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2016 Nutrient Management Initiative (NMI)

The Nutrient Management Initiative is a simple tool to help evaluate the efficiency of nitrogen fertilizer 
inputs through the use of on-farm side-by-side trials. The NMI was reintroduced in 2015 with direct 
funding from the Minnesota Department of Agriculture (MDA) and includes field trial options that 
consider nitrogen rate, timing, stabilizer, and source evaluations. In 2016, 100 farmers worked 
with 29 crop advisers statewide to establish 101 on-farm trials geared towards improving nitrogen 
efficiencies on their own farms. Since 2015, there has been a total 269 NMI trials in Minnesota.

NMI Design

Farmers worked with a crop adviser to set up field trials and verify crop management and harvest 
information. Advances in technology make NMI trials easier to install pre-determined nitrogen 
treatments and extract and review harvest information directly from yield maps. Participants received 
an individual and regional analysis of the results at the end of the season.

Many crop advisers utilized the NMI in order to 
promote and evaluate industry advancements, new 
technology, or application equipment that can help 
improve efficiency and boost yields. Some crop 
advisers, MDA, soil and water conservation district, 
and University of Minnesota (U of M) Extension 
personnel also held winter farmer meetings to review 
field trial results. New ideas for field trials from farmers 
included evaluating inter-seeding cover crops while 
side dressing nitrogen, as well as a nitrogen rate 
comparison trial on corn grown for silage in southeast 
Minnesota.

2016 brought the addition of advanced nitrogen rate 
trials with guidance from U of M Extension research 
specialists. Advanced trials will provide a more in-depth 
design to help validate nitrogen rate recommendations 
for corn/corn and corn/soybean rotations.  Farmers 
and crop advisers worked directly with staff to set up 
six replicated nitrogen rates across their fields. Four 
advanced trials were completed this year; two in the 
Southwest/West Central region, and two in the South 
Central. The U of M sent out the nitrogen prescriptions 
directly to the participants, as well as determined the 
final results after receiving yield information directly from 
the monitor after harvest.
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Average results of 2016 NMI trials

•	 Not including the four U of M advanced nitrogen rate trials

CORN FOLLOWING CORN

Nitrogen BMP 
Region

All trials combined Rate trials Timing trials Stabilizer trials

Total N 
(ac)

Yield 
(bu/ac)

NUE 
(lbs of 
N per 

bushel)

Price 
(per 

pound 
of N)

Additional 
N (lbs/ac)

Yield from 
additional 

N (bu)

Split App 
Advantage (bu)

Stabilizer 
Advantage 

(bu)

Stabilizer 
Cost (ac)

Southeast 177.84 218.42 0.81 $0.38 39.69 3.53 2.89 0.29 $12.50

South Central 150.56 208.42 0.72 $0.49 31.00 0.00 30.3*

Southwest/West 
Central 177.00 239.00 0.74 na 30.00 0.00

Northwest

Northeast 182.83 198.12 0.93 $0.40 32.50 6.40 0.30

Averages 172.06 215.99 0.80 $0.42 33.30 2.48 2.89 0.30 12.50

*Only on one trial. Preplant 32% UAN 1 app  vs a split 2 app. Not included in averages.

CORN FOLLOWING SOYBEANS

Nitrogen BMP 
Region

All trials combined Rate trials Timing trials Stabilizer trials

Total N 
(ac)

Yield 
(bu/ac)

NUE 
(lbs of 
N per 

bushel)

Price 
(per 

pound 
of N)

Additional  
N (lbs/ac)

Yield from 
additional 

N (bu)

Split App 
Advantage (bu)

Stabilizer 
Advantage 

(bu)

Stabilizer 
Cost (ac)

Southeast 152.04 217.59 0.70 0.41 35.70 3.72 0.32 1.43

South Central 151.59 213.20 0.71 0.51 36.75 5.00 5.49

Southwest/West 
Central 159.53 216.02 0.73 0.42 31.76 3.97 1.62

Northwest

Northeast 192.84 184.17 1.05 0.43 40.33 0.66 0.30 na

Averages 164.00 207.75 0.80 0.44 36.14 3.34 2.48 0.87

The average cost for a pound of nitrogen was $0.42. When considering an average of all nitrogen 
rate trials following corn, an additional 33.30 pounds of nitrogen cost $13.99 per acre, but only 
offered an average yield increase of 2.48 bushels per acre.

