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Abstract

Insects and pests are the major threats to the economy of any country as they cause big losses to profit
crop production. Frequent application of insecticides and pesticides has resulted in development of pest
disease resistance, accumulation of residues in produce and the environmental pollution. So, there is a i
for alternative strategies to control pests and pathogens. Nanotechnology offers new insights of biotechno
and agriculture. Application of nanotechnology in crop protection holds a significant promise in managei
of insects and pathogens, by controlled and targeted delivery of agrochemicals and also by provi
diagnostic tools for early detection. Nanoparticles can serve as ‘magic bullets’, containing herbicides, n
pesticides, fertilizers, or genes, which target specific cellular organelles in the plant to release their con
Nanoparticles are highly stable and biodegradable active compounds protected in capsules, they are
degraded by external agents or the crop plant itself, and are not involuntarily dispersed into the soil, allo
the use of a reduced number of active compounds for plant treatments and consequently causing a lc
environmental impact.

Further, nanoparticles linked with biomolecules with specific affinity (e.g. antibodies or aptamers) assure
selectivity and specificity of targets. Along with these benefits, Nano devices for plant protection curr
show also some constraints. First of all, there are not yet sufficient studies on the potential toxicity of s
nanomaterial (Nano silver, Nano gold, etc.) on plants, animals and the environment. Potentiall
nanomaterial accumulate in vegetal and animal tissues, they can end up into the food chain. It is there
fundamental to guarantee their safety and to correctly inform the consumers. However, the use of non-i
materials (starch, chitin or Nano clays versus metals) eliminates such risk.

Keywords Nanotechnology, disease management, nanomaterial, nanoparticles,
agriculture,
INTRODUCTION

Agriculture is the main source of income in most of the developing countries and major
proportion of population depends on agriculture sector for their livelihood. Due to increasing
population day by day, huge pressure is being developed on agriculture to fulfill the demand of
food for all. In comparison to developed countries, a large proportion of population in
developing countries faces food shortages daily as a result of poor farming practices, use of
disease susceptible crop varieties and global environmental impacts including flood, drought
and storms (Joseph and Morrison, 2006).Similarly,agricultural production continues to be
constrained by anumber of factors. For instance, diseases caused byinsects,pests or other
pathogens, and weeds cause considerable damage toagricultural production. Reports indicate
that pests can cause up to 25% loss in rice, 5-10% in wheat, 30% in pulses, 35% in oilseeds,
20% in sugar cane and 50% incotton (Dhaliwalet al, 2010). Therefore, for developingcountries
like India, the crop yield can be maximized by developing drought and pest resistant crops
(Joseph andMorrison, 2006).

A wide variety of bacterial and fungal pathogens are responsible to damage crops. Among them
the most common bacterial agents are Erwiniacarotovora, Pseudomonas spp.
Corynebacteriumand Xanthomonascampestriswhich attack most of the vegetables. Fungi
commonly causing spoilage of vegetables are belonging to genera Alternaria, Aspergillus,
Cladosporium, Colletotrichum, Phomopsis, Fusarium, Penicillium, Phoma, Phytophthora, Pythium,
Rhizopusspp., Botrytis cinerea, Ceratocystisfimbriata, Rhizoctoniasolani, Sclerotiniasclerotiorum
etc. Some of these organisms are host specific whereas others affect a wide variety of vegetables
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causing huge economic losses (Chowdappa and Gowda, 2013). Some pathogens produce toxic
metabolites and adversely affect human health. Many of these agents enter the plant tissue over
mechanical or chilling injuries, and cause great losses (Tournas, 2005). With the estimated
doubling in global food demand in next 50 years huge challenges are expected in food
production. In the year 2000 the pesticide production was about three million tons of active
ingredients worldwide (Tilmanet al, 2002), and day by day its demand is increasing.
Agricultural crops and other plants are major source of food, fibres, medicines and other
livelihood resources, so, knowledgeof plant diseases and their control is of vital importance to
our survival.

Fig. 1. Scope Of Nanotechnology In Various Feilds. DISEASE MANAGEMENT
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Traditionally, this has been

e e called plant disease control, but
in current scenario term

“control” is not appropriate, so,
H ST S —— management term looks much

better. Disease management

might be viewed as proactive
whereas disease control is reactive, although it is often difficult to distinguish between the two
concepts, especially in the application of specific measures. Various methods have been
followed to control or eradicate the pathogens, time to time, but diseases have been shown their
resistance against all type of treatments, so, researchers have challegesto develop new
strategies to manage these mighty pathogens.

TRADITIONAL OR CONVENTIONAL METHODS

Traditional disease management practices like crop rotation, use of healthy variety,
manipulations in sowing dates, integrated pest management (IPM)are the measures undertaken
by farmers to prevent and control diseases. Because these methods of disease management are
economically viable, so, mostly these methods are used in low-return crops. These management
methods are based on reducing the amount of initial inoculums, reducing the rate of spread of
an established disease, or planting a crop at a site that is unfavorable to pathogens because of its
physical environment like altitude, temperature, or humidity(Dhawan and Peshin,
2009;Peshinet al.,, 2009;Rai and Ingle, 2012).

