed mortality in control × 100
                                    100 − control mortality

Percentage mortality =     number of dead larvae / pupae      × 100
number of larvae /pupae introduced

Fungal isolation and preparation of spore suspension 
Fungal species was isolated from the diseased leaves of

Mangifera indica Linn., The collected leaf samples of Mangifera
indica Linn., were thoroughly washed in running tap water and
only the diseased regions were cut into small square pieces
(approximately 0.5 cm) with the aid of a flame-sterilized blade.
The leaf pieces were surface-sterilized by immersion in 70%
ethanol for 5s, followed by 4% sodium hypochlorite for 90s, then
rinsed three times in sterile distilled water for 10s each. Excess
moisture was removed by blotting on sterile filter paper. The sur-
face sterilized leaf segments were evenly spaced in petri dishes (9
cm diameter) containing Potato Dextrose Agar (PDA) medium.
The petri dishes were sealed using Parafilm and incubated at
28±2°C. The petri dishes were monitored ever day to check for
fungal colony growth from leaf segments. 7days old cultures were
used for preparation of the spore suspension. The fungal strains
were inoculated into potato dextrose agar medium plates and incu-
bated 7 days (28±2°C). After 7 days the young culture developed
were diluted at 10-15x105spores/mL which were identified at
Department of Botany, Periyar University, Salem, TN, India and
further used for antifungal assay (Jia, 2009).

Antifungal assay (disc diffusion method) 
Antifungal activity was conducted using disc diffusion method

(Ronald,1990). An inoculum containing fungal spores was applied
onto potato dextrose agar plates. The discs were made by cutting
discs (10 mm) from a filter paper. Each disc was impregnated with
the AgNPs at different concentration (50 μL, 100 μL, 250 μL) using
a micro pipette. Discs were also made for the positive controls (0.1%
Hydrogen peroxide). These plates are kept at room temperature
(28±2°C) for 24 hours to allow maximum diffusion of the test mate-
rials to the surrounding media (Jagessar et al., 2008). The plates are
then inverted and incubated at 28±2°C for 7 days for optimum
growth of the organisms. The test materials having antifungal prop-
erty inhibit fungal growth in the media surrounding the disc and
thereby yield a clear, distinct area defined as zone of inhibition. The
antifungal activity of the test agent is then determined by measuring
the diameters. The experiment was in triplicate and the mean of the
reading was taken. 

Statistical analysis
The median Lethal Concentration (LC50) observed for the

mango leaf hopper were estimated by probit analysis. The level of
significance used in all tests was 5%. Statistical significance of
mean differences was assessed by Duncan’s multiple range test
(DMRT). Analyses were made by using SPSS Software package
(version 14.0). 

Results

UV-visible absorption spectroscopy studies
The UV absorption of silver nanoparticles recorded from the

reaction medium at 90°C using 5% Raphanus sativus peel extract
with 1 Mm AgNO3 exposure to different reaction time (30 min, 60

min, 120 min and 240 min) is shown in Figure 1. The samples
showed maximum absorption peak ranging between 400-450 nm
with an average of 420 nm. The effect of AgNO3 (1 Mm) on con-
version and particle size of silver nanoparticles with 5% Raphanus
sativus peel extract treated for 120 min at 90°C was observed to be
the optimum time when compared with the other reaction times.

X-ray diffraction studies 
The biosynthesized silver nanoparticles using 5% Raphanus

sativus peel extract was supported by X-ray diffraction technique
(Figure 2). The diffractometer was operated at 40 kV and 30 Ma,
with a step size of 0.02° (2θ). The scanning was done in the region
of 10° to 80° for 2θ. The high crystalline nature of Ag nanoparticles
was confirmed from the X-ray diffraction analysis with the forma-
tion of high intense peak. The intense diffraction peaks due to
AgNP at 27.62°, 32.03°, 37.93° and 46.03°were indexed with the
planes (110), (150), (200) and (430) of the face centered cubic
crystal according to the JCPDS: 89-3722. The broadening of the
Bragg peaks indicates the formation of nanoparticles. In addition
unassigned peaks were also observed suggesting that the crystal-
lization of bioorganic phase occurs on the surface of the silver
nanoparticles. The calculated grain size in accordance with Schrres
formula (T=Kλ/βcosθ) was ~34nm which was well matched with
as we calculated in the SEM.

