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Abstract 

 

Enhancing Nutrient Use Efficiency (NUE) through plant breeding is vital for improving agricultural 

productivity and sustainability in India, a nation facing increasing food demands and environmental challenges. 

This paper explores the role of plant breeding in developing crop varieties that optimize nutrient utilization, 

focusing on innovations such as molecular markers, genomic selection, and biotechnological advancements. 

Current research emphasizes the integration of these techniques to accelerate the development of nutrient-

efficient crops that can thrive in diverse and resource-limited conditions. The paper further examines the impact 

of enhanced NUE on crop yields, sustainability, and soil health, highlighting the potential for significant yield 

increases while reducing chemical fertilizer inputs. Policy implications are discussed, emphasizing the need 

for increased research funding, robust extension services, and the promotion of integrated nutrient management 

practices. By fostering collaboration among stakeholders, including farmers, researchers, and policymakers, 

the agricultural sector can effectively address the challenges of low NUE. Overall, the findings underscore the 

importance of prioritizing NUE in plant breeding initiatives to ensure food security, promote environmental 

sustainability, and enhance the resilience of farming systems in India, ultimately contributing to a more 

sustainable agricultural future. 
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1. Introduction 

 

Nutrient use efficiency (NUE) is a critical factor in achieving sustainable agricultural productivity, particularly 

in a diverse agricultural landscape like India. As global demand for food continues to rise, optimizing nutrient 

utilization in crop production has become increasingly vital (Snyder et al., 2012). In India, the agricultural 

sector is heavily reliant on fertilizers, with nitrogen (N), phosphorus (P), and potassium (K) applications 

reaching approximately 25.4 million metric tons in 2012-2013 (Fertilizer Association of India, 2013). 

However, studies indicate that NUE in many Indian crops averages around 30-40%, suggesting that a 

significant portion of applied nutrients is not effectively utilized by plants (Sharma et al., 2013). 
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The concept of NUE encompasses both the efficiency with which plants absorb and utilize nutrients and the 

overall productivity gains resulting from nutrient applications (Ghosh et al., 2013). Improving NUE not only 

enhances crop yields but also minimizes the adverse environmental impacts associated with excess nutrient 

use, such as soil degradation and water pollution. As such, there is a pressing need for research and 

development in plant breeding aimed at enhancing NUE. 

Plant breeding plays a crucial role in this context by developing crop varieties that are genetically predisposed 

to utilize nutrients more efficiently (González et al., 2012). Advances in breeding techniques, including 

conventional breeding and biotechnological innovations, can lead to the development of crops with improved 

root architecture, enhanced nutrient uptake capabilities, and better nutrient use efficiency traits (Buresh et al., 

2010). These developments are vital in addressing the challenges posed by increasing soil nutrient depletion 

and the need for sustainable agricultural practices. 

The objective of this paper is to examine the current state of NUE in Indian agriculture, explore the 

contributions of plant breeding in enhancing NUE, and assess the implications for sustainable agricultural 

practices. By focusing on the intersection of plant breeding and nutrient use efficiency, this study aims to 

contribute to the discourse on sustainable agricultural development in India. 

 

2. Understanding Nutrient Use Efficiency 

 

Nutrient Use Efficiency (NUE) refers to the ability of crops to absorb and utilize nutrients effectively, resulting 

in increased yields and reduced nutrient loss to the environment. It is commonly expressed as the ratio of the 

nutrient taken up by the crop to the amount of nutrient applied. High NUE indicates a more efficient utilization 

of fertilizers, which is crucial for enhancing agricultural sustainability and productivity (Raun & Johnson, 

2013). In India, where agricultural practices heavily depend on chemical fertilizers, optimizing NUE is 

essential to address the dual challenges of food security and environmental sustainability. 

In 2012, India was one of the largest consumers of fertilizers globally, with total nutrient consumption reaching 

approximately 25.4 million metric tons (Fertilizer Association of India, 2013). The average application rates 

for nitrogen, phosphorus, and potassium were 117 kg/ha, 45 kg/ha, and 34 kg/ha, respectively (Government of 

India, 2013). Despite these high input levels, NUE for major crops in India remains alarmingly low. For 

example, the NUE for rice and wheat is estimated to be around 30% and 35%, respectively, indicating that 

only a fraction of the applied nutrients are being utilized by the crops (Sharma et al., 2013). This inefficiency 

not only hampers crop yield potential but also contributes to significant environmental issues, including soil 

degradation, water pollution, and greenhouse gas emissions (Snyder et al., 2012). 