The average cost for a pound of nitrogen was $0.44. When considering an average of all nitrogen 
rate trials following soybeans, an additional 36.14 pounds of nitrogen cost $15.90 per acre, but only 
offered an average yield increase 3.34 bushels per acre. 

Only two NMI trials were not harvested correctly last fall in southeast Minnesota and are not included 
in this report. Of the remaining trials not listed above, one trial in southeast Minnesota was corn 
grown for corn silage, while the other nine trials had different previous crops consisting of potatoes, 
barley, wheat, dry beans, and alfalfa. Most of these trials were located in central Minnesota in the 
Northeast irrigated and non-irrigated sandy soils region.
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Statistical Analysis
Statistical analysis was completed on sixty of the ninety-seven (62%) basic NMI field trials which 
had a minimum of three replications of each nitrogen practice. This is standard practice within the 
research community. Replications of practices with statistical analysis are crucial to determine if the 
yield difference is actually a true treatment effect of the different nitrogen practices, and not an effect 
of other factors from in-field variability. Consistently similar yield results of each specific nitrogen 
treatment strip help to indicate this as well. While comparisons were made on trials with only one or 
two replications, results were not confirmed with statistical analysis.

After analysis of those sixty trials, only seven showed a statistically significant difference in yield 
due to the actual nitrogen treatment. This means that most of the participants did not see any yield 
difference between their normal and alternative practices. In other words, the lower nitrogen rate, 
split application, or stabilizer use which was considered an alternative practice, may be adequate to 
cover the crop nitrogen needs and not affect yields. 

Before drawing a conclusion, it is important to note that the 2016 growing season generally was 
favorable for release of nitrogen from the breakdown of soil organic matter, or mineralization. In-field 
variability can considerably alter results of each individual field trial strip and needs to be considered 
before formulating results. The generally above-average nitrogen release may have helped make up 
for some of the difference between the normal and alternative practices. 

Nitrogen Use Efficiency (NUE)
Minnesota corn production is becoming much more 
efficient by producing a bushel of corn with less nitrogen. 
In addition to nitrogen management, technology, field 
history, genetics, equipment, weather, product timing and 
placement are some of the contributors to the ability of 
corn to utilize applied nitrogen. 

Using on-farm field trials serve as a critical component 
to evaluating the efficiencies of management practices 
on any field. NUE values can be represented several 
ways; however, any NUE value can be a very simple 
comparison tool and serve as an indicator for tracking 
and reducing nitrogen losses over time. 

Many farmers often question how nitrogen practices on their own farms compare to their neighbors 
or other farmers in the same area. Similar to 2015, each NMI farmer participant was given a 
unique field trial identifier with NUE values by taking the total nitrogen rate divided by yield, which 
determines the amount of nitrogen required to produce one bushel of corn. Nitrogen practices in 
each trial were given a unique ID for the normal or alternative practices. The NUE values were then 
sorted by similar crop rotations in the same region and used as a simple method to help showcase 
farmers that are minimizing their nitrogen inputs and still maintaining great yields. 
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The last two NMI seasons have shown the benefit and nitrogen producing potential of soil organic 
matter. For estimates on soil mineralization and plant nitrogen uptake potential, refer to the summary 
reports from the advanced scientific trials located at the beginning of the Southeast Minnesota 
section of this report titled “Effects of Nitrogen Rate and Application Timing on 2016 Corn 
Yield”.  These advanced trials measured the amount of nitrogen supplied by soil organic matter 
alone, as well as the nitrogen Fertilizer Recovery Efficiency of the actual applied nitrogen, which 
generally only averaged around 50-60% in 2016.   Results of almost all of the individual NMI field 
trials reflect similar results with no response to additional nitrogen for another above-average 
growing season with record yields experienced by many Minnesota farmers.

NUE values are a simple method to help highlight advanced nitrogen management practices and 
yields from within the same region. NMI participants can review the results of all the other trials and 
evaluate the factors they feel contributed to the outcomes. The top three NUE practices are listed 
on the initial summary page of each region. Below is a table highlighting some of the statewide 
farmers that had field practices which used the least amount of nitrogen to produce a bushel of corn. 
The asterisk (*) marks a field trial on peat soil, with an organic matter level of 38.7%, which again 
confirms the soils ability to provide nitrogen during the growing season.