Fourier transform infrared spectroscopy studies 
The possible biomolecules of the peel extracts of Raphanus

sativus involved in the reduction of the Ag+ ions and capping of the
reduced Ag NPs synthesized were analyzed using Fourier
Transform Infrared (FT-IR) Spectroscopy (Perkin-Elmer spectrum
2000 FTIR spectrophotometer) in the diffuse reflectance mode
operating at a resolution of 4 cm−1. Figure 3 shows the FTIR spec-
tra of aqueous silver nanoparticles prepared from the Raphanus
sativus peel extract peaks at 2335.80, 1546.91, 1116.78, 678.94,
653.87, 522.71, 468.70, and 455.20. A strong peak was observed at
2335.80 and 1546.91cm–1 indicates presence of the CO2 and C=C
stretching, respectively. The IR band observed at 1116.78 indicates
the -C-O and -C-O-C stretching modes, respectively. The medium
bands at678.94, 653.87 and 522.71 cm–1might be due to the pres-
ence of C-N, -CC≡H:C-H band and C-Cl stretching. The active
secondary metabolites of Raphanus sativus such as alkaloids, phe-
nolic and sulfur compounds would have been the responsible can-
didates of reduction and capping during the synthesis of Ag NPs.

Scanning electron microscopy studies
Scanning electron microscopy (SEM) technique was employed

to visualize the size and shape of Ag nanoparticles. Figure 4 shows
the SEM images of Ag nanoparticles obtained using Raphanus
sativus peel extract. The 10 kV Ultra High Resolution Scanning
Electron Microscope (FEI QUANTA-200 SEM) was been used.
SEM grids were prepared by placing a drop of the particle solution
on a carbon-coated copper grid and drying under lamp. The forma-
tion of silver nanoparticles as well their morphological dimensions
in the SEM study demonstrated that the size was ranging from 20-
40 nm with an average size of about 35 nm. The observed silver
nanoparticles were irregular in shape.

Energy dispersive X-ray analysis of silver nanoparticles 
The energy dispersive X-ray analysis (EDAX) pattern shows

the crystalline and elemental composition of silver nanoparticles
synthesized from the peel extract of Raphanus sativus. EDAX
reveals strong signal in the silver region and confirms the forma-
tion of silver nanoparticles. Metallic silver nanocrystals generally
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show typical optical absorption peak approximately at 3 keV due
to surface plasmon resonance. This analysis revealed that the nano-
structures were formed solely of silver (Table 1).

Biology of Amritodus brevistylus
Amritodus brevistylus was kept under observation for the

measurement of total life span. The fresh white eggs of Amritodus
brevistylus were placed over fresh and young mango leaves for
incubation and hatching. The incubation period was 4.2 days. The
hatching process underwent for around 30 to 50 min after which
the yellowish nymph came completely out from the egg case. The
freshly hatched nymph was active and yellowish (Figure 5). As
exposure to environment the body turned darker. The nymph were
nocturnal, most preferred the darker portion during the day. The 1st

instar nymph was active in feeding and developed in 2.1 days. The
2nd, 3rd and 4th instars took around 3.5, 2.2 and 3.3 days respective-

ly for development. The adult was emerged in around 11 days from
the date of emergence from egg. The winged adults were brownish
with yellow and black spots. The adult male (4.8 mm) and female
(5.2 mm) survived for around 6.6 days feeding on fresh tender
mango leaves replaced daily. 

                                Article

Figure 1. Ultraviolet-visible spectra of silver nanoparticles synthesized using Raphanus sativus peel extract at 30, 60, 120 and 240 min
reaction time (A, B, C and D, respectively).

Table 1. Energy dispersive X-ray analysis spectrum recorded of
silver nanoparticles synthesized using peel extract of Raphanus
sativus.

Element                       Weight %                       Atomic %

O K                                               29.71                                          74.03
Ag L                                              70.29                                          25.97
Total                                                                                              100.00
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Bioassay 
Bioassay was conducted to test the efficacy of silver nanopar-

ticles on adult mango leafhopper, Amritodus brevistylus. The
results presented in Table 2 and Figure 6 show silver nanoparticles
are effective against the adult mango leafhopper, Amritodus bre-
vistylus. Percentage mortality was calculated for the adult mango
leafhopper treated with various concentrations (5 ppm, 10 ppm, 20
ppm, 50 ppm and 100 ppm) of silver nanoparticles. The median
Lethal Concentration (LC50) of the silver nanoparticles against the
adult mango leafhopper, Amritodus brevistylus are 181.83 ppm,
135.75 ppm, 40.89 ppm and 7.61 ppm for 12h, 24h, 36h and 48h
respectively.

Silver nitrate has long been considered as a powerful and nat-
ural antibiotic and antifungal agent. The antifungal activity of the
synthesized silver particles has been investigated against
Aspergillus niger. Silver nanoparticles synthesized using Raphanus
sativus showed very strong inhibitory zone (Table 3 and Figure 7)
against Aspergillus niger (80 mm/120 µL).

