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Abstract 

In India, a country dealing with rising food needs and environmental issues, enhancing agricultural 
production and sustainability requires improving Nutrient Use Efficiency (NUE) via plant breeding. 
The significance of plant breeding in creating crop varieties that maximize nutrient consumption is 
examined in this work, with particular attention paid to developments in genomic selection, 
molecular markers, and biotechnology. In order to create nutrient-efficient crops that can flourish in 
a variety of resource-constrained environments, current research places a strong emphasis on 
integrating these approaches.  The study also looks at how improved NUE affects soil health, 
sustainability, and agricultural yields, emphasizing the possibility of large yield improvements with 
lower chemical fertilizer inputs.  The discussion of policy implications highlights the need of strong 
extension services, more financing for research, and the encouragement of integrated nutrient 
management techniques.  For the agriculture industry to successfully tackle the issues of low NUE, 
cooperation between farmers, researchers, and policymakers is essential.  All things considered, the 
results highlight how crucial it is to give NUE top priority in plant breeding programs in order to 
guarantee food security, advance environmental sustainability, and strengthen the resilience of Indian 
farming systems—all of which will eventually contribute to a more sustainable agricultural future. 

Keywords: Plant Breeding, Crop Yields, Sustainability, Genomic Selection, Integrated Nutrient 
Management, Agricultural Productivity. 

Introduction:  

Achieving sustainable agricultural output requires nutrient use efficiency (NUE), especially in a 
country with such a varied agricultural terrain as India. With the increasing demand for food 
worldwide, maximizing nutritional usage has grown in importance in agricultural productivity 
(Snyder et al., 2012). In India, agricultural fertilizers, which apply nitrogen (N), phosphorus (P), and 
potassium (K), are crucial to the industry. In 2012–2013, it reached around 25.4 million metric tons 
(Fertilizer Association of India, 2013). But research shows that the average NUE in many Indian crops 
is between 30 and 40 percent, indicating that plants do not efficiently use a sizable amount of 
provided nutrients (Sharma et al., 2013). The idea of NUE includes the effectiveness of plants' 
nutrient uptake and use as well as the total productivity increases brought about by the use of 
nutrients (Ghosh et al., 2013). Enhancing NUE not only increases agricultural production while 
reducing the negative environmental effects of surplus nutrients. usage, such as water contamination 
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and soil deterioration. Therefore, there is an urgent need for study and advancements in plant 
breeding with the goal of increasing NUE. In this situation, plant breeding is essential because it 
creates crop types that are genetically inclined to make better use of nutrients (González et al., 2012). 
Improvements in breeding methods, such as both traditional breeding and biotechnology 
advancements, may result in the creation of crops with enhanced, improved nutrient usage efficiency 
characteristics, improved root architecture, and increased nutrient absorption capacities (Buresh et 
al., 2010). Addressing the issues brought on by growing soil nutrient depletion requires these 
advancements. as well as the need for sustainable farming methods. This paper's goal is to assess the 
present situation of NUE in Indian agriculture, investigate plant breeding's contributions to 
increasing NUE, and evaluate the consequences for sustainable agriculture procedures. This research 
is to investigate the relationship between plant breeding and nutrient usage efficiency in order to 
participate in the discussion on India's sustainable agricultural growth.  

