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ABSTRACT

The maximum return to N (MRTN) recommendation system for corn was implemented in Wisconsin in 2006. In many ways, MRTN is a dynamic extension of N response-based N recommendation that was implemented in 1991. Vanotti and Bundy (1994) demonstrated the utility of using N rate response trials as the basis for N recommendations. And that grouping soils by N response and soil characteristics was useful could improve N recommendations. In Wisconsin recommendations, relative yield potential was qualitatively defined for each soil series in using inherent soil properties and professional judgement of several experienced pedologists from University of Wisconsin-Madison and USDA-NRCS. Relative yield potential rankings of low, medium, high, and very high were based on soil water holding capacity, drainage class, depth of root zone, and length of growing season. Data from N response trials were grouped by based on each site’s relative yield potential category and soil texture (sand and loamy sand vs all other textures) and N rate recommendations developed for each group. 
As MRTN was initially implemented in Wisconsin, the concept of soil groups as previously defined was maintained. MRTN rates at the 0.10 N:corn price ratio were very similar to the previous N rate guidelines that were based on N response which has been calculated at a N:corn price ratio of 0.075. MRTN provides a clear advantage over the previous N response-based system. First, N recommendations can be adjusted to reflect changing prices of N and corn. Second, a range of N rates that produce profitability within $1/a of the MRTN can be calculated.  
Wisconsin MRTN rates can be calculated using the Corn N Rate Calculator website (http://cnrc.agron.iastate.edu), but are also provided in a table in UW Extension publication A2809 Nutrient Application Guidelines for Field, Vegetable, and Fruit Crops in Wisconsin (Laboski and Peters, 2012). While the table is less dynamic than the website, it provides an MRTN rate and range of profitable N rates for four N:corn price ratios (0.05, 0.10, 0.15, and 0.20), soil yield potential groups, and different previous crops. Our primary dataset is corn following corn or corn following soybean. Sites where corn followed wheat responded to N similarly to where corn followed soybean; thus, a previous crop of small grains was grouped with soybean. Where corn follows forage legumes, legume vegetables, and green manures, growers are instructed to use the same MRTN values for corn following corn and take the appropriate N credits. From the outset, we have provided growers with guidance on selecting which end of the MRTN range might be most useful. This guidance was based on previous guidance. Furthermore, the preplant nitrate test (PPNT) and presidedress nitrate test (PSNT) interpretations were adjusted to be compatible with MRTN.
Quantitative criteria for grouping soils was established in 2012. The goal of this effort was to clearly define how soils were grouped such that anyone with the criteria and necessary soil property data could place soils in groups. University of Wisconsin and USDA-ARS soil scientists went through numerous iterations before finding a set of criteria that grouped a large majority of soils the same as previous qualitative grouping. Re-evaluating how soils are grouped into N response categories is on the horizon. One key area that could result in an improvement in MRTN is related to medium yield potential soils. Currently, medium yield potential is defined by soils that are: poorly or very poorly drained, less than 6 inches of available water capacity in the top 60 inches of soil, and/or less than 30 inches of soil over bedrock. New grouping might include splitting up the medium yield potential into two groups that reflect different N loss mechanisms (leaching vs denitrification) and/or using soil organic matter to separate sands and loamy sands with less than 1% organic matter. 
Currently small plot trials are on-going at university research stations and in small plots on grower fields in collaboration with county extension educators and Nutrient and Pest Management Program outreach specialists. The objective of this work if to obtain more data to use in the recommendations, evaluate how well the recommendations are preforming, and increase grower acceptance and adoption of MRTN guidelines. Overall MRTN is performing reasonably well. MRTN frequently under recommends N, on coarse textured soil (sand to sandy loam), especially in years where there is untimely or excessive rainfall after N application. This, perhaps, is not so much a failure of MRTN as it is chronic challenge to managing N on sandy soils.
In 2012, the MRTN approach was used develop N rate guidelines for winter wheat. Grouping of soils for winter wheat is less complex than for corn, partly because of much smaller database for wheat. Soils are grouped based on texture: sandy (sandy and loamy sands) and loamy (all other textures) categories. For loamy soils, previous crops of soybean and small grain are grouped together because N response was similar. When corn is a previous crop, the preplant nitrate test can be used to further subdivide the N response for wheat. As with corn, the MRTN and range of profitability within $1/a is presented for four N:corn price ratios (0.05, 0.075, 0.10, and 0.125). The MRTN concept will continue to be developed for winter wheat.
