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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 2005:  
! Two experiments were conducted in 2005 on Bradford Research Farm 

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

were applied at rates of 140 lb N/ac for corn, 70 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 wheat:  
! Wheat yields were good in this experiment, averaging 75 bu/acre (not 



including the unfertilized check treatment). For dry N applied in March, 
average yield was 88 bu/acre.  

! Weather conditions were good for wheat this year, with a dry March and 
moderate spring temperatures. High temperatures reached 80 as early as 
late March, but only went above 85 once before June 4. This provided an 
extended period of warm but not hot temperatures, which is an ideal scenario 
for wheat. Planting was timely, and the crop looked good and was well-tillered 
in early March.  Tiller development into heads progressed well, and head size 
appeared good.  

! Nitrogen fertilizer treatments increased yields by up to 45 bu/acre over the 
unfertilized check treatment.  

! High yields created a good opportunity for more efficient N sources to 
produce yield advantages, and clear differences between sources and 
timings were seen.  

Table 1. Wheat yields in 2005 for different broadcast spring N fertilizer 
sources and application timings.  

Fertilizer treatment  Yield with treatment applied in:  
 January  February  March  

Urea  62  75  87  

Urea + Agrotain  71  75  92  

Urea + Agrotain + DCD (SuperU)  67  78  90  

Polymer coated urea (ESN)  72  75  78  

Gel coated urea  62  72  88  

Ammonium nitrate  70  79  91  

UAN solution*    67  

UAN solution + Agrotain*    68  

UAN solution + Agrotain + DCD*    66  

Unfertilized check  47  47  47  
 
Least Significant Difference (95% confidence) between yields = 5 bu/acre  
*Treatm ents based on UAN solution were only applied in March  

! A large effect of application timing was seen.  Averaged over N sources, 
February applications produced yields 10 bu/acre higher than January 
applications, and March applications produced yields 10 bu/acre higher than 
February applications.  " January treatments were applied to frozen ground on 



January 14. The  
greatest risk in this situation is that rain will fall while the ground is frozen, 
will not be able to infiltrate, and will run off carrying the fertilizer with it.  This 
does not appear to be the reason for poor response to N applied in January, 
since no rain fell until February 6, and by then the soil had been thawed for 
three days.  This should have allowed the quarter inch of rain that fell on 
February 6 to soak into the soil.  

" The most likely explanation is that some of the N was leached below the root 
zone.  Although rainfall was not excessive in spring 2005, N was applied to 
nearly saturated soils.  October through December 2004 were unusually 
wet, and more than 5" of precipitation had fallen in January 2005 by the time 
treatments were applied on January 14.  Precipitation falling on near-
saturated soil will tend to either run off or move quickly through soil 
macropores, carrying nitrate with it.  

" Another possible explanation is that early-applied N was tied up in soil  
organic matter. ! Large effects of N treatments on wheat yield were also 

seen this year.  ! All three treatments based on UAN solution yielded about 20 
bu/acre less than  

most other treatments applied in March.   
" This agrees with previous Missouri research showing that UAN solution 

broadcast on residue in no-till systems performs poorly.  The effect was 
smaller in previous research, with an average 8 bu/acre yield penalty for 
broadcasting UAN in no-till wheat. 
 

! Broadcast urea produced lower yields, averaged over all three application 
timings, than urea + Agrotain, SuperU (urea + Agrotain + DCD), or ammonium 
nitrate (see Table 2 below).  " This effect was 4 bu/acre on average. " The 
best explanation is that N was lost from the broadcast urea treatments  

by ammonia volatilization, which would be reduced by Agrotain and 
avoided with ammonium nitrate.  

" The biggest yield difference between broadcast urea and the other three 
treatments was with the January application (see Table 1), when the 
difference was more than 7 bu/acre.  The January application had the 
longest time between application and the first rain, 23 days.  Time from 
application to rain is known to be a major factor controlling volatilization 
loss of N.  Volatilization is known to be much slower during cool or cold 
weather, but it appears that with 23 days for volatilization to occur, 
significant N loss can happen even during cold weather.  

Table 2. Wheat yields in 2005 for different broadcast spring N fertilizer 
sources, averaged over application timings.  

Fertilizer treatment  Yield  



Urea  76  

Urea + Agrotain  80  

Urea + Agrotain + DCD (SuperU)  80  

Polymer coated urea  77  

Gel coated urea  75  

Ammonium nitrate  81  
 
Least Significant Difference (95% confidence) between yields = 4 bu/acre  

! Agrotain was effective at increasing wheat yields obtained with broadcast urea. 
" This effect was 4 bu/acre on average. " This brought yields with urea up to 
being equivalent to yields with ammonium  
nitrate. " It appears that Agrotain was 

effective in preventing ammonia volatilization 
loss of N from broadcast urea.  

