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Abstract
Evidence for the independence of N-rate and yield comes from the improved relationship of N-rate with relative yield compared to raw yield in corn, spring wheat and sunflower N-rate experiments in North Dakota. Relationships were also improved in corn by grouping experiments by regional location and whether the soils are high clay (>40% clay) or not, and discriminating between long-term no-till (6 years or more continuous no-till) or conventional till. In spring wheat, regional differences were also important, as is tillage. Also, there is an area of shale-containing soil along the Canadian border that acts like a natural slow-release N fertilizer, so that area is also segregated. In spring wheat, since market price depends heavily on grain protein concentration, the EONR algorithm includes not only the grain yield response with N rate, but also grain protein response to N rate. In sunflower, segregation is based on region and tillage, and the EONR algorithm includes not only grain yield response to N, but also oil concentration with N rate. Soil analysis for residual nitrate-N to 2 feet in depth is an important modifier to corn, spring wheat and sunflower N recommendations. 

Introduction
There has been a long history of trying to relate crop yield to nutrient availability (Johnson, 1991) beginning with Mitscherlich (1909). From this relationship, the logical step was to relate yield goal with N rate (Bray, 1954). For about 60 years, the accepted formula for recommending fertilizer N and other nutrients was based at least in part on yield goal (Dahnke et al., 1988; Rehm and Schmitt, 1989; Fernandez et al., 2009). 
Raun et al. (2010) and Arnall et al. (2013) showed that the response index (maximum yield in an N rate experiment divided by the check yield) was not related to maximum yield. Therefore, there was no relationship between yield and N rate. Mid-west corn-belt states contributed corn N rate experimental data and found that there was no relationship between yield and N rate. Segregating the data by state and using relative yield rather than actual yield, relationships were much improved. An economic production function was imposed on the resulting equations to factor in the cost of N and price of corn (Sawyer and Nafziger, 2005) and produce corn N recommendations. 
At North Dakota State University, N recommendations for spring wheat, corn and sunflower began to be reexamined in 2005. From 2005-2009, spring wheat/durum wheat N rate trials were conducted. From 2010-2014, corn N rate trials were conducted, and sunflower N rate trials were conducted from 2015-16. The independence of yield and N rate were tested within each data set. The objective was to produce a modern set of N rate recommendations for each crop, to help North Dakota producers achieve the greatest net income from the application of N fertilizer inputs.

