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 Agriculture is searching for technologies that will help the indus-

try deliver sound nutrient management to support increased 

production, higher profitability, improved sustainability and 

greater levels of environmental protection.  In addition to tried 

and true agronomic practices such as banding nitrogen in spring 

and matching application timings to just prior to crop uptake, 

research has shown environmental benefits by using enhanced 

efficiency nitrogen fertilizer for crop production.  We know ni-

trous oxide emissions are lower when fertilizer is spring applied. 

We also know irrigated soils have greater levels of nitrous oxide 

production than dryland production, but the issue is very com-

plex.  Research has not been able to sort out these factors in 

definitive fashion.    

ICDC has conducted a series of projects at the research station 

and on local irrigated production fields evaluating potential yield 

benefits of enhanced efficiency nitrogen fertilizers.  These prod-

ucts have been developed to minimize nitrogen losses from vo-

latilization and denitrification.   A 2018 randomized complete 

block design trial with four replications compared fourteen 

treatments:  combinations of four nitrogen sources – bare urea, 

Agrotain urea, Super U and ESN and three placement methods – 

fall banding, fall broadcast, and spring sidebanded.  The best 

performing placement was fall banded N, but the spring side-

banded urea treatment was statistically equal.  The best per-

forming products were ESN and Super U, but both of these prod-

ucts come with a premium added cost.  Urea coated with a poly-

mer (ESN) floats on water until the membrane becomes leaky 

from adsorption of moisture so ESN is not suitable for broadcast 

surface application. This product must be placed into the soil to 

avoid redistribution by drainage water.  Another challenge for 

ESN is that when the product is placed into dry soil, release of 

the nitrogen is delayed until the moisture and temperature crite-

ria are satisfied.  This delay may hinder crop growth if crop up-

take of nitrogen is restricted due to a shortage of nitrogen in the 

soil.  Irrigation normally overcomes this shortcoming for this 

product.   

A 2018 field demonstration project included four nitrogen prod-

ucts:  bare urea, Agrotain treated urea, Amidas, and Super U 

spring broadcast just prior to seeding. The seeding operation 

and early sprinker irrigation was expected to incorporate the 

nitrogen products into the soil.  The 2019 project was fall ap-

plied over a light blanket of snow (November 20) on slightly fro-

zen soil. The yields from these two projects are reported in Table 

1.  Although Super U yielded best and second best among the 

treatments in the two years, the crop seemed to benefit from 

use of both a urease inhibitor and a nitrification inhibitor.  The 

enhanced efficiency nitrogen sources add between 8 to 15 cents 

per pound of N to the cost of the nitrogen source depending on 

the product choice.  If one pound of N cost 50 cents, this would 

add 15% to 30% to the cost of N fertilization, a significant impact 

on crop input costs.  Even so, economic analysis with the prod-

ucts used in the ICDC field demonstrations shows that the addi-

tional cost can be worth this expense for a best case scenario.   

Tai McClellan Maaz, Nitrogen Director with International Plant 

Nutrition Institute, summarized literature from published studies 

with urease inhibitors conducted in Alberta, Saskatchewan, 

Manitoba, Montana, North Dakota and South Dakota (2018).  

Although the average yield benefit from use of urease inhibitors 

was 7%, the median yield response of 171 observations taken 

from 16 published studies was 0%.  This observation would not 

inspire growers to use urease inhibitors.   

Farrell and David (2014) concluded that direct emissions of ni-

trous oxides increase with increasing levels of N fertilizer in a 

linear relationship.  The higher yields on irrigated fields mean 

that the extra nitrogen needed to increase yield also increases 

emissions of nitrous oxides.  Release of nitrous oxides per unit 

agricultural production for irrigated production was similar, 

however, to dryland production.  A major reduction in yield 

scaled emissions was observed for split nitrogen applications 

without impact on yield.    
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Tenuta and Gao (2018) concluded EEF urea products reduced 

cumulative N2O emissions for 9 of 12 site-years.  This was 

achieved, however, without a corresponding increase in grain 

yield to compensate for the additional costs.  It appears that EEF 

do reduce N20 emissions consistently, but the yield impacts to 

crop production are small.   

Thapa et al. (2016) found that soil and management conditions 

on effectiveness of EEF is not clear.  They conducted meta-

analysis in three cereal production systems across the globe:  

rice, corn and wheat.  Their work showed that the effect of EEF’s 

on nitrous oxide emissions and crop yields varied greatly with 

their modes of actions, soil types, and management conditions.  

Nitrification inhibitors (Nis), double inhibitors (Dis), and con-

trolled-release fertilizers (CRFs) consistently reduced N20 emis-

sions compared with conventional N fertilizers across soil man-

agement conditions.  The grand mean of N20 emissions de-

creased 38, 30, and 19% respectively for the three EEF classes.  

The DIs more effectively reduced N20 emissions in alkaline soils 

than did NIs, but the trend reversed in acidic soils.  Urease inhib-

itors also reduced N20 emissions compared with conventional N 

fertilizers in coarse-textured soils and irrigated systems.  Crop 

yields increased by 7% with the use of nitrification inhibitors.    

Tomasiewicz and Lemke (2020) found that delaying N applica-

tion to irrigated fields through fertigation was able to reach simi-

lar yields without large upfront N applications.   Although yields 

were not increased by delaying the N application, yields were 

also not hurt.  Using a smaller quantity of N initially and applying 

the balance of N through fertigation may be a strategy under 

irrigation to minimize nitrous oxide emissions and the impact of 

agriculture on global warming. 

In summary, the greatest emissions reduction of greenhouse 

gases associated with application of urea to irrigated soils oc-

curred with spring application of products whose mode of action 

was nitrification inhibitor or in combination with a urease inhibi-

tor.  There was no clear evidence that EENFs would consistently 

provide an increased yield benefit to cover the additional costs 

of using them.    

    

 

 

                                                                                                                                                                                                                                                             

Fertilizer application date May 14, 2018 Economic As-
sessment 

November 20, 2018 Economic Assess-
ment 

Canola sale price $10.70/bu 2018 (bu/ac) Net Benefit 2019 (bu/ac) Net Benefit 

Bare Urea 64 $606.40 65 $646.90 

Agrotain Urea 64 $595.20 65 $636.90 

Amidas 68 $629.60 65 $629.40 

Agrotain Amidas Not Applied -- 68 $662.40 

Super U 74 $696.60 68 $664.00 

          

Maximum yield increase (%) 15%   6%   

Nitrogen Rate Applied 140 lb N/ac   125 lb N/ac   

Growing Season Precipitation 122 mm   178 mm   

Irrigation Applied 150 mm   177 mm   

The Irrigator 

Table 1:  ICDC Strip Trial Results (2018 and 2019) with enhanced efficiency nitrogen fertilizer 
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