Discussion

Environment friendly, cost effective and target specific
nanoparticles can been obtained/synthesized using environmentally
acceptable, wide spread and eco-friendly reducing as well as cap-
ping agents (Marimuthu et al., 2011). The plant mediated silver
nanoparticles are nontoxic and environmentally acceptable pesti-
cides as well as antimicrobial agents which disperse uniformly in

water and highly stable without any side effects (Salunkhe et al.,
2011). Biologically synthesized silver nanoparticles as a broad
range of mechanism of action on targets species, which makes a
complicated process for insects and microbes to develop resistance. 

In this study, the formation of silver nanoparticles reduced by
active properties of Raphanus sativus peel extract was investigat-
ed. The unaggregated silver nanoparticles appeared yellow color in
the reaction vessel and the intensity was increased in direct propor-
tion to the reaction time which was due to the excitation of a sur-
face plasmon resonance effect and a reduction of AgNO3. Further
the intensity declined after 120 h stating the saturation at the par-
ticular reaction period. The high intensity peaks are due to the
decrease in particle size which increase the energy gap
(Nareshkumar et al., 2012). Veerasamy et al. (2011) observed
absorbance peak at 438 nm after heating the solution at 75°C for
60 min. In concordance to the present study Madhiyazhagan et al.
(2015) reported that the final absorption intensities at 420 nm were
0.4 a.u. after 15 min, 0.4 a.u. after 30 min, 1.2 a.u. after 60 min,
and 2.7 a.u. after 120 min.

X-ray diffraction spectrum recorded in the present study was
compared with the standard spectrum of Ag particles conformed
that they are in form of nanocrystals, as evidenced by the peaks at
2θ values. XRD results also suggest that crystallization of the
bioorganic phase occurs on the surface of the AgNPs. XRD pat-
terns of vacuumdried AgNPs synthesized using the leaf extract of
O. canum reported by Jayaseelan & Rahuman (2012) was in con-
cordance to the present study. Similar result was also reported by
Borchert et al. (2005) showing intense peaks of 2θ values at 38.4°,
44.4°, and 64.2° corresponding to (111), (200), and (211) Bragg’s
reflection conforming the face centered cubic structure of silver
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Figure 2. X-ray diffraction pattern of silver nanoparticles synthesized using Raphanus sativus peel extract.
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nanoparticles. The Fourier transform infrared spectroscopy is used
to identify the chemical composition of the surface and capping
agents for the biologically synthesized of silver nanoparticles. The
carbonyl group from amino acid residues and proteins has stronger
ability to bind metal indicating that the proteins could possibly
form metal nanoparticles (i.e., capping of Ag NPs) to prevent
agglomeration and thereby stabilize the medium, thus suggesting
for dual role of formation and stabilization of AgNPs in aqueous
medium by the biological molecules (Sundaravadivelan et al.,
2013). Santhoshkumar et al. (2011) reported sharp and strong
absorption band at 1.631 cm−1 assigned to the stretching vibration
of (NH) C=O group.

Scanning Electron Microscopic analyses of the synthesized
AgNPs was irregular with a large spherical composition, poly-dis-
persed and having an average size of 35 nm with interparticle dis-
tance. An approximate matching range of particle size and shape to
the silver nanoparticles of the present study were reported by few
recent researchers (Marimuthu et al., 2012; Subarani et al., 2013).
The Energy-dispersive X-ray spectroscopy analysis provided infor-
mation on the chemical constituents and composition of the final

yield. In addition to silver other organic compounds were recorded
indicating the presence of active secondary metabolites, which is
naturally occur in the peel extract of Raphanus sativus thus the
analysis confirms the bioreduction of silver which is also supported
by biosynthesis of metal nanoparticles by Kamaraj et al. (2012).

Problems due to insect pest in agriculture were increased in
recent years due to ecosystem and technological changes. Direct
and indirect damage caused by the insect pests are the main reason
for destroying one fifth of the world’s total crop production annu-
ally. Uses of chemicals are not appreciated due to the concerns
increased with respect to public health and environmental security,
hence, requiring detection of natural products that may be used
against insect pests (Amer & Mehlhorn, 2006). In concern, use of
biologically synthesized nanomaterial products in various sectors
of science including health increased during the last decade. In the
present study the biomediated silver nanoparticles showed signifi-
cant effect on the adult mango leafhopper, Amritodus brevistylus
which may be due to the penetration of nanoparticles to gut system
through food materials and interaction with the gut epithelial cell.
Adulticidal and larvicidal activities of plant extracts (LC50-250

                                Article

Figure 3. Fourier Transform infrared spectrum of silver nanoparticles synthesized using Raphanus sativus peel extract.

