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INTRODUCTION 

Nitrogen (N) is an essential plant nutrient commonly applied to South Dakota 
(SD) corn crops and is critical for optimizing corn yield. For commercial agriculture, 
there are two main sources of N for corn—N from decomposing manure, residue, and 
soil organic matter (mineralization) and synthetic N fertilizers. Each year, corn plants 
take up 98 to 250 lbs N/ac (average = 150 lbs N/ac) (Sierra, 1992; Kuzyakova et al., 
2006; Blagodatskaya and Kuzyakov, 2008; Wu et al., 2008). Nitrogen derived from 
decomposing organic matter (i.e., mineralization) can provide 20 to 100% of the N 
required to optimize yield depending on factors like weather, soil type, previous crop, 
and management practices (Khan et al., 2001; Ros et al., 2011; Yost et al., 2012). The 
crop N need that is not supplied through mineralization is most often supplied by N 
fertilizer. However, excessive N fertilizer applications can reduce fertilizer efficiency, 
create environmental contamination issues, and reduce grower profits (Ribaudo et al., 
2011; Cavigelli et al., 2012; Helmers et al., 2012; Struffert et al., 2016; USEPA, 2018). 
Thus, it is imperative to continually improve the accuracy of our corn N rate 
recommendations. At this time, there are two main N rate recommendation systems 
used in the U.S.–Yield goal and maximum return to N (MRTN) (Morris et al., 2018). 
 The yield goal approach was developed in the 1970s and was the main system 
for creating corn N recommendations until the maximum return to N approach was 
developed in 2005 (Sawyer et al., 2006; Morris et al., 2018). One of the greatest 
strengths of the yield goal approach is its simplicity, but that simplicity is likely not able 
to account for some of the challenges in using the yield goal approach, including being 
able to estimate yield, internal N efficiency (i.e., lbs N/bu corn) and other fertilizer use 
efficiency factors at the beginning of the season (Morris et al., 2018). The MRTN 
approach was developed to determine N rate recommendations based on N response 
data from each state or region. For more details see Sawyer et al. (2006). Data that 
initially went into creating the MRTN database did not include data from SD. 
Additionally, the current yield goal based system in SD has not been reevaluated for 
accuracy since 2013 (Kim et al., 2013). Therefore, the objective of this project was to 1) 
evaluate the accuracy of the current yield goal-based equation used in SD, which 
includes yield potential (goal), 1.2 lbs N/bu corn multiplier (coefficient), pre-plant soil test 
N (0 to 24 inches), previous crop, manure application, and tillage type and 2) create a 
database of N response trials for SD and evaluate the accuracy of using the MRTN 
approach for predicting N requirements.   
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MATERIALS AND METHODS  

 Forty-five corn N rate response trials were conducted at field locations across 
central and eastern SD from 2018-2022. Site locations varied in tillage practice, crop 
rotation, and soil type. Specifically, 32 in conventional till and 13 in no-till fields. The 
previous crop was soybean at 35 locations, and wheat, corn, or sunflower at 10 
locations. Nitrogen fertilizer was applied before planting at rates from 0 to 200 lbs N ac-1 
in 40 lb increments. Nitrogen fertilizer as urea (46-0-0) with a urease and nitrification 
inhibitor to minimize N loss potential was broadcast on the soil surface. Fertilizer was 
incorporated if conventional tillage practices were used or remained on the soil surface 
when no tillage was used. Soil samples were collected before planting and fertilizer 
application from the 0-6 and 6-24 in. depth increments and analyzed for nitrate-N 
(Nathan et al., 2015). Corn grain yield was determined by harvesting the center two 
rows of each plot and adjusting grain weight to 15.5% moisture.  

