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Abstract

North Dakota will begin using new fertilizer recommendations beginning Dec. 1, 2009. Previous
recommendations required a yield guess by growers with no regard to economics of nitrogen
application. The new recommendations recognize different N response curves with yield and
grain protein within three state agri-climatology zones. The recommendations use the “return to
N” method, which vary the N recommendation based on crop price and N costs. The resulting
rate is adjusted based on soil test nitrate, previous crop N credit, excessive straw generated the
previous season and tillage history. Adjustment due to soil organic matter content is under
consideration. The recommendations will be available in print and through the use of an on-line
interactive spreadsheet.

Introduction

A brief history of N calibration work and a description of current recommendations were
provided by Franzen et al. (2007). Costs for fertilizer N increased nearly 3-fold between fall
2007 and fall 2008 and have now fallen back to about 2007 levels. Interest in site-specific
strategies to increase N efficiency and reduce overall N-rates is growing. The purpose of this
work is to develop better N recommendation strategies for wheat in North Dakota that are
economically responsive, contain site-specific characteristics, and are yield and grain protein
response based.

Methods and Materials

The data base for the recommendations is a combination of archived N response experiments
from 1970 to 2004 and experiments conducted directly for this effort between 2005 and 2009.
All of the data was associated with a soil test nitrate-N analysis. Some of the data was associated
with a legume as a previous crop. A legume N credit was added into the available N amount for
those sites. Through 2008, a total of about thirty-eight modern N calibration site-years were
collected and fifty-eight previously archived site-years for a total of ninety-four site years. A
total of about 460 data-points comparing yield/protein and N-rate/credits have been used in
recommendation development.

Results
Using archived data and modern data from 2005-2008 (Figure 1), the response of yield to

available-N is curvilinear. The zero-N rate does not product zero-yield. A zero-N rate produces
about 20 bu/a. The rate of N required to produce additional yield from 20 to 30 bu/a is about 4 Ib
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N/a, not 2.5 Ib N/a as our present formula is written The yield increases between 30 and 40 bu/a
are about 5 Ib N/bu.

Wheat Yield with Available N, 1970-2008
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Figure 1. Wheat yield compared with N rate (total known available-N), 1970-2008.

Spring Wheat Protein vs N Rate, North Dakota 1970-2008
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Figure 2. Wheat protein response with N-rate (total known available-N).

North Central Extension-Industry Soil Fertility Conference. 2009. Vol. 25. Des Moines, 1A. Page 91



The protein response is also curvilinear (Figure 2). Maximum protein is achieved statewide with
about 175-200 Ib N/acre. Protein is an important component of economic analysis of wheat.
When protein is less than 14%, there is a substantial dock. When protein is greater than 14%, up
to a level of 15%, there is often, but not always a protein premium paid to growers. Beyond 15%,
there are no additional incentives for protein. In some years, this premium is very large, but in
most years it is about 1/3 the amount deducted as dockage for low protein.

Using the technique introduced by Nafziger and Sawyer (2005), the return to N for wheat was
developed. For each region (Figure 3) the N response curve for yield and protein were
independently determined. Inserting an N cost, yield return and protein return for each increment
of N, the response to N curve was developed. (Figures 4-6). Within the protein return, N rates
that returned protein below 14% was subject to a dockage of 50 cents per %, while protein above
14% was given a premium of 50 cents per % up to a protein of 15%, where no further premium
was provided. The 15% protein cut-off is the reason why the curves especially in Figure 4 for

western ND have a kink in the curve.
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Figure 3. Location of Eastern North Dakota, Western North Dakota and Langdon Region
agri-climatology zones.
Sites in the east and west were also segregated by tillage systems. Sites with a conventional

tillage history required higher rates than sites that had been in no-till greater than 5 years.
Adjustments are included for growers to consider in determining final N rates.
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Western ND, $6 Wheat with 30, 35 and 40 cent N
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Figure 4. Return to N for western ND, 1970-2008 database, $6/bu wheat with 30-40 cent/Ib
N costs.
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Figure 5. Return to N for eastern ND, 1970-2008 database, $6/bu wheat with 30-40 cent/Ib
N costs.
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Langdon Wheat Response to N, $6 Wheat, 30-40 cent N
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Figure 6. Return to N for Langdon region, 1970-2008 database, $6/bu wheat with 30-40
cent/Ib N costs.

North Dakota has at least three agriclimatology zones within the state. The plateau in the
Langdon area is usually 5 degrees F cooler than other parts of the state, with less growing season
evapotranspiration. The east is more humid and has more rainfall than the west. Therefore, data
was divided into these regions and analyzed separately for return to N characteristics. From the
results shown in Figures 4-6, the segregation appears justified.

