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   Improving Nitrogen-Use Efficiency in Wheat 
 

Sustainable Agriculture Fact Sheet            August 2017 
Crop: Wheat         
Need: Improve the benefits of applied nitrogen in wheat crops while reducing air pollution 
States: Montana, Wyoming, Washington, Oregon, Idaho 
 
Background and Problem: Broadcast applications of urea during the overwinter period beginning in 
early December at soil freeze-up and extending to March at thaw is a common management practice for 
dryland winter wheat producers in Montana.  The popularity of this practice is based on the need to 
spread workloads. Farms in this region area characterized by no-till management and large acreage – 
over 2000 acres – which places considerable pressures on farmers to complete planting operations over 
a short-time span, often just a few weeks in mid-September.  
 
Although an excellent source of nitrogen fertilizer, urea is susceptible to ammonia volatilization to the 
atmosphere when it is surface-applied to soils. The ammonia volatilized represents a potential economic 
loss to famers because of reduced yields or crop quality from inadequate nitrogen fertility. In addition, 
ammonia emissions represent a major source of environmental pollution and nitrogen enrichment of 
natural ecosystems by wet and dry atmospheric deposition. 
  
The Research: With funding from Western SARE, Montana State University soil scientist Richard Engel 
conducted on-farm trials over four seasons to identify soil and environmental conditions under which 
urea applications were most susceptible to ammonia loss, and to identify management approaches to 
reduce those losses. Based on the findings, Engel’s team recommends against surface-applying fertilizer 
to frozen or wet ground, particularly during the over-winter period December to March, and instead 
applying it in the spring following thaw.  Delaying application until the spring resulted in lower ammonia 
volatilization loss because spring precipitation event were generally larger than during the over-winter 
period.  Alternatively, if urea applications are to be made during the over-winter period they 
recommend treating urea with urease inhibitors. 
 

The Impact: By implementing the team’s recommendation to fertilize in the spring and incorporate the 
fertilizer into the soil when possible, Montana wheat growers are saving about $5 million a year through 
reduced fertilizer loss and increased yields. A majority of Montana growers have already adopted the 
recommendation or plan to.    
 

The Challenges Ahead:    
The long-held belief by farmers in the Great Plains and their fertilizer suppliers was that ammonia 
volatilization from urea could be mitigated, or prevented, by timing applications to occur during the 
overwinter period when soils were cold.  Results from this study refuted these long-held beliefs, and 
farmers need to be reminded that cold weather conditions may not provide protection from ammonia 
volatilization.   
 

Links: 
Overview: http://www.westernsare.org/Learning-Center/From-the-Field/Improving-Nutrient-Use-
Efficiency-in-Montana-Wheat 
Project report: https://projects.sare.org/project-reports/sw10-050/ 

More information: Richard Engel, Montana State University, rengel@montana.edu, (406) 994-5295 
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