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Abstract Article Info

The growing global population, coupled with dwindling natural resources and Received: 26 December 2023
changing climate patterns, presents formidable challenges to global food security. Accepted: 28 January 2024
Precision agriculture, a technology-driven approach to site-specific crop management, Available Online: 20 February 2024

is increasingly recognized for its potential to optimize resource use and enhance

L o o . . . Keywords
productivity. Nanotechnology, with its ability to manipulate materials at the atomic and y

molecular scales, offers transformative applications in agriculture. This review Nano Urea, Nano technology,
highlights the integration of nanotechnology in precision farming through innovations Agriculture
such as nano-fertilizers, nano-pesticides, nano-sensors, and smart delivery systems.

Nano-fertilizers enhance nutrient use efficiency and enable sustained release, reducing

environmental losses. Nano-pesticides improve target specificity and persistence while

minimizing toxic residues. Nano-sensors provide real-time monitoring of soil and crop

conditions, supporting informed decision-making. Additionally, nanomaterials

contribute to seed treatment, soil health, and water management, fostering

sustainability in agricultural systems. While the field is still evolving, nanotechnology

promises to revolutionize precision agriculture by enhancing input efficiency, crop

performance, and environmental stewardship. Its adoption is particularly crucial for
resource-constrained countries like India, where food security and environmental

sustainability must go hand in hand.

Introduction New technologies and solutions are continually being
developed and put into use to satisfy humanity's
Due to the scarcity of natural resources, including land,  requirements on a worldwide scale. Several scientific
high-quality seeds, and water supplies, there is a severe  fields have used IoT and nanotechnology, including
threat to global food security. By 2050, there will be  physics, chemistry, pharmaceutical science, material
almost nine billion people on the planet, up from the  science, medicine, and agriculture. In order to optimize
current estimated 7.8 billion. fertilizer application by adjusting the rate and blending
within fields as needed, precision agriculture was created
As a result, the global agricultural sector is dealing with  in the 1980s using newly available technologies (Garg et
a number of unforeseen difficulties, such as swift climate  al., 2024).
change (Mahaletchumi et al., 2021).
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Agriculture faces significant challenges, including
limited arable land, water scarcity, climate change, and
the increasing demand for food. Precision agriculture
leverages technology to address these issues by enabling
site-specific crop management. Nanotechnology, with its
ability to manipulate materials at the nanoscale (1 to 100
nanometers), offers innovative solutions to enhance
precision agriculture practices.

The transitional zone between individual atoms or
molecules and the corresponding bulk material is
occupied by particles smaller than 100 nm, which can
cause significant changes in the material's chemical and
physical characteristics (Mastronardi et al., 2015).

Nanotechnology is the manipulation or self-assembly of
individual atoms, molecules, or molecular clusters into
structures to produce materials, gadgets, or other objects
with novel or significantly altered features (Manjunatha
et al., 2016). At the nanoscale, materials exhibit unique
physical, chemical, and biological properties that differ
significantly from their bulk counterparts.

These properties include increased surface area,
enhanced reactivity, and the ability to penetrate
biological systems more effectively. In agriculture,
nanotechnology enables the creation of nano-sized
carriers for targeted delivery, sensors for precise
monitoring, and materials that improve soil and plant
health. By integrating these advanced capabilities,
nanotechnology not only optimizes resource usage but
also addresses environmental concerns, making it a
cornerstone of sustainable agricultural development.

In order to maximize the use of available resources and
provide a decision support system for entire farm
management, precision agriculture is a farming
management concept that measures and reacts to intra-
field and inter-field differences in crops (Garg et al.,
2024). Avoiding traditional tillage methods and
maintaining long-term food production while preventing
significant land degradation, elevated risks of food
poverty, and worsened climate change can be achieved
through smart agriculture (Garg et al., 2024). Significant
economic and environmental benefits could result from
the integration of nanotechnology in fertilizer products
by improving release patterns and increasing absorption
efficiency.

Furthermore, biosynthesized nanoparticles offer a safe
and environmentally acceptable technique of managing
plant nutrition and disease because they are just as
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effective as those produced by physical and chemical
methods (Joshi et al., 2018).
Precision

Applications in

Agriculture

of Nanotechnology

Precision Agriculture

The culmination of every action that increases farming's
accuracy, maximizes yields, and minimizes waste is
known as precision agriculture or farming. Additionally,
it reduces the need for fertilizers and pesticides. In
essence, it is crop management that is site-specific
(Shaikh et al., 2021). Drones and UAVs are using
nanotechnology. Nanotechnology contributes to lower
production costs, lighter drones, improved performance,
longer lifespan, and simpler flight.

Nano-fertilizers

Nano-fertilizers are designed to release nutrients in a
controlled manner, ensuring efficient uptake by plants.
Unlike conventional fertilizers, which often result in
significant nutrient loss through leaching, volatilization,
or runoff, nano-fertilizers minimize these inefficiencies,
contributing to sustainable farming practices.

Nano fertilizers have the capacity to withstand stress and
triple  nutrient  utilization  efficiency  (NUE).
Nanotechnology can be applied to any kind of crop; it
increases the utilization of biosources, is environmentally
friendly, increases carbon uptake, and enhances soil
aggregation.

In terms of both cost and necessity, nano fertilizers are
less expensive and needed in smaller quantities than
chemical fertilizers (Manjunatha et al, 2016). Since
most Indian soil is lacking in key macronutrients,
particularly nitrogen, nanocoated urea and phosphate,
together with their sustained release, would help meet
soil and crop demands (Duhan et al., 2017).