2016 NMI Top Nitrogen Use Efficient (NUE) farmers
Total Nitrogen Rate / Yield = pounds of nitrogen per bushel

NUE (N 
rate/
yield)

Field Trial 
ID Region County Previous 

Crop

Total N 
Rate 

(lbs/ac)

Yield 
(bu/ac) Variety Trial type Page #

.33 *DPSCR* South Central Blue Earth Corn 66 201.3 DKC 46-20 Rate 80

.42 SFNWR2 Northwest Norman Dry Beans 88.5 211.4 Dekalb 43-10 Rate 129

.43 JBSES Southeast Fillmore Soybeans 100 232.2 Dekalb 50-84 Stabilizer 70

.48 SFNWR1 Northwest Norman Dry Beans 101 210.4 Dekalb 38-03 Rate 128

.50 GKSWR Southwest Nobles Soybeans 120 237.7 Dekalb 54-38 Rate 115

.50 RNSET Southeast Olmsted Corn 103 208.0 na Timing 35

.52 GLSER Southeast Wabasha Soybeans 136 262.5 DKC54-40VT2P Rate 49

* peat soil
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Environmental Considerations
Today’s farmers are very mindful of not only the economic challenges associated with nutrient 
management decisions, but also of the fate of excessive nutrient losses to the environment. Water 
quality issues are becoming much more well-known and often the target of news stories and 
releases. University of Minnesota research has continually shown that applying nitrogen rates at 
or near the Economic Optimum Nitrogen Rates (EONR) and following nitrogen best management 
practice (BMP) guidance can ensure maximum profits while minimizing the risk of nitrate losses to 
surface and ground water sources. Overall results of the 2015-2016 NMI rate trials across Minnesota 
indicated that rate reductions of a minimum of thirty pounds of nitrogen per acre did not have any 
negative effect on yield, but rather provided an avenue to reduce inputs to improve economic return.

With increased scrutiny of our water resource quality, responsible nutrient management decisions 
will become even more important in the future. NMI is by no means the silver bullet to solve water 
quality issues, but participation can certainly help to relay the interest of farmers and ag-industry 
in working together to protect our water quality.  NMI also opens the door to allow participants to 
share, evaluate, and develop new strategies to enhance nitrogen management practices to protect 
economic and environmental performance. 

2016 year in review
With the exception of a few areas, favorable 
temperatures and rainfall were maintained 
throughout the growing season. Many areas 
received above average and timely rains 
throughout the season. For most parts of the 
state, the past two growing seasons have been 
above average. NMI trial results need to be 
considered based to these conditions which may 
not reflect average growing seasons.

Record Yields
The 2016 crop year was another exceptional year 
across the state for both corn and soybeans. 
For the second year in a row, Minnesota farmers 
set records for corn and soybeans yields. Corn 
yields averaged 193 bushels per acre, 5 bushels 
per acre above the previous record set in 2015. 
Soybean yields averaged 52.5 bushels per acre, 
2.5 bushels per acre above the previous record, 
also set in 2015.
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High yields were needed again this year to offset the low prices of both corn and soybeans. Even in 
the central sand plains of Minnesota, dry land corn acres often averaged over 160 bushels per acre 
in areas where less than 100 bushels per acre would be normal.

Corn prices did not average over $4.00 per bushel at any time in 2016, according to the latest data 
from the USDA National Agricultural Statistics Service (NASS). However, soybean prices rebounded 
from 2015 topping out over $10.00 in the summer of 2016, before falling below $9.00 for most of the 
fall.

Cropland cash rents in Minnesota remained relatively high in 2016, averaging $170 per acre, slightly 
below the all-time high of $186 in 2014 and $11 less than in 2015. Cropland values also remained 

relatively high, averaging $4,700 
per acre, down slightly from the 
all-time high of $4,870 in 2014 
and $50 less than in 2015.

Nitrogen inputs were also down 
slightly in 2016 ranging from 
$0.27 per pound of nitrogen for 
anhydrous ammonia and $0.37 
per pound for urea in December 
of 2016, down from $0.33 per 
pound of nitrogen for anhydrous 
ammonia and $0.38 per pound 
for urea in December of 2015.

