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Abstract 
Nitrogen (N) fertilizer is one of the main expenses for crops in high-input agricultural 
systems. Insufficient use of N is not only responsible for higher cost of crop production, 
but also for environmental pollution.  Corn is one of the most important crop in the world. 
Application of N is a primary method used to maintain soil nutrients and increase corn 
yield.  economic and environmental challenges are driving increased interest in 
improving NUE.  Opportunities abound for improving NUE through implementation of 
fundamental BMPs, including selection of genetics with high NUE, development of 
enhanced-efficiency fertilizer products (CRF and NI), precision nutrient application at 
optimum rate, timing and placement, and carefully water management. 
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1. Introduction 

1.1. Nitrogen Use Efficiency 
Nitrogen (N) fertilizer is one of the main expenses for crops in high-input agricultural systems.  
The determination of N use efficiency (NUE) is an important way to evaluate the role of applied 
N fertilizers in improving crop yield.  Moll et al.[1] defined NUE as the yield of grain per unit of 
available N in the soil.  This NUE can be further divided into two components: N uptake (the 
efficiency with which the soil N can be taken up by the plant) and N utilization efficiency (the 
seed dry weight per unit of absorbed N fertilizer).  The world cereal grain NUE is estimated to 
be far less than 50%[2]. Insufficient use of N is not only responsible for higher cost of crop 
production, but also for environmental pollution.   

1.2. Corn Production in the United States 
The United States (U.S.) is the largest producer of corn in the world, accounting for 32% of the 
world's total corn production.  Corn provides 80% of feed grain for livestock, poultry and fish 
production.  Corn is also processed into various food and industrial products, for example, 
starch, sweeteners and fuel ethanol.  A previous study showed that corn received about 50% of 
the N used in the U.S., and more than 90% of N fertilizers were applied to corn in the Corn Belt 
[3].  However, NUE for corn production is generally low.  Cassman et al. [4] reported 37% N 
recovery for corn grown in the north central U.S.  Therefore, improving NUE of corn is desirable 
to improve corn yield, reduce cost of production, and maintain environmental quality.  
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2. Management Practices to Improve NUE for Corn 

Improving corn NUE is a worthy goal and fundamental challenge for both fertilizer industry and 
agriculture.  Many tools are available to accomplish this task.   

2.1. Use of Nitrogen-efficient Genotypes 
The development of corn cultivars that are superior in absorption and utilization of N is an 
important strategy in improving NUE.  Studies indicate that high genetic variability exists for 
traits related to NUE in corn[5-7]. Many selection experiments treated with various N inputs 
have been performed on corn.  Presterl et al. [8] showed that a direct selection in environment 
having low N status would be more effective than an indirect selection under high N fertilization 
input.  However, a major challenge for corn breeders is obtaining satisfactory yield under low 
N conditions.  Banziger and Lafitte[9]reported that heritability for grain yield is usually lower 
for plants grown under low N conditions.  Research also showed that the genotypes selected 
under low N environment are not well adapted to high N soils[10]. Gallais and Coque[11] 
suggest that selection should be performed under N deficiency conditions as long as plant 
growth is not severely stunted and yield is not depressed more than 35-40% under low N input.  
In recent years, molecular markers have been used to study the inheritance of complex traits 
such as NUE using corn as a model crop. Correlation studies between the different components 
of NUE and yield using different genotypes or populations of recombinant inbred lines (RILs) 
have been carried out.  Bertin and Gallais[5] found that most of the chromosomal regions for 
yield and traits related to NUE detected at low N input corresponded to quantitative trait loci 
(QTLs) detected at high N input.  In another study, a limited number of QTLs for yield was 
detected only at low N input [12].  These controversial results indicate that based on the RIL 
population, the response of yield to various levels of N fertilization is controlled by a different 
set of genes [13].  In order to use gene knowledge to improve NUE, a more complete 
understanding of how corn responds to different N conditions is necessary.  Even though a few 
attempts have been made to identify possible genes involved in regulating NUE, there are still 
many challenges to overcome before marker-assisted selection (MAS) can be routinely used in 
breeding program.  

