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Objective:
! The objective of this project is to evaluate several strategies to reduce the risk of

ammonia volatilization loss from urea applied to no-till corn and wheat.  
" Strategies to be evaluated include:

- Urea treated with Agrotain volatilization inhibitor
- Polymer-coated urea
- Knife-injected urea

" Yield and economic outcomes from these strategies will be compared with
broadcast urea and with other N sources.

Accomplishments for 2004:
! Two experiments were conducted in 2004 on Bradford Research Farm near

Columbia–one in corn and another in wheat.
! Treatments were nitrogen fertilizer sources and placement.

" All treatments were applied at rates of 140 lb N/ac for corn, 80 lb N/ac for wheat.
" Broadcast treatments

- Urea
- Urea + tillage (corn only)
- Urea with Agrotain volatilization inhibitor
- SuperU (urea with Agrotain + DCD)
- Polymer-coated urea
- Gel-coated urea
- Ammonium nitrate
- 30% urea-ammonium nitrate solution
- 30% urea-ammonium nitrate solution + Agrotain
- 30% urea-ammonium nitrate solution + Agrotain + DCD

" Knife-injected treatments (corn only)
- Urea
- Anhydrous ammonia
- Ammonium nitrate
- 30% urea-ammonium nitrate solution

" An unfertilized check treatment was also included so that the size of the yield
response to N fertilizer could be determined.

! Each treatment was replicated eight times.



Results for corn:
! Average corn yield (excluding the unfertilized check treatment) was 144 bu/acre,

which is higher than average for Missouri but near the state average for the
outstanding production conditions that we had in 2004.  Regular rainfall and cool
nights contributed to what is projected to be a state record harvest and average yield,
if the harvest can be completed.
" This experiment was conducted on land that was newly acquired by the Bradford

Research Center in February 2004.
" We observed slow growth, purpling, and stress appearance during the early

growing season.  When we inquired into possible reasons, we discovered that this
land had received a fall application of Canopy XL prior to its acquisition for the
research farm.  This stress probably limited yields in this experiment.

Table 1.  Corn yields in 2004 for different N fertilizer sources &
placements.
Fertilizer treatment Yield
Anhydrous ammonia (knife) 162

Ammonium nitrate (broadcast) 162

Ammonium nitrate (knife) 161

Urea + Agrotain (broadcast) 149

Urea (broadcast + till) 146

SuperU (broadcast) 144

Urea (broadcast) 143

Gel-coated urea (broadcast) 142

UAN solution (knife) 142

Polymer-coated urea (broadcast) 140

Urea (knife) 138

UAN solution + Agrotain (broadcast) 135

UAN solution + Agrotain + DCD (broadcast) 127

UAN solution (broadcast) 122

Unfertilized check 61
Least Significant Difference (95% confidence) between yields = 16 bu/acre
 



! Anhydrous ammonia and both ammonium nitrate treatments had the highest average
yields in the experiment (Table 1).  Yields for these treatments were significantly
higher (95% confidence) than for broadcast urea, and yield response to N was about
100 bu/acre relative to the unfertilized check.

! None of the six management strategies designed to improve urea performance
yielded significantly better than broadcast urea, and the average of the six was
exactly the same as the yield with broadcast urea.  This is not too surprising, since a
0.8 inch rain fell within 36 hours of treatment application, and 1.4 inches within 4
days.  This rainfall would have been expected to move the urea into the soil and
eliminate the ammonia volatilization losses that this project is intended to solve.  If
there was no ammonia volatilization, treatments to eliminate volatilization would not
be expected to be effective.

! What was surprising is that all of the urea-based treatments, as a group, yielded less
than the ammonium nitrate and anhydrous ammonia treatments.  This is a difficult
result to explain.  One possibility is that the urea was actually washed too deep into
the soil.  Fred Blackmer at Iowa State University has told me that he has observed
poor performance in fields that have received urea applications followed shortly by
heavy rains.  Normally we want rain in this situation, in order to transport the urea into
the soil.  But urea is uncharged and can move through the soil as fast as the water. 
Once the urea breaks down to ammonium, the charge on the ammonium is attracted
to opposite charges on soil particles and movement is limited.