CHEMICAL BASED DISEASE MANAGEMENT

Synthetic chemical pesticides are widely used in conventional agriculture to control plant
diseases. Environmental hazards caused by excessive use of pesticides pose health problems, so,
it is not being preferred as modern society is becoming more health conscious (Kim et al., 2009).
As per reports, use of pesticides although began in the 1870s when arsenic and copper-based
insecticides were developed. During the World War 11, discovery of DDT(dichloro-diphenyl-
trichloro-ethane)having pesticide properties revolutionized the pest control. DDT waseffective
at low concentration against almost all insect species, further; it was less expensive and
supposed to be harmless to the human beings, animals and plants (Davies et al,
2007).Therefore, farmers were amazed with its effectiveness and started to use it at large scale
particularly during the green revolution era. But the negative impact of chemical pesticides
started emerging soon and producers then turned to the much more toxic organophosphates
andpyretheroid insecticides, which resulted in the development of resistant strains.
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Most of the pesticides were originally based on the toxic heavy metals such as arsenic, mercury,
lead and copper and that’s why these are not eco-friendly (Davies et al., 2007).Pesticides often
kill the natural enemies along with thepests. With natural enemies eliminated, it was difficult to
prevent recovered pest populations from exploding to higher and more damaging levels and
often developing resistance to chemical pesticides. Initially the benefits from pest control were
not huge due to use in low amount. Very soon DDT became popular and its use was increased
enormously which resulted in the increase in yields, but on the other hand, their adverse effects
on the environment and human health also soon became apparent. Indiscriminate, excessive
and continuous use of pesticide secretes a powerful selection pressure for altering the genetic
make-up of the pests. This resulted in a much higher percentage pest population being resistant
to pesticides (Biyelaet al, 2004; Levy, 2002).

BIOLOGICAL CONTROL OF DISEASES

Many biological agents have been used for the bio-control of insect pests, but only bacteria and
fungi are most important. Bacteria used for biological control, infect insects via their digestive
tracts. Bacillus thuringiensis is the most widely applied species of bacteria used for biological
control oflepidopteron (moth, butterfly), coleopteran (beetle)and dipteran- true flies (Frederick
and Caesar 2000).Fungi that cause disease or infection in insects are known
asentomopathogenic fungi, including at least 14 species ofentomophthoraceous fungi attack
aphids. Species of the genusTrichoderma are used to manage some soil-borne plant pathogens
like Pythium. Beauveriabassiana is used to manage different types of pest such as whiteflies,
thrips, aphids and weevils (Thungrabeab and Tongma, 2007).

Although, biological control of disease management is eco-friendly, but so far strains against all
pathogens are not available. Therefore, scientists in the agricultural field started searching for
alternative eco-friendly and economically viable approaches to control plant diseases. As an
alternative to chemically manufactured pesticides, use of nanoparticles as antimicrobial agents
has become more common as technological advances make their production more economical
(Jo etal, 2009; Goncalveset al.,, 1998).

NANOTECHNOLOGY: SCOPE IN PATHOGEN CONTROL

It has been reported that very small amount approximately less than 0.1% of pesticide reaches
the sites of action, due to loss of pesticide in air during application and as run-off, spray drift,
off-target deposition and photo-degradation affecting both the environment and cost of
application (Pimentel,1995; Castro et al, 2013). With the increasing demand of pesticide
worldwide to control the pathogens and pests, there is an urgent need to minimize the excessive
usage of pesticides and fertilizers by finding better alternatives.

Nanotechnology has a great scope of application in field of agriculture, medicine and food
industries and if exploited properly, it can revolutionize entire society. Potential applications of
nanotechnology in crop protection include controlled release of encapsulated pesticide,
fertilizer and other agrochemicals in protection against pests and pathogens. It is also useful in
early detection of plant disease and pollutants including pesticide residues by using Nano
sensors (Ghormadeet al, 2011; Linet al, 2020). The applications of nanoparticles in crop
protection, helps in the development of efficient and potential approaches for the management
of plant diseases.

Globally, insect pests make a huge crop loss 0f14% and plant pathogens cause an estimated loss
up to13% with a value of US $2,000 billion per year (Pimentel, 2009). Nano materials are useful
for efficient and safe administration of pesticides, herbicides, and fertilizers at lower doses
(Kuzma and VerHage, 2006). Excessive dose of pesticides cause adverse effects on human health
and on pollinating insects. So, Nano-materials are helpful in decreasing toxicity and in
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increasing the efficacy of pesticides (Mousavi and Rezaei, 2011). Nano pesticide formulations
increase the solubility of poorly soluble active ingredient and helps in releasing the active
ingredient slowly. The absorption of poorly soluble agrochemicals can be increased through the
use of additives or nanoparticles formation of agrochemicals (Kahet al, 2012). Nanoparticles
are loaded with pesticides and released slowly based on environmental trigger (Lauterwasser,
2005). Due to their high reactivity at Nano scale compared to their bulk counterparts, small
quantity of Nano-pesticides shows better effect in crop protection (Debnathet al, 2011).

Nano encapsulation of agrochemicals such as an insecticide or pesticide allows slow and
efficient release to a particular host plant for insect pest control and enables chemicalsto be
adsorbed properly by the plants (Scrinis and Lyons, 2007).Nanoparticles of various metals are
cost effective and reliable alternative for controlling insect pests and have been successfully
employed by various research workers (Stadleret al,2010; Bariket al, 2008; Goswamiet al,
2010).

Pesticides can be effectively loaded into nanoparticles and can be slowly released related to an
environmental trigger, they have uniform and extremely small droplet sizes (Forgiariniet al,
2001). Nanomaterials have low viscosity, high kinetic stability and optical transparency which
make them smart and efficient delivery systems for many industrial applications (Lee and
Tadros, 1982). The use of nanoparticles was found to be a viable and effective alternative to
conventional pesticides in combating pests which have developed pesticide resistance.

