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Abstract
In the present study, the larvicidal efficacy of mycogenic zinc oxide nanoparticles (ZONPs) were tested against white grubs, a 
potent pest of sugarcane in western Uttar Pradesh (India). The ZONPs were synthesized using Aspergillus niger biomass and 
characterized using UV–Vis spectroscopy, field emission scanning electron microscopy (FESEM), energy dispersive X-ray 
(EDX), dynamic light scattering (DLS) and Fourier transform infrared (FTIR). the parts per million (ppm) concentration of 
synthesized ZONPs was established by the inductively coupled plasma mass spectrometry (ICPMS) technique and several 
ppm dilutions were prepared to determine 50% lethal dose (LD50). The UV–Vis spectroscopy showed peaks at 240, 290, 
340, and 380 nm, corresponding to ZONPs. The FESEM results also confirmed the synthesis of nano-sized particles. EDX 
analysis result showed the optical absorption peaks specific to ZONPs. The DLS result confirmed the synthesis of ZONPs 
with sizes ranging from 76.2 to 183.8 nm. The FTIR spectrum analysis confirmed the presence of various functional group 
interactions in the nanoparticle sample. The ZONPs were tested against the first instar larvae of white grubs. The LD50 was 
calculated to be 12.63 ppm which still needs to be validated for significance. In the near future, we are planning to establish 
the minimal lethal dosage of ZONPs to prepare effective larvicidal formulations against white grub infection with minimal 
toxicity to the environment.
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Introduction

White grubs (genus—Holotrichia; subfamily—Melolon-
thinae; family—Scarabaeidae; order—Coleoptera) are 
potent pests of various plants that feed on the roots of the 
plants and cause yield loss up to 40–70% [61]. The stalks 
of the infected plant fall down and ultimately dry up [11]. 
Some majorly affected plants include Acacia nilotica (gum 
arabic tree), Arachis hypogaea (groundnut), Azadirachta 
indica (neem tree), Butea monosperma (flame of the for-
est), Cajanus cajan (pigeon pea), Capsicum annuum (bell 
pepper), Delonix regia (flamboyant), Glycine max (soybean), 
Hevea brasiliensis (rubber), Nicotiana tabacum (tobacco), 

Oryza sativa (rice), Pennisetum glaucum (pearl millet), Sac-
charum officinarum (sugarcane), Schleichera oleosa (Macas-
sar oil tree), Solanum lycopersicum (tomato), Solanum 
tuberosum (potato), Sorghum bicolor (sorghum), Tectona 
grandis (teak), Triticum aestivum (wheat), Vigna radiata 
(mung bean), Withania somnifera (poisonous gooseberry), 
Zea mays (maize), and Ziziphus mauritiana (jujube). How-
ever, the most susceptible crops include sugarcane, maize, 
ground nut, soybean, etc. [3, 43, 49, 56].

The life cycle of white grubs varies from 1 to 3 years 
from species to species, which includes three larval stages 
[57]. The larvae continue to feed on the roots until these 
attain a fully grown third instar stage, after which these stop 
feeding and dig deep to move down in the soil to change to 
pupae, which later develop into adult beetles [7]. Another 
factor that triggers the downward movement of white grubs 
is soil temperature; as winter approaches and soil temper-
ature drops, the white grubs burrow deep into the soil to 
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survive, and thereafter move upward at the onset of spring 
and restore feeding on the roots [44].