Increase in fertilizer licenses, specialty fertilizers, and soil and 
plant amendment registrations at MDA 
The number of fertilizer licenses, specialty fertilizer and soil & plant amendment consumer products 
continues to increase, according the MDA’s license and registration database. During 2016, the MDA 
issued 1939 fertilizer licenses which is 2% more than in 2015. A fertilizer license must be obtained 
by anyone who sells or distributes fertilizer, custom applies fertilizer or manufactures, blends or 
otherwise manipulates fertilizer. The number of fertilizer licenses has increased by 21% since 2007.

A combination of 372 companies registered a total of 4384 specialty fertilizers, representing an 
increase of over 6% compared to 2015. The number of specialty fertilizer registrations has increased 
by 34% since 2008.
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Soil and plant amendment registrations increased to 557 in 2016, which is 15% more than in 2015. 
Soil & plant amendments are materials intended to improve plants, seed or soil to improve certain 
desirable characteristics. Soil and plant amendment product registrations have increased by 284% 
since 2008.

Summary
Organizing and evaluating the results from the NMI is difficult and is by no means a substitute for the 
reliable, research based results that are delivered by the University of Minnesota.  Each site is unique 
with different farming practices, field variability, and weather patterns that can influence results. 
The purpose of NMI trials is simply to provide farmers an opportunity to compare different nitrogen 
practices on their own farms and evaluate other trials from the same region. The NMI can go a long 
way to help relay the positive efforts farmers are already making on their farms, as well as serve 
another great tool to help open discussion on ideas that can help benefit water quality in Minnesota.

Thank you to all everyone who participated and assisted with the NMI in 2016. Several new ideas 
were generated from participants, which should result in an expansion of field trial options in 
the future.  Our goal is to continue to improve and expand the NMI program to become a more 
valuable tool for Minnesota farmers and crop advisers to not only use, but also to showcase their 
commitment to advancements that benefit water quality. 2017 NMI enrollment will offer increased 
enrollment throughout Minnesota and will have a more regional focus that provides additional 
information to participants on a local level.

For more information about the Nutrient Management Initiative go to: 
www.mda.state.mn.us/nmi

Ryan Lemickson, Minnesota Department of Agriculture

http://www.mda.state.mn.us/nmi
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Southeast
2016 Nutrient Management Initiative (NMI)

Field Trial Type

Rate (9)

Timing (21)

Rate after Manure (6)

Stabilizer (5)

Rate after Alfalfa (1)

Source (1)

Dawn Bernau
Minnesota Department of Agriculture
3555 9th Street NW, Suite 350
Rochester, Mn 55901
507-206-2881
Dawn.Bernau@state.mn.us
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Southeast BMP Region 
S U M M A R Y

Averages

Previous Crop

All trial practices combined Rate trials Timing trials Stabilizer trials

Total N 
(ac)

Yield 
(bu/
acre)

NUE 
(rate/
yield)

Price 
per 

pound 
of N

Additional 
N (lbs)

Yield from 
additional 

N (bu)

Split App 
Advantage (bu)

Stabilizer 
Advantage 

(bu)

Stabilizer 
Cost (ac)

Corn 177.84 218.11 0.84 $0.38 39.69 3.53 2.89 0.29 $12.50

Soybeans 152.04 217.59 0.70 $0.41 35.71 3.72 0.32 1.43 na

Alfalfa 139.00 235.33 0.59 $0.41 50.00 0.00

Averages 156.29 223.68 0.71 0.40 41.80 2.42 1.61 0.86 12.50

CORN AFTER CORN: Top Nitrogen Use Efficiencies (NUE) 

Total N Rate/Yield - lbs of N Per Bushel

Page NUE County
Trial Practice 

ID
Total N Rate

(lbs/ac)
Yield 

(bu/ac)
Variety Type of Trial

35 0.5 Olmsted RNSETalt 103 208 na Timing

35 0.52 Olmsted RNSETnorm 103 199.6 na Timing

23 0.55 Winona BGSERMalt 108 195 Dekalb 5284 Rate after Manure

CORN AFTER SOYBEANS:  Top Nitrogen Use Efficiencies (NUE)  

Total N Rate/Yield - lbs of N per bushel

Page NUE County
Trial Practice 

ID
Total N Rate

(lbs/ac)
Yield 

(bu/ac)
Variety Type of Trial

70 0.43 Fillmore JBSESnorm 100 232.2 Dekalb 50-84 Stabilizer

70 0.45 Fillmore JBSESalt 100 223.1 Dekalb 50-84 Stabilizer

49 0.52 Wabasha GLSERnorm 136 262.5 DKC54-40 VT2P Rate

CORN AFTER CORN:  Top Yields

bu/acre

Page
Yield (bu/

ac)
County Trial Practice ID NUE

Total N Rate 
(lbs/ac)

