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ABSTRACT

The method of using crop N response data assimilation, now called the “MRTN approach”, was conceived at a September, 2004 meeting in Bettendorf, Iowa of scientists from several Corn Belt states. This meeting was prompted by findings in field trials that showed substantially lower optimum N rates than those based on using corn yield goal to predict crop N needs; most also showed no correlation between EONR and yield at EONR across trials. The MRTN method is straightforward: yield data from N rate response trials are converted to “return to N” (RTN) responses by multiplying the predicted yield increase (from a best-fit model) from N at each N rate by the price of corn, and subtracting N cost (rate times the price of N.) These predicted RTN responses, by 1 lb N/acre increment, are averaged over trials within specific states or regions of states, and the apex of the resulting mean curve identifies the N rate that produces the Maximum RTN (MRTN). The Corn N rate calculator (CNRC) at http://cnrc.agron.iastate.edu/ allows the user to input N and corn prices to find MRTN values for corn following corn and corn following soybean in seven Corn Belt states. It has links to more information about the approach.
One ongoing issue with the MRTN approach is the size of the database needed to produce accurate MRTN values. Both the size of the database used initially in the CNRC and the pace of addition of new data differ among states. While it is difficult to gauge the effect of trial number on soundness of MRTN values, adding substantial numbers of trials to the Illinois and Iowa databases, and dropping some older data, have resulted in MRTN values increasing. This has happened in all three regions in in Illinois, and has been more pronounced in southern Illinois, where the corn-following-soybean MRTN (at the $/lb N:$/bushel ratio of 0.1) rose from 171 lb N/acre in 2015 to 200 lb/acre in 2021. Much of the added data in Illinois has come from on-farm trials managed by the Illinois Fertilizer & Chemical Association. While some states may not have the means to add very many trials, it would be useful to conduct a few “validation” trials each year to see if the MRTN based on previous data remains valid.
Nitrogen responses vary greatly among fields, soils, and growing seasons, and so the RTN curves used to produce the MRTN vary widely, with EONR (MRTN of individual response curves) values ranging from less than 100 lb N/acre to more than 250 lb/acre. The CNRC displays the distribution of EONR values as an option. The current MRTN value for central Illinois, for corn following soybean and at the 1:10 price ratio, is 181 lb N/acre, based on based on 284 N response trials. EONR values among these trials range from 42 to 276 lb/acre, with an average of 168 lb N, 13 lb less than the MRTN. This difference arises from the fact that the Δyield (yield at EONR minus yield at zero N) distribution is skewed to the right, with the mean Δyield (109 bu/acre) higher than the median (102 bu/acre.) Of the 284 sites, 78 (37%) have EONR values higher than the MRTN, and the N rate needed to reach 95% chance of sufficiency across trials is 240 lb/acre. Using 240 lb N (59 lb more than the MRTN) adds 2.9 bushels to the yield, but deceases RTN by about $15 per acre: adding enough N to assure maximum yield across all fields and seasons is neither profitable nor environmental friendly. High fertilizer N requirements are found over a wide range of yield levels in N rate trials, in both dry and wet seasons, and it is not clear that our ability to identify fields that need additional N, at least early enough to make in-season adjustments, will improve.
Although the MRTN approach has been used and promoted for 15+ years, the fact that the MRTN N rate is substantially lower than yield-based N recommendations, especially as yields continue to increase, has worked against producer acceptance of the MRTN approach. In Illinois we are looking at ways to build on the foundation of the MRTN to extend and improve its value and use. As an example, we are initiating a project to establish two rates—one the field rate and one higher or lower, depending on the field rate—in order to compare near-MRTN rates with rates 50 to 60 lb higher than the MRTN. We are also examining how ecological adjustments, such as increasing the price of N once N rate exceeds the EONR (as a way to cover the cost of increasing nitrate leaching losses), might influence the MRTN. These are only a few examples of how we might build different N-input decision methods once we have a solid foundation of research-based N response data to build upon.