Chlorantraniliprole, clothianidin, imidacloprid, thiameth-
oxam, or a combination of clothianidin and bifenthrin or imi-
dacloprid and bifenthrin are some good examples of chemi-
cal pesticides which are generally used to control white 
grub infections [41]. The major disadvantage associated 
with the use of chemical pesticides is that these bioaccumu-
late, which upon consumption may cause hazardous impact 
(neurological, psychological and behavioral dysfunctions; 
hormonal imbalances, leading to infertility, breast pain; 
immune system dysfunction; reproductive system defects; 
cancers; genotoxicity; blood disorders) on humans [33]. 
An attractive alternative to chemical pesticides is microbial 
control agents (MCAs), especially entomopathogenic fungi 
(EPF). Two major entomopathogenic fungi belonging to 
Clavicipitaceae, are Metarhizium anisopliae and Beauveria 
bassiana, have been widely studied and applied as biopesti-
cides against white grub infection in many crops [13, 15, 23, 
35]. The commercial formulations of M. anisopliae- and B. 
bassiana-based biopesticides are manufactured by vari-
ous biotechnology industries. Some popular biopesticides 
used in Uttar Pradesh (India) for white grub control are M. 
anisopliae-based (Kalichakra, Green Meta, Metarhizium 
etc.) and B. bassiana-based (Bio-Powder, Daman, Basicon, 
Beauveria). Although the biopesticides are considered to be 
safe for the environment and non-targeted pest, there are sev-
eral disadvantages associated with the use of biopesticides 
such as high selectivity or host specificity, the requirement 
of additional control measures, delayed effect or mortality, 
storage problem, the difficulty of culturing in large quanti-
ties, short residual effectiveness, soil quality dependency, 
and slow activity [8].

Nanotechnology is a fast emerging science with enormous 
applications in various fields of technology; however, its use 
in crop protection is just in its infancy [47]. It involves the 
synthesis of nanoparticles (NPs) with most significant sizes 
ranging between 1 and 100 nm, which have several unique 
properties due to their very small structures, shapes, and 
high surface area to volume ratio [10]. NPs can be synthe-
sized by physical, chemical, and biological methods, but the 
biological method of NP synthesis is much cost-effective, 
eco-friendly, and easier [54]. Also, their characterization is 
simple and reliable. The biosynthesis of NPs is based on the 
use of microbial extracts or plant extracts which contain var-
ious reducing agents that reduce the metal compounds to ele-
mental metal NPs or metal oxide NPs [14]. There are various 
NPs that are prepared as their oxides, viz., including tita-
nium dioxide (TiO2), indium (III) oxide (In2O3), zinc oxide 
(ZONPs), tin (IV) oxide (SnO2), and silicon dioxide (SiO2) 
[60]. ZONPs exhibit unique properties including semicon-
ductor, a wide range of radiation absorption, piezoelectric, 
pyroelectric, and high catalytic activities [67]. Also, various 

evidences have proven that ZONPs could be applied as a 
potential antimicrobial agent against various bacteria [62, 
65] and fungi [4, 32]. ZONPs have been studied as a poten-
tial insecticide as well and have found shown significant 
effect against various animal host pests, viz., Trialeurodesva 
porariorum [29], Culex quiquefasciatus [30], Rhipicephalus 
microplus [6], Anopheles stephensi [39], Pediculus humanus 
capitis [19], and Aedes aegypti [1]. Very limited studies have 
been conducted to evaluate the efficacy of ZONPs or any 
other nanoparticles against plant pests. The present study 
was conducted to establish the pesticidal activity of ZONPs 
against white grub pests of plants.

Materials and methods

Culturing of Aspergillus niger

The pure culture of Aspergillus niger was obtained from the 
Department of Biotechnology, C.C.S. University, Meerut, 
and sub-cultured on potato dextrose agar (PDA) media (to 
preserve) and malt glucose yeast peptone (MGYP) media (to 
generate biomass for nanoparticle synthesis).

Biosynthesis of zinc oxide nanoparticles by A. 
niger biomass

Two millimolar (2 mM) aqueous solution of zinc nitrate 
hexahydrate [Zn(NO3)2 6H2O] was prepared for the synthe-
sis of zinc oxide nanoparticles (ZONPs). One gram of wet 
fungal biomass was taken and suspended in 100 ml of the 
2 mM aqueous Zn(NO3)2 6H2O solution in 250 ml Erlen-
meyer flasks for reduction of Zn(NO3)2.6H2O into ZONPs 
(in triplicate). Fungal biomass with water was kept as con-
trol. The control and test flasks were placed in an incubator 
shaker at 30 °C (at 150 rpm) and the reaction was carried out 
for 120 h. The biotransformation was routinely monitored 
visually after time intervals (0 h, 4 h, 12 h, 24 h, 48 h, 72 h, 
96 h, and 120 h). The biomass was separated by filtration 
using Whatman No. 1 filter paper, followed by syringe filter 
(pore size 0.45 m).