Variety Type of Trial

32 250.3 Olmsted JLSETnorm 0.74 186 DKC 49-72 SS Timing

37 248.1 Wabasha TBSETalt 0.73 180 DKC 53-56 SS Timing

32 247 Olmsted JLSETalt 0.75 186 DKC 49-72 SS Timing

CORN AFTER SOYBEANS:  Top Yields

bu/acre

Page
Yield 

(bu/ac)
County Trial Practice ID NUE

Total N Rate 
(lbs/ac)

Variety Type of Trial

49 262.5 Wabasha GLSERnorm 0.52 136 DKC54-40 VT2P Rate

49 259.1 Wabasha GLSERalt 0.72 186 DKC54-40 VT2P Rate

56 249.3 Olmsted DTSETalt 0.6 150 DKC 50-84 VT2P Timing

The average cost for a pound of nitrogen was $0.40. When considering an average of all nitrogen rate trials, an additional 41.80 lbs N/
acre cost $16.72 per acre, resulting in an average yield difference of only 2.42 bushels/acre in 2016.
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. / Plant Date:

N Source:

Sidedress Date/Form:

Population:

Plot Design:

Nitrogen rate and timing

Corn

Dyna-Gro D39SS17 RIB

Conventional tillage

April 15, 2016 / April 25, 2016

Urea-bdcst with DCD/NBPT (Agrotain Plus)

June 2, 2016, Urea-bdcst

35,000 planted/33,500 actual

Randomized block (CRBD), 4 reps.

Harmony Weather Station Measure April-June July-Sept

% of normal precipitation:

% of days with more than 1.0” rainfall:

-9%

1%

+113%

10%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

CEC: 

Bray P1: 

Potassium:

Tama Silt Loam

4.5%  (high)

5.9     (5.8-7.0 normal)

25.4 meq/100 g

42 ppm    (very high)

183 ppm  (very high)

A collaborative project between the University of Minnesota, Minnesota Department of Agriculture and CPS of Harmony

Effect of Nitrogen Rate and Application Timing on 2016 Corn Yield
Harmony Site, Fillmore County, Minnesota

Avg of treatments sampled at 0-6”depth on 4/13/16

Maximum Return To Nitrogen (MRTN) is the rate that optimizes 

net profit. Rates near the MRTN can also reduce risk of nitrate-

nitrogen leaching to groundwater and surface water. 

To determine the MRTN rate, spring 2016 market prices of 

0.40/lb N fertilizer and $3.50/bu corn were entered into an 

on-line tool called the Corn Nitrogen Rate Calculator. The corn 

following corn recommendation at these prices is to apply 

between 142-164 lb N/ac with a likely best rate of 153 lb N/ac. 

The normal N application rate to this field is 211 lb N/ac.

Chart 1 shows the corn yield and nitrogen rate relationship for 

this plot. Using this curve, the calculated MRTN was 118 lb 

N/ac with a yield of 208 bu/ac. Due to minimal early season 

leaching rains, split N applications did not increase yield. Net 

returns using actual 2016 prices can be seen in the economics 

table below. 

COLOR KEY               =   #1 Rank

Assumptions: Corn price $3.00/bu. (avg. Oct. 2016 price), and .40/lb urea. A $.03/bu. deduction was used for every moisture point over 
15.0%. Extra application costs associated with the in-season split application had an assumed cost of $8/ac. Treatment means with the same 
letter in the respective column are not significantly different at the 90% level. Least significant difference (LSD) is the amount needed to be 
considered statistically different from the treatment mean.

