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One of the most vital supports to sustain human life on the planet earth is the agriculture system that has
been constantly challenged in terms of yield. Crop losses due to insect pest attack even after excessive
use of chemical pesticides, are major concerns for humanity and environment protection. By the virtue of
unique properties possessed by micro and nano-structures, their implementation in Agri-biotechnology
is largely anticipated. Hence, traditional pest management strategies are now forestalling the potential of
micro and nanotechnology as an effective and viable approach to alleviate problems pertaining to pest
control. These technological innovations hold promise to contribute enhanced productivity by providing
novel agrochemical agents and delivery systems. Application of these systems engages to achieve: i)
control release of agrochemicals, ii) site-targeted delivery of active ingredients to manage specific pests,
iii) reduced pesticide use, iv) detection of chemical residues, v) pesticide degradation, vi) nucleic acid
delivery and vii) to mitigate post-harvest damage. Applications of micro and nano-technology are still
marginal owing to the perception of low economic returns, stringent regulatory issues involving safety

Formulations assessment and public awareness over their uses. In this review, we highlight the potential application of
micro and nano-materials with a major focus on effective pest management strategies including safe
handling of pesticides.

© 2016 Elsevier Ltd. All rights reserved.

Contents

1.  Introduction . e . 158
Interaction of NPs w1th msect physmloglcal status an essentlal and 1mportant aspect remamed unexplored i eteeiieie e, 158

3. Rationales for micro and nano-biotechnological approach INPESt MANAZEIMENT ...\ttt ettt ettt i ettt e ee e te e eneennn 160
3.1. Microbe-derived bioactives ........ PRSPPI (10

3.2 Plantderlvedproductsandthelrappllcatlon PP (610

3.3.  Nucleic acid delivery ......... PP (1§

4, Reinforcing nano or micro based pest1c1des techmques and appllcatlons PP (6]
4.1. Micro/nanoemulsion formulations . e . 162

4.2. Nanoparticles as advanced dellverysystems PP (0%

4.3. Delivery via adsorption/immobiliZation .. ............iiiui i e e e et 163

44.  Delivery via enCapSULAtION .. ... ....uutt ettt ettt ettt ettt e et e e e e e e e e e 164

* Corresponding author. Plant Molecular Biology, Biochemical Sciences Division,
CSIR-National Chemical Laboratory, Pune 411008, Maharashtra, India.
** Corresponding author. Maharashtra Institute of Medical Education and
Research (MIMER) Medical College, Talegaon Dabhade, Dist Pune 410507, India.
E-mail addresses: jayant.khandare@mippune.edu.in (J.J. Khandare), ap.giri@ncl.

res.in (A.P. Giri).

http://dx.doi.org/10.1016/j.jenvman.2016.09.071
0301-4797/© 2016 Elsevier Ltd. All rights reserved.


mailto:jayant.khandare@mippune.edu.in
mailto:ap.giri@ncl.res.in
mailto:ap.giri@ncl.res.in
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jenvman.2016.09.071&domain=pdf
www.sciencedirect.com/science/journal/03014797
http://www.elsevier.com/locate/jenvman
http://dx.doi.org/10.1016/j.jenvman.2016.09.071
http://dx.doi.org/10.1016/j.jenvman.2016.09.071
http://dx.doi.org/10.1016/j.jenvman.2016.09.071

158 N. Khandelwal et al. / Journal of Environmental Management 184 (2016) 157—169

45. Interaction via surface functionalization .........

4.6. Inorganic micro and nano-pesticide deliVEry SYSTEIMS .. ... ...ttt ittt ettt e e e ettt ettt e
4.7.  Advance polymeric delivery systems in pest MAaNAZEIMEIIL . ... .....utererenen e eeeetetat et anene o et te e e et et te e e eneeneans

5.  Other applications .........

5.1.  Detection of PestiCide TeSIAUE . ... .....in ittt ettt ettt ettt e et e e e e e e e e e e e e
5.2, Pesticide degradation . ... .........ueuiutuenen et e ettt ettt e e e e e e e e e e e e e e e e e e
6. Conclusions and fULUIE PEISPECLIVE . ... ...ttt ettt et et e ettt et e e e e et et e e e et ettt e e e e et et ettt e et ettt
ACKNOWIEAZEIMENLS .. ...ttt ittt ettt e et e e et ettt e e e e et e et e e e e e e e e e e e e e e
S (] (<) 1 Lol

. 164
164
166
. 167
167
167
167
168
168

1. Introduction

A significant proportion of a nation's economy relies on its
agriculture and also vitally contributes to the world's food basket.
Constantly expanding population coupled with changing environ-
mental conditions exerts pressure on agriculture to augment food
production in order to satiate a greater demand of food supply
(Godfray et al., 2010; McClung, 2014). The advent of synthetic
pesticides and fertilizers, the major contributors to the green rev-
olution, has indeed brought about transformational change in the
agriculture sector. These strategies have paved their way in modern
agriculture due to the lack of sufficient inherent quality of the crop
plants in sustaining environmental stresses, e.g. pest invasion.