2. Understanding Nutrient Use Efficiency 

The capacity of crops to efficiently absorb and use nutrients is known as nutrient use efficiency, or 
NUE. This leads to higher yields and less environmental nutrient waste. It is often stated as the 
proportion of the ratio of nutrients applied to those absorbed by the crop. A higher NUE indicates 
more effective use. of fertilizers, which is essential for improving the productivity and sustainability 
of agriculture (Raun & Johnson, 2013). In India, where chemical fertilizers play a major role in 
agricultural techniques, maximizing NUE is vital to tackle the dual issues of environmental 
sustainability and food security. India was one of the world's biggest fertilizer users in 2012, with 
total nutrient consumption of, according to the Fertilizer Association of India (2013), around 25.4 
million metric tons. The mean rates of application were 117 kg/ha for nitrogen, 45 kg/ha for 
phosphorus, and 34 kg/ha for potassium (Government of India (2013). The NUE for India's key crops 
is still dangerously low in spite of these high input levels. For instance, it is estimated that the NUE for 
wheat and rice is around 35% and 30%, respectively, suggesting that the crops are only using a small 
portion of the nutrients that were treated (Sharma et al., 2013). This ineffectiveness hinders the 
potential for agricultural output and causes serious environmental problems, such as soil 
degradation, greenhouse gas emissions, and water pollution (Snyder et al., 2012). Indian agriculture's 
poor NUE is caused by a number of factors. These consist of unhealthy soil, poor crop variety, and 
insufficient nutrient management techniques. Often, the health of the soil is damaged. because of an 
over-reliance on artificial fertilizers, which results in diminished microbial activity and nutritional 
imbalances. (Ghosh and others, 2013). Additionally, conventional agricultural methods can not 
sufficiently address the particular nutritional needs of various crops, leading to ineffective usage of 
nutrients (Buresh et al., 2010). To overcome these obstacles, a diversified strategy that incorporates 
cutting-edge breeding methods is needed. that improve crops' NUE. By creating cultivars with 
characteristics that are more appropriate for regional situations, plant breeding may significantly 
increase NUE by improving nutrient absorption and usage. The sound nutrient management 
techniques combined with better crop variety might greatly raise NUE in order to support India's 
sustained agricultural development.  
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3. Challenges in Nutrient Use Efficiency in India:  

Even with large fertilizer expenditures, Indian agriculture still has a long way to go before ideal NUE 
(nutrient use efficiency). The main challenges are insufficient soil and nitrogen imbalances. health 
and less-than-ideal agricultural methods. The average NUE for India's main crops, including rice as of 
2012 and wheat, was around 30% and 35%, respectively, indicating a significant discrepancy in the 
way nutrients were applied. as well as agricultural output (Sharma et al., 2013). The overuse of 
nitrogen fertilizers, which made up around 60% of the problem, is one of the main issues. About 
India's overall fertilizer use (Fertilizer Association of India, 2013). This overuse of nitrogen may 
result in the acidity of soil and the loss of vital nutrients like potassium and phosphorus. An 
investigation has shown that a large number of Indian soils lack micronutrients such as boron, iron, 
and zinc. found in certain areas in about 50% of soils (Ghosh et al., 2013). These disparities not only 
lower crop yields but also jeopardize soil health, making the low NUE issue worse.  

Furthermore, poor nutrition management techniques greatly increase the inefficiency of feed 
utilization. Many farmers use general application rates without taking into account the nutritional 
needs of particular crops or the nutritional condition of the soil. For example, studies show that 
around 40% of Indian farmers don't examine their soil. to direct the application of fertilizer, resulting 
in either excessive or insufficient fertilization (Government of India, 2013). This technique leads to an 
unequal distribution of nutrients and lowers crop nutrient absorption efficiency. The scarcity of crop 
types with high yields and low nutritional requirements is another major obstacle. Even though 
India's breeding operations have advanced, many types still lack the essential genetic features. for the 
best possible absorption and use of nutrients. For instance, India's average rice production is around 
2.5 tons per hectare, which is far less than what better varieties might produce, which may be, under 
ideal circumstances, up to 6 tons per acre (Buresh et al., 2010). Furthermore, environmental 
elements like unpredictable rainfall patterns and climate change make nutrient management much 
more difficult. management techniques. These elements may cause runoff and nutrient leaching, 
which lowers NUE in addition to but also endangers the quality of the water (Snyder et al., 2012). In 
conclusion, tackling the issues of low NUE in Indian agriculture needs an all-encompassing 
knowledge of nutrient management techniques, soil health, and the creation of crop types that are 
more appropriate for the local environment. It is essential to overcome these obstacles in order to 
increase production and sustainability in agriculture, which minimizes environmental effects while 
guaranteeing food security.  

4. Role of Plant Breeding in Enhancing NUE:  

A key tactic for raising crops' Nutrient Use Efficiency (NUE) is plant breeding, which aims to create 
cultivars that can maintain high yields while making better use of nutrients. By means of selective 
through breeding and cutting-edge biotechnological techniques, scientists may improve certain 
characteristics that lead to improved plant uptake, absorption, and use of nutrients. Creating cultivars 
with superior root systems is one of the main goals of plant breeding for increased NUE. systems. A 
plant's capacity to obtain nutrients may be greatly enhanced by deep and broad root structures. from 
the ground. For instance, breeding initiatives to increase maize's root depth have produced variations 
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that, when compared to traditional types, may boost phosphorus intake by as much as 20% (Lynch, 
2013). For example, enhancements may result in improved performance in soils lacking nutrients, 
which is especially crucial in areas where deficits in soil nutrients are prevalent, such as India. 
Breeding may also concentrate on improving the effectiveness of systems for nutrient absorption and 
use. within the facility.  

