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ABSTRACT

Increment of technical knowledge has remarkably uplifted logical thinking among
scientific communities to shape the theoretical concepts into near product-oriented research. The
concept of nanotechnology has overwhelmed almost all forms of lives and has traded its
applications in myriad fields. Despite rapid expansion of nanotechnology, sustainable
competitions still do exist in the field of agriculture. In current scenario, agriculture is a
manifestation demand to provide adequate nutrition for relentless growing global population. It
is estimated that nearly one-third of the global crop production is destroyed annually. The loss
owes to various stresses such as pest infestation, microbial pathogens, weeds, natural calamities,
lack of soil fertility and much more. In order to overcome these limitations, various
technological strategies are implemented but a majority of these have their own repercussions.
Hence there is a scrawling progress on the evaluation of nanoparticles into agriculture sector
which can reform the modern agricultural system. Applications of these nanomaterials can add
tremendous value in the current scenario of a global food scarcity. Nanotechnology can address
the adverse effects posed by the abundant use of chemical agrochemicals which are reported to
cause biomagnification in an ecosystem. Based on these facts and consideration, present review
envisages on nanoparticles as nanoherbicides, nanopesticides, onsite detection agro-pathogens
and nanoparticles in post harvest management. The review also elucidates on the importance of
nanoparticles in soil fertility, irrigation management and its influence on improving crop yield.
With scanty reports available on nanotechnology in agriculture system, present review attributes
toward developing nanoagroparticles as the future prospect which can give new facelift for
existing agriculture system.

1. Introduction

Increment of technical knowledge has remarkably uplifted logical thinking among
scientific communities to shape the theoretical concepts into near product-oriented research. One
such imagination of Feynman was “There's plenty of room at the bottom” which resulted in
recognition and emergence of nanotechnology as one of the key emerging technologies of the
decades (Feynman, 1960). Introduction of nanotechnology in different sectors has significantly
contributed in enhancement of applicative properties (Nikalje, 2015). One of the important
aspects in nanotechnology is evaluation of nanomaterials.

Use of nanomaterials has led to a new era, the nano-revolution which unfolds
maneuvering particles with at least one dimension at nano-scale (Syed et al., 2016).
Nanomaterials are considered as particles of the century and have drawn unequivocal attention
(Zhao et al., 2014). These nanomaterials have traded their progress in various sectors due to their



size-structure dependent physicochemical properties and emerged as the most inspiring materials
in technical world (Porchezhiyan and Noorjahan, 2016). Nanomaterials with minuscule size bear
high reactivity owing to the large surface plasmon resonance which significantly advances their
analytical abilities (Baker et al., 2015). Despite rapid expansion of nanotechnology, sustainable
competitions still do exist in field of agriculture sector. In the current scenario, the agricultural
sector must promise adequate nutrition for a rapidly expanding global population (Mba et al.,
2012). Unfortunately, it is estimated that nearly one third of the global crop production goes
waste on an annual basis during the span of production till consumption. In order to cope up with
this and improve the post-harvest standards, various technological solutions are emerging. One
of such progress has initiated with implementation of nanomaterials based products toward
reforming the modern agriculture (Sekhon, 2014). Lately, much efforts have been devoted to
involve nanoparticles in the agricultural sector which is expected to transform the modern
agricultural practices (Fraceto et al., 2016). In current scenario, agriculture community is facing
wide range of challenges viz., stagnation of yield, destruction of crops due to pest attack, loss of
soil fertility, inadequate water, fluctuating climatic conditions and contamination of soil due to
environmental pollutants which has led to severe loss (Pouratashi and Iravani, 2012). In order to
address these difficulties, rational design and innovative approaches are highly essential.