NANOCAPSULES AND NANOPARTICLES
The most relevant Nano devices for plant protection are Nano capsules and nanoparticles, both
at a scale ranging from 0.1 to 1,000 nm. A Nano capsule is composed by a shell loaded with an
active compound of our interest, like an agrochemical product for the protection of the plant
against pests or diseases. The shell can be constituted by different elements, such as polymers,
lipids, viral capsids or Nano clays. Its main function is to protect the active compound until it is
released, but it can also improve the solubility and the penetration of the compound into the
plant tissues. Depending on the specific characteristics of the shell, the active compound can be
released slowly and gradually, or completely after the shell opening is mainly triggered by
certain conditions i.e. pH changes or enzymatic degradation. Nanoparticles have a solid core or a
matrix that can be composed by different materials such as metals or polymers and is
surrounded by active biomolecules (Fig. 2). Due to the small size, the ratio between surface area
and volume is increased in the nanomaterial compared with bulk forms.

Nanoparticles can be synthesized
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Figure 2. Types of Nanoparticles
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animportant branch of nanotechnology especiallysilvernanoparticles, which have many
applications (Armendarizet al, 2002; Kim et al, 2010; Kyriacouet al, 2004; Chuanxinet al,
2018).

The most common methods for preparing all of these nanoparticles are wet-chemical
techniques, which are generally low-cost and high-volume. However, the need for toxic solvents
and the contamination from chemicals used in nanoparticle production limit their potential use
in biomedical applications (Li et al, 2011). Therefore a “green”, non-toxic way of synthesising
metallic nanoparticles is needed in order to allow them to be used in a wider range of industries.
This could potentially be achieved by using biological methods.

Many bacteria, fungi and plants have shown the ability to synthesise metallic nanoparticles and
all have their own advantages and disadvantages (Suresh et al, 2004; Bhainsaet al, 2006; Song
and Kim, 2009). Intracellular or extracellular synthesis, growth temperature, synthesis time,
ease of extraction and percentage synthesised versus percentage removed from sample ratio, all
play an important role in biological nanoparticle production. Finding the right biological method
can depend upon a number of variables. Most importantly, the type of metal nanoparticle under
investigation is of vital consideration, as in general organisms have developed resistance against
a small number of metals, potentially limiting the choice of organism. However synthetic
biology; a nascent field of science, is starting to address these issues in order to create more
generalised chassis, able to synthesise more than one type of metallic nanoparticle using the
same organism (Edmundsonet al, 2014).

“Natural” biogenic metallic nanoparticle synthesis can be split into two categories. The first
is bioreduction in which metal ions are chemically reduced into more stable forms biologically.
Many organisms have the ability to utilisedissimilatory metal reduction, in which the reduction
of a metal ion is coupled with the oxidation of an enzyme (Deplancheet al, 2011). This results in
stable and inert metallic nanoparticles that can then be safely removed from a contaminated
sample. The second category is biosorption. This involves the binding of metal ions from an
aqueous or soil sample onto the organism itself, such as on the cell wall, and does not require
the input of energy. Certain bacteria, fungi and plants express peptides or have a modified cell
wall which binds to metal ions, and these are able to form stable complexes in the form
of nanoparticles (Yong et al, 2002).

Metallic nanoparticles are becoming increasingly important due to their potential application in
many fields. The development of an environmentally friendly and inexpensive way of
synthesising them is therefore crucial. There are numerous organisms possessing the ability to
synthesise nanoparticles and which therefore have the potential to be exploited and modified to
optimise them to fulfil this purpose(Table 1).

Table 1: Metallic nanoparticles synthesis by different organisms with location of synthesis
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and method adopted.
Name of organism Nalil:opdal:‘ctic(;es Sli)nct;?;:f Method References
A) Bacteria
Bacillus licheniformis Ag Intracellular Reduction Schliiteret al. 2014
Bacillus sphaericus U, Cu, Pb, Al,Cd |Extracellular Biosorption and Dasetal 2014
Reduction
Bacillus spp. Ag Intracellular Reduction Kalimuthuet al. 2008
Delftiaacidovorans Au Extracellular Reduction Johnston et al. 2013
Desulfovibriodesulfuricans Pd Extracellular Reduction Caietal 2009
Enterobacter cloacae Ag Extracellular Reduction Kalimuthuet al. 2008
Enterococcus faecium Ag Extracellular Biosorptionand |Shahverdiet al. 2007
Reduction
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Name of organism Na;llf)opdez‘ct(iec(;es SL};nCt;(iesLs Method References
Escherichia coli Ag Extracellular Reduction Kalimuthuet al. 2008
Escherichia coli Pd, Pt Extracellular Reduction Deplancheet al. 2010
Klebsiellapneumoniae Ag Extracellular Reduction Kalimuthuet al. 2008
Lactobacillus spp. Ag Extracellular Biosorptionand |Shahverdiet al. 2007
Reduction
Lactococcusgarvieae Ag Extracellular Biosorptionand |Shahverdiet al. 2007
Reduction
Pediococcuspentosaceus Ag Extracellular Biosorptionand |Shahverdiet al. 2007
Reduction
Pseudomonas aeruginosa Au Extracellular Reduction Narayanan et al. 2010
Rhodococcusspp. Au Intracellular Reduction Parketal 2011
Rhodopseudomonascapsulata | Au Extracellular Reduction He et al. 2005
Shewanellaspp. AsS Extracellular Reduction Raveendranet al 2003
Shewanellaspp. Se Extracellular Reduction Laudenslageret al. 2008
Thermomonosporaspp. Au Extracellular Reduction Kasthuriet al. 2008
B) Fungi
Aspergillusflavus Ag Extracellular Reduction Sahaetal 2010
Aspergillusfumigatus Ag Extracellular Reduction Bhainsa, D'Souza 2006
Coriolusversicolor Ag Intracellular & |Reduction Ahmad et al. 2002
Extracellular
Fusariumoxysporum CdS Extracellular Enzyme Mediated |Raiet al 2009
Fusariumoxysporum Ag Extracellular Reduction Ahmad et al. 2003
Fusariumoxysporum Au Intracellular Reduction Ma et al 2005
Neurosporacrassa Pt Intracellular & |Reduction Sanghi, Verma 2009
Extracellular
Verticillium sp. Au Intracellular Reduction Ramanathanet al 2013
C) Plants & Extracts
Acalyphaindicaleaf extract |Ag Extracellular Reduction Krishnarajet al. 2010
Cymbopogonflexuosus leaf  |Au Extracellular Reduction Gupta, Ganjewala 2015
extract
Jatrophacurcaslatex Ag Extracellular Reduction Bar et al. 2009
Magnolia kobus leaf broth Ag Extracellular Reduction Song, Kim 2009
Medicago sativa seed Ag Extracellular Reduction Spadaro, Gullino 2005
exudate
Phyllanthusamarus Ag, Au Extracellular Reduction Kasthuriet al. 2008
Pinuseldarica bark extract  |Ag Extracellular Reduction Iravani, Zolfaghari 2013
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BIOSYNTHESIS: MECHANISM