2016 Economics

Total N
Rate 

(lb N/ac)
Timing

Average
Yield (bu/ac)

LSD = 8

 Average 
Moisture (%)
    LSD = 0.4

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

Profit Rank

0 Preplant 143 (d) 22.1 (a) $30 $0 $397 10

45 Preplant 184 (c)   21.3 (bc) $35 $18 $499 7

90 Preplant 199 (b)   21.4 (bc) $38 $36 $522 3

135 Preplant 211 (a) 21.3 (b) $40 $54 $540 1

135 (45/90) Preplant + V4   210 (ab) 21.3 (b) $40 $62 $528 2

180 Preplant   206 (ab) 21.7 (c) $41 $72 $505 5

180 (45/135) Preplant + V4  210 (ab)   21.6 (bc) $42 $80 $509 4

225 Preplant  207 (ab) 21.7 (c) $42 $90 $489 6

255 (45/180) Preplant + V4  208 (ab)   21.5 (bc) $40 $98 $484 9

270 Preplant     212 (a)   21.6 (ac) $42 $108 $485 8



15

A collaborative project between the University of Minnesota, Minnesota Department of Agriculture and CPS of Harmony

Effect of Nitrogen Rate and Application Timing on 2016 Corn Yield

Nitrogen Uptake and Use Efficiency

yy The optimal range for the end of season basal stalk nitrate test is 700-2,000 ppm. Stalk nitrate concentrations below 700 ppm may indicate 
nitrogen deficiencies while levels above 2,000 ppm may indicate excessive nitrogen. Tests indicated that rates above 180 lb N/ac were 
considered excessive (chart 2).

yy Preplant soil nitrate levels prior to spring N treatment application was 22 lb N/ac at 0-2’ depth.

yy Soil nitrate samples collected at the end of the season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) levels 
could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN measured after harvest at 4’ depth in the 
135 lb N/ac treatment averaged 48 lb N/ac. The amount of RSN measured in the 225 lb N/ac treatment was 65 lb N/ac. Higher N rates resulted 
in 17 lb N/ac more RSN, but were not significantly different. Excessive rains late in the season, 113% above normal, likely leached away any 
potential differences.

Treatment means with the same letter in the respective column are not significantly different at the 90% level. Least significant difference (LSD) is the 
amount needed to be considered statistically different from the treatment mean.

yy The total N uptake in the grain and stover for the check rate was 106 lb N/ac.  This is an indication of how much N was supplied by the soil.  
Across all treatments about 62% of the corn N uptake was from the soil.

yy The amount of N fertilizer recovered by the 135 lb N/ac treatment was 53%. The amount of N fertilizer recovered by the 225 lb N/ac rate was 
34% resulting in 19% percentage point lower nitrogen use efficiency (NUE).

yy The 135 lbs N/ac treatment produced 0.7 bu/ac more corn per unit of N applied when compared to the 225 lb N/ac rate. 

February 2017, Kevin Kuehner, Jeff Vetsch

N Rate
lbs N/ac

Average Yield
bu/ac LSD = 11.9

Total Corn N Uptake
lbs N/ac

N Supplied by Soil
%

N Fertilizer 
Recovery

%

Bushels produced 
per unit of N

bu/lb N

0 (check)* 143 (d) 106

45 184 (c) 135 79% 63% 4.0

90 199 (b) 158 67% 58% 2.2

135 211 (a) 178 60% 53% 1.6

135 (45/90)   210 (ab) 178 60% 53% 1.6

180   206 (ab) 173 62% 37% 1.1

180 (45/135)   210 (ab) 181 59% 42% 1.2

225   207 (ab) 182 58% 34% 0.9

225 (45/180)   208 (ab) 179 59% 32% 0.9

270 212 (a) 192 55% 32% 0.8
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. / Plant Date:

N Source:

Sidedress Date/Form:

Population:

Plot Design:

Nitrogen rate and timing

Corn

Dekalb DKC 54-38

Conventional tillage

April 15, 2016 / April 22, 2016

Urea-bdcst with DCD (Agrotain Ultra)

June 2, 2016, Urea-bdcst

35,000 planted/33,800 actual

Randomized block (CRBD), 4 reps.

Harmony Weather Station Measure April-June July-Sept

% of normal precipitation:

% of days with more than 1.0” rainfall:

-9%

1%

+113%

10%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

CEC: 

Bray P1: 

Potassium:

Tama Silt Loam

4.5% (high)

5.9 (5.8-7.0 normal)

25.4 meq/100 g

42 ppm (very high)

183 ppm (very high)

A collaborative project between the University of Minnesota, Minnesota Department of Agriculture and CPS of Harmony

Effect of Nitrogen Rate and Application Timing on 2016 Corn Yield
Greenleafton Site, Fillmore County, Minnesota

Avg of treatments sampled at 0-6”depth on 4/13/16

Maximum Return To Nitrogen (MRTN) is the rate that optimizes 

net profit. Rates near the MRTN can also reduce risk of nitrate-

nitrogen leaching to groundwater and surface water.