Nanoagroparticles are nano-sized particles which are designed to alleviate the problems
related to the agriculture sector (Parisi et al., 2015). These nanoagroparticles can act efficiently
as fungicides, insecticides, herbicides, pesticides and also as plant growth promoting factors
(Fig. 1). But one of the major concern is the production of facile nanoparticles without any usage
of toxic elements during synthesis. Most of the conventional methods are often bound with
various implications such as generation of high heat, requires toxic elements for synthesis,
requires sophisticated facility etc. (Kavitha et al., 2013). Hence scientific communities are
engaged in developing eco-friendly and facile route to synthesize nanoparticles with desired
properties. One such area is employing biogenic sources for synthesis of nanoparticles. The
biogenic sources includes plants, microbes or their products which act as reductive agents and
mediate the synthesis and stabilize nanoparticles. Some of the reported biogenic sources are
represented in Table 1.

2. Physicochemical properties of nanoagroparticles

The physicochemical properties of nanoagroparticles impart enhanced beneficial
characteristics in comparison to their bulk counterparts (Syed et al., 2016). The particle size of
nanoagroparticles plays an important role in biological applications. Marginal decrease in size
eventually increases surface area to volume ratio which results in enhanced activity (Baker and
Satish, 2012). Hence minimal amount of nanoagroparticles are sufficient to achieve desired
activity. The surface properties of nanomaterials also define its behavior which are essential for
conjugation or tailoring the nanomaterials with different functional moieties to enhance the
specific activity. Diverse classes and chemistry including the composition and crystalline nature
of the nanoagroparticles are also reported to influence the activity (Kavitha et al., 2013).

For instances, Zinc forms a vital component of many enzymes which aid in metabolic
process of different crops and enhances the growth and development in plant system (Overbeck
et al., 2008). Similarly, use of copper in the agriculture can be traced down since 17th century,
which was used against phytopathogens (Usman et al., 2013). Further, magnesium plays pivotal
role in photosynthesis. Studies also report that deficiency of magnesium can lead to poor growth
which drastically affect the crop yield (Guo et al., 2016). Hence, many more elementary
components are evaluated for different prospect in agriculture and the implementation of
nanomaterials of these components, has resulted in enhanced and untold beneficial
characteristics. A glimpse of different applications has been provided in the later part of the
review.

3. Parameters influencing the activity of nanoagroparticles



Different parameters determine the efficacy of nanoagroparticles. In order to achieve
maximum activity on targeted pest, factors like solubility, origin and synthesis protocols play
important roles. It has been reported that most of the agrochemicals are poorly soluble in water
and are only soluble in solvent. These solvents are often toxic and add deleterious impact on the
ecosystem (Ishaaya et al., 2007). In case of nanoagroparticles, they are soluble in water and
moreover, their solubility can be tuned accordingly by increasing or decreasing the hydrophilic
groups during the synthesis process (Baker and Satish, 2012). The synthesis protocols greatly
influences the toxicity of the nanoagroparticles and use of toxic elements during chemical
synthesis process can lead various health implications and environmental concerns (Kavitha et
al., 2013). Hence, scientific communities are engaged in developing rational design to synthesize
nanoagroparticles which are based on green principles by employing biogenic sources as
mentioned earlier. During biogenic process of synthesis, different bioactive components acts as
reducing and stabilizing agents which are regarded as safe components and shield or modulate
the toxic effects (Syed et al., 2016). According to Baker et al. (2013b), some of the reported
compounds responsible for synthesis are flavonoids, tannins, terpenoids, saponins, phenols and
derivatives with few structures illustrated in Fig. 2. These bioactive compounds are compatible
with the agricultural crops and have minimal toxic impact. In agriculture, in order to increase in
the crop yields various harmful chemicals are widely used.

The chemically derived agricultural products are bound with myriad implications for
instance, they usually unable to reach their target sites owing to chemical leaching, degradation
by microbes and hydrolysis which results in repeated or over usage of the chemicals thus
affecting the soil fertility and water contamination (Mishra et al., 2014). Perusal of scientific
literatures envisage myriad nanoparticles evaluated in agriculture to test their efficacy and most
of the reports suggests these nano sized structures have reported to be better advantageous for
instance specific activity, targeted delivery, minimal quantity thus forming cost effective, high
reactivity, encapsulation for slow release of nutrients and high stability under environmental
conditions (Sekhon, 2014). Thus the present mini review comprises of scientific literatures
which envisages the emerging role of nanoparticles in all spheres of modern agricultural system
with different biological activities.