Biosynthesis of nanoparticles by microorganisms is a green andeco-friendly technology. Diverse
bothprokaryotes and synthesis  of
metallicnanoparticles viz. silver, gold, platinum, zirconium, palladium,iron, cadmium and metal
oxide, =zincoxide, etc. These microorganisms
bacteria,actinomycetes, fungi and algae. The synthesis of nanoparticlesmay be intracellular or

microorganisms, eukaryotes are used for

oxides such as titanium include

extracellular according to the location ofnanoparticles (Hulakoti and Taranath, 2014; Mann,
2001).

INTRACELLULAR SYNTHESIS OF NANOPARTICLES BY FUNGI
This method involves transport of ions into microbial cells to form nanoparticles in the presence

Universe International Journal of Interdisciplinary Research




© ULJIR | ISSN (O) — 2582-6417
July 2020 | Vol. 1 Issue.2
www.uijir.com

ORIGINAL ARTICLE

of enzymes. As compared to thesize of extracellularly reduced nanoparticles, the
nanoparticlesformed inside the organism are smaller. The size limit isprobably related to the
particles nucleating inside theorganisms (Narayanan and Sakthivel, 2010).

EXTRACELLULAR SYNTHESIS OF NANOPARTICLES BY FUNGI

Extracellular synthesis of nanoparticles has more applications ascompared to intracellular
synthesis since it is void ofunnecessary adjoining cellular components from the cell.Mostly,
fungi are known to produce nanoparticlesextracellularly because of their enormous secretory
components,which are involved in the reduction and capping ofnanoparticles (Narayanan and
Sakthivel, 2010).

MICROBES FOR PRODUCTION OF NANOPARTICLES

Both unicellular and multicellular organisms produce inorganic materials eitherintra- or
extracellular (Shiv Shankar et al., 2004). The ability of microorganisms likebacteria and fungi to
control the synthesis of metallic nanoparticles is employed in the search for new
materials.Because of their tolerance and metal bioaccumulation ability,fungi have occupied the
center stage of studies on biological generation of metallic nanoparticles (Sastryet al., 2003).

SCOPE AND FUTURE PROSPECTIVE

The application of nanomaterial’s in agriculture aims in particular to reduce applications of
plant protection products, minimize nutrient losses in fertilization, and increase yields through
optimized nutrient management. Despite these potential advantages, the agricultural sector is
still comparably marginal and has not yet made it to the market to any larger extent in
comparison with other sectors of nanotechnology application. Nanotechnology devices and
tools, like nan capsules, nanoparticles and even viral capsids, are examples of uses for the
detection and treatment of diseases, the enhancement of nutrients absorption by plants, the
delivery of active ingredients to specific sites and water treatment processes. The use of target-
specific nanoparticles can reduce the damage to non-target plant tissues and the amount of
chemicals released into the environment. Nanotechnology derived devices are also explored in
the field of plant breeding and genetic transformation. The potential of nanotechnology in
agriculture is large, but a few issues are still to be addressed, such as increasing the scale of
production processes and lowering costs, as well as risk assessment issues. In this respect,
particularly attractive are nanoparticles derived from biopolymers such as proteins and
carbohydrates with low impact on human health and the environment. For instance, the
potential of starch-based nanoparticles as nontoxic and sustainable delivery systems for
agrochemicals and bio-stimulants is being extensively investigated. Nano materials and
nanostructures with unique chemical, physical, and mechanical properties (e.g.
electrochemically active carbon nanotubes, Nano fibers and fullerenes) have been recently
developed and applied for highly sensitive bio-chemical sensors. These Nano sensors have also
relevant implications for application in agriculture, in particular for soil analysis, easy bio-
chemical sensing and control, water management and delivery, pesticide and nutrient delivery.
Nano composites based on biomaterials have beneficial properties compared to traditional
micro and macro composite materials and, additionally, their production is more sustainable.
Many production processes are being developed nowadays to obtain useful Nano composites
from traditionally harvested materials. Commercial applications of nanotechnology in the
agricultural sector from a commercial perspective, existing agro-chemical companies are
investigating the potential of nanotechnologies and, in particular, whether intentionally
manufactured nano-size active ingredients can give increased efficacy or greater penetration of
useful components in plants. However, the nano-size so far did not demonstrate to hold key
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improvements in products characteristics, especially considering the interest of large scale
production and the costs involved in it.Some specific Nano-products for the agricultural sector
have been put on the market by technology-oriented smaller companies, like soil-enhancer
products that promote even water distribution, storage and consequently water saving.
However, the commercial market application of these products is so far only achieved at small
scale, due to the high costs involved in their development. These costs are normally
compensated by higher returns in the medical or pharmaceutical sectors, but so far there are no
such returns in the agricultural sector. Research continues in the commercial agro-chemical
sector to evaluate potential future advantages.Companies are also facing challenges derived
from the definition of nanomaterials that is adopted by the EU. One crucial point related to the
EU definition is the possibility that non-active substances already used for many decades in
commercial products formulations will fall within the scope of the nanodefinition, although not
intentionally developed as nanoparticles or having specific nano-scale properties.
Nanoscaleformulants (e.g. clay, silica, polymers, pigments, macromolecules) have been used for
many decades and are also ubiquitous in many daily household products.The concern is that the
need for labelling of products that are already on the market since decades results in a scenario,
in which the technology is stigmatized, preventing further and innovative applications of
nanotechnology in agriculture.

