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Agricultural production needs to maximize on sustainable basis to meet the continuously
increasing food demand of mushrooming population. Producing more and quality food
from diminishing land and water while sustaining agricultural resource base in an
environment friendly manner is a formidable challenge of this century. Nanotechnology is
a versatile field and has found application in almost all existing field of science.
Nanotechnology research and development is directed towards understanding and creating
improved materials, devices and systems that exploit nanoscale properties. It has great
potential in biological applications such as nutrient delivery, biosensing and tissue
engineering. Nanoparticles have potential applications in agriculture viz. detection of
pollutants, plant diseases, pest and pathogens; controlled delivery of pesticide, fertilizers,
nutrients and genetic material; and can act as nanoarchitects in formation and binding of
soil structure. Nanotechnology has the ability to create a great revolution and
transformation in food supply system in a global scope. Micronutrient fertilizers can
increase the tolerance of plants to environmental stresses like drought and salinity. It has
been postulated that nanoparticles are more effective, can be utilized in agriculture for the
precision farming and enhance productivity of crops. Nanofertilizers or nano-encapsulated
nutrients might have properties that are effective to crops, due to release the nutrients ondemand, controlled release of chemical fertilizers that regulate plant growth and enhanced
target activity. Nanoparticles have unique physicochemical properties and key potential to
boost the plant metabolism.

Introduction
Agricultural production needs to maximize on
sustainable basis to meet the continuously
increasing food demand of mushrooming
population. Producing more and quality food
from diminishing land and water while
sustaining agricultural resource base in an

environment friendly manner is a formidable
challenge of this century (Zia et al., 1991).
Target oriented, cheaper and efficient
technologies have to be employed for
sustainable increase in production of wheat
crop (Khot et al., 2012). Nanotechnology is a
versatile field and has found application in
almost all existing field of science (Zheng et
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al., 2005; Shah et al., 2009; Zhang et al.,
2003).
Nanotechnology
research
and
development
is
directed
towards
understanding
and
creating
improved
materials, devices and systems that exploit
nanoscale properties (Nanoscale science
energy and technology subcommittee, 2007).
It has great potential in biological applications
such as nutrient delivery, biosensing and
tissue engineering (Borm et al., 2006;
Oberdorster et al., 2005). Nanoparticles have
potential applications in agriculture viz.
detection of pollutants, plant diseases, pest and
pathogens; controlled delivery of pesticide,
fertilizers, nutrients and genetic material; and
can act as nanoarchitects in formation and
binding of soil structure (Ghormade et al.,
2011).Nanotechnology has the ability to create
a great revolution and transformation in food
supply system in a global scope (Andreta,
2003; Sharma et al., 2005). Micronutrient
fertilizers can increase the tolerance of plants
to environmental stresses like drought and
salinity (Baybordi, 2006). It has been
postulated that nanoparticles are more
effective, can be utilized in agriculture for the
precision farming and enhance productivity of
crops (Reynolds, 2002; Raskar et al., 2014).
Nanofertilizers or nano-encapsulated nutrients
might have properties that are effective to
crops, due to release the nutrients on-demand,
controlled release of chemical fertilizers that
regulate plant growth and enhanced target
activity (De Rosa et al., 2010; Nair et al.,
2010).
Nanoparticles
have
unique
physicochemical properties and key potential
to boost the plant metabolism (Giraldo et al.,
2014). Efficiency of nanoparticles is
determined by their chemical composition,
size, surface covering, reactivity and most
importantly the dose at which they are
effective (Khodakovskaya et al., 2012).
Synthesis of nanoparticles
Different protocols have been designed for
synthesis of nanoparticles but three major