4. Widely used nanoparticles in the agricultural system

Nanoagroparticles can sustainably intensify the new paradigm in agriculture production
and mitigate existing implications (Fraceto et al., 2016). Different classes of nanoparticles are
used in agricultural system and type of nanoparticles depends on the mode of action or properties
expecting to occur. Some of the widely used nanoparticles are silver, gold, copper, titanium,
zinc, silica, aluminum, chitin nanoparticles, nano-clay and multiwalled carbon nanotubes,
graphene nanoparticles, etc. (Sabir et al., 2014). The appropriate usage of nanoparticles is one of
the desirable criteria for favorable agriculture activity. Different applications of nanoparticles are
cited in Table 2. In agriculture, rational design and ideal characteristics of nanoagroparticles are
highly essential such as specificity, solubility, non self-decomposition and control release of the
component. In most cases, nanoagroparticles are often tagged or conjugated with carriers
molecules which can lead to form an emulsion, polymerization, immobilized association,
hydrogel and liposome-based products. The designed nanoagroparticles should be inexpensive,
biocompatible, highly sensitive with minimal usage and maximum activity, minimal risk,
potential to increase the crop productivity.

5. Nanoagroparticles as potent antimicrobial agents against phytopathogens

In agriculture sector, effective management of microbial infestation is an important factor
and pathogenic microorganisms can cause deleterious effect on the crop productivity (Bhardwaj
et al., 2014). In recent years, the emergence of drug-resistant microorganisms has posed a risk to
mankind (Baker and Satish, 2015). Due to the inappropriate and over usage of microbicidal
chemicals agents especially fungicides and bactericides has resulted toward development of



novel resistant mechanisms among the disease causing pathogens which has resulted in the
shortage of effective antimicrobial agents. Hence to combat these pathogens alternative
strategies are highly desirable one such area gaining impute importance is the usage of
nanoagroparticles. Nanoagroparticles owing to their size and functionalities can easily permit
into the pathogenic cell wall and act efficiently with different mode of action for instance
damage of cell membrane which results in loss of cellular contents, interacting with vital cellular
components of pathogens causing disruption in metabolisms (Baker and Satish, 2012, 2015;
Baker et al., 2015).

