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Introduction 

Maintaining high corn yields on highly productive lands is essential for the sustainability of 
agricultural production in Wisconsin. Sustainability also relies on soil conservation practices and 
reduced energy inputs. Many growers have adopted no-till management practices to reduce energy 
costs, reduce soil erosion, and conserve soil organic carbon. However, no-till as a management 
practice remains an under-utilized conservation practice for corn-based production systems in 
Wisconsin. In Wisconsin, approximately 500,000 acres of corn is grown under no-till (Frazee et al., 
2005), which ranks tenth among all states. More growers are likely to adopt no-till management 
practices if potential negative production implications can be overcome. Studies conducted on rain-
fed, Corn Belt soils have mixed results with studies showing positive yield effects of no-till (Olson 
and Ebelhar, 2009; Grandy et al., 2006; Hussain et al., 1999) and negative yield effects of no-till 
(Bakhsh and Kanwar, 2007; West et al., 1996). For Wisconsin soils, suppressed yields have been 
shown to be a result of lower soil temperatures (Andraski and Bundy, 2008). In an effort to combat 
this yield decrease, Andraski and Bundy (2008) further suggest that an additional 30 lb/ac of 
nitrogen (N) may be required to maintain corn yields when managed with no-till. Increasing the N 
fertilizer rate adds an additional expense to the operation and does not guarantee that this N will be 
used efficiently by the crop. Further adoption of no-till as a tillage practice is unlikely unless these 
yield and economic gaps can be overcome. There are currently several fertilizer technologies, such 
as polymer-coated urea (PCU) and urease and nitrification inhibitors (U! and NI) which may be 
viable alternatives to conventional N fertilizer for improving yields in no-till corn and would 
alleviate the need for supplemental N in these systems. The objectives of this study were to 
evaluate the effect of different N fertilizer products on corn yield in long-term tillage and crop 
rotation trials. The N products evaluated are a PCU, urea with UI, and a product with both a UI and 
NI. The PCU evaluated was ESN® (Agrium, Inc.), the UI evaluated was Agrotain® (Agrotain, 
Ltd.) added to urea, and the UI+NI product was SuperU® (Agrotain, Ltd) which has the UI and NI 
chemicals impregnated into the urea granule. 

Experimental Design 

Two separate studies were conducted. The first was conducted at the Arlington Agricultural 
Research Station (AARS) from 2009 to 2012 within the Long-Term Corn-Soybean Rotation Trial. 
This trial was established in 1983 and includes each phase of a continuous corn rotation and corn– 
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soybean rotation managed with either conventional tillage practices or no tillage. Within each corn 
phase of each rotation, three split plots were established to evaluate three different N sources. In 
2009 the sources were 190 lb/ac of ammonium nitrate (AN), PCU, and UI+NI and in 2010, 2011, 
and 2012 the sources were 175 lb/ac of AN, PCU, and UI+NI. The second study was conducted in 
2011 and 2012 at both the AARS and the Marshfield Agricultural Research Station (MARS) within 
Long-Term Alfalfa-Corn Rotation Trial. However, only 2011 yields were available at this time. 
This trial was established in 2010 and includes each phase of a continuous corn rotation and a 2-yr 
alfalfa-2-yr corn rotation. In 2011, the study was conducted in the first year of corn following one-
year of alfalfa (since the study was only established in 2010, the full rotation had not yet occurred). 
In 2011, eight split plots were established and included: (i) no fertilizer, (ii) low rate of PCU, (iii) 
low rate of AN, (iv-viii) high rate of AN, Urea, ESN, UI, and UI+NI. At AARS, the low and high 
rate for continuous corn was 130 and 165 lb/ac of N, respectively and for corn following alfalfa 
was 85 and 125 lb/ac of N, respectively. At MARS, the low and high rate for continuous corn was 
90 and 125 lb/ac of N, respectively and for corn following alfalfa was 45 and 85 lb/ac of N, 
respectively.  