Methods
Spring wheat/durum
Archived data from 50 North Dakota experiments conducted from 1970-2005 (Bauer, 1970, 1971; Dahnke, 1981; Etchevers, 1970; Goos et el., 1981, 1982; Scheider, 1980; Sobolik, 1977; Vanden Heuvel, 1980) were added to a database consisting of results of 50+ experiments conducted from 2005-2009 in North Dakota. Residual soil nitrate data was available for all sites. Total known available N is defined as the sum of residual soil nitrate-N, the N treatment rate, and consideration of any N credit from an immediately previous crop. Combined data analysis was compared with segregated data from east/north of the Missouri River to west of the Missouri River. These data were compared with tillage combined (conventional tillage with long-term no-till sites) and then segregated within region. In addition, data from an area named ‘the Langdon Region’ achieved maximum yield with markedly less N compared to the remainder of eastern North Dakota, so these were segregated as a separate region. The Langdon Region was previously described by Redmond and Omodt (1967) as a ‘shaley soil zone’ within North Dakota. In addition, Power et al. (1974) found that this shale contained large amounts of mineralizable ammonium. Therefore, the soil in The Langdon Region acts as a natural slow-release N soil, reducing the N required to grow a crop.
N rate studies from 2005-2009 were carried out on farmer cooperator fields, using their own hybrid choices and field equipment. Treatments were N rates of 0, 40, 80, 120, 160 and 200 lb N/acre were applied as urea treated with Agrotain™ (Koch Agronomic Services, Wichita, KS). Some sites were conventional tillage while others were long-term no-till. Experimental units were 10 feet wide by 25 feet long. The experiments were harvested  using a Hege™ (Hege Company, Waldenburg, Germany) plot combine with a 4-foot head. Wheat was cleaned before weighing, and a subsample was taken after weighing and sent to the NDSU quality laboratory for protein analysis. 
Corn
Data were collected from 130 N-rate trials from 2002-2015. With permission, 9 sites were from southern Manitoba (courtesy of Dr. John Heard), 6 sites were located in northern South Dakota, and 23 sites were from studies performed in northwest Minnesota (courtesy of John Lamb & Russ Severson), with the remaining 92 studies performed in North Dakota. Datasets segregated into eastern and western North Dakota. All serious corn production in western North Dakota is performed under no-till, so no further segregation was warranted in this region. In eastern North Dakota, data segregated under conventional till and long-term (6 years or more continuous no-till), and high-clay soils and medium-textured soils (other) with high or low production history. The low production history soils consisted of those with a history of seasonal water saturation and subsequent denitrification if high clay, and leaching in medium-textured soils (which includes coarser textures). The low production categories were prompted to strongly consider split applications/side-dress, because N rate is not the problem in these soils, but timing to miss the late April through mid-June wet season. Corn experiments in North Dakota consisted of randomized complete block designs, with four replications and N treatments of 0, 40, 80, 120, 160 and 200 pound N per acre applied near planting with Agrotain™-treated urea. Experimental units were 10 feet wide and 40 feet long. A single row was hand-harvested from each unit and shelled for grain weight, moisture off site.
Sunflower
Data were collected from 2015-16 from 28 sites in North Dakota. Experiments were randomized complete block designs with 6 N treatments of 0, 40, 80, 120, 160 and 200 pounds N per acre applied as ammonium nitrate near seeding. Experiments were located in farmer cooperator fields using the cultivars of their choice, and were seeded and weeds controlled using their equipment. Experimental units were 10 feet wide and 40 feet long. A single row was hand harvested from each unit and was  threshed off site. A subsample was saved and later submitted for oil concentration analysis at the USDA-ARS sunflower laboratory in Fargo, ND, on the NDSU campus. The project graduate student conducted the oil analysis following training. Confection-type sunflower sites were not subjected to oil analysis.
Data was segregated into western North Dakota (all long-term no-till) and eastern North Dakota. In Eastern North Dakota, further segregation was made into conventional till and long-term no-till. Confection sunflower and oil-seed sunflower were segregated within each region.
2-Row Malting Barley
Data were collected from 2020-2021 from 4 sites in North Dakota. Experiments were randomized complete block designs in a split plot, with main plots being two cultivars, and 5 N treatments, 0, 40, 80, 120, and 160 pounds N per acre as SuperU. Experimental units were 8 feet wide by 40 feet long. Experiments were harvested with a plot combine with a 5-foot head. Subsamples were obtained after weight/moisture measurements and delivered to the Barley Quality Laboratory on the NDSU campus for protein and plump determination.
Statistics were calculated using SAS 9.3/9.4 for Windows, and graphs were constructed using Excel 2010.

Results
The best visual demonstration of the independence of yield and N rate is through comparing graphs of  the relationship of raw yields with N rate with standardized yields with N rate. A standardized yield, sometimes also referred to as ‘normalized’ yield, is the yield within an experiment divided by the greatest yield in the experiment. Standardized yield is also sometimes referred to as ‘relative yield’. 
Figures 1a shows the raw yield relationship with total known available N (N rate applied plus spring residual nitrate-N to 2 feet in depth plus any previous crop credits from previous year legumes or sugarbeet leaves) with an r2 of 0.16 and 1b showing the standardized yield relationship with total available N, with an r2 of 0.53. When a standardized yield relationship with total known available N is greater than the raw yield relationship, it demonstrates that relative yield is the most important factor, not actual yield. 
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Figure 1a. North Dakota spring wheat/durum yields, west of the Missouri River, compared with total known available N, conventional tillage.