For example, certain rice cultivars have been created with higher root-to-shoot ratios, facilitating 
improved transport and use of nutrients (Kumar et al., 2012). These enhancements may result in 
increased grain yields and lessen the need for overuse of fertilizer. Information shows that by 
utilizing Farmers may boost yields by up to 10-15% using NUE-enhanced rice cultivars while using 
20-30% less nitrogen. fertilizer, supporting environmental and economic sustainability in the process 
(Sharma et al., 2013). Additionally, combining molecular breeding methods like marker-assisted 
selection (MAS) and the creation of crop variants with improved nutrient efficiency has been sped up 
via genomic selection. These methods enable breeders to more successfully recognize and choose for 
beneficial features linked to NUE. For example, research has shown that characteristics such as 
nitrogen usage and uptake efficiency may be connected to certain genetic markers, making it easier to 
create new cultivars that are suited to regional environmental circumstances and the accessibility of 
nutrients (González et al., 2012). Plant breeding may foster resilience in addition to directly 
improving NUE via genetic advancements. susceptible to both biotic and abiotic hazards. Stress-
tolerant cultivars often use nutrients more effectively because they can sustain growth and 
productivity in the face of unfavorable circumstances like salinity or drought. is especially pertinent 
in India, where agricultural output is severely hampered by climatic variability (Buresh et al. (2010)). 
Improved pulse types, for instance, have been shown to have improved nitrogen fixation. capacities, 
using biological nitrogen fixation to improve NUE and soil health (Sharma et al., 2013).  

In conclusion, plant breeding is essential for increasing NUE since it creates crop types that are 
superior and able to efficiently use nutrients. By improving breeding methods and concentrating on 
certain characteristics pertaining to nutrient absorption and usage, the agriculture industry may 
increase output while encouraging sustainable methods. Given the ongoing increase in food demand, 
the thoughtful fusion of plant breeding and, in order to achieve long-term agricultural sustainability 
in India, nutrient control will be essential.  

5. Impact of Enhanced NUE on Crop Yields and Sustainability:  

Improving plant breeding techniques to increase Nutrient Use Efficiency (NUE) has substantial 
consequences for Indian agriculture's sustainability and crop output. By creating crop types that 
make use of nutrients more efficiently, farmers may decrease their fertilizer inputs and increase 
yields, eventually encouraging environmental sustainability as well as economic viability. Improved 
NUE has been shown to result in significant yield gains. For example, research shows that using rice 
types boosted by NUE may boost yields by 10–15% while also reducing the use of nitrogen fertilizer 
by 20–30% (Sharma et al., 2013). These developments not only increase productivity but also reduce 
input costs for farmers, offering a financial incentive to use these enhanced types. Additionally, the 
decreased fertilizer use linked to improved NUE has significant environmental advantages. Overuse 
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of fertilizers may contribute to eutrophication by causing nutrient overflow into streams. and 
deterioration of water quality.  

The danger of nutritional loss is reduced by raising NUE. As an example, it is calculated that just a 
10% improvement in NUE might result in a reduction of up to 2.5 million metric tons of nitrogen 
losses. yearly in India, greatly reducing the farming techniques' environmental impact (Snyder et al., 
2012). This supports international initiatives to encourage sustainable farming methods and lessen 
the effects of using ecosystems for farming. Additionally, improved NUE promotes resilience and soil 
health. When crops use nutrients effectively, the potential for soil deterioration is decreased. Soil 
nutrient imbalances are often caused by an over-reliance on chemical fertilizers. microbial diversity 
reduction, both of which are harmful to soil health (Ghosh et al., 2013). Farmers may improve the 
sustainability of agricultural systems and preserve soil fertility by using NUE-efficient cultivars. For 
instance, because of their capacity to fix nitrogen, pulse crops may increase the amount of nitrogen in 
the soil and structure, helping later crops in a system of rotation (Buresh et al., 2010).  