Characterization of ZONPs

The synthesized ZONPs were characterized by UV–vis-
ible spectrophotometer (in the Department of Genetics and 
Plant Breeding, CCSU, Meerut), FESEM (facilitated from 
Indian Institute of Technology, Kanpur), EDX (facilitated 
from Indian Institute of Technology, Kanpur), FTIR (facili-
tated from SAIF, Indian Institute of Technology, Bombay), 
DLS (facilitated from Motilal Nehru National Institute of 
Technology, Allahabad) and ICPMS (facilitated from Indian 
Institute of Technology, New Delhi).
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Larvicidal activity of ZONPs against white grub larva

The first instar white grubs were collected from the agri-
cultural fields of Meerut (Uttar Pradesh, India). After the 
harvest of sugarcane crops, the agricultural fields were dug 
deeply (10–30 inches) and larvae of different instar levels 
were collected. Due to the long life cycle (1–3 years) of 
different Holotrichia sp., field collection was preferred over 
artificial rearing. The collected grubs were preserved in the 
laboratory in pots containing humus. The in vitro insecti-
cidal activity of ZONPs against white grubs was determined 
by the method adapted and standardized from Kheswa [27]. 
The synthesized ZONPs mixture was directly applied on 
single first instar larva and another larva was treated with 
fungal extract used for nanoparticle synthesis (control). Fur-
ther, the parts per million (ppm) concentration of ZONPs 
was determined by ICPMS technique availed from Indian 
Institute of Technology (IIT), New Delhi, and ppm dilu-
tions (3 ppm, 5 ppm, 10 ppm, 15 ppm, and 20 ppm) were 
prepared to test for the mortality percentage and establish-
ment of lethal dose (LD50). The experiment was conducted 
twice at an interval of 9 days, and ten first instar white grubs 
larvae were taken in duplicate in Petri dishes for each con-
centration both times (as collected larvae were not sufficient 
to make four replicates at one time). The control plate was 
kept without nanoparticle treatment. Larvae were kept at 
starvation during treatment and the data were analyzed by 
Probit analysis using Microsoft Excel 2010 [2].

Result and discussion

Biosynthesis of ZONPs using Aspergillus niger

As the fungal biomass was mixed with an aqueous solution 
of Zn(NO3)2 6H2O, it started to appear pale yellow after 
24 h in the present case, which indicated the formation of 
ZONPs. A number of the workers in the past have reported 
the synthesis of extracellular ZONPs with the help of fun-
gal biomass. Aspergillus niger has been used for ZONPs 
synthesis in various researches in the past [24, 26, 46]. Gha-
reib et al. [21] reported the synthesis of ZONPs by about 
20 fungal species including Aspergillus flavus, Aspergillus 
carneus, Corynoascus sepedonium, Penicillium aurantiog-
riseum, Alternaria alternata, A. aureoterreus, A. carneus, 
and A. sydowii. Yusof et al. [67] suggested the role of fungal 
extracellular reductase enzyme in the bioreduction of zinc 
precursors and synthesis of ZONPs.