Several factors contribute to the low NUE observed in Indian agriculture. These include poor soil health, 

inadequate nutrient management practices, and suboptimal crop varieties. Soil health is often compromised 

due to over-reliance on chemical fertilizers, leading to nutrient imbalances and reduced microbial activity 

(Ghosh et al., 2013). Furthermore, traditional farming practices may not adequately address the specific 

nutrient requirements of different crops, resulting in inefficient nutrient use (Buresh et al., 2010). 
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Addressing these challenges requires a multifaceted approach, incorporating advanced breeding techniques 

that enhance NUE in crops. By developing varieties that are better suited to local conditions and possess traits 

that improve nutrient uptake and utilization, plant breeding can play a pivotal role in enhancing NUE. The 

effective integration of improved crop varieties with sound nutrient management practices could significantly 

increase NUE, thereby contributing to sustainable agricultural growth in India. 

 

3. Challenges in Nutrient Use Efficiency in India 

 

Despite the significant investments in fertilizer use, Indian agriculture faces substantial challenges in achieving 

optimal Nutrient Use Efficiency (NUE). The primary obstacles include nutrient imbalances, inadequate soil 

health, and suboptimal farming practices. As of 2012, the average NUE for major crops in India, such as rice 

and wheat, was around 30% and 35%, respectively, revealing a substantial gap between nutrient application 

and crop productivity (Sharma et al., 2013). 

One of the key challenges is the over-reliance on nitrogen fertilizers, which accounted for approximately 60% 

of the total fertilizer consumption in India (Fertilizer Association of India, 2013). This excessive use of nitrogen 

can lead to soil acidification and depletion of essential nutrients such as phosphorus and potassium. A study 

showed that many Indian soils are deficient in micronutrients like zinc, iron, and boron, with deficiencies 

reported in nearly 50% of soils in some regions (Ghosh et al., 2013). Such imbalances not only reduce crop 

yields but also compromise soil health, further exacerbating the problem of low NUE. 

In addition, inadequate nutrient management practices contribute significantly to the inefficiency of nutrient 

use. Many farmers rely on blanket application rates without considering specific crop nutrient requirements or 

soil nutrient status. For instance, research indicates that nearly 40% of Indian farmers do not conduct soil tests 

to guide fertilizer applications, leading to either under- or over-fertilization (Government of India, 2013). This 

practice results in uneven nutrient distribution and contributes to reduced efficiency in nutrient uptake by crops.  

Another significant challenge lies in the limited availability of high-yielding, nutrient-efficient crop varieties. 

While India has made advancements in breeding programs, many varieties still lack the genetic traits necessary 

for optimal nutrient uptake and utilization. For example, the average yield of rice in India is approximately 2.5 

tons per hectare, which is significantly lower than the potential yields of improved varieties that can reach up 

to 6 tons per hectare under optimal conditions (Buresh et al., 2010). 

Moreover, environmental factors such as erratic rainfall patterns and climate change further complicate nutrient 

management strategies. These factors can lead to nutrient leaching and runoff, which not only decreases NUE 

but also poses a threat to water quality (Snyder et al., 2012). 

In summary, addressing the challenges of low NUE in Indian agriculture requires a comprehensive 

understanding of soil health, nutrient management practices, and the development of crop varieties that are 

better suited to local conditions. Overcoming these challenges is crucial for enhancing productivity and 

sustainability in the agricultural sector, ensuring food security while minimizing environmental impacts.  
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4. Role of Plant Breeding in Enhancing NUE 

 

Plant breeding is a fundamental strategy for improving Nutrient Use Efficiency (NUE) in crops, aiming to 

develop varieties that can utilize nutrients more effectively while sustaining high yields. Through selective 

breeding and advanced biotechnological methods, researchers can enhance specific traits that contribute to 

better nutrient uptake, assimilation, and utilization in plants. 

One of the primary objectives of plant breeding for improved NUE is to develop varieties with enhanced root 

systems. Deep and extensive root architectures can significantly improve a plant's ability to access nutrients 

from the soil. For example, breeding efforts aimed at enhancing root depth in maize have resulted in varieties 

that can increase phosphorus uptake by up to 20% compared to conventional varieties (Lynch, 2013). Such 

improvements can lead to better performance in nutrient-deficient soils, which is particularly important in 

regions like India, where soil nutrient deficiencies are common. 