Additionally, using cultivars boosted by NUE increases resistance to climate change. fluctuation. 
Improved fertilizer efficiency makes crops more resilient to changing environmental conditions. 
circumstances, such as nutrient-poor soils during droughts. This flexibility is essential in areas such 
as India, where the dangers to agricultural production from climate change are growing (Kumar et al., 
2012). Improved NUE enables crops to provide food security even under difficult circumstances by 
maintaining production stability under stress. In conclusion, increasing NUE via plant breeding has 
significant effects on agricultural production and Indian agriculture's sustainability. Farmers may 
increase yield while using less fertilizer by enhancing their financial gains and lessening their effects 
on the environment. The incorporation of varieties improved by NUE into farming methods not only 
promotes soil resilience and health but also fits with larger sustainability objectives. It will be crucial 
to prioritize NUE as the agriculture sector develops in order to promote sustainable India's 
agricultural growth.  

6. Current Research and Innovations in Plant Breeding:  

Significant progress has been made in the area of plant breeding recently, especially with regard to 
the improvement of crops' Nutrient Use Efficiency (NUE). The goal of current research is to integrate 
conventional breeding techniques with contemporary biotechnology advancements to create crop 
types that can efficiently retain high yields while making use of nutrients. Addressing the issues 
raised requires this integration. by raising the demand for food and promoting environmental 
sustainability. The use of molecular markers in the selection process is one of the noteworthy 
developments in plant breeding. procedure. Breeders may use marker-assisted selection (MAS) to 
find and choose for certain features linked more effectively with NUE than with conventional 
techniques. For instance, scientists have discovered quantitative trait loci (QTL) associated with rice 
nitrogen absorption efficiency, allowing for the creation of cultivars that can reduce nitrogen inputs 
and increase yields (González et al., 2012). This strategy has shown potential since it can cut the 
number of growing seasons needed to produce new cultivars from years to a few. Additionally, 
genomic selection has become a potent instrument in the breeding of plants. By examining the whole, 
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breeders may use the genetic profiles of crop varieties' genomes to forecast the performance of 
untested lines. The speed and precision of breeding NUE features into crop varieties might be 
improved by this technique. promoting the growth of crops that are nutrient-efficient and well suited 
to regional conditions (Crossa et al. (2013)). For example, initial findings suggest that genomic 
selection may accelerate genetic gain for NUE characteristics by as much as 50% when compared to 
conventional breeding techniques. The use of biotechnology, especially genetic engineering, is 
another exciting field of study. methods for editing genes, like CRISPR/Cas9. These methods enable 
the plant to be precisely modified. genome, making it possible to introduce characteristics that 
improve NUE. For instance, scientists have effectively altered Arabidopsis genes related to nitrogen 
metabolism, increasing the efficiency of nitrogen absorption and enhancing development in nutrient-
poor circumstances (Kumar et al., 2012). The use of these methods in the way NUE is handled in 
breeding projects might be completely changed by staple crops like wheat and rice.  

Furthermore, there is increasing focus on creating crops that improve soil health and support 
sustained farming methods. Breeding for characteristics like root architecture, which affects the 
intake of nutrients and water, is essential. For example, crops with large, deep root systems might 
increase their NUE by improving nitrogen scavenging in nutrient-poor soils (Lynch, 2013). 
Optimizing root characteristics has been shown to increase yield. rises in low-input agricultural 
systems of 10–20%, indicating the possible advantages of such advancements. Additionally, 
multidisciplinary methods that integrate soil science, plant breeding, and agronomy are crucial for 
successfully resolving NUE issues. Research projects concentrating on nutrition and soil-plant 
interaction dynamics are essential for creating cultivars that are resistant to shifting conditions and 
nutrient-efficient. environmental circumstances. Breeders, agronomists, and soil scientists working 
together may result in more comprehensive approaches that improve sustainability and agricultural 
output. New developments in plant breeding and current research are essential for improving 
nutrient use. Crop efficiency. Combining genetic selection, biotechnology, and molecular approaches 
holds considerable potential for creating nutrient-efficient cultivars that support environmentally 
friendly farming methods. As these developments progress, they will be essential in addressing the 
expanding food requirements while reducing the negative effects of agricultural practices on the 
environment in India and elsewhere. 7. Policy Implications and Recommendations Plant breeding's 
improvement of Nutrient Use Efficiency (NUE) goes beyond agricultural productivity, but it also has 
important policy ramifications for India's sustained growth. Decision-makers must give top priority 
to tactics that combine farmer education, extension services, and research to guarantee the effective 
use of sustainable nutrient management techniques and crop cultivars boosted by NUE. First, policies 
that encourage plant breeding research and development that is centered on NUE. Partnerships with 
the corporate sector and funding for public research institutes may promote innovation in creating 
kinds that are nutrient-efficient. Approximately 0.3% of India's agricultural GDP was devoted to less 
than the 0.5% worldwide average for agricultural research and development (Indian Council of 
Research on Agriculture, 2013). Funding increases may improve research capacities, quicken the 
creation of NUE-enhanced cultivars, and make certain that farmers are adequately informed about 
these advancements. Second, it is essential to build strong extension services in order to promote 
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information sharing between farmers and researchers. The resources needed to inform farmers 
about the current outreach initiatives are often lacking. advantages of crops boosted by NUE and 
efficient nitrogen management techniques. According to estimates, just 30% of India provides 
sufficient extension assistance to farmers (Government of India, 2013). Increasing extension strength 
initiatives for capacity building and training may enable farmers to embrace sustainable farming 
methods. that increase NUE, lowering environmental impact and increasing productivity.  