UV–Vis analysis of ZONPs

The ZONPs were characterized by UV–Vis double beam 
spectrophotometer (Lasany LI-295). All spectra were 
recorded at room temperature, in a quartz cell with 1 cm 
optical path, to know the kinetic behavior of ZONPs. The 
scanning range for the samples was 200–800 nm. The 
spectrophotometer was equipped with “UV prov software” 
to record and analyze the data. The baseline 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 h. Zinc nanoparticles generally show a 
broad peak in the UV–visible spectrum in the range of 
230–330 nm [48]. In the present study, optical transitions 
were observed at 240, 290, 340, and 380 nm (Fig. 1). The 
reaction stabilized after 96 h. Umar et al. [64] reported 
the absorption peak for the synthesized ZNOPs at 368 nm. 
Fakhari et al. [18] reported green synthesis of ZONPs with 
UV–visible absorption spectrum peak centered around 
350 nm. Al-Dhabi and Valan Arasu [1] observed the high-
est absorption of ZONPs at 274 nm. Kalpana et al. [26] 
reported the absorbance peak of ZONPs at 320 nm. San-
thoskumar et al. [50] reported that the UV spectrum range 
of ZONPs was measured at 380 nm. Ezealisiji et al. [17] 
observed the peak of ZONPs at 359 nm.

Analysis of ZONPs by FESEM

The ZONPs dried samples were prepared by placing two 
drops (200 µl) of ZONPs solution on aluminum foil and 
allowing to air dry, followed by placing it in a hot air oven 
at 50 °C for 24 h. The FESEM facility was availed from 
Advance Imaging Centre, Indian Institute of Technology 
(IIT), Kanpur (UP, India). The image taken indicated that 
nanoparticles are well distributed with the lowest agglom-
eration of nanoparticles (Fig. 2). The particles were dis-
crete, non-smooth, spherical in nature, and polydispersed. 
Studies of SEM micrograph also revealed nanoparticles 
with a few monoclinic non-spherical structures. Meruvu 
et al. [36] reported that after SEM analysis, the zinc oxide 
nanoparticles were found to be spherical in shape and their 
sizes were about 30–63 nm. Kumar et al. [31] reported 
SEM images of much less agglomerated ZONPs. Mohan 
and Renjanadevi [37] in their study found that the ZONPs 
were agglomerated and complete separation had not 
occurred. Getie et al. [20] reported the synthesis of ZONPs 
by using zinc nitrate hexahydrate [Zn(NO3)2 6H2O] and 
zinc acetate dehydrate [Zn(CH3COO)2 2H2O] as precur-
sors. Zinc oxide nanoparticles synthesized from Zn(NO3)2 
6H2O had grainy morphology, while zinc oxide nanoparti-
cles synthesized from Zn(CH3COO)2 2H2O were nanorod 
and spherical types. Chikkanna et al. [9] reported ZONP 
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SEM images which clearly emphasized that the obtained 
particles were spherical, nearly spongy, and had flower-
like structures.

Analysis of ZONPs by EDX

This facility was also availed from Advance Imaging Cen-
tre, IIT, Kanpur (UP, India). The EDX report shows the 
EDX spectrum of ZONPs (Fig. 3). EDX spectrum shows 
four peaks which are identified as zinc (Zn), oxygen (O), 

and aluminum (Al). Zn and O elements confirm the exist-
ence of ZONPs. The peak corresponding to aluminum is 
obvious, as the sample smear was prepared on the alu-
minum foil base. The weight percentage of Zn, O, and Al 
were found to be 41.24%, 44.36%, and 14.4%, respectively.

A similar observation of EDX analysis of ZONPs has 
been reported by Patil and Raut [45]. In EDX analysis of 
ZONPs reported by Chikkanna et al. [9], the weight per-
centage of Zn and O elements was found to be 55.35 and 
10.10 respectively.

Fig. 1   UV–Vis graph of 96 h sample of ZONPs

Fig. 2   ZONPs image obtained 
from FESEM analysis at 15 kV 
electron high tension (EHT) 
and Everhart–Thornley detector 
(ETD) mode; a 2000× magni-
fication image with working dis-
tance (WD) of 5.7 mm covering 
50 µm area and b 65000× mag-
nification with WD of 5.6 mm 
covering 2 µm area
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Analysis of ZONPs 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 ZONPs. 
The samples were sent to the Centre for Interdiscipli-
nary Research (CIR), Motilal Nehru National Institute of 
Technology (MNNIT), Allahabad (U.P.), India. The aque-
ous sample was ultrasonicated before processing under 
DLS. The DLS size distribution image of biosynthesized 
ZONPs is shown in Fig. 4. It showed that the size of ZONPs 
ranged from 76.2 to 183.8 nm with an average size peak at 
104.5 nm.