! However, this explanation would not seem to apply to the coated urea products and
so it’s doubtful that this is the real reason.

! Two of the UAN solution treatments (broadcast UAN, and UAN + Agrotain + DCD)
yielded significantly less than the broadcast urea treatment.  This means that N
availability was lower in these treatments.  The experiments were conducted in a field
that had been no-till cropped for at least four years, mainly to soybean.  The most
likely explanation is that some of the N in the solution got tied up on the residue when
UAN was broadcast.  UAN solution is more susceptible to tie-up on residue than
other forms of fertilizer because of the even distribution of small droplets that can
adhere to the residue.  When this happens, we would expect that knife placement
would solve the problem, and it did.  Knifed UAN solution yielded significantly higher
than broadcast UAN solution.

! Yields were not statistically increased by any of the treatments for improving urea
performance in no-till, however, average yields were higher than broadcast urea for
several of these treatments.  These yield increases may be real, or may be a by-
product of unavoidable variability in the experiment.  Even if they are real, the only
treatment that was economically favorable was the Agrotain treatment, which yielded
6 bu/acre more than broadcast urea.  At a corn price of $2.00/bu, this would amount
to $12/acre, while the cost of Agrotain is about $8/acre, leaving a small net gain of
$4/acre.



Results for wheat:
! Wheat yields were low, averaging about 37 bu/acre.  The reason for this is not

known.  Planting was timely, and the crop looked good and was well-tillered in early
March.  Fertility status was good.  No disease or insect problems were observed. 
There were problems with grass weeds in some plots, and ratings of grass infestation
were taken.  Statistical analysis confirmed that grass weeds reduced yields in plots
where they were seen, but even in plots with no weeds, yields were low.  Spring
growth was just not vigorous, and the canopy looked thin even after head
emergence.

Table 2.  Wheat yields in 2004 for different broadcast spring N fertilizer sources.

Fertilizer treatment Yield
Urea + Agrotain + DCD 41
Ammonium nitrate 40
Urea + Agrotain 40
Urea 39
Gel coated urea 36
UAN solution + Agrotain 34
UAN solution 34
Polymer coated urea 32
UAN solution + Agrotain + DCD 32
Unfertilized check 22

Least Significant Difference (95% confidence) between yields = 5 bu/acre

! No fertilizer treatment produced yields significantly higher than broadcast urea. 
Although conditions were favorable for volatilization losses of N (fairly warm
and no rain for ten days after treatment application), the low yields meant that
there was not much pressure on the fertilizer treatments to supply N.  The
largest yield response to N, relative to the unfertilized check, was 19 bu/acre. 
This amount of grain would be expected to contain about 20 lb N/acre.  Since
80 lb N/acre was applied with each treatment, even with low efficiency it
seems that N should not limit yield.

! Even so, some treatments produced yields lower than those produced by
broadcast urea.  These included:
" All UAN solution treatments
" Polymer-coated urea

- Treatments were applied shortly before jointing, which may not have
allowed enough time for urea to diffuse through the polymer coating.



Summary
! In the first year of this study, none of the treatments that were designed to avoid

volatilization losses from urea improved yields in either corn or wheat.
! Chances for urea treatments to increase yield were limited by rain shortly after

treatment application in the corn experiment, and by low yields in the wheat
experiment.

! Several broadcast UAN solution treatments gave lower yields than broadcast urea in
both corn and wheat.  This was probably due to N tie-up on residue.

Objectives for year 2:
! Objectives for year 2 are to repeat experiments in corn and wheat to evaluate

strategies for successful urea use in no-till, including use of Agrotain, coated urea
products, and knifing.

! Treatments will be added to the wheat experiment to give the coated urea products a
better chance by adding earlier application times.  One advantage of these products
is that they may be fairly safe for use in late-winter (January & February) topdressing,
which can be risky with other N sources because of the extended time before uptake
will occur.

Budget request year 2:
Research specialist 35% 11,200
Benefits @27.5% of salary 3,025
Supplies 1,000
Total $15,225