Figure 1b. North Dakota standardized spring wheat/durum yields, west of the Missouri River, compared with total known available N, conventional tillage.

[bookmark: _GoBack]Table 1. Regression of spring wheat/durum, corn, sunflower and 2-row malting barley yields vs total known available N using raw yield and standardized yield.
	Comparison
	r2 with total known available N

	Crop
	Region
	Tillage
	Raw Yield
	Standardized Yield

	SW/Durum
	West
	CT
	0.16
	0.53

	SW/Durum
	West
	NT
	0.19
	0.62

	SW/Durum
	East
	CT
	0.32
	0.39

	SW/Durum
	East
	NT
	0.26
	0.45

	Corn
	West
	NT
	0.35
	0.68

	Corn
	East HClay
	Ct
	0.22
	0.47

	Corn
	East Med Tx
	CT
	0.29
	0.50

	Corn
	East NT
	NT
	0.20
	0.68

	Sunflower
	West
	NT
	0.27
	0.47

	Sunflower
	East
	CT
	0.14
	0.41

	Sunflower
	East
	NT
	0.16
	0.30

	2-row MB
	East
	NA
	0.01
	0.55


SW = Spring wheat; MB=malting barley; CT = conventional tillage; NT = no-tillage at least 6 years continuous. HClay are sites with >40% clay; Med Tx are sites with <40% clay.

From Table 1, all comparisons of yield with total known available N (TKAN) show a larger r2 with standardized yield compared with the raw yield relationship. In wheat, corn, sunflower and 2-row malting barley, use of standardized data increased the relationship between yield and available N to the crops. This indicates that the ‘cloud’ of data around a raw yield vs available N relationship is a series of nearly parallel response curves. When standardized, the data around the normalized curve falls much tighter around the response curve as a result of the stacking of the individual site curves nearly on top of each other; the r2 and the real N vs relative yield relationship of the whole is better expressed. 
	These phenomena may surprise crop management practitioners and farmers; however, the basis for similar recommended N rates regardless of realized yield might be explained by the sources of N availability to plants. Soil moisture acts to increase or decrease the availability of N to crops (Martin et al., 1982). In dry soils, N does not move to the roots with mass flow, but is restricted in its path to the root and uptake may be limited to diffusion or root contact. Also, in dry soil, N mineralization rate is lower. The result of poor N efficiency in dry soil is that the rate of N per bushel achieved is greater than in a moist soil. In a moist soil, N mineralization rate is high and movement of N to roots is more efficient, so N efficiency is high and higher N rates are not required to achieve higher yield. The old yield goal formulas did not consider other sources of N to crops. In N rate trials, application of zero-N never results in zero-yield. Nitrogen even in the absence of supplemental N, is provided through mineralization of N from residue and organic matter; N is added through atmospheric deposition; N is provided in smectitic soils through release of non-exchangeable ammonium; and N is provided from the activity of free-living (asymbiotic) N fixers from several genus of soil bacteria. Conditions that increase the contributions of ‘natural’ N sources also serve to increase crop yield. Contributions of soil N sources are apparently able to ‘fill in the gap’ to support greater crop yield with more favorable N supply. Also, the ability of the crop to access soil N and supplemental N is increased with more favorable moisture conditions.
     In designing the N calculator for spring wheat/durum, the response of grain protein was included in the industrial production function (EONR). Below 14% protein a dockage was included, and above 14% and protein premium was included up to 15%. In sunflower, the oil concentration with N rate was considered, since oil percentage decreases always with increasing N rate. The dockage for low oil and premium for higher oil was considered.
	This investigation supports the use of the MRTN concept in wheat, corn, sunflower, and 2-row malting barley, and also indicates that use of standardized, or relative yield within site may be a better factor to model with available N or N rate compared to raw yield data.
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