2.2. Optimize Nutrient Management Practices 
Adopting appropriate nutrient management practices is an important component of improving 
NUE, reducing cost of production and improving crop yields.  The efficiency of fertilizer N can 
be improved by best management practices (BMP) such as source, rate, method of application, 
and split application of nutrients. 
2.2.1. Source  
Nitrogen fertilizers mainly contain N in the form of ammonia, ammonium, nitrate, or urea.  
Generally, urea and ammonium sulfate are the principal sources of N fertilizers [14].  Specialty 
products, such as controlled release fertilizer (CRF) or fertilizers containing nitrification 
inhibitor (NI) have also been developed.  Shoji et al.[15]showed that the use of CRF instead of 
urea in a corn field markedly increased NUE from 21% to 65%, which was accompanied by a 
reduction in the N2O emission as well.  However, CRF accounts for only 0.15% of the total 
fertilizer N used.  The main reason for the limited use of CRF is the high cost, which may be 3 to 
10 times the cost of traditional fertilizer.  Adding a NI with the fertilizer could maintain the N in 
the soil as ammonium and thus prevent the loss of N by both nitrification and denitrification.  
Surveys of U.S. farmers indicate that about 9% of the national corn area is treated with NIs. 
2.2.2. Timing and Rate 
Studies that address the timing of N application are numerous in the literature.  The general 
conclusion is that N application should coincide with crop need.  Under field conditions, a single 
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application of N fertilizer is generally applied at planting to attain optimal yield, and the amount 
ranges from 100 to 240 kg N ha-1 depending on the cultivar needs and the existing soil fertility 
[16].  While application of N in the fall may save time and labor, Randall et al. [17] found fall-
applied N, especially without a NI, is 10%-15% less efficient than spring-applied N.  Fall 
application also produced lower corn grain yields than spring pre-plant application regardless 
of N rate [18].   
Multiple applications of N have demonstrated to be advantageous over single application.  
Splitting N applications according to crop demand enhanced NUE in irrigated corn[19].  In 
addition, Fernandez et al. [20] found that splitting a total of 170 kg N ha-1 applied into three 
applications was more efficient than a larger single pre-plant application of 500 kg N ha-1 in 
corn.  
2.2.3. Application Methods 
Application method has always been critical in ensuring efficient use of fertilizer nutrients.  
Determining the right placement is as important as determining the right application rate and 
timing.  Havlin et al. compared different N fertilizer placement methods and reported a NUE of 
42% for broadcast, 50% surface band, and 68% for subsurface band application of urea-
ammonium nitrate (UAN) to no-till corn in Kansas.  A similar result was also reported by 
Touchton and Hargrove[21].   

2.3. Water Management  
Adequate soil water during crop growth and development is fundamental to obtain high NUE.  
Water deficiency could limit N movement in soil and may reduce NUE.  In contrast, excessive 
water may cause N leaching and runoff and consequently low NUE. 
Eghball and Manville[22]noted that NUE generally parallels water use efficiency (WUE) in corn.  
Research in corn has shown that maximum NUE can be obtained with low N rates and with light, 
frequent irrigation [23].  Freney[24] indicated that supplying N in the irrigation water as well 
as foliar applications of N were useful for controlling losses of fertilizer N.  Wienhold et al. [25] 
reported that supplemental irrigation appears to be an applicable technology for growing corn 
in the northern Great Plains if irrigation inputs are optimized to prevent nutrient leaching from 
the root zone.  On sandy soils, N fertilizer placement and timing and effective irrigation 
management are important considerations in promoting NUE [26]. 

2.4. Balanced Fertilization  
Adequate and balanced application of N fertilizer is one of the most common practices for 
improving the NUE and is equally effective in both developing and developed countries.  In a 
review based on 241 site-years of experiments in China, India, and North America, balanced 
fertilization with N, P, and K increased first-year NUE to an average of 54%, compared to NUE 
of only 21% where N was applied alone.  

3. Summary 

Application of chemical fertilizers such as N is a primary method used to maintain soil nutrients 
and increase crop yield.  Today, economic and environmental challenges are driving increased 
interest in improving NUE.  Opportunities abound for improving NUE through implementation 
of fundamental BMPs, including selection of genetics with high NUE, development of enhanced-
efficiency fertilizer products (CRF and NI), precision nutrient application at optimum rate, 
timing and placement, and carefully water management.  
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