6. Nanoagroparticles as potential fungicides

Fungal diseases account for more than 70% of crop diseases compared to any other
pathogens which significantly reduces the crop yield causing severe economic losses (Agrios,
2005). Some of the major crop species like rice, wheat, barley, cotton, groundnut and grapevine
are susceptible to fungal attack (Dhekney et al., 2007). Hence in order to curb these fungal
diseases, myriad conventional fungicides are in action. These chemical fungicides are reported to
have deleterious effects on all forms of life in an ecosystem and can also target nonspecific
living organisms (Patel et al., 2014). Development of combinatorial nanoagroparticles complex
which comprises more than one active molecules can be one of the best-suited alternatives in
combating the fungal pathogens (Mishra et al., 2014). Recent studies have well-demonstrated the
use of nanoparticles as an effective agent against the array of fungal pathogens (Marziye Aboli et
al., 2014). For instance, silver nanoparticles are found to be effective against rice blast disease
caused by Magnaporthe grisea. Use of silver nanoparticles has minimized the usage of chemical
fungicides such as isoprothiolane and azoxystrobin (Rabab and El-Shafey, 2013).Copper
nanoparticles at 15 mg/L concentration was found to suppress the fungal pathogens Alternaria
alternata and Botrytis cinerea (Ouda, 2014). Similarly, zinc oxide and magnesium oxide
nanoparticles displayed significant inhibitory activity against spore germination of A. alternata,
Fusarium oxysporum, Rhizopus stolonifer and Mucor plumbeus (Wani and Shah, 2012). Sulfur
nanoparticles exhibited fungicidal efficacy against two phytopathogens, Fusarium solani and
Venturia inaequalis which are responsible for wilt diseases and apple scab disease respectively.
The study displayed the action of nanoparticles on cell wall which in turn disturbed cellular
contents (Rao and Paria, 2013). According to Al- Othman et al. (2014), the effect of silver
nanoparticles synthesized from Aspergillus terreus (KC462061) against aflatoxin producing
isolates of Aspergillus flavus. Similarly, Parizi et al., 2014 studied the antifungal activity of
magnesium oxide nanoparticles against F. oxysporum F. Sp. lycopersici which is reported to be
the causal agent for wilt of tomato. Ramy and Ahmed (2013) investigated the in vitro antifungal
effect of zinc oxide nanoparticles against F. oxysporum and Penicillium expansum. The study
revealed concentration-dependent antifungal activity. The maximal inhibition of mycelial growth
was found to be 77 and 100% against F. oxysporum and P. expansum, respectively at 12 mg/L
ZnO nanoparticles. The ZnO nanoparticles also reduced mycotoxins production. The scanning
electron microscopy revealed the deformation of mycelial growth treated with ZnO
nanoparticles. Similarly, the silver nanoparticles synthesized by Aleo vera leaf extract exhibited
antifungal activity against Rhizopus sp. and Aspergillus sp. The study reported inhibition of
hyphal growth, detrimental effects on conidial germination and inhibition of normal budding
process (Medda et al., 2014). The antifungal activity of zinc oxide (ZnO) and magnesium oxide
(MgO) nanoparticles was evaluated against A. alternata, F. oxysporum, R. stolonifer and M.
plumbeus. The results showed significant inhibition of spore germination at different silver
nanoparticles concentration compared to control. The highest inhibition was observed by dose
dependent-concentration (Wani and Shah, 2012). According to Ouda (2014), silver and copper
nanoparticles displayed antifungal activity against A. alternata and B. cinerea. The study
reported maximum inhibition of fungal hyphal growth at 15 mg/L concentration of silver
nanoparticles. Microscopic observation revealed the damage of hyphae and conidia in presence



of silver nanoparticles along with detrimental effect on sugar, protein, n-acetyl glucosamine and
lipid content.

7. Nanoagroparticles as potential nanobactericides

The bactericidal properties of nanoparticles are well demonstrated with large number of
scientific studies reporting the profound activity against array of pathogenic bacteria (Baker et
al., 2015). According to the study conducted by Chowdhury et al. (2014), antibacterial activity
was achieved with protein capped silver nanoparticles synthesized from Macrophomina
phaseolina (Tassi) Goid. The study reported spherical silver nanoparticles with size ranging 5-40
nm which reported to have significant activity against normal (LBA4404) and multidrug
resistant (LBA4404 MDR) Agrobacterium tumefaciens. Similarly, silver nanoparticles
synthesized from Piper nigrum leaf and stem extracts exhibited antibacterial activity against
phytopathogenic bacteria such as Citrobacter freundii and Erwinia cacticida (Paulkumar et al.,
2014). Further, the antibacterial activity of phytosynthesized silver nanoparticles using aqueous
extract of Helianthus tuberosus (sunroot tuber) against phyto pathogenic bacteria was studied by
Aravinthan et al. (2015). The synthesized silver nanoparticles exhibited significant growth
reduction of Ralstonia solanacearum and Xanthomonas axonopodis. According to Bhor et al.
(2014), significant antibacterial activity against X. axonopodis pv. punicae was achieved using
silver nanoparticles synthesized from Nephrolepis exaltata L. These reports clearly suggests the
bactericidal potential of nanoparticles against phytopathogenic bacteria. There are sporadic
literatures which report the efficiency of nanoparticles against human pathogenic bacteria but a
less explorative research has been devoted against phytopathogens.