To determine the MRTN rate, spring 2016 market prices of 

0.40/lb N fertilizer and $3.50/bu corn were entered into an 

on-line tool called the Corn Nitrogen Rate Calculator. The corn 

following corn recommendation at these prices is to apply 

between 142-164 lb N/ac with a likely best rate of 153 lb N/ac. 

The normal N application rate to this field is 203 lb N/ac.

Chart 1 shows the corn yield and nitrogen rate relationship 

for this plot. Using this curve, the calculated MRTN was 

100 lb N/ac with a yield of 244 bu/ac. Due to minimal early 

season leaching rains, split N applications did not increase 

yield. Net returns using actual 2016 prices are in the economics 

table below. 

COLOR KEY               =   #1 Rank

Assumptions: Corn price $3.00/bu. (avg. Oct. 2016 price), and .40/lb urea. A $.03/bu. deduction was used for every moisture point over 15.0%. Extra 
application costs associated with the in-season split application had an assumed cost of $8/ac. Treatment means with the same letter in the respective 
column are not significantly different at the 90% level. Least significant difference (LSD) is the amount needed to be considered statistically different from 
the treatment mean. *The test plot including the check treatment received 30 lb N/ac of incidental N from fall applied liquid MAP and starter at planting.

2016 Economics

Total N
Rate (lb N/ac)

Timing
Average

Yield (bu/ac)
LSD = 8

 Average 
Moisture (%)
    LSD = 0.4

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

Profit 
Rank

30 (check)* Preplant 211 (c) 20.1 (a) $32 $12 $589 8

75 Preplant 239 (b) 18.9 (b) $28 $30 $659 1

120 Preplant 239 (b) 19.6 (c) $33 $48 $636 2

165 Preplant   241 (ab)   19.8 (ac) $35 $66 $622 3

165 (75/90) Preplant + V4   242 (ab) 19.6 (c) $33 $74 $619 4

210 Preplant   243 (ab) 19.7 (c) $34 $84 $611 5

210 (75/135) Preplant + V4 240 (b) 19.7(c) $34 $92 $594 6

255 Preplant 238 (b) 19.6 (c) $33 $102 $579 9

255 (75/180) Preplant + V4 237 (b) 19.7 (c) $33 $110 $568 10

300 Preplant     212 (a)   21.6 (ac) $42 $108 $485 8
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A collaborative project between the University of Minnesota, Minnesota Department of Agriculture and CPS of Harmony

Effect of Nitrogen Rate on 2016 Stalk Nitrate and Residual Soil Nitrogen Tests

Nitrogen Uptake and Use Efficiency

yy The optimal range for the end of season basal stalk nitrate test is 700-2,000 ppm. Stalk nitrate concentrations below 700 ppm may indicate 
nitrogen deficiencies while levels above 2,000 ppm may indicate excessive nitrogen. Tests showed that rates above 120 lb N/ac were considered 
excessive (chart 2).

yy Preplant soil nitrate levels collected in early April prior to spring N treatment application (some N was applied with fall DAP) measured 18 lb N/ac 
at 0-2’ depth.

yy Soil nitrate samples collected at the end of the season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) 
levels could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN measured after harvest for the 120-
165 lb N/ac treatments averaged 60 lb N/ac. The amount of RSN measured in treatments with more than 210 lb N/ac were significantly different 
and contained an average of 87 lb N/ac more RSN. Excessive rains late in the season, 113% above normal, likely leached away any potential 
significant differences between the other N rate treatments. 

February 2017, Kevin Kuehner, Jeff Vetsch

N Rate
lbs N/ac

Average Yield
bu/ac

LSD = 8

Total Corn N Uptake
lbs N/ac

N Supplied by Soil
%

N Fertilizer 
Recovery

%

Bushels produced 
per unit of N

bu/lb N

30 (check)*      211 (c)

75      239 (b) 3.2

120      239 (b) 2.0

165      241 (ab) 1.5

165 (75/90)      242 (ab) 1.5

210      243 (ab) 1.2

210 (75/135)      240 (b) 1.1

255      238 (b) 0.9

255 (75/180))      237 (b) 0.9

300      249 (a) 0.8

Due to the significant amount of incidental 

N sources in the test plot and the check (50 lb N/ac), 

these particular NUE indices were not calculated.
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. / Plant Date:

N Source:

Sidedress Date/Form:

Population:

Plot Design:

Nitrogen rate and timing

Soybeans

Pioneer PO157

Conventional tillage

April 15, 2016 / April 16, 2016

Urea-broadcast-incorporate

June 13, 2016, UAN 28% row

34,000 planted/33,0 00 actual

Randomized (CRD), 4 reps.