DRAWBACKS

Despite these potential advantages, nanotechnology applications in the agricultural sector are
still comparably marginal and have not yet made it to the market to any large extent in
comparison with other industrial sectors. The wave of research discoveries seems to be mainly
claimed by the academic sector or small enterprises, while big industries reveal a large patent
ownership. The trends of patent applications (mainly from agro-chemical companies) are
continuously growing, but no new nano-based products for the agricultural sector have reached
the market. This suggests that applicants are actively patenting and keeping broad patent claims
in order to assure future freedom to operate and to guarantee future exploitation in case of
promising commercial developments.

Large companies are investigating the potential that nanotech solutions offer in the agricultural
field. However, according to industry experts, agricultural nanotechnologies so far do not
demonstrate a sufficiently high economic interest. Nanotech products require high initial
investments that can be counterbalanced only by large-scale field uses, which is not currently
the case. Among the reasons for the difficulties of agricultural nanotechnology developments at
field level, industrial organisations cite regulatory issues and public opinion.

One of the most important aspects of regulating nano-materials is the achievement of a
definition agreed among the involved parties and, possibly, harmonized at international level.
The definition of nano-materials seems not to be straightforward and is not just a matter of size.
The nano-scale can be applied to one or more dimensions and the form of the particles can be in
aggregate, agglomerates or nanostructured materials. Moreover, since nanotechnology is
applied in different industrial sectors, different regulatory bodies and regulations are involved
in its safety assessment.

CONCLUSION
Application of nanotechnology in crop protection holds a significant promise in management of
insects and pathogens, by controlled and targeted delivery of agrochemicals and also by
providing diagnostic tools for early detection. Nanoparticles can serve as ‘magic bullets’,
containing herbicides, nano-pesticides, fertilizers, or genes, which target specific cellular
organelles in the plant to release their content. Nanoparticles are highly stable and
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biodegradable active compounds protected in capsules, they are not degraded by external
agents or the crop plant itself, and are not involuntarily dispersed into the soil, allowing the use
of a reduced amount of active compounds for plant treatments and consequently causing a
lower environmental impact. But in spite of many advantages, agro-nanotech innovative
products are experiencing difficulties in reaching the market, making agriculture still a
marginal sector for nanotechnology. This is due in particular to the high production costs of
nanotech products, which are required in high volumes in the agricultural sector, unclear
technical benefits and legislative uncertainties, as well as public opinion. Nevertheless, the
R&D landscape is very promising and the possibilities offered by nanotechnology in several
agricultural applications are being actively explored. Additionally, nanotechnology is
progressing at rapid pace in other fields. The knowledge gained in other emerging sectors, such
as energy and packaging, may over time be transferred, or may provide spill-overs, to
agricultural applications as well. For instance, improved fuel additives and lubricants could
also improve the performance and the carbon footprint of agricultural machinery and
improved packaging measures could benefit farmers by reducing the degradation of products
before consumption. Meanwhile progress in environmental monitoring and drug delivery
techniques could positively affect the agricultural and livestock sector indirectly.

REFERENCES

1. Ahmad, A, Mukherjee, P., Mandal, D., Senapati, S., Khan, M. 1., Kumar, R., and Sastry M.
(2002). Enzyme mediated extracellular synthesis of CdS nanoparticles by the fungus,
Fusariumoxysporum. ] Am ChemSoc 124: 12108-12109.

2. Ahmad, A, Mukherjee, P., Senapat, S., Mandal, D., and Khan, M. 1. (2003). Extracellular
biosynthesis of silver nanoparticles using the fungus Fsariumoxysporum. Colloids and
Surfaces B: Biointerfaces28: 313-318.

3. Ahmad, N, Sharma, S, Singh, V. N, Shamsi, S. F., Fatma, A, and Mehta, B. R. (2011),
Biosynthesis of silver nanoparticles from Desmodiumtriflorum: a novel approach towards
weed utilization, Biotechnol. Res. Int .454090:1-8

4. Armendariz, Gardea-Torresdey, J. L., Jose Yacaman, M, Gonzalez, |., Herrera, 1., and Parsons,
J. G. (2002).Proceedings of Conference on Application of Waste Remediation Technologies to
Agricultural Contamination of Water Resources, Kansas City, Mo, USA

5. Bar, H,, Bhui, D.K, Sahoo, G.P.,, Sarkar, P., and De, S. P. (2009). Green synthesis of silver
nanoparticles using latex of Jatrophacurcas. Colloids and Surfaces A: Physicochemical and
Engineering Aspects,339: 134-139.