methods are physical, chemical and biological
method. The physical method (top-down
approach) includes methods like diffusion,
irradiation and thermal decomposition etc
(Reddy et al., 2006). Moderate reaction
conditions
and
convenient
synthetic
manipulation have rendered chemical methods
an
attractive
option
for
accessing
nanoparticles (Bhattacharjee et al., 2011).
Both microorganisms and plants have long
demonstrated the ability to absorb and
accumulate inorganic metallic ions from their
surrounding environment (Shankar et al.,
2004). These attractive properties make many
biological entities efficient biological factories
capable
of
significantly
reducing
environmental
pollution,
recycling
of
agricultural waste and reclaiming metals from
industrial waste (Gowramma et al., 2015 and
Makarov et al 2014). Furthermore, plant based
biosynthesis is a relatively straightforward
process that can be easily scaled up for large
scale production of nanoparticles (Mittal et al.,
2013). Bacteria synthesis nanoparticles
through various biological strategies such as
redox state changers, efflux systems,
intracellular precipitation and accumulation of
metals or by extracellular formation of
complexes (Dhillon et al., 2012).
Stenotrophomonas species of fungi have the
potential to be used as an efficient candidate
for plant growth promotion (Suckstorff et al.,
2003 and Schmidt et al., 2012),
bioremediation (Binks et al., 1995; Boonchan
et al., 1998), elemental cycle (Ikemoto et al.,
1980) and biocontrol phytopathogens (Berg et
al., 1994; Kobayashi et al., 1995; Nakayama
et al., 1999 and Dunne et al., 2000). In
addition, they also produce antibiotics, volatile
compounds and fungal cell wall degrading
enzymes indicating their contribution to
biocontrol activity against several soil-born
plant pathogens (Ryan et al., 2009 and Zhang
et al., 2001). They also revealed that S.
maltophilia act as a target board for antifungal
activity and high degree of salt tolerance due
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to presence of glucosyl glycerol osmolyte
(Hagemann et al., 2008). Extracellular
biosynthesis of AgNPs is via extracellular
enzymes such as nitrate reductase enzyme or
other active biomolecules (Sadowski et al.,
2008 and Kalimuthu et al., 2008) that help in
transferring the electron to silver ions and
reduction of AgNPs occurs (Duran et al.,
2005).
Moreover,
biosynthesized
nanoparticles being equally competent to
those nanoparticles generated by physical and
chemical methods provide safe and
environment friendly approach for plant
nutrition and disease management (Mishra et
al., 2015; Krishnaraj et al., 2012 and Gopinath
et al., 2013). Phenolic compound that present
in plant extract behave as a hydrogen
donators, reducing agents, singlet oxygen
quenchers and also metal chelating agent
(Ravindra et al., 2011).
Nanofertilizers and their smart delivery
Various studies had been carried out to
understand the effect of nanoparticles on
growth of plants. For example Lu et al.,
studied the effect of mixture of nano-SiO2 and
nano-TiO2 on soybean seeds and found that
these mixture of nanoparticles increases
germination and growth of soybean by
improving nitrate reductase activity of
soybean. Hong et al and Yang et al., reported
that at appropriate concentration of nano-TiO2
was enables to promote photosynthesis,
nitrogen metabolism and enhance growth of
spinach. Nano sized zinc has a major role in
cell defenses against reactive oxygen species
and as a protective factor against several
chemical compositions of oxidation such as
membrane lipids, protein, chlorophyll and
enzymes (Carkmak, 2000) and also play a key
role in controlling the production and toxicity
of free radicals that can damage membrane
lipids and sulphydryl groups (Alloway, 2004)
by supplying more effectively at site of action.
Similarly, Prasad reported that, groundnut
seeds treated with nanoscale zinc oxide

