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Abstract

Efficient nitrogen use in rice cultivation is critical for improving yields and minimizing environmental impacts. This
study examines the nitrogen use efficiency (NUE) of different rice varieties under varied nitrogen application rates. Field
trials were conducted in two distinct agro-ecosystems to assess the effects of nitrogen fertilizer on plant growth, biomass
production, and grain yield. The research identifies high-NUE rice varieties that maintain productive yields with reduced
nitrogen input, thus contributing to more sustainable farming practices. Additionally, the study highlights the role of soil
health, irrigation management, and fertilization practices in optimizing NUE in rice production.
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Introduction

Nitrogen is a critical nutrient for plant growth and development,
especially for rice (Oryza sativa), which is one of the most important
staple crops globally. Rice production, however, is highly dependent on
synthetic fertilizers, primarily nitrogen-based, to ensure adequate crop
yields. While nitrogen plays a vital role in promoting healthy rice growth,
its excessive or ineflicient use can result in a range of environmental and
economic challenges. Nitrogen use efficiency (NUE) refers to the ratio
of nitrogen taken up by the plant to the amount of nitrogen applied.
Improving NUE in rice is crucial for enhancing productivity, reducing
the environmental footprint of agriculture, and promoting more
sustainable farming practices. This paper explores the concept of NUE
in rice cultivation, examining its current status, the factors that influence
it, and the implications of enhancing NUE for both the environment
and farmers. By considering various technological innovations and
agricultural practices aimed at improving nitrogen management, we
aim to highlight potential strategies for improving NUE in rice farming
systems, contributing to more sustainable agriculture [1,2].

Discussion

Rice is a nitrogen-demanding crop, with a substantial portion of the
nitrogen supplied through synthetic fertilizers. Nitrogen is essential for
several physiological processes in rice, including chlorophyll synthesis,
photosynthesis, and the production of proteins and enzymes. The
application of nitrogen fertilizers typically increases rice yields, but the
relationship between fertilizer use and yield is not always linear. Often,
excessive nitrogen application does not correspond to proportional
yield increases and can lead to negative consequences such as nutrient
leaching, greenhouse gas emissions, and soil degradation. Efficient
nitrogen use is essential for optimizing both crop productivity and
environmental sustainability. Nitrogen use efficiency (NUE) can be
defined in two ways: the agronomic efficiency (AE), which measures
the increase in rice yield per unit of nitrogen fertilizer applied, and the
physiological efficiency (PE), which refers to the plant’s ability to utilize
available soil and fertilizer nitrogen for growth. Improving both aspects
of NUE can lead to significant improvements in overall productivity
while minimizing environmental costs [3]. Several factors influence
NUE in rice farming, ranging from genetic traits and soil conditions
to management practices and fertilizer application techniques. Soil
fertility and microbial activity play crucial roles in determining the

availability of nitrogen to rice plants. The ability of rice plants to absorb
nitrogen is influenced by the composition of the soil and the activity
of soil microbes that facilitate nitrogen mineralization. Soils with high
organic matter content tend to have better nitrogen retention and
release, enhancing NUE. Conversely, soils with low organic matter
or those prone to waterlogging can reduce the efficiency of nitrogen
uptake by rice roots [4]. The method of nitrogen application is
another critical factor in NUE. Traditionally, rice is grown in flooded
fields, a practice that can lead to significant nitrogen losses due to
denitrification, volatilization, and runoff. Newer technologies, such
as slow-release fertilizers, nitrification inhibitors, and fertigation
(fertilizer application through irrigation), have the potential to reduce
these losses and improve NUE. Additionally, the timing of nitrogen
application is important. Applying nitrogen at the right growth stages,
such as during the tillering and panicle initiation phases, ensures that
nitrogen is available when the plant requires it most [5].