6. Barik, T. K, Sahu, B., and Swain, V. (2008).Nanosilica-from medicine to pest control.
Parasitology Research,103:253-258

7. Bhainsa, K. C,, D'Souza, S. F. (2006). Extracellular biosynthesis of silver nanoparticles using
the fungus Aspergillusfumigatus. Colloids Surf B Biointerfaces, 47: 160-164

8. Biyela, P.T,, Lin, L., and Bezuidenhout, C. C. (2004). The role of aquatic ecosystems as
reservoirs of antibiotic resistant bacteria and antibiotic resistance genes. Water SciTechnol,
50(1):45-50

9. Cai, ], Kimura, S, Wada, M, and Kuga, S. (2009). Nanoporous cellulose as metal
nanoparticles support. Biomacromolecules, 10: 87-94.

10. Chowdappa, P., and Gowda, S. (2013). Nanotechnology in crop protection: Status and
scope. Pest Management in Horticultural Ecosystems,19(2):131-151

11. Chuanxin, Ma., Jason, C.W. Jian, Z., Qing, Z., and Xing, B. (2018). Uptake of
EngineeredNanoparticles by Food Crops:Characterization, Mechanisms,and Implications.
Annu. Rev. Food Sci. Technol. 9:129-53

12. Davies, T. G. E,, Field, L. M., Usherwood, P. N. R,, and Williamson, M. S. (2007).DDT,

ULJIR/20/201 Universe International Journal of Interdisciplinary Research 9



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

ORIGINAL ARTICLE

pyrethrins, pyrethroids and insect sodium channels. [UBMB Life 59(3):151-162

Debnath, N. Das, S., Seth, D. Chandra, R. Bhattacharya, S. and Goswami, A.
(2011).Entomotoxic effect of silica nanoparticles against Sitophilusoryzae(L.). | Pest
Science,84: 99-105

Deplanche, K. Caldelari, I, Mikheenko, I. P. Sargent, F, and Macaskie, L. E.
(2010). Involvement of hydrogenases in the formation of highly catalytic Pd(0)
nanoparticles by bioreduction of Pd(II) using Escherichia coli mutant strains. Microbiology,
156: 2630-2640

Dhaliwal, G. S, Jindal, V., and Dhawan, A. K. (2010). Insect pest problems and crop losses:
changing trends. Indian J Ecol, 37(1):1-7

Dhawan, A. K., andPeshin, R. (2009). Integrated pest management: concept, opportunities
and challenges. In: Peshin P, Dhawan AK (eds) Integrated pest management: innovation-
development process. Springer, Dordrecht, Netherlands:51-81

Edmundson, M. C,, Capeness, M., and Horsfall, L. (2014). Exploring the potential of metallic
nanoparticles within synthetic biology. N Biotechnol, 31: 572-578

Forgiarini, A., Esquena, J., Gonzdlez, C., and Solans, C. (2001).Formation of Nano-emulsions
by Low-Energy Emulsification Methods at Constant Temperature. Langmuir 17:2076-2083
Frederick, B. A., and Caesar, A. ]. (2000). Analysis of bacterial communities associated with
insect biological control agents using molecular techniques. In: Neal R, Spencer NR (eds.)
Proceedings of the X International Symposium on Biological Control of Weeds. Montana State
University, Bozeman, pp 261-267

Ghormade, V., Deshpande, M. V. andPaknikar, K. M. (2011). Perspectives for nano-
biotechnology enabled protection and nutrition of plants. Biotech Advances,29: 792-803
Goncalves, D., Ferreira, S., Manshardt, R., Fitch, M., andSlightom, ]. (1998). Transgenic virus
resistant papaya:New hope for control of Papaya ring spot virus in Hawaii. Online. APSnet
feature, American Phytopathological Society

Goswami, A., Roy, 1., Sengupta, S., and Debnath, N. (2010). Novel applications of solid and
liquid formulations of nanoparticles against insect pests and pathogens. Thin Solid
Films519:1252-1257

Gupta, A. K, and Ganjewala, D. (2015). Synthesis of Silver nanoparticles from
Cymbopogonflexuosus leaves extract and their antibacterial properties. Intl | Plant Science
and Ecology, 1(5): 225-230

He, S., Guo, Z., Zhang, Y., Zhang, S., and Ning, G. (2007). Biosynthesis of gold nanoparticles
using the bacteria Rhodopseudomonascapsulata. Materials Letters, 61: 3984-3987.

Hulakoti, N. 1., and Taranath, T. C. (2014). Biosynthesis of nanoparticles using microbes: A
Review. Colloids surf Bio Interfaces121:474-83

Iravani S, Zolfaghari B (2013). Green synthesis of silver nanoparticles usingPinuseldarica
bark extract. Biomed Res Int, 2013: 639725

Jo, Y. K, Kim, B. H., and Jung, G. (2009). Antifungal activity of silver ions andnanoparticles
on phytopathogenic fungi. Plant Dis 93:1037-1043

Johnston, CW., Wyatt, M. A,, Li, X, Ibrahim, A., Shuster, ]., Southam, G., and Magarvey, N. A.
(2013). Gold biomineralization by a metallophore from a gold-associated
microbe.NatChemBiol 9: 241-243.

Joseph, T., and Morrison, M. (2006). Nanotechnology in agriculture and food. Nanoforum
Report, Institute of Nanotechnology, April 2006:1-13.