  Results and Discussion 

Corn-Soybean Rotation 

Table 1. Corn yields at the AARS long-term corn-soybean rotation trial with different sources of 
nitrogen fertilizer (AN=ammonium nitrate, PCU = polymer coated urea, and UI+NI=urease 
inhibitor and nitrification inhibitor). In 2009 the nitrogen rate was 190 lb/ac and in 2010-2012 the 
rate was 175 lb/ac. Significant (α=0.10) differences were only reported within the same tillage and 
crop rotation treatment; means followed by different letters indicate significant differences. 
   Corn Yield  
Tillage Prev. 

Crop 
N Source 2009 2010 2011 2012 Average 

   bu/ac  
Chisel Corn AN 224 260 193 172 212 
  PCU 212 261 186 157 204 
  Urea+UI+NI 213 249 188 161 203 
 Soybean AN 246 268   210 b 201 231 
  PCU 240 272   223 a 196 233 
  Urea+UI+NI 249 268   201 b 206 231 
No-Till Corn AN 207  224 

ab 
183 160 

194 
  PCU 207  236 a 186 167 199 
  UI+NI 207  216 b 177 161 190 
 Soybean AN 248 264  223 a 203 235 
  PCU 241 253  218 

ab 
182 

224 
  UI+NI 239 255  208 b 201 226 
 

Proc. of the 2013 Wisconsin Crop Management Conference, Vol. 52 157



 

Alternative N sources (PCU and UI+NI) did not consistently outperform ammonium nitrate. When 
advantages were apparent in a single year (e.g., PCU in corn following soybean with chisel plow in 
2011), they did not translate to consistent benefits over the long-term. To put things in perspective 
if N costs $0.20 extra per pound and an optimal N rate is 160 lb/ac of N, the extra cost is $32.00 
per acre. This would only require a 4.5 bu/ac gain in yield (at $7 corn). These modest yield gains 
are difficult to ascertain statistically. When looking at 3-year average yields, there does not appear 
to be a clear recommendation that can be made for using certain N products in specific cropping 
systems. An underlying issue in this study is that the N rates used may have not been the most 
economically optimum N rates. The N rates applied here are above or within the high range of the 
recommended N application based on a nitrogen:corn price ratio of 0.10. Based on these results, 
there is not a consistent benefit of alternative N products on loamy, high yield potential soils when 
they are applied at maximum N rates. Future research will focus on evaluating these products at 
lower rates on high-yield potential soils. 

Corn-Alfalfa Rotations 

 

Figure 1. Corn yields in no-till corn following corn at Arlington ARS in 2011. Error bars are 
standard error. 

Results in 2011 did not show conclusive benefits of any alternative fertilizer products compared to 
ammonium nitrate or urea. However, it is interesting to note that yields were slightly greater when 
corn followed alfalfa compared to corn at Arlington, and yields were much greater for corn 
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following alfalfa compared to following corn at Marshfield. Also, with one-years growth of alfalfa 
was enough to supply enough N to produce optimum yields (Fig. 2), where treatments without N 
fertilizer in corn following corn resulted in reduced yields (Fig. 1) (i.e., the no N treatment 
produced similar yields to with N treatments). At MARS, a lower yielding site compared to AARS, 
there was no significant effect of any fertilizer treatment and treatment yields produced much 
greater variation (i.e., larger standard errors) compared to the AARS site. 

Conclusions 

While additional years of trials must be conducted to evaluate these products over a range of 
growing conditions, it is clear that there was not a benefit when weather conditions do not favor N 
loss (as in 2011) and when applied at optimum rates on high producing soils. These products are 
likely to have the biggest benefits on sandy soils and on tile-drained soils, especially in years with 
above average rainfall. 

 

 

Figure 2. Corn yields in no-till corn following one-year of alfalfa at Arlington ARS in 2011. Error 
bars are standard error. 
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Figure 3. Corn yields in no-till corn following corn at Marshfield ARS in 2011. Error bars are 
standard error. 

 

Figure 4. Corn yields in no-till corn following one-year of alfalfa at Marshfield ARS in 2011. Error 
bars represent standard error. 
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