particles with a concentration of 1000 ppm
have shown significantly increment in
germination, shoot length, root length and vigor
index over the control samples. Haghighi et al.,
(2012), in tomato and Siddiqui et al., (2014) in
squash reported that nano-SiO2 improved seed
germination and stimulated the antioxidant
system under NaCl stress. Exogenous
application of nano-SiO2 and nano-TiO2
increases seed germination of soybean by
enhancing nitrate reductase (Lu et al., 2002)
and also by promoting seeds ability to absorb
and utilize water and nutrient efficiency (Zheng
et al., 2005). It enhances the plant growth and
development by increasing gas exchange and
chlorophyll fluorescence parameters, such as
net photosynthetic rate, transpiration rate,
stomatal conductance, PS-II potential activity,
effective photochemical efficiency, actual
photochemical efficiency, electron transport
rate and photochemical quench (Siddiqui et al.,
2014; Xie et al., 2011). Gao et al., (2006)
tested that spinaciaoleracia treated with nanoanatseTiO2 induced 2.67 times more activity of
rubisco carboxylase than that of control. Nano
blended organic iron chelated fertilizer
increased 3.5 times more photosynthesis, 70%
more leaf area and 20-200% production by
increasing nutrient use efficiency (Moghadam
et al., 2012). Study of Hafeez et al., (2015)
revealed that Cu-nanoparticles have the
potential to enhance growth and yield of wheat
but their effect is concentration dependent.
Soaking of cotton seeds in silver nanoparticles
produced favorable effects and reduced the
amount of fertilizers applied by half
(Vakhrouchev et al., 2007). Raskar and Laware
(2014) found that optimum concentration in
necessary for yield enhancement so
quantification is important in case of
nanoparticles. The application of slow or
controlled release fertilizer coated and felted by
nanomaterials were reported that improve grain
yield along with an increase in protein content
and a decrease in soluble sugar content in
wheat (Nangula et al., 2010; Ding et al., 2009).
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Characterization of nanoparticles
The optical characterization of biosynthesized
nanoparticles can be done by Uv-visible
spectroscopy due to surface Plasmon
resonance property (Sastry et al., 1997 and
Jain et al., 2008). Structural analysis or
crystallinity of nanopaticles confirmed by Xray diffraction (Dorofeev et al., 2012). The
morphological investigation was carried out
by using SEM and TEM analysis, where as
possible stabilizing or reducing agent can be
recorded from FTIR analysis (Kasthuri et al.,
2009).
Drought resistance phenomenon
Water deficit can cause negative reversible
and irreversible physiological changes of
plant state in the vegetative and reproductive
periods of plant development (Szegletes et al.,
2000; Zhu et al., 2002; Lawlor et al., 2002
and Yordanov et al., 2000). At the same time,
the cost of fertilizers and irrigation increase in
connection with the rising cost of primary
resource every year. In this regard, to address
the issue of increase of productivity and
sustainable environmental management of
agriculture, new environment friendly
approaches that do not require large
expenditures are needed (Kang et al., 2009).
The relative cheapness of production of
nanoparticles can solve this issue (Narayanan
et al., 2012) as well as the low consumption
of these preparations upto the crop area and
low level of phytotoxicity (Batsmanova et al.,
2013). Under drought condition the level of
lipid peroxidation was evaluated by
accumulation of thiobarbituric acid reactive
substances (TBARS) (Andreyeva et al.,
1988). After presowing treatment with Cu-Zn
nanoparticles seeds associated with increased
activity of antioxidative enzymes SOD and
CAT and decrease level of TBARS, made
wheat plants more resistant to drought (Taran
et al., 2017). Under stress, nano-SiO2
improves leaf fresh and dry weight,

chlorophyll content and proline accumulation.
These nanoparticles can be transported
through epidermal cells, or owing to their
small size, they can contact with high
molecular compounds of cells. At the same
time it has proved possible the intercellular
transport through plasmadesmata (Zhai et al.,
2014). Furthermore, the inclusion of
nanoparticles in photosynthetic metabolism
was conformed.

In particular, gold nanoparticles can be an
artificial electron acceptor and a donor in
photosynthesis (Barazzouk et al., 2005). The
enhancement of the chlorophyll a to
chlorophyll b ratio under nanoparticle action
may indicate a change in the stoichiometry of
light-harvesting complexes of photosystem Ӏ
and II (Green et al., 1996). After drought
action nanoparticles demonstrated the well
adaptation mechanism (Havaux et al., 1999).
Different forms of zinc oxide nanoparticles
were increased leaf area of maize plant by the
induction of IAA under stressed condition
(Taheri et al., 2015).
Nanoscience is leading to the development of
a range of inexpensive nanotech applications
for enhanced plant growth. Nanoparticles
requires more comprehensive experimentation
to determine the best concentration, mode and
time of application in addition to exploring
underlying
physiological
mechanism
responsible for enhanced growth and yield.
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