8. Bionano-hybrid agroparticles against phytopathogens

Bio-nano hybrid agroparticles are the complex nanosystem which relies on
bioconjugation chemistry. Bioconjugation offers tremendous interest in biology for profound
activities. Biomolecules can be tailored with various molecules but, lately, the conjugation of
biomolecules with nanoparticles has become an important tool. Choice of the bioconjugation
procedure depends strictly on physicochemical and biochemical properties of nanomaterials and
bioactive molecules (Fig. 3). The interaction between nanoparticles and biomolecules is based on
electrostatic forces and functional moieties on the nanoparticles which often leads to formation
of functionalized nanoparticles in a reversible manner (Bagwea et al., 2003). The functional
moieties can form hydrophobic interactions and covalent bonding (Baker and Satish, 2012,
2015). Therefore, such mechanisms are promising toward developing bionano-hybrid conjugates
which have great potential in combating the drug resistant pathogens. For instance if a pathogen
is resistant to antimicrobial agent then nanoparticles come into play and act efficiently against
the pathogens with different mode of action.

9. Nanoagroparticles as herbicides

One of the serious threat during the farming is to get rid of undesirable weeds. The
inundation growth of these weeds can be controlled by various chemical herbicides but most of
these chemical based are reported to have residual toxicity even at the trace amount. Hence to
avoid such situation, nanoherbicides are employed as safe tool. Nanoherbicides are reported to
bear chemical stability, solubility, bioavailability, photodecomposition and soil sorption. Recent
studies demonstrate formulation of nanoparticles coupled with active ingredients such as atrazine
with poly (epsilon-caprolactone) nanoparticles as the carrier has enhanced the herbicidal activity
(Pereira et al., 2014).

Further, reduced sorption of herbicides by encapsulation of chitosan and sodium
triphosphate nanoparticles was achieved to minimize the toxicity compare to sole active
component thus reducing risk to environment (Grillo et al., 2014). Recently, chitosan
nanoparticles were cross-linked with disulfide bonds of diuron in order to control the release of



herbicides based on the glutathione concentration. The results were successful in promoting plant
growth and reduced the toxicity (Yu et al., 2015).

10. Nanoagroparticles as alternative for pesticides

Scientific studies and governing bodies across the globe has raised serious concern on
usage of various chemically derived products especially pesticides. These compounds are of
great concern. For example, clothionidin and thiomethoxam are neonicotinoids, highly toxic to
bees and water ecosystem (Krupke et al., 2012). Many organophosphorous pesticides (OPPs) are
highly toxic as they accumulate within adipose tissues in the body and cause biomagnification in
higher tropical level organisms, therefore causing disruption in ecosystem and food chain (Gill
and Garg, 2014). Some OPPs are able to percolate down to water bodies and contaminate
drinking water (Baker et al., 2013c). Recently a commonly used OPPs the herbicide glyphosate
was found toxic to humans (Guyton et al., 2015). Some of the OPPs can enter human diet and
have been detected in breast milk. The severity of OPPs is rapidly expanding annually with an
alarming number of poisonings worldwide with myriad effects from mild to significant including
cancer, neurological effects, Parkinson disorder, respiratory diseases, fetal diseases, genetic
disorders, infertility, and diabetes (Hu et al., 2015). In order to reduce the risk posed by various
pesticides, there has been substantial research across the globe to remediate these pollutants with
conventional methods like vitrification, excavation, addition of reactants, incineration and
transportation of pollutants to offsite dumping yards (Singh et al., 2016). But the majority of
these processes are expensive with the burden of approximately US $25-50 billion annually
(Kang, 2014). The process becomes deleterious especially in developing countries due to the
paucity of economy and lack of scientific advances. To overwhelmed these adverse effects of
pesticides different approaches have been implemented by using biopesticides formulation and
green based agro chemicals. These eco-friendly based pesticides are not able to cope up the
market demand and poor performance has forced scientific communities to develop alternative
strategies. Hence introduction of nanomaterials based pesticides coupled with biological origin
can address the negative aspect of the conventionally used pesticides (). In 2009 study conducted
by Teodoro et al. (2010) reported insecticidal activity of nanostructured aluminum against major
pests Sitophilus oryzae and Rhyzopertha dominica in stored food. The activity of nano-
aluminum was significant with high mortality rates compared to commercial available
insecticidal dust. Similarly, porous hollow silica nanoparticles were prepared which forms
control delivery system of pesticides such as validamycin to enhance activity and reduce the
toxicity compared to free validamycin. The activity of nanoparticles and their release rate mainly
depend on pH and temperature of the dissolution medium (Liu et al., 2006). Similarly, the
activity of silver and silver—zinc combined nanoparticles was assessed against Aphis nerii Boyer
de Fonscolombe which resulted in mortality LC50 at 424.67 and 539.46 mg/mL respectively
(Rouhani et al., 2012).