Economic optimal N rates were determined by modeling the relationship between 
corn yield and N fertilizer rate by averaging the results from both the linear-plateau and 
quadratic-plateau models using a N fertilizer price to corn price ratio of 0.1 (Miguez and 
Poffenbarger, 2022). If no plateau was reached within the N rates used in the study, the 
economic optimal N rate was set to the maximum N rate used at that location. The lbs 
N/bu corn multiplier (coefficient) was calculated for each site by adding the amount of N 
fertilizer needed to optimize corn yield and the nitrate-N in the soil from 0 to 24 in. and 
dividing it by the optimal corn yield (e.g., (soil test N + economic optimal N fertilizer rate) 
/ optimal grain yield). Four of the 45 sites were not included due to extreme drought 
conditions. For the yield goal approach, the N rate recommendation for each of the 
remaining 41 locations was calculated using three multipliers (1.2, 1.0, and 0.8). The 41 
site-years of response trials were input into a database developed by John Sawyer at 
Iowa State University (Sawyer et al., 2006, personal communication). This spreadsheet 
was used to calculate an MRTN for all of SD as well as divided into a central and 
eastern region. The accuracy of the N recommendation for the yield goal and MRTN 
approaches was calculated by subtracting the actual EONR from the predicted EONR. 
The closer these numbers were to 0, the more accurate the recommendation. If 
numbers were positive, it meant an over application of N was recommended while 
negative numbers meant an under application of N was recommended. The mean, 
median, lower 25th quartile, upper 75th quartile and root mean square error (RMSE) of 
these calculations was completed to help in comparing the accuracy of each N 
recommendation approach. 
 

RESULTS AND DISCUSSION 

Yield Goal Approach 
Across the 41 locations, corn yields ranged from 75 to 255 bu/ac with an average 

of 185 bu/ac while the optimal N rate ranged from 0 to 200 lbs N/ac with an average of 
96 lbs N/ac (Figure 1a). The lbs N/bu corn multiplier (coefficient) ranged between 0.4 
and 1.8 lbs N/bu corn with an average near 1.0 lbs N/bu corn (Figure 1b). These results 
demonstrate that the average amount of N to produce a bushel of corn has decreased 
from the previous 1.2 value. The reduction of this value is not new. In 1975, the 
multiplier (coefficient) was 1.45 and was reduced to 1.3 in 1982, to 1.2 in 1991, and in 



2023 our research supports it being reduced to 1.0.  
 

 
Figure 1. The a) corn economic optimal N rate (EONR) and b) amount of N fertilizer 
needed to produce one bushel of corn at research sites across South Dakota from 2018 
to 2022. Black line represents the mean lbs N/bu corn multiplier value. 
 
 The N fertilizer rate equation accuracy was assessed using three different 
multipliers—the previously used 1.2 lbs N/bu corn, the new average of 1.0 lbs N/bu corn 
and a multiplier of 0.8 lbs N/bu corn. We calculated the N rate recommendation for each 
of the 41 locations using the three multipliers (1.2, 1.0, and 0.8). The recommended N 
rate was then subtracted from the actual rate determined at each location. The closer 
these numbers were to 0, the more accurate the recommendation. If numbers were 
positive, it meant an over application of N was recommended while negative numbers 
meant an under application of N was recommended. On average across all locations, 
using a multiplier of 1.2 resulted in an over application of 48 lbs N/ac, a multiplier of 1.0 
an over application of 13 lbs N/ac, and a multiplier of 0.8 an under application of 22 lbs 
N/ac. These results demonstrate that reducing the multiplier from 1.2 to 1.0 or 0.8 
improved the accuracy of N rate recommendations by 35 and 26 lbs N/ac, respectively. 
However, using the 1.0 multiplier compared to the 1.2 and 0.8 multipliers more evenly 
distributed the accuracy results around the 0-difference value (Figure 3). This result is 
demonstrated as using the 1.2 multiplier overestimated 78% and underestimated 22% 
of the time, the 0.8 multiplier overestimated 34% and underestimated 66% of the time, 
and the 1.0 multiplier overestimated 63% and underestimated 37% of the time. Thus, 
the 1.2 multiplier most frequently overestimated, while the 0.8 multiplier underestimated, 
and the 1.0 multiplier most evenly split whether it over- or underestimated N fertilizer 
requirement. Therefore, the multiplier (coefficient) of 1.0 instead of 1.2 or 0.8 provides 
the most accurate N fertilizer rate recommendations. Economically, the 35 lbs N/ac 
improvement in N rate recommendations by changing from a multiplier of 1.2 to 1.0 can 
save SD farmers $36/ac.  
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Figure 2. The accuracy of N fertilizer recommendations using three different lbs N/bu 
corn multipliers (1.2, 1.0, and 0.8) across 45 locations from 2018 to 2022. Accuracy as 
shown by the Y axis is determined by taking the N recommendation calculated using 
each of the multipliers and subtracting it from the N fertilizer rate needed at each 
location. Values closest to 0 are most accurate. Values above 0 are over applications 
and values below 0 are under applications. The box midline represents the median, the 
‘x’ marks the mean, the upper and lower edges of the box represent the 25th to 75th 
percentiles, and the whiskers represent the range of data. 
 