Among the techniques of nanoparticle characterization, 
DLS is the most commonly used [25, 28, 68]. The theory 
and mathematical basics of the DLS technique are already 
well known [16]. 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 
[22]. The mean diameter of NPs can also be determined by 
this technique. Tso et al. [63] investigated the stability and 
morphology of three metal oxide nanoparticles (TiO2, ZnO, 
and SiO2) in aqueous solutions using DLS technique; they 
found that ZONPs could not remain stable in suspensions, 
presumably due to the dissolution of particles to form a high 
concentration of ions, resulting in enhanced aggregation of 
particles. Shi et al. [53] reported sunscreen nanoparticle 
preparation with a size range between 80 and 200 nm as 
analyzed by the DLS technique. Nagarajan and Kuppusamy 
[40] reported ZONPs with average 36 nm particle size as 
analyzed by the DLS technique; however, there were many 
deviations in the size ranges as compared with other analysis 
reports of TEM, SEM and AFM (atomic focal microscopy). 
Shaheen et al. [51] compared the size results of ZONPs 
obtained from transmission electron microscopy (TEM) and 

Fig. 3   EDX analysis graph, where X-axis shows the energy in keV and Y-axis signifies the intensity count

Fig. 4   DLS data of ZONPs
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DLS; they reported that the measured average sizes from 
DLS technique, Zetasizer, were much larger than that of 
TEM reports and suggested that this may be attributed to the 
fact that TEM and X-ray diffraction (XRD) are performed 
in the dry state, while that DLS uses the aqueous medium, 
which leads to swelling of the ZONPs nanoparticles.

Analysis of ZONPs by FTIR

The FTIR facility was availed from Sophisticated Analytical 
Instrument Facility (SAIF), Indian Institute of Technology 
(IIT), Bombay, to recognize the organic, inorganic, biomol-
ecule residues along with nanoparticle formation, which may 
come along via reducing agent on to the surface of ZONPs 
(Fig. 5). Absorption bands for ZONPs were found to be at 
419.51 cm−1, 494.34 cm−1, 601.14 cm−1, 1024.78 cm−1, 
1153.08 cm−1, 1218.09 cm−1, 1543.81 cm−1, 1636.42 cm−1, 
2922.70 cm−1, 3421.30 cm−1, 3615.99 cm−1, 3666.86 cm−1, 
3742.79 cm−1, and 3858.01 cm−1. The intense bands at 
3421.30 cm−1, 3615.99 cm−1,and 3666.86 cm−1correspond 
to O–H stretching [42]. The peak at 2922.70 cm−1 indicates 
the presence of the C–H bond. The peak at 1636.42 cm−1 
corresponds to the C = C stretch in the aromatic ring. A 
band at 1543.81 cm−1indicates the asymmetric stretching 
of the N–O bond [12]. The peak at 1218.09 cm−1 indicates 
the significant presence of C–O bending vibration. Peaks at 
1153.08 cm−1 and 601.14 cm−1 show the presence of alkyl 
halides. A peak at 1024.78 cm−1 corresponds to the C–O 
stretch [55]. The peaks at 419.51 cm−1 and 494.34 cm−1 

indicate the stretching vibrations of zinc and oxygen bonds, 
which show the formation of ZONPs [9].