11. Nanoagroparticles in soil improvement

Soil fertility is an important factor in agriculture. During the course of natural calamities
like the earthquake and landslides, soil tends to lose its fertility and strength (Gallagher and
Mitchel, 2002). This liquefaction can be overcome by various techniques and in recent years, use
of nano-structured materials are gaining popularity owing to its unique property like mechanical
strength. Based on the scientific studies, nano-structured silica has the potential to remediate soil.
Colloidal silica nanoparticles can easily disperse in aqueous solution and allow natural ground
water and gradients to disperse uniformly thus strengthen soil (Diaz-Rodrigues et al., 2008).
Apart from silica, use of bentonite and laponite nanoparticles is proved to have great potential in
increasing the liquefaction resistant and high viscosity respectively (Gratchev et al., 2007).

12. Nanoagro-sensors for detection and onsite diagnosis



The early and onsite detection of diseases is one of the critical situation which can lead to
avoid major destruction of crops. In most of the developing countries, farming has not scaled the
modern system due to which many farmers are prone to face various challenges. One such major
problem being encountered is onsite detection system. Biosensors have been used widely to
monitor various analytes such as pesticides, toxins, pathogens and other pollutants (Fig. 4).
These smart sensors are highly sensitive and can detect up to ppb level without the use of
sophisticated laboratory and trained personnel's. Developing nanoagro-sensor exclusive for
agriculture purpose is one of the emerging field which can aid the farmers to monitor the early
diseases and contaminants. These sensors can minimize the burden and prevent economic losses
by controlling the diseases (Liu et al., 2008). There are various literature attributing the progress
of nanosensor in agriculture for instance detection of DDT using gold nanoparticles based sensor
according to study conducted by Baker et al. (2013c). Similarly, the use of carbon nanotubes has
become one of the most popular in developing a sensor to monitor environmental samples such
as methyl parathion, paraoxon and their metabolites (Zhang et al., 2014).

13. Nanoagroparticles in plant growth promotion and seed germination

Sieving property of plant cell act as a barrier for foreign particles and in most cases the
agrochemicals are in macro size and often are in effective. In contrast to such situation, use of
nanosize particles can easily penetrate and carry out the desired activity. In recent years, use of
carbon nanoparticles has influenced plant growth and development. According to study
conducted by Srivastava and Rao (2014), the functionalized multiwalled carbon nanotubes were
able to penetrate the seed coating and enhanced uptake of water by creating new pores. The
results suggested that root and shoot growth was increased along with biomass and number of
leaves compared to controlled samples.

The study also highlighted the low dosage of multiwalled carbon nanotubes influenced
the growth of maize, garlic, peanut and wheat. Similarly, zinc oxide nanoparticles at low
concentration of 20 and 30 pg/mL influenced the growth, flowering and seed productivity in
onions compared to control onions (Laware and Raskar, 2014). The effect of nanocrystalline
powders comprises of iron, cobalt and copper on productivity of soya beans were determined by
Ngo et al. (2014). The study demonstrated pre-sowing treatment of soya bean seeds does not
exert any adverse effect on the germination. The germination rate was 65% with iron
nanocrystal, whereas both cobalt and copper nanocrystals showed 80% germination rates. Apart
from germination rate, these nanocrystals also increased the chlorophyll index and a number of
nodules compared to control samples and overall 16% increase of crop yield was observed.

