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itrogen is a critical nutrient governing crop productivity, yet its inefficient utilization

from conventional urea fertilizers leads to severe economic losses and environmental
pollution. Nano urea, a liquid nano-fertilizer developed using nanotechnology, has emerged
as a promising alternative to improve nitrogen use efficiency (NUE) and reduce nutrient
losses. Nano urea contains nano-sized urea particles that facilitate rapid foliar absorption and
targeted nitrogen delivery within plants. Its application significantly minimizes losses
through leaching, volatilization and denitrification while enhancing crop growth and
productivity. This article highlights the concept, mechanism of action, production,
advantages, limitations and future prospects of nano urea in the context of sustainable and
climate-smart agriculture.

Introduction

Modern agriculture faces the dual challenge of increasing food production while minimizing
environmental degradation. Among essential nutrients, nitrogen plays a pivotal role in plant
growth, photosynthesis and also protein synthesis. Conventional urea, though widely used,
exhibits low nitrogen use efficiency, with nearly 50-70 per cent of applied nitrogen lost to the
environment. These losses contribute to soil acidification, groundwater contamination,
eutrophication and greenhouse gas emissions. Nano urea developed using nanotechnology,
offers a novel solution to these inefficiencies. By reducing particle size to the nanometre
range, nano urea ensures efficient nutrient absorption, targeted delivery and reduced
environmental impact. This innovation aligns with sustainable agriculture goals by
optimizing fertilizer use and minimizing ecological footprints.

What is Nano Urea

Nano urea is a liquid nitrogen fertilizer developed using nanotechnology, in which urea is
formulated into nano-sized particles (20-50 nm) and suspended in an aqueous medium. The
nano-scale size of the particles increases their surface area and enhances interaction with
plant tissues, leading to improved nutrient availability and absorption. Unlike conventional
granular urea when applied to the soil leads the soil to suffer from significant nitrogen losses,
so nano urea is applied through foliar spraying.

Mechanism of Action

Upon foliar application, nano urea particles adhere to the leaf surface and penetrate plant
tissues through stomata. Once it enters the cells, the nanoparticles gradually release nitrogen
in plant-available forms. This nitrogen is rapidly assimilated into amino acids, proteins,
chlorophyll and enzymes, thereby enhancing photosynthetic activity and overall plant growth.
Since nitrogen uptake occurs directly through leaves, losses associated with soil-applied
fertilizers are drastically reduced.
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Production of Nano Urea
Nano urea is produced using advanced
nanotechnology techniques involving
physical and chemical processes. Urea
particles are synthesized into nano-
dimensions through methods such as ball
milling or chemical precipitation. These
nanoparticles are stabilized to prevent
aggregation and formulated into a
uniform liquid product. Strict quality
control ensures particle size consistency,
stability, and safety before
commercialization. Due to its high Fig 1. Mechanistic un_de_rstanding of nanoparticle

. . . . . transport within the plant cells
efficiency, nano urea is required in very
small quantities. A 500 mL bottle is considered equivalent to a 45 kg bag of conventional
urea. This not only reduces fertilizer input costs but also lowers transportation, storage and
handling requirements. By minimizing nitrogen losses and improving crop uptake, nano urea
supports sustainable and environmentally friendly nutrient management in modern
agriculture. In India, nano urea production is spearheaded by organizations such as IFFCO,
with dedicated plants that are established to meet growing agricultural demand.

Benefits of Nano Urea

Nano urea offers multiple agronomic and environmental advantages:

1. Improved Nitrogen Use Efficiency: - Nano urea enhances nitrogen use efficiency up to
80-85 per cent by enabling direct foliar absorption. This reduces nitrogen losses through
leaching, volatilization and denitrification.

. Reduced Fertilizer Requirement and Input Costs: - Due to its high efficiency nano urea
is required in very small quantities compared to conventional urea. This lowers fertilizer
input costs as well as expenses related to transportation and storage.

. Enhanced Crop Yield and Quality: - Efficient nitrogen availability improves chlorophyll
synthesis, photosynthesis and protein formation in plants. This results in improved crop
growth, higher yields and better produce quality.

. Lower Nitrate Leaching and Greenhouse Gas Emissions: - Nano urea minimizes soil-
applied nitrogen, thereby reducing nitrate leaching into groundwater. It also lowers
emissions of greenhouse gases such as nitrous oxide contributing to environmental
sustainability.

. Improved Soil Health: - Reduced nitrogen overload prevents soil acidification and
nutrient imbalance. This helps maintain soil fertility and supports beneficial soil microbial
activity.

. Ease of Application and Compatibility with Precision Farming: - Nano urea is easy to
apply as a foliar spray and is compatible with modern precision farming tools such as
drones and automated sprayers. This ensures targeted nutrient delivery and efficient
fertilizer management.
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Limitations and Concerns

1. Low Nitrogen Concentration: - Nano urea contains a much lower nitrogen percentage
compared to conventional urea, which limits its ability to meet the full nitrogen
requirement of crops. Hence, it is more suitable as a supplement rather than a complete
replacement.

2. Dependence on Foliar Application: - Nano urea requires timely foliar spraying at
specific crop growth stages for effective absorption. Improper timing or uneven
application can reduces its efficiency.
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3. Requirement of Equipment and Labour: - Foliar application demands suitable spraying
equipment and skilled labour, which may increase operational costs, especially for small
and marginal farmers.

4. Uncertain Long-Term Environmental Impact: - The long-term effects of nanoparticle
accumulation on soil health, soil microorganisms and food safety are not yet fully
understood and require further research.

5. Variable Crop Response: - Independent field studies have reported inconsistent yield
responses across different crops, soil types and agro-climatic conditions, indicating the
need for extensive multi-location trials.

6. Need for Scientific Validation: - More long-term and peer-reviewed studies are required
to establish the safety, efficiency and sustainability of nano urea under diverse farming
systems.

Future Prospects

Nano urea holds significant promise in reducing dependency on fertilizer and promoting
sustainable agriculture. Its integration with conventional fertilizers, precision nutrient
management and climate-smart farming practices can maximize its benefits. Continued
research, large-scale field trials, farmer awareness programs and policy support are essential
to ensure its safe and effective adoption.

Conclusion

Nano urea represents a major advancement in fertilizer technology, offering a sustainable
approach to improve nitrogen efficiency while reducing environmental pollution. Although it
cannot be entirely replacing conventional urea, its judicious use as a supplementary fertilizer
can enhance crop productivity and resource efficiency. With further research and responsible
implementation nano urea can play a vital role in shaping the future of sustainable
agriculture.
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