Larvicidal activity of ZONPs

It was observed that the larvae died within 12 h in the 
ZONPs-treated plate. The larval mortality per ppm concen-
tration is given in Table 1. The LD50 was calculated to be 
12.63 ppm with lower and upper confidence levels 9.75 ppm 
and 15.50 ppm, respectively, at 95% confidence level; further 
validation and significance study (Chi-square at 5% signifi-
cance) of the same would be done in the near future as soon 
as sufficient grubs would be available.

Most of the studies of larvicidal properties of zinc 
oxide nanoparticles or other metal-based nanoparticles 
have been done on animal pests. Shanmugasundaram and 

Fig. 5   FTIR spectrum of ZONPs

Table 1   Larval mortality per ppm concentration of ZONPs

SD standard deviation
a Values are mean ± SD of four replicates

S. No ZONPs (ppm) Larval mortality 
percentagea ± SD

1. 3 22.5 ± 52
2. 5 25 ± 5.7
3. 10 40 ± 8.1
4. 15 50 ± 8.1
5. 20 70 ± 8.1
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Balagurunathan [52] had established LC50 of silver nano-
particles (AgNPs) against Culex quinquefasciatus and Aedes 
aegypti. Similar studies were performed by Morejón et al. 
[38] and Sutthanont et al. [59]. Al-Dhabi and Valan Arasu 
[1] studied the larvicidal activity of ZONPs against Aedes 
aegypti larvae and eggs, giving a significant LC50 value of 
34.04 ppm. Many researchers have reported the efficacy of 
nanoparticles against food storage pests. Yang et al. [66] 
examined the pesticidal efficacy of polyethylene glycol 
(PEG)-coated nanoparticles with garlic oils against adults 
of food storage pest Tribolium castaneum and observed 80% 
control in the pest population. Stadler et al. [58] reported 
the insecticidal activity of nano-alumina against food stor-
age pests Sitophilus oryzae and Rhyzopertha dominica and 
found that both species experienced significant mortality 
after 3 days of continuous exposure and LD50 was calcu-
lated to be 235 mg per kg after the 9th day of exposure. Babu 
et al. [5] reported the synthesis of silver nanoparticles from 
bacteria Shewanella algae and its application as pesticide 
on third instar larva of white grubs (Lepidiota mansueta). 
Malaikozhundan and Vinodhini [34] synthesized biogenic 
zinc oxide nanoparticles using leaf extract of Pongamia pin-
nata, evaluated its insecticidal activity against pulse storage 
pest Callosobruchus maculatus and observed a significant 
delay in the total life cycle of C. maculatus and 100% mor-
tality at 25 ppm concentration of zinc oxide nanoparticles 
with LC50 value of 10.85 ppm.

Conclusion

The present study was performed to demonstrate the larvi-
cidal effects of zinc oxide myconanoparticles against white 
grubs. This study primarily confirms the efficacy of syn-
thetic ZONPs as effective pest control agents against white 
grubs, which can lead to the replacement of harmful chemi-
cal pesticides soon in the future. The most crucial and labor-
demanding aspect of this study is the collection of white 
grubs, as these keep feeding on the roots during the crop 
season but dig deep down in the soil after the harvest of the 
crop. The collection of the grubs during the crop season 
would damage the crop; hence, only post-harvest collection 
is preferred.

It is possible that by adding ZONPs to formulations of 
pesticides, the toxicity of chemical pesticides for humans 
and other non-targeted organisms would be mitigated. In the 
near future, we are looking forward to establishing a mini-
mum lethal dosage and effective dosage of ZONPs to effec-
tively kill this pest. Further study will need to focus on meth-
ods to increase the stability and physiological mechanisms 
of nanoparticles to increase their effects in integrated pest 
management programs at large greenhouse and field levels. 
There have been relatively few studies on the applicability of 

ZONPs to control plant insects. Further studies are needed in 
the future to investigate whether the application of ZONPs 
into the soil might cause unwanted damages to useful flora 
and fauna. Also, lethal dosage against pests and formula-
tion of effective dosage needs to be done, to minimize the 
chances of harm to humans and animals due to the bioac-
cumulation of ZONPs.
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