14. Nanomaterial coated water filters

Irrigation system plays a vital role in the agriculture. It is estimated that most of the
farming communities are forced to use contaminated or cross contaminated water for agriculture
practices especially in developing countries where lack of education, poor sanitary conditions
and long-term droughts. The contaminated water not only affects the crop vyield, it also reported
to have a deleterious effect on soil fertility (Chong et al., 2010). Some of the major contaminants
includes organic pollutants, inorganic compounds, heavy metals and many other complex
compounds (Fatta et al., 2011). These contaminant materials which enter into the environment
via wastewater may cause harmful effects to humans and ecological environment. The removal
or inactivation of contaminants is often not feasible as conventional process includes chemical
treatment, ultraviolet radiation, filtration and desalination which are not always available in the
remote area and these methods are expensive (Zhang and Fang, 2010; Oller et al., 2011).
Recently, implementation of nanoparticles in treatment of waste water is one of the potential
alternatives to existing water treatment process. The nanomaterial-based technology includes a
variety of membranes and filters (Fig. 5) which often consists of magnetic nanoparticles,
nanoporous ceramics, carbon nanotubes, and other nanomaterials. These nanomaterials act
efficiently and purify the water without usage of high-end instrumentation. The ability of



nanoscience to solve technical challenges associated with removal of water contaminants can
also benefit ‘potable’ water system to eliminate water borne pathogens which are one of the
leading cause for microbial infections. Iron oxide nanoparticles are considered as a promising
source for industrial wastewater treatment. Some of the salient features include the strong
adsorption capacity, low cost, easy to separate (Girginova et al., 2010; Fan et al., 2012).
Similarly magnetic nanoparticles a posses unique physiochemical properties for instance surface
charge, size and paramagnetic properties which makes them one of the ideal candidate in waste
water treatment (Qu et al., 2013). Further, studies also demonstrate usage of nanoparticles like
alumina, silver, zinc and titanium dioxide in waste water treatment.

15. Future prospective and conclusion

There has been a significant progress on nanoparticles based applications in the
pharmaceutical and biomedical sectors. Scanty reports are available on the appropriate usage and
development of eco-friendly nanoparticles in agriculture sector. Hence implementation of
nanomaterials can uplift the agriculture standards and provide benefits in different ways. But one
of the major constrain is the toxicity of nanoparticles. Hence to overcome the toxic effects,
different rational strategies are being designed. One such strategy involves use of biological
entities or their products for production of nanoparticles which forms one of the eco-friendly
processes for synthesis of nanoparticles. Further, bioconjugation and encapsulation of
nanoparticles with bioactive molecules is promising field which minimize the risk of toxicity.
Hence in order to gain successful usage and commercialization of nanomaterials, different
expertise should collaborate to design biomimetic nanomaterials and their evaluation in
agriculture sector.
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Fig. 1. Application of nanoparticles in agriculture

Fig. 2. Bioactive metabolites responsible for synthesis and stabilization of nanoparticles
Fig. 3. Bioconjugated nanoparticles and their mode of action on pathogenic bacteria.
Fig. 4. Nanoparticles based biosensors

Fig. 5. Water filters used in the irrigation system



Table 1. Biological entities in synthesis of different types of nanoparticles

Ml rsorgan sm Type of nanaparticles Hize
Bacteria

Agquaspirlbion magmeniactc Fa i), A0-54) ity
Hacilbes acheilis Au 141 mum
Corynehacteniom sp. SHDG Ag 10-1 5 mm
Desulfovibrie desulfuricans Pd 50 nm
Escherichia coli Au F0 40 mm
Lacrohaclb sp. Au, Ag, Au-Ag 20-5{ rum
Magnetosnerle haclerium Faks 7.5 nm
Paewdomanas aeraginasa La Ap -
Paewrdoraaias stpkser] A0G 259 A = 200 mm
Rhodobaerer capsulangs Au -