Additionally, breeding can focus on enhancing the efficiency of nutrient uptake and utilization mechanisms 

within the plant. For instance, certain rice varieties have been developed that exhibit increased root-to-shoot 

ratios, enabling better nutrient transport and utilization (Kumar et al., 2012). These improvements can translate 

to higher grain yields while reducing the need for excessive fertilizer applications. Data indicate that by using 

NUE-enhanced rice varieties, farmers can achieve yield increases of up to 10-15% with 20-30% less nitrogen 

fertilizer, thereby promoting both economic and environmental sustainability (Sharma et al., 2013). 

Moreover, the integration of molecular breeding techniques, such as marker-assisted selection (MAS) and 

genomic selection, has accelerated the development of nutrient-efficient crop varieties. These techniques allow 

breeders to identify and select for desirable traits associated with NUE more effectively. For instance, studies 

have shown that traits like nitrogen uptake efficiency and nitrogen utilization efficiency can be linked to 

specific genetic markers, facilitating the development of new varieties that are tailored to local environmental 

conditions and nutrient availability (González et al., 2012). 

In addition to enhancing NUE through direct genetic improvements, plant breeding can also promote resilience 

to biotic and abiotic stresses. Stress-tolerant varieties are often more efficient in nutrient utilization, as they 

can maintain growth and yield under adverse conditions, such as drought or salinity. This is particularly 

relevant in India, where climate variability poses significant challenges to agricultural productivity (Buresh et 

al., 2010). For example, improved varieties of pulses have been shown to exhibit enhanced nitrogen fixation 

capabilities, contributing to better NUE and soil health through biological nitrogen fixation (Sharma et al., 

2013). 

In summary, plant breeding plays a pivotal role in enhancing NUE by developing crop varieties that are better 

equipped to utilize nutrients effectively. Through advancements in breeding techniques and a focus on specific 

traits related to nutrient uptake and utilization, the agricultural sector can improve productivity while promoting 

sustainable practices. As the demand for food continues to rise, the strategic integration of plant breeding and 

nutrient management will be crucial for achieving long-term agricultural sustainability in India. 

4o mini 
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5. Impact of Enhanced NUE on Crop Yields and Sustainability 

 

Enhancing Nutrient Use Efficiency (NUE) through improved plant breeding practices has significant 

implications for crop yields and sustainability in Indian agriculture. By developing crop varieties that utilize 

nutrients more effectively, farmers can achieve higher yields while reducing fertilizer inputs, ultimately 

promoting both economic viability and environmental sustainability. 

Research has demonstrated that improved NUE can lead to substantial yield increases. For instance, studies 

indicate that adopting NUE-enhanced rice varieties can increase yields by 10-15% while simultaneously 

reducing nitrogen fertilizer applications by 20-30% (Sharma et al., 2013). Such advancements not only boost 

productivity but also lower input costs for farmers, providing an economic incentive to adopt these improved 

varieties. 

Moreover, the reduction in fertilizer application associated with enhanced NUE has important environmental 

benefits. Excessive use of fertilizers can lead to nutrient runoff into waterways, contributing to eutrophication 

and water quality degradation. By increasing NUE, the risk of nutrient loss is minimized. For example, it is 

estimated that improving NUE by just 10% could reduce nitrogen losses by as much as 2.5 million metric tons 

annually in India, significantly decreasing the environmental footprint of agricultural practices (Snyder et al., 

2012). This aligns with global efforts to promote sustainable agricultural practices and reduce the impact of 

farming on ecosystems. 

Enhanced NUE also supports soil health and resilience. When crops efficiently utilize nutrients, the potential 

for soil degradation is reduced. Over-reliance on chemical fertilizers often leads to soil nutrient imbalances 

and loss of microbial diversity, which are detrimental to soil health (Ghosh et al., 2013). By cultivating NUE-

efficient varieties, farmers can help maintain soil fertility and enhance the sustainability of agricultural systems. 

For example, pulse crops, known for their nitrogen-fixing capabilities, can improve soil nitrogen content and 

structure, benefiting subsequent crops in a rotation system (Buresh et al., 2010). 

Furthermore, the adoption of NUE-enhanced varieties contributes to greater resilience against climate 

variability. Crops with improved nutrient efficiency are often more adaptable to fluctuating environmental 

conditions, such as droughts or nutrient-poor soils. This adaptability is crucial in regions like India, where 

climate change poses increasing risks to agricultural productivity (Kumar et al., 2012). Enhanced NUE allows 

crops to maintain yield stability under stress, ensuring food security even in challenging conditions.  