The western ND dataset for $6/bu wheat (Figure 4) shows profitable N returns for N costs
between 30-40 cents/Ib N. The eastern ND dataset for $6/bu wheat shows profitable returns
between 30-40 cents/Ib N. Comparing eastern ND to western ND return to N, western ND return
to N becomes limited at about 200 Ib N/acre, while return to N in eastern ND continues at higher
N rates. The response to N in western ND is greater than eastern ND at lower N rates, but
becomes less as N rates increase.

The Langdon return to N for $6/bu spring wheat maximized return with $0.30 N was about 145
Ib/acre, while increasing N costs to $0.40 decreased optimal N rate to about 125 Ib/acre (Figure
6). In contrast to both western and eastern ND, excessive rates decrease profitability. Reduced
profit is likely the result of pre-anthesis lodging due to excessive N in this region. Mineralization
rates are high in the Langdon region according to N rate study results. Note the high return to N
associated with the zero-N rate compared with zero-N rates in the east and the west, with the
west being the lowest.
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For a grower or consultant to develop a suitable N rate requires following a series of steps.

1. Locate the farm on the agriclimatology map (Figure 3).

2. Choose a productivity level. The productivity level forces the grower to consider the history
of the farm or soil. There are three productivity levels for each region, low, medium and
high.

Each is defined as:

Eastern North Dakota
Low productivity = yields < 40 bu/acre
Medium productivity = yields between 40-60 bu/acre
High productivity = yields > 60 bu/acre

Western North Dakota
Low productivity = yields < 30 bu/acre
Medium productivity = yields between 30-50 bu/acre
High productivity = yields > 50 bu/acre

Langdon Region
Low productivity = yields < 40 bu/acre
Medium productivity = yields between 40-60 bu/acre
High productivity = yields > 60 bu/acre
3. Choose a wheat price
4. Choose an N cost
5. Look up the gross available N for those criteria in a table or on-line. An example appears in
Table 1.

Table 1. Eastern North Dakota Medium Productivity
N Costs cents per pound N

Wheat 20 30 40 50 60 70 80 90 100
price Total available N for optimum return, Ib/acre
$3.00 125 115 105 90 60 30 0 0 0
$4.00 150 140 130 120 110 100 80 50 0

$.00 160 150 140 130 120 110 100 90 80
$6.00 170 160 150 140 130 120 110 100 90
$7.00 180 170 160 150 140 130 120 110 100
$.00 18 175 170 165 160 140 140 130 120
$9.00 190 180 175 170 165 160 150 140 130
$10.00 200 190 185 180 170 165 160 150 140

6. Subtract adjustments
Subtract the soil test nitrate from the 0-2 foot depth
Subtract any previous crop N credits
Add 20 Ib N/acre if the field has been in No-Till for 1-5 years
Subtract 50 Ib N/acre if the field has been in No-Till greater than 5 years
Add 30 Ib N/acre for each ton of straw above 2,000 Ib/acre generated the previous year
7. The final result will be plus or minus 30 Ib N/acre for considerations attributed to soil,
variety, grower experiences or other grower/consultant designated factors.
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An interactive spreadsheet will be available on-line after December 1, 2009. The draft site is
shown in Figures 7 and 8, and contains the steps previously described. Growers can choose
different scenarios for each field/soil to investigate the implications of N cost and wheat price on
their final decision.
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Figure 7. Draft of the beginning of the North Dakota wheat recommendation interactive
website.
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Figure 8. Draft of the conclusion of the North Dakota wheat N recommendation interactive
website.

Summary

Archived N calibration data from spring wheat/durum trials from 1970 to present were gathered,
along with recent field N rate experiments since 2005. There appear to be good reasons for
segregating North Dakota into agriclimatology zones. Response curves are different in different
areas of the state. The recommendations use response data as well as wheat price and N costs to
extract gross N recommendations from return to N response curves. Adjustments to rate are soil
test nitrate to 2-feet in depth, previous crop N credits, tillage history and excessive straw from

the previous season. Adjustments with respect to organic matter are under consideration.
Recommendations will be available in print and on-line.

References

Bauer, A. 1970. Nitrogen uptake by irrigated wheat under varying fertilizer nitrogen application
rates. p. 95-99. In. NDAA 22" Annual Fertilizer Conference. Soil Management for Crop

North Central Extension-Industry Soil Fertility Conference. 2009. Vol. 25. Des Moines, 1A. Page 97



Production and Environmental Protection Short Course. Dec. 3-4, 1970, Fargo, ND. North
Dakota Plant Food Association and NDSU Ext. Serv.