" There was no difference in yield between (urea + Agrotain) and (urea + 
Agrotain + DCD), suggesting that DCD made no contribution to 
reducing loss of N.  Even though we found no evidence that SuperU 
gave higher yields than urea + Agrotain, it clearly gave the same 
benefits and may be preferable for some dealers since mixing is not 
required (as it is to coat Agrotain on urea).  

! Neither polymer nor gel coatings on urea improved yields averaged over N 
application timings. " However, the polymer-coated urea (trade name ESN) 
improved wheat yield  

by 10 bu/acre relative to urea when applied in January.  The coating 
apparently helped to reduce losses of N from January-applied urea. 
Although January applications of N were clearly undesirable in this 
experiment, producers sometimes want to apply N at this time.  ESN 
may provide a lower-risk alternative for January N applications to wheat.  

" Balancing this effect, wheat yields with March-applied ESN were 9 bu/acre 
less than with normal urea.  Release of N from ESN appeared to be too 
slow to keep up with wheat demand for N when applied in March.  March 
ESN treatments were easy to pick out due to the lighter color of the wheat.  

! Treatments were substantially different in their return to N ($/acre). ! Earlier 
N applications had much lower return to N because of much lower yields, 
coupled with good wheat prices this year.  
! All three broadcast UAN solution treatments had much lower return to N than 

any of the other N sources, again due to m uch lower yields.  
! Agrotain increased return to N by nearly $12/acre with 92% confidence.  
! Amm onium nitrate gave significantly higher return to N than urea, but gave the 



same return as urea + Agrotain. 

 
Results for corn:  

! Corn yields were very low this year, actually lower than the 
wheat yields.  Average corn yield (excluding the unfertilized 
check treatment) was 42 bu/acre. " Yields were severely 
drought-limited, with only 0.7 inches of rain between June 14 
and August 11.  " In some individual plots, yields were as low 
as 3 bu/acre due to almost complete failure of pollination, 
which was probably caused by late emergence of silks.  " 
Plots on eroded slope positions had much lower yields than 
plots on summit positions.  

! Treatment effects were evaluated using only the five 
replications with average yield above 30 bu/acre.  These 
replications were on higher landscape positions. " In these 
five replications, average check yield was 21 bu/acre, and 
average yield with N was 56 bu/acre. " Thus yield response 
to N was only about 35 bu/acre, which should be easily 
achievable with 140 lb N/acre regardless of N source or 
possible N losses.  We would not expect yield differences 
between treatments. " None of the N treatments gave yields 
significantly different than broadcast urea.  

! Return to N ($/acre) was near zero on average over all treatments when using 
N prices from December 2005. " There would be a small return to N if spring 
2005 prices were used.  

! There were no significant differences in return to N between N 
sources/placem ents at the 95% confidence level, but at the 90% 
confidence level return to N was greater for urea than for polymer-coated 
urea, UAN + Agrotain, and UAN + Agrotain + DCD, largely due to the extra 
expense of these treatm ents.  

Table 3. Corn yields in 2005 for different N fertilizer sources 
& placements.  
Fertilizer treatment  Yield  
Urea (broadcast + till)  61  
  
Polymer-coated urea (broadcast)  60  
  
Ammonium nitrate (broadcast)  58  
  
UAN solution + Agrotain (broadcast)  58  



  
Urea (broadcast)  58  
  
Urea + Agrotain (broadcast)  57  
  
Anhydrous ammonia (knife)  57  
  
Gel-coated urea (broadcast)  56  
  
SuperU (broadcast)  54  
  
UAN solution + Agrotain + DCD (broadcast)  54  
  
Ammonium nitrate (knife)  53  
  
Urea (knife)  52  
  
UAN solution (knife)  51  
  
UAN solution (broadcast)  51  
  
Unfertilized check  21  
 
Least Significant Difference (95% confidence) between yields = 10 bu/acre 

 
Summary  
! Wheat yields were good, and improved by 10 bu/acre when N applications 

were delayed from January to February, and another 10 bu/acre when they 
were delayed from February to March.  

! UAN solution broadcast for no-till wheat had a yield penalty of about 20 
bu/acre relative to other N sources.  

! Agrotain increased wheat yield by 4 bu/acre and return to N by $12/acre (on 
average) when coated on urea.  

! Ammonium nitrate gave better wheat yield and return than urea, but the same 
yield and return as urea + Agrotain.  

! Urea products manufactured with a physical coating (polymer or starch gel) 
did not increase wheat yield compared to urea.  

! Corn yields were low due to drought, and there were no yield differences 
between N treatments. 

 
Objectives for year 3:  



! Objectives for year 3 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.  

! The year 3 experiments will solidify our conclusions if we can get another year 
with above-average yields for both crops. We had good corn in 2004, and 
good wheat in 2005, but poor wheat in 2004 and poor corn in 2005 (drought), 
so we need another year with good yields in each crop to show consistency of 
treatment performance. 

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