In summary, enhancing NUE through plant breeding has profound implications for crop yields and 

sustainability in Indian agriculture. By increasing productivity while decreasing fertilizer inputs, farmers can 

improve their economic returns and reduce environmental impacts. The integration of NUE-enhanced varieties 

into agricultural practices not only supports soil health and resilience but also aligns with broader sustainability 

goals. As the agricultural sector continues to evolve, prioritizing NUE will be essential for fostering sustainable 

agricultural development in India. 
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6. Current Research and Innovations in Plant Breeding 

 

The field of plant breeding has experienced significant advancements in recent years, particularly concerning 

the enhancement of Nutrient Use Efficiency (NUE) in crops. Current research focuses on integrating traditional 

breeding methods with modern biotechnological innovations to develop crop varieties that can effectively 

utilize nutrients while maintaining high yields. This integration is essential for addressing the challenges posed 

by increasing food demand and environmental sustainability. 

One of the notable advancements in plant breeding is the application of molecular markers in the selection 

process. Marker-assisted selection (MAS) allows breeders to identify and select for specific traits associated 

with NUE more efficiently than traditional methods. For example, researchers have identified quantitative trait 

loci (QTL) linked to nitrogen uptake efficiency in rice, enabling the development of varieties that can achieve 

higher yields with lower nitrogen inputs (González et al., 2012). This approach has shown promise, as it can 

reduce the time required for developing new cultivars from years to just a few growing seasons.  

Furthermore, genomic selection has emerged as a powerful tool in plant breeding. By analyzing the entire 

genome of crop varieties, breeders can predict the performance of untested lines based on their genetic profiles. 

This method has the potential to enhance the speed and accuracy of breeding NUE traits into crop varieties, 

facilitating the development of nutrient-efficient crops that are well-adapted to local environments (Crossa et 

al., 2013). For instance, preliminary results indicate that genomic selection could increase the rate of genetic 

gain for NUE traits by up to 50% compared to traditional breeding methods. 

Another promising area of research involves the use of biotechnology, particularly genetic engineering and 

gene editing techniques such as CRISPR/Cas9. These techniques allow for precise modifications to the plant 

genome, enabling the introduction of traits that enhance NUE. For example, researchers have successfully 

edited genes involved in nitrogen metabolism in Arabidopsis, leading to increased nitrogen uptake efficiency 

and improved growth in nutrient-poor conditions (Kumar et al., 2012). The application of such techniques in 

staple crops like rice and wheat could revolutionize the way NUE is approached in breeding programs. 

Additionally, there is growing interest in developing crops that enhance soil health and contribute to sustainable 

agricultural practices. Breeding for traits such as root architecture, which influences nutrient and water uptake, 

is crucial. For instance, crops with deep, extensive root systems can improve nutrient scavenging in nutrient-

poor soils, enhancing their NUE (Lynch, 2013). Research indicates that optimizing root traits can lead to yield 

increases of 10-20% in low-input farming systems, demonstrating the potential benefits of such innovations. 

Moreover, interdisciplinary approaches combining agronomy, plant breeding, and soil science are essential for 

effectively addressing NUE challenges. Research initiatives focusing on soil-plant interactions and nutrient 

dynamics are crucial for developing varieties that are not only nutrient-efficient but also resilient to changing 

environmental conditions. Collaborative efforts between breeders, agronomists, and soil scientists can lead to 

more holistic solutions that enhance both crop productivity and sustainability. 

In summary, current research and innovations in plant breeding are crucial for enhancing Nutrient Use 

Efficiency in crops. The integration of molecular techniques, genomic selection, and biotechnology holds 

significant promise for developing nutrient-efficient varieties that can contribute to sustainable agricultural 
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practices. As these advancements continue to unfold, they will play a vital role in meeting the growing food 

demands while minimizing the environmental impact of agricultural practices in India and beyond. 

 

7. Policy Implications and Recommendations 

 

The enhancement of Nutrient Use Efficiency (NUE) through plant breeding not only addresses agricultural 

productivity but also has significant policy implications for sustainable development in India. Policymakers 

must prioritize strategies that integrate research, extension services, and farmer education to ensure the 

successful adoption of NUE-enhanced crop varieties and sustainable nutrient management practices. 