Bauer, A. 1971. Fertilizer nitrogen effects on spring wheat varieties. p. 8-21. In 1971 North
Dakota Crop Production Guide. NDSU Ext. Serv., Fargo, ND.

Dahnke, W.C. 1981. Department memo. Jan. 29, 1981.

Deibert, E.J. 1994. Fertilizer application with small grain seed at planting. NDSU Ext. Bull. EB-
62. NDSU Extension Serv., Fargo, ND.

Etchevers, J.D. 1970. Effect of CCC and nitrogen on two cereals. M.S. Thesis, NDSU.

Franzen, D.W., G. Endres, J. Lukach, R. Ashley and K. McKay. 2007. Nitrogen recalibration for
wheat in North Dakota. p. 79-86. In 2007 Proceedings of the North Central Extension-
Industry Soil Fertility Conference, 14-15 Nov., 2007. Des Moines, IA. IPNI, Brookings, SD

Goos, R.J., B. Johnson, and F. Sobolik. 1982. Fertilizer studies on recropped small grain in
western ND, 1981. p. 200-202. 1982 North Dakota Crop Production Guide. NDSU Ext.
Serv., Fargo, ND.

Goos, R.J., B.E. Johnson, E.J. Deibert, and F.J. Sobolik. 1981. The effects of N rate, N source, P,
& K on the yield & protein content of spring wheat. p. 191-194. In 1981 North Dakota Crop
Production Guide. NDSU Ext. Serv., Fargo, ND.

Goos, R.J. 1983. Small grain soil fertility investigations, 1979-1983. p. 27-30. In North Dakota
Farm Research. VVol. 4, No. 1. North Dakota State University Agri. Exp. Sta., Fargo, ND.
Halvorson, A.D. 1986. Phosphorus management for MEWY and quality. 12 p. Presented at
Hands-On Workshop for Implementing Maximum Economic Wheat Yield Systems. July 8-

11, 1986. Bismarck, ND.

Sawyer, J.and E. Nafziger. 2005. Regional approach to making nitrogen fertilizer rate decisions
for corn. p. 16-24. In Proceedings of the North Central Extension-Industry Soil Fertility
Conference, Nov. 16-17, 2005, Des Moines, 1A. Potash & Phosphate Institute, Brookings,
SD.

Schneider, R.P. 1980. N Sources and N-Serve in North Dakota spring wheat production. p. 216-
221. In 1980 North Dakota Crop Production Guide. NDSU Ext. Serv., Fargo, ND.

Sobolik, F. Nitrogen use on fallow and re-cropped land in northwest North Dakota. p. 243-244.
In 1977 North Dakota Crop Production Guide. NDSU Ext. Serv., Fargo, ND.

Vanden Heuvel, R.M. 1980. Effect of time of residue incorporation, time of N application, N rate
and N source on HRS wheat (Triticum aestivum L.). NDSU M.S. Thesis.

Acknowledgements
Funding for this project was provided by the North Dakota Wheat Commission, Georgia-Pacific,

UAP, Simplot, Tessenderlo-Kerley and the North Dakota State Board of Ag Research and
Extension Wheat Committee.

North Central Extension-Industry Soil Fertility Conference. 2009. Vol. 25. Des Moines, 1A. Page 98



PROCEEDINGS OF THE

THIRTY-NINTH
NORTH CENTRAL
EXTENSION-INDUSTRY
SOIL FERTILITY CONFERENCE

Volume 25

November 18-19, 2009
Holiday Inn Airport
Des Moines, 1A

Program Chair:
John Lamb
University of Minnesota
St. Paul, MN 55108
(612) 625-1772
JohnLamb@umn.ed

Published by:
International Plant Nutrition Institute
2301 Research Park Way, Suite 126
Brookings, SD 57006
(605) 692-6280
Web page: www.IPNI.net


mailto:warncke@msu.edu

	Abstract
	Introduction
	NC09-1 Title Page.pdf
	PROCEEDINGS OF THE 
	THIRTY-NINTH
	EXTENSION-INDUSTRY
	SOIL FERTILITY CONFERENCE
	Volume 25
	November 18-19, 2009
	Des Moines, IA
	John Lamb
	University of Minnesota
	St. Paul, MN  55108
	(612) 625-1772
	JohnLamb@umn.ed


	Published by:
	International Plant Nutrition Institute
	Web page: www.IPNI.net