Table 2. Insecticidal activity of silver nanoparticles on the mango leafhopper, Amritodus brevistylus.

No.         Hrs                                            Mortality (mean±SE)                                              LC50 (LL/UL)                LC90 (LL/UL)         χ2 value
                                 5 ppm           10 ppm          20 ppm          50 ppm         100 ppm

1.                  12                 1.5±0.28a            2.0±0.40b           2.3±0.25bc           2.8±0.25c            3.3±0.25d          181.83 (122.11/468.14)        436.02 (276.5/1228.6)          1.57*
2                   24                 2.8±0.25a           3.0±0.40ab           3.5±0.28b            4.0±0.00c           4.3±0.25cd           135.75 (86.94/555.02)        461.26 (270.82/2258.8)         1.32*
3                   36                 3.5±0.28a            4.0±0.57b            4.5±0.28c            5.5±0.28d            6.7±0.25e            40.894 (27.30/56.03)         191.84 (147.53/288.78)         0.78*
4                   48                 4.0±0.40a            5.5±0.28b            6.0±0.57c            7.0±0.40d            8.3±0.25e            7.609 (3.645/19.016)          125.3 (100.89/171.30)          5. 11*
Means±standard deviation (SD) followed by same letter within rows indicate no significant difference (Duncan’s multiple range test, P<0.05). LC50, LC90, lethal concentration; LCL, lower confidence limits; UCL,
upper confidence limits. *Significant at P<0.001 (heterogeneity factor used in calculation of confidence limits).
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ppm) are very low (Panneerselvam & Murugan, 2013) when com-
pared to that of Nanoparticles (LC50=16.72 and 3.44 mg/L) synthe-
sized using plant materials (Rajakumar & Abdulrahuman, 2012).
The present study was also in concordance to the earlier with max-
imum effect at low concentration (LC50=7.61 ppm).
Nanomaterials are beneficialto human health, energy, defense,
catalysis, agriculture and environment (Barik et al., 2012).
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Figure 4. Scanning Electron Microscope image of silver nanopar-
ticles (20 µm view) synthesized using Raphanus sativus peel
extract.

Figure 5. The hatching process of mango leaf hopper, Amritodus
brevistylis.

Table 3. Inhibitory activity of silver nanoparticle against
Aspergillus niger.

Organism                            Zone of inhibition (mm)

Concentration (mg/mL)       Control           50 µL             100 µL          250 µL
Aspergillus niger                      30 mm           50 mm           60 mm          80 mm

Figure 6. Insecticidal activity of silver nanoparticles on the mango
leafhopper, Amritodus brevistylus.

Figure 7. Antifunal activity of silver nanoparticle at different con-
centrations (50 µL, 100 µL and 250 µL) against Aspergillus niger.
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The most important problem caused by the chemical antimi-
crobial agents is multidrug resistance. The silver nanoparticles
possess good antimicrobial property due to the Surface Plasmon
Resonance and extremely large surface area, which provides better
contact with microorganisms. Thus, nanotechnology has become
one of the most promising new approaches for the control of insect
pests and pathogenic microbes in the recent years (Nareshkumar et
al., 2014). The antifungal activity of plant mediated silver
nanoparticles clearly reveals that the growth of Aspergillus niger
was inhibited at different concentration of silver nanoparticles.
Soni & Prakash (2015) reported the antifungal activity of bacteria
mediated silver nanoparticles against the entomopathogenic fun-
gus Chrysosporium keratinophilum.

The current investigation showed that the biologically synthe-
sized silver nanoparticles with low toxicity to environment and a
wide range of antifungal activity are very effective for reducing
plant diseases caused by spore producing phytopathogenic fungi in
an eco-friendly manner. The present study also suggested that sil-
ver nanoparticles was more effective for the control of mango
leafhopper, Amritodus brevistylus and for the plant pathogenic
fungi Aspergillus niger thus, silver nanoparticles prepared by a
cost effective method has great promise as a pesticide and antimi-
crobial agent.

Conclusions 

From the present study we conform that the peel extracts of
Raphanus sativus are a good reducing and capping agent in
nanoparticle preparation. Silver nanoparticles synthesized using
the peel extract of Raphanus sativus were stable for more than a
month. Further studies on identification of active compounds are
need to find out the key compound involved in actual reduction
and capping process which ensures the mono dispersion of
nanoparticles. Further, the green synthesized sliver nanoparticles
are much effective against the insect pest, Amritodus brevistylus
and plant pathogenic fungi, Aspergillus niger.
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