
African Journal of Biotechnology Vol. 9(24), pp. 3489-3493, 14 June, 2010     
Available online at http://www.academicjournals.org/AJB 
ISSN 1684–5315 © 2010 Academic Journals  
 
 
 
Full Length Research Paper 
 

Nano-particles - A recent approach to insect pest 
control 

 
Atanu Bhattacharyya1, Asim Bhaumik2, Pathipati Usha Rani3, Suvra Mandal4 and Timothy T. 

Epidi5* 

 
1Department of Zoology, Vidyasagar College For Women, 39, Sankar Ghosh Lane, Kolkata -700006, India. 

2Department of Material Science, Indian Association for the Cultivation of Science, Jadavpur, Kolkata-700032, India. 
3Biology and Biotechnology Division, Indian Institute of Chemical Technology, Taranaka, Hyderabad 500 007 (AP), 

India. 
4Department of Chemistry, Central Research Institute (Ayurveda) 4, C. N. Block, Sector- 5, Bidhannagar, Kolkata-

700019, India. 
5Department of Crop Production Technology, Niger Delta University, Wilberforce Island, P.M.B. 071, Yenagoa, Bayelsa 

State, Nigeria. 
 

Accepted 26 February, 2010 
 

Nanotechnology, a promising field of research opens up in the present decade a wide array of 
opportunities in the present decade and is expected to give major impulses to technical innovations in 
a variety of industrial sectors in the future. The potential uses and benefits of nanotechnology are 
enormous. These include agricultural productivity enhancement involving nanoporous zeolites for slow 
release and efficient dosage of water and fertilizer, nanocapsules for herbicide delivery and vector and 
pest management and nanosensors for pest detection. The atom by atom arrangement allows the 
manipulation of nanoparticles thus influencing their size, shape and orientation for reaction with the 
targeted tissues. It is now known that many insects possess ferromagnetic materials in the head, thorax 
and abdomen, which act as geomagnetic sensors. In this paper, our discussion is focused on 
nanoparticles in insects and their potential for use in insect pest management. 
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INTRODUCTION 
 
Targeted nanoparticles often exhibit novel characteristics 
like extra ordinary strength, more chemical reactivity and 
possess a high electrical conductivity. Thus, nano-
technology has become one of the most promising new 
technologies in the recent decade. Nanoparticles possess 
distinct physical, biological and chemical properties 
associated with their atomic strength (Leiderer and 
Dekorsy, 2008). Nanoparticles (which are 1-100 nm in 
diameter) are agglomerated atom by atom, and their size 
(and some-times shape) may be maintained by specific 
experimental procedure (Roy, 2009). Nanoparticles can 
be arranged or assembled into ordered layers, or mine 
layers (Ulrich et al., 2006). Such self-assembly is due to 
forces such as hydrogen    bonding,    dipolar     forces,    
hydrophilic    or  
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hydrophobic interactions, surface tension, gravity and 
other forces. Many naturally occurring biological structures 
like membranes, vessicles, and deoxyribonucleic acid 
(DNA) are formed by self-assembly.  

The word “Nano” is developed from the Greek word 
meaning “dwarf”. In more technical terms, the word 
“nano” means 10-9, or one billionth of something. For 
example, a virus is roughly 100 nm in size. Naturally, the 
word nanotechnology evolved due to use of nanometer 
size particles (size of 1 to 100 nm). Nanotechnology 
exhibits the top down phenomena, which means reducing 
the size of the smallest structures to the nanoscale. For 
example, photonics applications in nanoelectronics and 
nanoengineering or the bottom up approach, involving 
individual atom by atom and molecules into 
nanostructures, which are applicable in several biological 
processes (Niemeyer and Doz, 2001; Elibol et al., 2003; 
Wadhwa, 2009). Thus nanotechnology deals with the 
targeted  nanoparticles  as  and when the particles exhibit 
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different physical strength, chemical reactivity, electrical 
conductance and magnetic properties (Nykypanchuk et 
al., 2008). Nanotechnology, a promising field of research 
opens up in the present decade a wide array of oppor-
tunities and is expected to give major impulses to 
technical innovations in a variety of industrial sectors in 
the future. In particular, in this paper, our discussion is 
focused on nanoparticles in insects and their potential 
role in insect pest management. 
 