MRTN Approach 
 The MRTN for the state of SD at a N price to corn price ratio of 0.15 was 97 lbs. 
N/ac and when divided into regions it was 60 lbs. N/ac for central and 102 lbs. N/ac for 
eastern SD. On average across all locations using the MRTN for all of SD, the accuracy 
ranged between -103 and +97 lbs N/ac (Figure 3 and Table 1). For only the eastern 
region the accuracy ranged between -98 and +102 lbs N/ac while the central region 
ranged between -92 and +60 lbs N/ac. Averaged across all sites, there was a mean 
over application of 8 lbs N/ac, and when divided into eastern and central regions a 
mean overapplication of 1 and 7 lbs N/ac, respectively. The RMSE also decreased from 
±51 lbs N/ac when using an MRTN for the entire state to ±46 and ±47 lbs N/ac when 
divided into eastern and central regions, respectively. These results indicate that the 
MRTN approach is most accurate when dividing SD into central and eastern regions, 
most likely due to the greater chance of moisture limiting corn yields in central 
compared to eastern SD. 
 In comparing the MRTN and yield goal results, the mean accuracy improved by 4 
to 12 lbs N/ac and the RMSE improved by ±4 to ±9 lbs N/ac (Table 1). Further, the 
MRTN compared to the yield goal approach is slightly more accurate using the current 
dataset from 2018-2022. However, the results between the yield goal and MRTN 
approach are not large enough to say one approach is definitively better than the other. 
Nitrogen response trials will continue to be conducted and added to the yield goal and 
MRTN databases to see how these approaches differ over time and with an increased 
number of sites in the database. 
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Figure 3. The accuracy of N fertilizer recommendations using yield goal approach with 
the 1.0 lbs N/bu corn multiplier and three maximum return to N methods across all sites 
or divided into eastern and central regions. Accuracy as shown by the Y axis is 
determined by taking the N recommendation calculated using each method and 
subtracting it from the N fertilizer rate needed at each location. Values closest to 0 are 
most accurate. Values above 0 are over applications and values below 0 are under 
applications. The box midline represents the median, the ‘x’ marks the mean, the upper 
and lower edges of the box represent the 25th to 75th percentiles, and the whiskers 
represent the range of data. 
 
 
Table 1. Descriptive statistics regarding the accuracy of N rate recommendations using 
yield goal approaches with three different lbs N/bu corn multipliers and the maximum 
return to N (MRTN) approach with the state as one region and divided into east and 
central regions. 

Statistic 
Yield Goal 

@ 1.2 
Yield Goal 

@ 0.8 
Yield Goal 

@ 1.0 MRTN SD MRTN East MRTN Central 
 ––––––––––––––––––––––––– lbs N/ac ––––––––––––––––––––––––– 

Min -92 -133 -112 -103 -98 -92 
Max 180 86 133 97 102 60 
Mean 47 -23 13 8 1 7 
Median 55 -23 18 8 -1 11 
Upper 75th quartile 76 6 42 47 28 43 
Lower 25th quartile 9 -52 -17 -20 -21 -0.12 
RMSE, ± 76 55 55 51 46 47 

 
ACKNOWLEDGEMENT 

Research funded by the SD Nutrient Research and Education Council and NIFA 
Hatch project SD000H676-18.  

N
 R

ec
om

m
en

da
tio

n 
-N

ee
de

d 
N

 
Ra

te
, l

bs
 N

/a
c

-150

-100

-50

0

50

100

150

Yield Goal @ 1.0 MRTN SD MRTN East MRTN Central



REFERENCES 

Blagodatskaya, E., and Y. Kuzyakov. 2008. Mechanisms of real and apparent priming effects and their 
dependence on soil microbial biomass and community structure: Critical review. Biology and Fertility 
of Soils 45: 115–131. doi: 10.1007/s00374-008-0334-y. 

Cavigelli, M.A., S.J. Del Grosso, M.A. Liebig, C.S. Snyder, P.E. Fixen, R.T. Venterea, A.B. Leytem, J.E. 
McLain, and D.B. Watts. 2012. US agricultural nitrous oxide emissions: Context, status, and trends. 
Frontiers in Ecology and the Environment 10: 537–546. doi: 10.1890/120054. 

Helmers, M.J., X. Zhou, J.L. Baker, S.W. Melvin, and D.W. Lemke. 2012. Nitrogen loss on tile-drained 
Mollisols as affected by nitrogen application rate under continuous corn and corn-soybean rotation 
systems. Canadian Journal of Soil Science 92: 493–499. doi: 10.4141/CJSS2010-043. 