Kah, M., Beulke, S., Tiede, K., and Hofmann, T. (2012).Nanopesticides: State of knowledge,
environmental fate and exposure modelling. Critical Reviews in EnviSc Tech,43:1823-1867
Kalimuthu, K., Suresh Babu, R. Venkataraman, D. Bilal, M. and Gurunathan, S.
(2008). Biosynthesis of silver nanocrystals by Bacillus licheniformis. Colloids Surf B

ULJIR/20/201 Universe International Journal of Interdisciplinary Research

© ULJIR | ISSN (O) — 2582-6417
July 2020 | Vol. 1 Issue.2
www.uijir.com

10



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

48.

49.

50.

ORIGINAL ARTICLE

Biointerfaces, 65: 150-153

. Kasthuri, ]., Kathiravan, K,, and Rajendiran, N. (2008). Phyllanthin-assisted biosynthesis of

silver and gold nanoparticles: a novel biological approach. ] Nanopart Res, 11: 1075-1085.

. Kim, B. Y, Rutka, J. T., and Chan, W. C. (2010). Nanomedicine, N. Engl. J]. Med.,363(25):2434-

2443

Kim, S. W,, Kim, K. S,, Lamsal, K., Kim, Y. J., Kim, S. B., Jung, M., Sim, S. ., Kim, H. S, Chang, S.].,
Kim, J. K, Lee, and Y. S. (2009). An in vitro study of the antifungal effect of silver
nanoparticles on oak wilt pathogen Raffaelea sp. ] MicrobiolBiotechnol,19:760-764

Klaus, T. Joerger, R., Olsson, E., and Granqvist, C. G. (1999). Silver-Based Crystalline
Nanoparticles, Microbially Fabricated, J. Proc. Natl. Acad. Sci. USA96: 13611-13614

Konishi, Y., Ohno, K, Saitoh, N., Nagamine, S., Hishida, H. Takahashi, Y., and Uruga, T.
(2007).Bioreductive Deposition of Platinum Nanoparticles on the Bacterium Shewanella
algae. J. Biotechnol.128: 648-653

Krishnaraj, C., Jagan, E. G., Rajasekar, S., Selvakumar, P., Kalaichelvan, P.T., and Mohan, N.
(2010). Synthesis of silver nanoparticles using Acalyphaindica leaf extracts and its
antibacterial activity against water borne pathogens.Colloids Surf B Biointerfaces 76: 50-56
Kuzma, ., and VerHage, P. (2006).Nanotechnology in agriculture and food product ion:
Anticipated applications, Project on Emerging Nanotechnologies

Kyriacou, S. V., Brownlow, W. ], and Xu, X. N. (2004). Using nanoparticle optics assay for
direct observation of the function of antimicrobial agents in single live bacterial cells,
Biochemistry, 43:140-147

Laudenslager, M. ]., Schiffman, ]J. D., and Schauer, C. L. (2008) Carboxymethyl chitosan as a
matrix material for platinum, gold, and silver nanoparticles. Biomacromolecules 9: 2682-
2685.

Lauterwasser, C. (2005). Small sizes that matter: Opportunities and risks of
Nanotechnologies. Report in cooperation with the OECD International Futures Programme.
http://www.oecd. org/dataoecd/32/1/44108334. pdf

Lee, G. W. ]., and Tadros, T. F. (1982). Formation and stability of emulsions produced by
dilution of emulsifiable concentrates. Part I. An investigation of the dispersion on dilution
of emulsifiable concentrates containing cationic and non-ionic surfactants. Colloids and
Surfaces,5:105-115

Levy, S. B. (2002). Factors impacting on the problem of antibiotic resistance. | Anti Chem
49:25-30

Li, X, Xu, H., Chen, Z. S, and Chen, G. (2011). Biosynthesis of Nanoparticles by
Microorganisms and Their Applications. Journal of Nanomaterials, 2011: 1-16

Lin, Fu,, Zhenyu, Wang., Dhankher, O. P., and Baoshan, Xing. (2020). Nanotechnology as a
new sustainable approach for controlling crop diseases and increasing agricultural
production. ] Exp.Bot,, 71(2): 507-519

Mann, S. (2001).Biomineralization, Principles and Concepts in Bioinorganic Materials
Chemistry, Oxford University Press, Oxford, UK

Mousavi, S. R,, and Rezaei, M. (2011). Nanotechnology in agriculture and food production. J
Applied EnviBiol Sc.1: 414-419

Narayanan, K. B., and Sakthivel, N. (2010) Biological Synthesis of metal nanoparticles by
microbes, Ad Colloid and Interface Sc, 156:1-13

Park, Y., Hong, Y. N, Weyers, A, Kim, Y. S., andLinhardt, R. ]. (2011). Polysaccharides and
phytochemicals: a natural reservoir for the green synthesis of gold and silver
nanoparticles. I[ET Nanobiotechnol 5: 69-78

Peshin, R, Bandral, R. S., Zhang, W. ]., Wilson, L., and Dhawan, A. K. (2009). Integrated pest
management: a global overview of history, programs and adoption. In: Peshin P,

ULJIR/20/201 Universe International Journal of Interdisciplinary Research

© ULJIR | ISSN (O) — 2582-6417
July 2020 | Vol. 1 Issue.2
www.uijir.com

11



52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

ORIGINAL ARTICLE

DhawanAK (eds) Integrated pest management: innovation-development process. Springer,
Dordrecht, Netherlands:1-50

. Pimentel, D. (1995). Amounts of pesticides reaching target pests: Environmental impacts

and ethics. ] AgriEnvl Ethics,8:17-29.