Mechanism of Plant Uptake

Nano-fertilizers are engineered to be highly soluble and
bioavailable. When applied to soil or foliage, their
nanoscale size allows them to penetrate plant tissues
directly through stomata, root epidermis, or cuticles.
Once inside the plant, the nanoparticles release nutrients
in response to environmental triggers such as pH,
moisture levels, or enzyme activity. Boosting agricultural
productivity by using fertilizers that contain
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nanoparticles for a prolonged and delayed release of
nutrients (Lee et al, 2022). The size and surface
characteristics of the nanoparticles will determine the
uptake rates. Nanoparticles of extremely tiny sizes can
pass through the cuticle (Moulick ef al., 2020).

While the nutrient release from conventional fertilizer
(urea) stopped after 10-12 days, nano-fertilizers can
release nutrients, particularly NO3-N, for more than 50
days (Subramanian et al., 2011).

There have been reports of improved grain production,
increased protein content, and decreased soluble sugar
content in wheat when slow or controlled release
fertilizer coated and felted by nanoparticles is applied
(Joshi et al., 2018).

Clay minerals, hydroxyapatite, chitosan, polyacrylic
acid, zeolite, and other nanostructured materials are
utilized to create fertilizers that can be applied as foliar
or in soil. The sluggish release of nitrogen from urea is
caused by the large surface area of hydroxyapatite and its
strong interactions with urea (Kottegoda et al., 2011).

Nano-pesticides

Nano-pesticides enhance the effectiveness of pest control
by delivering active ingredients in a targeted and
efficient manner (Subramanian et al., 2017). They reduce
the required dosage, limit environmental contamination,
and mitigate resistance development in pests. The term
"nano pesticides" refers to the development of new active
chemicals with nanoscale dimensions, as well as the
formulation and administration of these substances.
Using a nanotechnology technique called "nano-
encapsulation,” the insecticidal value can be increased
while also protecting the active ingredients from
environmental factors (Anjum et al., 2018). Unlike
traditional pesticides, nano-encapsulated pesticides have
a sustained release and efficiently penetrate into plants,
producing a long-lasting and persistent effect (Scrinis et
al., 2007).
Compared to  chlorfenapyr  associated  with
microparticles, chlorfenapyr associated with silica
nanoparticles had twice as much insecticidal efficacy
against cotton bollworm (Usman et al, 2020). The
application of nanomaterials to create different kinds of
biosensors that would be helpful in remote sensing
devices needed for precision farming, as well as the use
of nanoparticles to promote gene or DNA transfer in
plants for the creation of insect pest-resistant varieties.
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Chemical pesticides have detrimental effects on animals,
beneficial soil microbes, and soil fertility, and traditional
methods of managing pests, such as integrated pest
management, are inadequate in agriculture (Garg et al,
2024). Drone-assisted rice cultivation is being tested by a
business called PhilRice, also known as the Philippine
Rice Research Institute. When compared to the
traditional way of spraying pesticides over a field, they
discovered that using drones can drastically reduce the
usage of pesticides by 90% (Shaikh et al., 2021).

Nano-sensors for Soil and Crop Monitoring

Nano-sensors are highly sensitive devices capable of
detecting minute changes in soil nutrients, pH, moisture
levels, and plant health. These sensors enable real-time
monitoring and data-driven decision-making, enhancing
crop management practices. Biosensors are a type of
nano-sensor that utilize biological recognition elements
such as enzymes, antibodies, or nucleic acids to detect
specific agricultural parameters. These devices are highly
effective in monitoring soil health, detecting pathogens,
and assessing crop stress.

Nano in protecting seed and soil

Nanoparticles improve seed germination and plant
growth by delivering growth stimulants, protective
agents, and nutrients directly to seeds. This technology
ensures robust crop establishment and resilience against
biotic and abiotic stresses.

The concentration of nanoparticles affects the processes
of plant growth and germination (Garg ef al., 2024). For
a variety of crops, seed coating or hardening methods
have been refined and thoroughly researched, and
germination-ensuring tactics have been developed
(Vanangamudi et al., 2006).

Nanotechnology plays a crucial role in soil protection by
addressing key challenges such as contamination,
erosion, and nutrient depletion.

Water Management

Nanotechnology facilitates the development of efficient
water filtration and purification systems, ensuring the
availability of clean water for irrigation. Nano-materials
are also used to enhance water retention and reduce
evaporation in soil.
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Using water-saving smart irrigation techniques and
fertilization management applications can increase water
and fertilizer efficiency. These are crucial tactics to
minimize environmental harm while simultaneously
increasing yields needed to meet the expanding food
needs of developing populations (Karasahin ef al., 2018).
Additionally, precision farming may minimize
environmental damage by reducing agricultural waste.
Nanotechnology-enabled micro sensors and monitoring
systems, albeit not yet fully deployed, will significantly
influence precision farming practices in the future. Exact
detection of nutrient and water availability by nano-
sensors is crucial to achieving precision agriculture's goal
(Subramanian et al., 2011).

Advantages of Nanotechnology in Agriculture

Nano fertilizers are superior to traditional fertilizers
because they improve crop quality, production, and soil
fertility; they are non-toxic and less hazardous to
humans; they save costs and optimize profits (Banotra et
al., 2017).
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Conclusion

Nanotechnology offers immense potential to transform
precision agriculture, addressing critical challenges in
resource  management, crop productivity, and
environmental sustainability. While the technology is
still evolving, its integration into modern farming
practices promises a more efficient and sustainable future
for agriculture.

For nations like India, where resource conservation must
be considered in light of population growth,
nanotechnology-based  solutions are  particularly
pertinent. Therefore, it is important to consider nano-
fertilizers as a whole as a potential solution to the
problems that intensive agriculture is currently facing.
The adoption of nano-fertilizers as a "informed choice"
to solve enduring constraints on our agriculture's
sustainability and profitability is long overdue (Kumar et
al., 2021).
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