Khan, S.A., R.L. Mulvaney, and R.G. Hoeft. 2001. A simple soil test for detecting sites that are 
nonresponsive to nitrogen fertilization. Soil Science Society of America Journal 65: 1751–1760. doi: 
10.2136/sssaj2001.1751. 

Kim, K.I., D. Clay, S. Clay, G.C. Carlson, and T. Trooien. 2013. Testing corn (Zea mays L.) preseason 
regional nitrogen recommendation models in South Dakota. Agronomy Journal 105(6): 1619–1625. 
doi: 10.2134/agronj2013.0166. 

Kuzyakova, I.F., F.R. Turyabahika, and K. Stahr. 2006. Time series analysis and mixed models for 
studying the dynamics of net N mineralization in a soil catena at Gondelsheim (S-W Germany). 
Geoderma 136: 803–818. doi: 10.1016/j.geoderma.2006.06.003. 

Miguez, F.E., and H. Poffenbarger. 2022. How can we estimate optimum fertilizer rates with accuracy and 
precision? Agricultural and Environmental Letters 7(1): 1–5. doi: 10.1002/ael2.20075. 

Morris, T.F., T.S. Murrell, D.B. Beegle, J.J. Camberato, R.B. Ferguson, J. Grove, Q. Ketterings, P.M. 
Kyveryga, C.A.M. Laboski, J.M. McGrath, J.J. Meisinger, J. Melkonian, B.N. Moebius-Clune, E.D. 
Nafziger, D.L. Osmond, J.E. Sawyer, P.C. Scharf, W. Smith, J.T. Spargo, H.M. Van Es, and H. 
Yang. 2018. Strengths and limitations of nitrogen rate recommendations for corn and opportunities 
for improvement. Agronomy Journal 110: 1–37. doi: 10.2134/agronj2017.02.0112. 

Nathan, M. V, R. Gelderman, B. Joern, A. Mallarino, D. Mengel, J. Dahl, D. Kaiser, T. Shaver, D. 
Franzen, S. Culman, and J. Peters. 2015. Recommended chemical soil test procedures for the 
North Central Region. North Central Regional Publication no. 221 (R. 

Ribaudo, M., J. Delgado, L. Hansen, M. Livingston, R. Mosheim, and J. Williamson. 2011. Nitrogen in 
agricultural systems: Implications for conservation policy. Washington, DC. 

Ros, G.H., E.J.M. Temminghoff, and E. Hoffland. 2011. Nitrogen mineralization: A review and meta-
analysis of the predictive value of soil tests. European Journal of Soil Science 62: 162–173. doi: 
10.1111/j.1365-2389.2010.01318.x. 

Sawyer, J.E., E. Nafziger, G.W. Randall, L. Bundy, G. Rehm, and B. Joern. 2006. Concepts and rationale 
for regional nitrogen rate guidelines for corn. PM 2015. Iowa State Univ. Ext., Ames. 
http://lib.dr.iastate.edu/extension_pubs/105. 

Sierra, J. 1992. Relationship between mineral N content and N mineralization rate in disturbed and 
undisturbed soil samples incubated under field and laboratory conditions. Australian Journal of Soil 
Research 30: 477–492. doi: 10.1071/SR9920477. 

Struffert, A.M., J.C. Rubin, F.G. Fernandez, and J.A. Lamb. 2016. Nitrogen management for corn and 
groundwater quality in Upper Midwest irrigated sands. Journal of Environment Quality 45: 1557–
1564. doi: 10.2134/jeq2016.03.0105. 

USEPA. 2018. Inventory of U.S. greenhouse gas emissions and sinks: 1990-2016 – Executive summary. 
Washington, DC. 

Wu, T.-Y., B.L. Ma, and B.C. Liang. 2008. Quantification of seasonal soil nitrogen mineralization for corn 
production in eastern Canada. Nutrient Cycling in Agroecosystems 81: 279–290. doi: 
10.1007/s10705-007-9163-x. 

Yost, M.A., J.A. Coulter, M.P. Russelle, C.C. Sheaffer, and D.E. Kaiser. 2012. Alfalfa nitrogen credit to 
first-year corn: Potassium, regrowth, and tillage timing effects. Agronomy Journal 104: 953–962. doi: 
10.2134/agronj2011.0384. 

 