Pimentel, D. (2009). Pesticides and Pest Control. In: Peshin R, Dhawan A (eds.) Integrated
Pest Management: Innovation-Development Process. Springer Netherlands

Rai, M., and Ingle, A. (2012). Role of nanotechnology in agriculture with special reference
to management of insect pests. AppIMicrobiolBiotechnol, 94:287-293

Rai, M. Yadav, A., and Gade, A. (2009). Silver nanoparticles as a new generation of
antimicrobials.Biotechnol Adv,27: 76-83

Ramanathan, R., Field, M. R., 0'Mullane, A. P., Smooker, P. M., Bhargava, S. K., and Bansal, V.
(2013). Aqueous phase synthesis of copper nanoparticles: a link between heavy metal
resistance and nanoparticle synthesis ability in bacterial systems.Nanoscale 5: 2300-2306
Raveendran, P, Fu, ], and Wallen, S. L. (2003). Completely "green" synthesis and
stabilization of metal nanoparticles.] Am ChemSoc, 125: 13940-13941.

Saha, S, Pal, A, Kundu, S., Basuy, S, and Pal, T. (2010). Photochemical green synthesis of
calcium-alginate-stabilized Ag and Au nanoparticles and their catalytic application to 4-
nitrophenol reduction.Langmuir 26: 2885-2893.

Sanghi, R, and Verma, P. (2009). Biomimetic synthesis and characterisation of protein
capped silver nanoparticles. BioresourTechnol, 100: 501-504.

Sastry, M., Ahmad, A., Khan, I,, and Kumar, R. (2003) Biosynthesis of metal nanoparticles
using fungi and actinomycete, Curr Sci,85(2):162-70

Schliiter, M., Hentzel, T., Suarez, C., Koch, M., Lorenz, W. G., Bohm, L., During, R. A,, Koinig, K.
A, and Bunge, M. (2014).Synthesis of novel palladium(0) nanocatalysts by
microorganisms from heavy-metal-influenced high-alpine sites for dehalogenation of
polychlorinated dioxins.Chemosphere, 117C: 462-470

Scrinis, G., and Lyons, K. (2007). The emerging nano-corporate paradigm: nanotechnology
and the transformation of nature, food and agri-food systems. Intl | Sociol of Food and
Agri15: 22-44

Shahverdi, A. R, Minaeian, S., Shahverdi, H. R,, Jamalifar, H.,, Nohi, A. A. (2007). Rapid
synthesis of silver nanoparticles using culture supernatants of Enterobacteria: A novel
biological approach. Process Biochemistry, 42: 919-923.

Shankar, S. S., Ahmed, A., Akkamwar, B., Sastry, M., Rai, A., and Singh, A. (2004). Biological
synthesis of triangular gold nanoprism, Nature,3:482

Shankar, S. S, Rai, A, Ahmad, A, and Sastry, M. (2004).Rapid synthesis of Au, Ag, and
bimetallic Au core-Ag shell nanoparticles using Neem (Azadirachtaindica) leaf broth. J. of
Colloid and Interface Science,275(2): 496-502

Song, ]. Y, and Kim, B. S. (2009). Rapid biological synthesis of silver nanoparticles using
plant leaf extracts. Bioprocess BiosystEng, 32: 79-84

Spadaro, D., Gullino, M. L. (2005). Improving the efficacy of biocontrol agents against
soilborne pathogens. Crop Protection, 24: 601-613.

Stadler, T., Buteler, M., and Weaver, D. K. (2010). Novel use of nanostructured alumina as
an insecticide. Pest Management Science,66:577-579

Suresh, K., Prabagaran, S. R,, Sengupta, S., Shivaji, S. (2004).Bacillus indicus sp. nov., an
arsenic-resistant bacterium isolated from an aquifer in West Bengal, India. Int | SystEvol
Microbiol 54: 1369-1375

Thungrabeab, M. and Tongma, S. (2007). Effect of entomopathogenic fungi,
Beauveriabassiana (Balsam) and Metarhiziumanisopliae (Metsch) on non target insects.
KMITL SciTechnol, 7(S1):8-12

ULJIR/20/201 Universe International Journal of Interdisciplinary Research

© ULJIR | ISSN (O) — 2582-6417
July 2020 | Vol. 1 Issue.2
www.uijir.com

12



© ULJIR | ISSN (O) — 2582-6417
July 2020 | Vol. 1 Issue.2
www.uijir.com

ORIGINAL ARTICLE

70. Tilman, D., Cassman, K. G., Matson, P. A, Naylor, R, and Polasky, S. (2002). Agricultural
sustainability and intensiveproduction practices. Nature,418: 671-677

71. Tournas, V. H. (2005). Spoilage of vegetable crops by bacteriaand fungi and related health
hazards. Critical Reviews in Microbiol, 31: 33-44

72.Vigneshwaran, N., Ashtaputre, N. M., Varadarajan, P. V., Nachane, R. P., Paralikar, K. M,,
Balasubramanya, R. H. (2007).Materials Letters, 61(6):1413-1418

73. Willner, I, Baron, R, and Willner, B. (2006). Growing metal nanoparticles by enzymes, J.
Adv. Mater, 18: 1109-1120

74. Yong, P, Rowson, A. N,, Farr, J. P. G., Harris, I. R, and Mcaskie, L. E. (2002). Bioaccumulation
of palladium by Desulfovibriodesulfuricans. ] Chem Tech Biotechnol, 55: 593-601

ULJIR/20/201 Universe International Journal of Interdisciplinary Research 13



	CONCLUSION
	REFERENCES