Since 1940 synthetic pesticides provided an effective solution to
control pest populations on crop plants. Losses due to the insect
pests are estimated to be 27—42% on crops after application of
synthetic pesticides, as opposed to >83% losses in the untreated
crops (Oerke and Dehne, 2004). However, in the due course of time,
several insects have developed resistance to numerous pesticides
(Dawkar et al., 2013). Further, excessive use of chemical pesticides
(>2 million tons/year) has caused detrimental effects on the
ecosystem raising concerns to safeguard crops in an eco-friendly
manner (Kohler and Tribskorn, 2013; Van Den Bosch et al., 2011).
Thus to address these challenges, ‘integrated biotechnological ap-
proaches’ and ‘sustainable intensification techniques’ are being
explored (Tilman et al., 2011). An adaptation of biotechnological
approaches to suppress pest populations involves modification of
the living organisms and their bioactives. Towards this, transgenic
plants expressing insecticidal compounds have captured significant
attention around the globe. A classical example is the genetically
engineered crop plants expressing cry toxin(s) of Bacillus thur-
ingiensis (Romeis et al., 2006). Development of transgenic plants
further offers gene-pyramiding by expressing proteins with a
different mode of actions or by domain swapping to maximize ef-
ficacy on the target insect pests (Dunse et al., 2010; Carriere et al.,
2015). Although, genetic manipulation imparts an excellent op-
portunity to develop improved biopesticides, its application has
been limited due to the stringent regulatory guidelines and public
acceptance over their use. In addition, various natural compounds
have been identified as potent deterrents, growth inhibitors, and
toxins against insect pests in vitro. But substantial studies related to
their field applications are lacking due to various environmental
and other constraints. This has generated an immediate require-
ment to harness an alternative technology that can offer eco-
friendly, cost-effective, and sustainable solutions towards pest
control.

Advancements in material science has offered flexible processes
to design varying size of micro and nanostructures yielding desired
features (Fig. 1). Industrial application of these materials reveals
their innumerable advantages in various facets of science including
agriculture. Micro and nanoparticles (MNPs) if applied prudently
can help to leverage biotechnological expedients via encapsulation,

adsorption or conjugation. This shall also provide benefits of safe
handling of chemical pesticides by achieving precise and targeted
delivery. Application of insect controlling active agents in the field
suffers from fast evaporation, runoff, and UV degradation. Towards
this, identification of MNP based delivery systems are the key as
they can offer: (i) enhanced activity against a wide spectrum of
pests, (ii) greater stability and retention in external environmental
condition and (iii) improved uptake (Glare et al., 2012). Further-
more, these tools are anticipated to enhance the field conditions by
reducing pest burden and mediating ‘smart’ delivery of active in-
gredients in terms of targeted and controlled release of agro-
chemicals and biological agents. Other advantages include their use
as nanosensors-sensing chemical residues, as nanocides, in
reducing pesticide use, facilitating pesticide degradation, and assist
nucleic acid transfer targeted against insects (Fig. 2). Taken
together, implementing sustainable biotechnological approaches
with the application of novel materials anticipates a paradigm shift
in global crop protection.

In the following sections, we focus on cataloguing developments
in advanced micro and nano-based pest management strategies
that may be suited for agronomical applications. In addition, our
attempt was to cite challenges and recent advances in the bur-
geoning use of active ingredients by exploiting unique properties of
novel materials towards pest control. For the interest of the readers,
a brief section on the application of nanoparticles as residue
detection and pesticide degradation have also been included from
the perspective of environmental concern.

2. Interaction of NPs with insect physiological status: an
essential and important aspect remained unexplored

In line with the focus of the review, control of agricultural pests
by nano-biotechnological means offer unprecedented advantages.
Most of the devastating agricultural pests belong to two major
classes named Lepidoptera and Coleoptera, responsible for major
losses of field crops and stored grains. Herbivore insects depending
on their feeding spectrum are divided into ‘generalists’ that feed on
a variety of plants belonging to different families and ‘specialists’
that are confined to a single species of plant. In this way different
insects have evolved distinct feeding habits which further deter-
mine their physiological status that varies with the diet composi-
tion. Studies have revealed that a particular insect possesses the
capability to modify its biochemical composition when fed on
different diets that enables them to detoxify plant defensive com-
pounds while providing better opportunity for the utilization of
nutrients (Dawkar et al., 2013; Stam et al., 2014). This presents a
challenging prospect to devise a sustainable and targeted strategy
for the control of particular pest population in the different envi-
ronment and crops.

Applied technology of MNPs in the pest management has been
gathering attention across the globe for their wide spectrum of
tunable physico-chemical properties. Despite the advantages
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