 
NANOSCALE MATERIALS AND THEIR APPLICATION 
 
In the present century, the fact that nanoscale particles 
and other magnetic materials of similar property can be 
applied in nanotechnology which cannot be overstressed. 
In nature, living organisms from bacteria to beetles rely 
on nanometer-shaped protein machines that perform 
everything from whipping of flagella to flexing of muscles. 
Nanometer-sized carbon (carbon black) that improves the 
mechanical properties of tires, nanometer silver particles 
that initiate photographic film development, and nanometer 
particles that are the basis of catalysts critical to the 
petrochemical industry have contributed to commercial 
products for many years (Huck, 2008; Fiorito, 2008). 
Nanoparticles and other nanostructured materials are 
often synthesized using chemical methods. It is very 
essential to identify the target nanoparticles through the 
scanning tunneling microscope (STM) and atomic force 
microscope (AFM). Nanoscale science probably began 
with the ground breaking invention of the STM, for which 
Gerd Binnig and Heinrich Rohrer of the International 
Business Machines (IBM) were awarded the Nobel Prize 
for Physics in 1986. Nanotechnology has already shown 
great potential for application in environmental protection 
(Nowack, 2009; Ying, 2009). 

Nanostructured materials are being used in devices for 
pollution sensing, treatment and remediation. Application 
of nanoparticles for pollution prevention through environ-
mentally benign synthesis and manufacturing are also 
being explored (Duebendorf, 2008). In addition, nano-
structured materials are being used in many manufactured 
products, especially in composite materials and fillers. 
The potential of nanotechnology to revolutionize the 
health care, textile, information and communication tech-
nology and energy sectors has been well documented. In 
fact several products enabled by nanotechnology are 
already in the market and they include antibacterial 
dressings, transparent sunscreen lotions, strain-resistant 
plants and nano-particles in eco-friendly pesticides 
(Bhattacharyya, 2009; Sukul et al., 2008; Barik et al., 
2008; Gha-Young et al., 2008). 
 
 
NATURAL NANOPARTICLES IN SEVERAL INSECTS 
 
Although naturally  occurring  nano-structures  are  being  

 
 
 
 
neglected, they are a potentially rich source of products 
that meet certain specifications (Watson and Watson, 
2004). The emerging industries based on nanotechnology 
have so far made little use of ‘free’ technology available 
in nature (Bhattacharyya and Debnath, 2008; Ehrlich et 
al., 2008). A good example is the ordered hexagonal 
packed array of structures in the wings of cicada for 
instance, Psaltoda claripennis Ashton and termite for 
example, family Rhinotermitidae (Zhang and Liu, 2006). 
Studies have shown that the size of the nanoparticles 
may vary from 200 to 1000 nm. The structures tend to 
have a rounded shape at the apex and protrude some 
150-350 nm out from the surface plane. These wing 
nanoparticles help in the aerodynamic efficiency of the 
insect.  