Fungi

Asprergillics flavies Ag B9 s
Aspergilbes flordpanes Ag 5—25 mumn
Aspergillis niger Ag 20 nm
Colerorrichum sp. Au 2040 nm
Contolus versteolsr A 2575 min
Flisariiam oxys poriet Cedlse 9-15 min
Fuisariuem deilord har Ag S—H) mm
Fusarilom oxysporuen Bi L1, 58 mum
Fusariion oxysporwn §Lsp. oopersic Pt 10-50 nm
Fusarism semitecnom AR 10-60 nm
Fusarivon soland Ag 16H=20 mm
Actinomy oetes

Rhodococeus sp. Au 515 mum
Thermonagnora sp. Au & mm

T ea s

P jadind Au 100 s
Saccharmmyces cerevis iae Bk, 310 mm
Sehlsosacefaram yees powmabe Cds 1-1.5nm
Yarrowia Opolyrica Au 15 mm
Yeast MEY 3 Ag 2-5 mm
Candida glabrana Phs = 1 mum
Algae

Sarg s alpae Al S0-1 00 nm
Shewanella alpae Au 10=20 mm
Plant species

Acalypha indica Silver 20-30 nm
Apiin extracted from henmsa leaves Sihver and gold 9 onm
Azadirachia indica Gold and silver 5—35 mm
Hrassica juwmcea Eilver 2-35 nm
Camellia siensts {grean tea) Gold E T
Clinnarmoergn camphara Siver and gold 5560 nm
Clrrues simersis Silwer S0 i
Emblica officinalis Gold and silver 1020 nm
Ewalypne ciriodara Silver 20 mm
Euypharhia Fire L. Eilver 20 mm
Crapredrdad g Lama Silver 35 mm
Crardenda jasmdneddes Ellis Palladium

Hydrilla sp. Eihver 2-5 s
Ipmmnoea agueat ca Silver 100 s
Ludwdgla adscendens Silver 100 s
Medica savier Lron cxide Z-110 mum
Maoringa oleifera Silver 57 mim
MNertum indlewm Eilver

Ocimen basilieion Gold 3D s
Pelorponium gravealens Silver 16H—4{ mm
SvEVELTh anmanicusn Gold 5—10M) mm
Tamarindus indica Gold 240
Tenninalia carappa Gold 10-35
Trchodermaa konbigl Lilver -0




Table 2. Different types of nanoparticles and their application in agriculture

Type of Mande of Application References
nmarparteles aymthesis
Nanoparticles In crop protection
Libvar Blalogieal Fargieidal Ehadr et al.
(2013)
Copper hemical Fungicidal Hanhed et al.
(2014)
Copper and silver (hemical Fungicidal Ouda (2014)
Sihvar Blalogieal Bactaricidal El-Ralman and
Maohammad
(2013)
e ol de Chemical Bactercidal Hafer et al. {2014)
Nanoparticles In seed treatment
Libvar Blalogieal Leed dressing Anand and
Kulothungan
(2014)
Libvar Blalogieal Surface sterilizer of Maoisy et al
seed oo (2014)
Nano-formulation as nanoherbledes, nanopesticides
Palyep silon- Chemical Herhie dal Perelra et al.
capraolacions (2014)
Chitosan Chemical Hearbicidal Grillo et al. (2014
Carboxymethyl Chemical Herbicidal Yu et al. (2015)
chitosan
Kilvar Blalogieal Pasticidal All et al. (2015)
Nanoparticles In biosensing
Carbaon Chemical Herhieide detection Liso et &l. {2014)
Graphens Chemical Herbicide detection Thao et al {2011)
Gold hemical Herbicide detection Boro et al (2011)
Libvar Chemical Herhieide detection Duibas and Plmpan
(2008)
Cold hemical Organophisphates Hang et al. {2010
detection

Nanoparticles in plant growth promotion

Sihvar
Line oxide

hemical
hemical

Iram, cobalt, copper Chemical

Plant growth
Flowering and sead
paodusetivity
Iiscreased germination
rate

Syu et al. (2014)
Laware and
Raskar (2014)
Ngo et al. {2014)
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Bioconjugation of nanoparticles with drug molecule
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