Third, regulations that support soil health testing and monitoring are crucial for directing fertilizer 
use. according to particular crop requirements. Farmers may make more informed judgments about 
nutrients by doing routine soil testing. apps, eventually improving NUE. Only about 8% of soil testing 
services are currently being used. of farmers testing the soil (Indian Government, 2013). Putting 
government programs into action to provide better fertilizer management and more participation 
may result from subsidized soil testing services. enhanced performance of the crop. Furthermore, 
encouraging integrated nutrition management (INM) techniques is essential to raising NUE. in a 
sustainable manner. Taking into account the nutritional needs, INM blends the usage of organic and 
inorganic fertilizers. of soil health and crops. Policies from the government may encourage farmers to 
use INM by providing incentives for organic materials and educational initiatives that highlight the 
advantages of this strategy. Studies show that by using INM, NUE may rise by 15% to 20%, improving 
agricultural yields while lowering the effects of fertilizer treatment on the ecosystem (Buresh et al., 
2010). Lastly, encouraging cooperation amongst interested parties, such as farmers, researchers, 
legislators, and agribusinesses, is essential to building an environment that supports the 
improvement of NUE. Platforms with several stakeholders may encourage communication, 
information exchange, and the cooperative development of solutions to the problems of low NUE in 
farming in India. Such cooperation may assist in bringing policies into line with the objectives and 
demands of farmers. of agricultural growth that is sustainable. In conclusion, there are important 
policy ramifications to improving nutrient use efficiency via plant breeding. Things need to be 
addressed right away. By giving research funding a priority, bolstering extension services, promoting 
integrated nutrient management techniques and soil health monitoring, legislators may encourage 
environmentally friendly farming methods that increase output while reducing their negative effects. 
Stakeholder collaboration will be crucial to advancing these activities and guaranteeing a robust and 
sustainable agriculture industry in India.  

Conclusion:  

In conclusion, increasing plant breeding's Nutrient Use Efficiency (NUE) is essential for boosting 
India's agricultural sustainability and production. This strategy tackles the urgent issues around food 
security, deterioration of the ecosystem, and soil health by creating crop types that use fertilizers 
more efficiently. Recent studies emphasize how crucial it is to combine conventional breeding 
techniques with contemporary biotechnological advancements that allow for the development of 
nutrient-efficient cultivars that can flourish in a variety of circumstances. Improvements in molecular 
methods further support the idea that plant breeding may improve NUE. genetic engineering and 
genomic selection, which enable the creation of crops more suited to soils that are lacking in 
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nutrients. These developments may lessen dependency while producing significant production gains. 
on chemical fertilizers, reducing the environmental impact of farming methods. However, 
governments must work together to fully realize the promise of NUE-enhanced crops. farmers and 
researchers. Increasing money for research, enhancing extension services, and encouraging soil 
health to promote the use of integrated nutrition management, monitoring, and encouragement are 
crucial. sustainable agricultural methods. Additionally, encouraging cooperation amongst different 
parties would establish a beneficial ecosystem that tackles the challenges of managing nutrients in 
Indian agriculture. As the agricultural environment changes further, giving NUE top priority via 
efficient plant breeding and encouraging measures will be essential for maintaining environmental 
sustainability, guaranteeing food security, and strengthening India's agricultural systems' resilience. 
The dedication to these projects will not only yield present generations but also ensure agricultural 
sustainability for the future, sustaining millions of people's livelihoods. of farmers and supporting the 
general growth of the country. 
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