Nowadays, we know that insects possess ferromagnetic 
resonance which is temperature dependent. The magnetic 
material is present in the head, thorax and abdomen of 
insects like Solenopsis substitute (Fabricius), an ant. 
These magnetic nanoparticles in social insects act as 
geomagnetic sensors (Esquivel, 2007). The magnetic 
material content is slightly higher in heads with antennae 
than in abdomen of the ants. It is known that the behaviour 
of a great variety of higher animals is influenced by 
changes in the local magnetic field within their environ-
ment. More specifically, it has been shown that honey 
bees use geomagnetic field information for orientation, 
homing and foraging (Binhi, 2004). However, the process 
that animals use to detect the geomagnetic field is still 
not known. Several observations indicate that intracellular 
biomineralized magnetite could interact with the 
geomagnetic field monitoring information on its intensity 
and direction. Identifying the presence of magnetite 
particles in different species of insects and thus showing 
that insects’ behaviour is influenced by the geomagnetic 
field is a first step towards demonstrating that biogenic 
magnetite is involved in geomagnetic field detection 
(Ishay et al., 2008). It has been shown that the ant Formica 
rufa Linnaeus uses information from the geomagnetic 
field for orientation during the foraging process. The 
same observation has been made in respect of the ant 
Solenopsis invicta Buren (Slowik et al., 1998). The 
presence of ferric iron in the abdomen of S. invicta workers 
was also observed (Abracado et al., 2005).The observation 
which was made through electron microscope technique 
clearly demonstrated that several species of ants 
recognize magnetic signals with the help of magnetite 
nanoparticles (Abracado et al., 2005). Isolated nano-
particles of insects have diameters of about 12 and 
11 nm in abdomen with petiole and head with antennae, 
respectively. It is noteworthy that magnetite particles 
were also observed in the stingless bee Schwarziana 
quadripunctata Lepeletier especially in the head, 
antennae, thorax and abdomen (Lucano et al., 2006; 
Esquivel et al., 2007). The magneto sensor is present in 
Pachycondyla marginata Roger, a migratory and termite-
phagous ant, hunting only  the  termite  species  Neocap- 



 
 
 
 
ritermes opacus Hagen (Acosta-Avalos et al., 1999; 
Wajnberg et al., 2004; de Oliveira et al., 2008). Also, 
ferromagnetic material has been detected in Apis 
mellifera Linnaeus abdomens and identified as suitable 
for magnetic reception (Desoil et al., 2005). Magnetic 
nanoparticles in the A. mellifera abdomens are well 
accepted as involved in their magnetoreception mechanism 
(El-Jaick et al., 2001). The biogenic magnetic properties 
of the honeybee A. mellifera were investigated with a 
view to understanding the bee's physiological response to 
a magnetic field (Chambarelli et al., 2008; Hsu et al., 
2007; Billen, 2006). The magnetizations of bee abdomens 
on one hand, and heads and thoraxes on the other hand, 
were measured separately as functions of temperature 
and field (Esquivel et al., 2002; Desoil et al., 2005). Both 
the antiferromagnetic responses of the ferrihydrite cores 
of the iron storage protein ferritin, and the ferrimagnetic 
responses of nanoscale magnetite (Fe3O4) particles, 
were observed (Dawson, 2008; Tai Kai, 2008). Relatively 
large magnetite particles (ca. 30 nm or more), capable of 
retaining remanence magnetization at room temperature 
were found in the abdomens, but were absent in the 
heads and thoraxes. Fire ant (S. invicta) workers, queens 
and alates were analyzed by magnetic resonance 
imaging (MRI) for the detection of natural magnetism. All 
ferromagnetic materials are magnetic nanoparticles, 
which are solely responsible for localization of specific 
direction for food and host of insects. Recently, cicada 
wings have been investigated by atomic force microscopy 
(AFM) used for observing nanoparticles. The structures 
consist of hexagonal close-packed protrusions with a 
lateral spacing of 200 nm and may have multiple func-
tionalities. Nanostructure components are also present in 
compound eyes of insects. Wings of butterflies possess 
bright colour components and these colour components 
are nothing but nanoparticles. Recently, a novel 
photodegradable insecticide involving nano particles has 
been prepared (Guan et al., 2008). Naturally, volatile 
phytochemicals and nanoparticles of insects are solely 
responsible for plant-insect interaction (Gorb and Gorb, 
2009). Moreover, in the case of silkworm, electrospun silk 
fibroin-based fibers with average diameter of 700 nm 
were prepared from aqueous regenerated silkworm silk 
solutions (Jin et al., 2004; Zhang et al., 2007). The 
electrospun nanocomposite of silkworm silk helps in 
producing single wall carbon nanotubes (SWNT) for drug 
delivery system (Ayutsede et al., 2008). 
 