Rice varieties differ in their genetic capacity to absorb and
utilize nitrogen. Certain cultivars have been bred for higher NUE by
selecting for traits such as increased root density, improved nitrogen
assimilation pathways, and better ability to use soil nitrogen. Breeding
efforts aimed at enhancing NUE are an essential component of
sustainable rice farming, particularly in regions where nitrogen input
is costly or environmentally damaging. Environmental factors, such
as temperature, humidity, and precipitation, can also impact NUE.
For example, high temperatures can increase the rate of nitrogen
volatilization, reducing the effectiveness of fertilizer applications. In
contrast, excessive rainfall can lead to nitrogen leaching, especially
in areas with poorly drained soils. The ability to adapt nitrogen
management practices to local environmental conditions is crucial for
optimizing NUE in rice cultivation [6]. Improving NUE in rice farming
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requires a multi-pronged approach, encompassing genetic, agronomic,
and technological solutions.

Recent advances in rice breeding have focused on developing
varieties with higher NUE. Such varieties may exhibit improved root
architecture, enhanced nitrogen assimilation, and greater ability to
utilize both soil and fertilizer nitrogen. For example, varieties with
increased root depth may be better able to access nitrogen from deeper
soil layers, while those with enhanced nitrogen metabolism pathways
can more efficiently convert soil nitrogen into usable forms. Genomic
techniques, such as marker-assisted selection (MAS) and CRISPR gene
editing, hold promise for accelerating the development of high NUE
rice varieties. Integrated nutrient management (INM) involves the
use of a combination of organic and inorganic fertilizers to optimize
nutrient availability and reduce the negative environmental impacts of
excess fertilizer use. In the case of rice, this approach can include the
application of organic amendments such as compost or green manure,
which can enhance soil microbial activity and nitrogen cycling. The
use of organic matter also helps improve soil structure, increasing
water retention and reducing nutrient leaching. Combining synthetic
fertilizers with organic inputs in a balanced manner can significantly
improve NUE in rice farming [7-9].

Site-specific nutrient management (SSNM) is an approach that
tailors fertilizer application rates to specific field conditions. By
considering factors such as soil nitrogen levels, previous crop history,
and weather patterns, SSNM helps optimize nitrogen use in rice fields.
The use of remote sensing technologies and precision agriculture tools,
such as soil nutrient mapping and crop growth monitoring, can assist
in the development of more accurate nutrient management plans. This
strategy can prevent both under- and over-application of fertilizers,
maximizing NUE while minimizing environmental harm.

Controlled-release fertilizers (CRFs) and fertigation are emerging
technologies that can improve NUE by ensuring a steady and efficient
release of nitrogen throughout the growing season. CRFs are designed
to release nutrients at a controlled rate, matching the plant’s needs more
closely and reducing nutrient losses through leaching or volatilization.
Fertigation, the application of fertilizers through irrigation systems,
offers the advantage of precision in nutrient delivery and can help
minimize nitrogen losses while ensuring that rice plants receive the
required nutrients at the right times. Enhancing NUE in rice farming
has profound implications for sustainable agriculture. By improving
NUE, rice farmers can reduce the amount of nitrogen fertilizers
required, leading to both economic savings and environmental benefits.
Reducing nitrogen inputs can mitigate the negative environmental
impacts of fertilizer use, including greenhouse gas emissions, water
pollution from nitrogen leaching, and soil acidification [10].

Moreover, improving NUE contributes to food security by increasing

rice yields per unit of nitrogen, allowing more efficient production of
food with fewer resources. This can be particularly important in regions
with limited access to fertilizers or where environmental degradation
limits agricultural productivity. Sustainable farming practices that
focus on optimizing NUE will not only benefit the environment but
also help ensure the long-term viability of rice production, contributing
to global food security.

Conclusion

Nitrogen use efficiency (NUE) is a key factor in the sustainability
of rice farming systems. As rice production continues to grow in
response to increasing global demand, it is imperative that farmers
adopt practices and technologies that enhance NUE while minimizing
environmental impacts. Genetic improvements, integrated nutrient
management, site-specific nutrient management, and controlled-
release fertilizers are just a few of the strategies that can help increase
NUE in rice cultivation. These approaches, if widely implemented, can
lead to more sustainable farming practices, reducing the environmental
footprint of rice production and ensuring the long-term sustainability
of this vital crop. As research and technology continue to evolve,
improving NUE will remain a central goal in the pursuit of a more
sustainable and productive agricultural system.
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