
In August 2013, agronomists, environmental scientists, extension agents, crop 
advisors, economists, farmers, and other agricultural experts gathered at a 
conference in Kansas City, Missouri, to discuss a vexing challenge: How can we 
promote better management of nitrogen fertilizers and manures in order to reduce 
unintended environmental impacts of nitrogen pollution, while still enabling modern 
agriculture to meet the growing demand for affordable food and biofuels?  

Existing knowledge and technology, although imperfect and incomplete, 
are already advancing the dual goals of making agriculture productive and 
environmentally sustainable. Unfortunately many economic and social barriers 
stand in the way of more widespread adoption by farmers of existing and 
emerging technologies. In the meantime, concerns about environmental pollution, 
from nitrate in drinking water to toxic algae in waterways, are increasing 
pressures to reduce nitrogen losses from agricultural fields. View the complete 
consensus statement at 

http://nitrogennorthamerica.org/pdf/KansasCityConsensus_Final_Nov_2013.pdf

The Kansas City Consensus on 
Nitrogen Use Efficiency 2013

Contact: Emma Suddick, Woods Hole Research Center, esuddick@whrc.org.
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Improving nitrogen use efficiency in milk production

PARt 1. Effective technologies to improve Nitrogen Use Efficiency 
exist, yet determining the right rate and timing of nitrogen application 
remains challenging.

4R Nutrient Stewardship

A study of 54 dairy farms in Wisconsin demonstrated that over 
20% more of the N fed to cows ends up in the milk and less in the 
manure when improved management practices are used, such as 
better balance feed, improved hormone (bST) management, and 
milking three times daily. Adapted from Powell et al. 2006. J. Dairy 
Sci. 89,2268-2278

The 4R Nutrient Stewardship refers to the application of the right 
source of nutrients at the right rate, right time and right place for 
sustainable plant-based production systems.

The effectiveness of nitrogen 
use efficiency (NUE) has in-
creased during the last several 
decades, especially in developed 
countries. Techniques responsible 
for increasing crop yields and live-
stock production and improving 
NUE include: Improved irriga-
tion and water management, new 
crop varieties and animal breeds; 
controlled-release fertilizers and 
urease and nitrification inhibitors; 
improved soil and plant testing to 
match nutrient applications with 
crop demands; use of cover crops; 
improved nutrition management 
of livestock, and increasing avail-
ability of decision support tools.   
The “4R Nutrient Stewardship” 
concept provides a sound frame-
work for optimizing NUE. 

Determining the right rate and 
timing of N applications will 
always be challenging. Much of 
the nitrogen taken up by crops 
comes from the release of nitro-
gen from the soil and crop resi-
dues, which is affected by variable 
weather and spatial variation of 
soils within fields. Management 
efforts to reduce N losses are 
greatly complicated by extreme 
weather conditions, which have 
become increasingly common.
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Part 2. While technology may permit further improvement in Nitrogen Use 
Efficiency, many effective current technologies are not utilized because  
of economic and social barriers to their adoption. Opportunities and  
barriers include:

Economic signals regarding the 
cost of nitrogen fertilizers are 
mixed.  While many farmers say 
nitrogen fertilizer costs are large 
enough for them to want to im-
prove NUE, most also agree that 
the economic risk of applying too 
little nitrogen is high. In short, 
nitrogen application provides an 
important economic margin of 
safety, like relatively inexpensive 
insurance. Prototype crop insur-
ance programs that cover loss due 
to variable nutrient availability 
are being tested, but more data 
are needed on costs and risks.

Local impacts are not visible 
enough. A lack of visible or tangi-
ble local environmental and eco-
nomic consequences of nitrogen 
losses from farming operations 
can make further improvements 
of NUE a difficult sell. 

Agricultural extension services 
have limited reach, and most 
farmers obtain the majority of 
their information about nutrient 
management from retailers and 
private sector crop advisors.

Innovations must be effective. 
Most farmers have significant de-
mands on their time and labor.  
Adopting new practices requires 
that the proposed innovations are 
compelling, easily implemented, 
and worth their time. 
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Estimated shares of variable costs per acre for 
rotation corn in Indiana in 2013

Most common sources of information for  
farmers on N fertilizer application rates 

While fertilizers are a significant part of a farmer’s total costs, the 
economic risk of applying too little nitrogen is also high, making the 
farmer’s decision difficult. From 2013 Purdue Crop Cost & Return Guide. 
Purdue Extension publication ID-166-W.
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PARt 3. Solutions to increase adoption of Nitrogen Use Efficiency  
practices include:

Progress in Nebraska: A case study
Corn growers in the Central Platte region of Nebraska have successfully reduced groundwater nitrate contamina-
tion by improving fertilizer and water management, thanks to a combination of regulation and education. In 1987, 
the Central Platte Natural Resources District banned fall and winter applications of N fertilizer on all sandy soils 
and some heavier textured soils and helped farmers to adopt best management practices for irrigation and fertilizer 
use. Long-term monitoring now shows that groundwater nitrate concentrations are declining as a result of these 
innovations, while crop yields have improved.

Groundwater nitrate levels in the Platte River region have 
declined from nearly 20 parts per million (ppm) in the 
1980s to about 15 ppm today, thanks to regulation and 
outreach.  Although encouraging, it will take another 
30 years at this rate for nitrate to comply with the EPA 
drinking water standard of 10 ppm.  From Central Platte 
Natural Resources District and the Univ. of Nebraska-
Lincoln. 

Corn yields (green line) have increased in Nebraska, 
while N fertilizer application rates (blue line) have re-
mained steady.  This speaks to the success of N use ef-
ficiency, with more grain produced per pound of fertilizer 
applied. From Nebraska Dept. of Ag – Ag Statistics, Natl 
Ag Statistics Service, and Univ. of Nebraska-Lincoln

Develop partnerships and networks at local and re-
gional levels between industry, universities, governments, 
NGOs, crop advisors, and farmers to demonstrate the 
most current, economically feasible, best management 
practices. Regulations, incentives, and outreach, have 
been most effective when tailored to local conditions, 
administered and enforced by local entities, and where 
local “buy-in” has been obtained. Adoption of new prac-
tices is often improved when groups of farmers and con-
sultants work together to solve common production or 
conservation issues.

Provide improved, continuing education to pri-
vate sector retailers and crop advisors on the most 
up to date nutrient management practices through 
professional certification programs by university and 
government extension and organizations such as the 
American Society of Agronomy. Providing science-
based recommendations through trusted sources of 
information will help address the perceived need to 
apply additional nitrogen to reduce risk.

Tie nutrient management to performance-based 
indicators, including clearly defined NUE indicators 
on the farm, with strong incentives for participation 
and reporting of data. Well-defined environmental 
quality indicators downwind and downstream are also 
needed and should be tied to monetary values where 
appropriate and feasible.

Restore investments in research, education, and ex-
tension by federal and state governments that are es-
sential for advancing the knowledge and skills needed 
for cropping system innovations. Emerging agricultural 
innovations require evaluation and testing from multi-
ple perspectives to ensure that they overcome the many 
current barriers preventing better on-farm NUE. This 
research and development must integrate agronomic, 
ecological, economic, and social science knowledge of 
food production and related environmental, economic, 
and social costs to society. Such efforts should empha-
size long-term, interdisciplinary, watershed-level re-
search and outreach. 