 
NANOPARTICLES - A GREEN REVOLUTION IN FUTURE 
 
The potential uses and benefits of nanotechnology are 
enormous. These include agricultural productivity enhan-
cement involving nanoporous zeolites for slow release 
and efficient dosage of water and fertilizer, nanocapsules 
for herbicide delivery and vector and pest management 
and nanosensors for pest  detection  (Scrinis  and  Lyons,  
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2007; Scott, 2007; Joseph and Morrison, 2006; Liu and 
Du, 2004). Nanoparticles help to produce new pesticides, 
insecticides and insect repellants (Owolade et al., 2008). 
Nanoencapsulation is a process through which a chemical 
such as an insecticide is slowly but efficiently released to 
a particular host plant for insect pest control. Nanoencap-
sulation with nanoparticles in form of pesticides allows for 
proper absorption of the chemical into the plants unlike 
the case of larger particles (Scrinis and Lyons, 2007). 
This process can also deliver DNA and other desired 
chemicals into plant tissues for protection of host plants 
against insect pests (Torney, 2009). Release mechanisms 
of nanoencapsulation include diffusion, dissolution, bio-
degradation and osmotic pressure with specific pH 
(Vidhyalakshmi et al., 2009; Ding and Shah, 2009). It has 
been observed that nanoparticles loaded with garlic 
essential oil is efficacious against Tribolium castaneum 
Herbst (Yang et al., 2009). Also, it is known that 
aluminosilicate filled nanotube can stick to plant surfaces 
while nano ingredients of nanotube have the ability to 
stick to the surface hair of insect pests and ultimately 
enters the body and influences certain physiological 
functions (Patil, 2009).  

Sukul et al. (2009) have reported that potentized drugs 
significantly increased plant growth, chlorophyll, protein 
and water content in the leaves as compared to the 
control. CCC 30 (nano) was found to be more effective 
than CCC 30. Potentized drugs are thought to initiate 
their action on the integral membrane proteins of leaves 
and modulate cell physiology towards growth. Barik et al. 
(2008) opined that more ambitious uses of nanoparticles 
are bio-remediation of contaminated environments, 
biocides and antifungals on textiles. Surface-modified 
hydrophobic as well as lipophilic nanosilica could be 
effectively used as novel drugs for treatment of nuclear 
polyhedrosis virus (BmNPV), a scourge in the silkworm 
industry. Also, research on silkworm, Bombyx mori L. 
race Nistari clearly demonstrates that nano particle could 
stimulate more production of fibroin protein which can 
help in producing carbon nano tube in future 
(Bhattacharyya et al., 2008; Bhattacharyya, 2009). The 
above highlights the putative effects of nanoparticles on 
insects, as these small particles are present in their entire 
body parts. Research on nanoparticles and insect control 
should be geared toward introduction of faster and eco-
friendly pesticides in future (Bhattacharyya et al., 2007). It 
is high time therefore that leading chemical companies to 
focus on formulation of nano scale pesticides for delivery 
into the target host tissue through nanoencapsulation. At 
present, the toxicological and ecotoxicological risks linked 
to this expanding technology ("emerging technology") 
cannot be assessed yet. While nanotechnology is 
increasingly moving into the centre of public attention, it 
is currently not yet linked to any great degree to concerns 
about health and the environment. 

Nanoencapsulation is currently the most promising 
technology for  protection  of  host  plants  against  insect  
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pests. Thus nanotechnology will revolutionize agriculture 
including pest management in the near future. Over the 
next two decades, the Green Revolution would be 
accelerated by means of nanotechnology.  
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