First, there is a pressing need for policies that support research and development in plant breeding focused on 

NUE. Investment in public research institutions and partnerships with private sectors can foster innovation in 

developing nutrient-efficient varieties. In 2012, India allocated approximately 0.3% of its agricultural GDP to 

agricultural research and development, which is lower than the global average of 0.5% (Indian Council of 

Agricultural Research, 2013). Increasing funding can enhance research capabilities, accelerate the 

development of NUE-enhanced varieties, and ensure that these innovations reach farmers effectively. 

Second, the establishment of robust extension services is critical to facilitate knowledge transfer between 

researchers and farmers. Current outreach efforts often lack the necessary resources to educate farmers on the 

benefits of NUE-enhanced crops and effective nutrient management practices. It is estimated that only 30% of 

farmers receive adequate extension services in India (Government of India, 2013). Strengthening extension 

programs through training and capacity-building initiatives can empower farmers to adopt sustainable practices 

that enhance NUE, thus improving productivity while reducing environmental impact. 

Third, policies that promote soil health monitoring and testing are essential for guiding fertilizer applications 

based on specific crop needs. Regular soil testing can help farmers make informed decisions regarding nutrient 

applications, ultimately enhancing NUE. Currently, soil testing services are underutilized, with only about 8% 

of farmers conducting soil tests (Government of India, 2013). Implementing government initiatives to provide 

subsidized soil testing services can encourage broader participation, leading to better nutrient management and 

improved crop performance. 

Additionally, promoting integrated nutrient management (INM) practices is crucial for enhancing NUE 

sustainably. INM combines the use of organic and inorganic fertilizers, considering the nutrient requirements 

of crops and soil health. Government policies can incentivize farmers to adopt INM through subsidies for 

organic inputs and training programs that emphasize the benefits of this approach. Research indicates that 

implementing INM can increase NUE by 15-20%, leading to improved crop yields while minimizing the 

environmental impact of nutrient application (Buresh et al., 2010). 

Finally, fostering collaboration among stakeholders, including farmers, researchers, policymakers, and 

agribusinesses, is vital for creating a supportive ecosystem for NUE enhancement. Multi-stakeholder platforms 

can facilitate dialogue, knowledge sharing, and the co-creation of solutions that address the challenges of low 

NUE in Indian agriculture. Such collaboration can help align policies with the needs of farmers and the goals 

of sustainable agricultural development. 
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In conclusion, enhancing Nutrient Use Efficiency through plant breeding has significant policy implications 

that require immediate attention. By prioritizing research investment, strengthening extension services, 

promoting soil health monitoring, and encouraging integrated nutrient management practices, policymakers 

can support sustainable agricultural practices that boost productivity while minimizing environmental impacts. 

Collaborative efforts among stakeholders will be essential to drive these initiatives forward, ensuring a resilient 

and sustainable agricultural sector in India. 

Conclusion 

In summary, enhancing Nutrient Use Efficiency (NUE) through plant breeding is pivotal for improving 

agricultural productivity and sustainability in India. This approach addresses the pressing challenges of food 

security, environmental degradation, and soil health by developing crop varieties that utilize nutrients more 

effectively. Current research highlights the importance of integrating traditional breeding methods with modern 

biotechnological innovations, enabling the creation of nutrient-efficient varieties that can thrive in diverse 

conditions. 

The role of plant breeding in enhancing NUE is further supported by advancements in molecular techniques, 

genomic selection, and genetic engineering, which facilitate the development of crops better adapted to 

nutrient-deficient soils. These innovations can lead to significant yield increases while reducing the reliance 

on chemical fertilizers, thereby minimizing the ecological footprint of agricultural practices. 

However, achieving the full potential of NUE-enhanced crops requires concerted efforts from policymakers, 

researchers, and farmers. Strengthening research funding, improving extension services, promoting soil health 

monitoring, and encouraging integrated nutrient management are essential steps to facilitate the adoption of 

sustainable practices in agriculture. Furthermore, fostering collaboration among various stakeholders will 

create a supportive ecosystem that addresses the complexities of nutrient management in Indian agriculture.  

As the agricultural landscape continues to evolve, prioritizing NUE through effective plant breeding and 

supportive policies will be crucial for ensuring food security, promoting environmental sustainability, and 

enhancing the resilience of farming systems in India. The commitment to these initiatives will not only benefit 

current generations but also secure agricultural viability for the future, supporting the livelihoods of millions 

of farmers and contributing to the nation's overall development. 
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