Grand Meadow Weather Station Measure April-June July-Sept

2% of normal precipitation:

% of days with more than 1.0” rainfall:

-6%

3%

62%

9%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

CEC: 

Bray P1: 

Potassium:

Tripoli Silty Clay Loam

5.8%  (high)

6.8     (5.8-7.0 normal)

25.4 meq/100 g

14 ppm    (medium

129 ppm  (high)

Minnesota Corn Growers Association Innovation Grant

Effect of Nitrogen Rate and Application Timing on 2016 Corn Yield
Grand Meadow South Site, Mower County, Minnesota

Avg of treatments, grid  sampled at 0-6”depth in 2015

Maximum Return To Nitrogen (MRTN) is the nitrogen rate that 

optimizes net profit. Rates near the MRTN can also reduce risk 

of nitrate-nitrogen leaching to groundwater and surface water. 

To determine the MRTN rate, spring 2016 market prices of 

0.40/lb N fertilizer and $3.50/bu corn were entered into an 

on-line tool called the Corn Nitrogen Rate Calculator. The corn 

following soybean recommendation at these prices is to apply 

between 102-129 lb N/ac with a likely best rate of 115 lb N/ac. 

Normal N application rates on this farm is 170 lb N/ac at 

preplant. 

This study evaluated whether 40 lb N/ac less nitrogen at 

preplant or when split applied is more efficient and profitable. 

Results indicated that the 130 lb N/ac split rate had the 

highest yield, net profit and nitrogen use efficiency. There 

were no statistically significant yield differences between 

the lower and higher rate treatments. This was likely the 

result of optimal early season precipitation conditions.

ASSUMPTIONS: Corn price $3.00/bu. (avg. Oct. 2016 price), 0.42/lb urea, 0.49/lb for UAN 28% at V4. A $0.03/bu. deduction was used for every 
moisture point over 15.0%. Extra application costs associated with the in-season split application had an assumed cost of $10/ac. Treatment means 
with the same letter in the respective column are not significantly different at a 90% confidence level. Least significant difference (LSD) is the amount 
needed for one treatment mean to be considered statistically different from another treatment mean. *The check treatment received 7 lb N/ac of 
incidental N from 10-34-0 starter at planting.

A collaborative project between the Minnesota Department of Agriculture and CHS of Ostrander/Grand Meadow

December 2016, Kevin Kuehner

2016 Economics

Total N
Rate (lb N/ac)

Timing
Average

Yield (bu/ac)
LSD = 12.6

 Average
Moisture (%)

LSD = 0.3

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

Profit Rank

7 (check)* 138 (b) 19.1 (a) $17 $4 $394

130 Preplant     211 (a) 19.4 (a) $28 $55 $551 2

130 (85/45) Preplant +V5 221 (a) 20.0 (b) $33 $58 $562 1

170 Preplant 218 (a) 19.8 (b) $31 $71 $551 3
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1(FRE) Fertilizer Recovery Efficiency= Uptake(rate)-Uptake(control)/N rate. Assumes fertilizer only gets credit for the increase in N uptake. Assumes 
N content in roots and cob are negligible. 2(PFP) Partial Factor Productivity = Yield(rate)/ N rate, 3(PFP2)= Uptake(rate)/Yield(rate) 4 (AE) Agronomic 
Efficiency= Yield(rate)-Yield(control)/ N rate Column titles in bold were tested for significance. Values with the same letters are not statistically significant 
at the 90% level. *Excludes incidental N that may be in the control.

yy The total corn N uptake in the grain and stover for the zero rate check was 66 lb N/ac.  This is an indication of how much N was supplied by the 
soil.  Across all treatments about 50% of the corn N uptake was from the soil.

yy The amount of N fertilizer recovered (FRE) ranged from 50-62% with the highest recovery from the 130 split rate treatment. 

yy The 130 lbs N/ac preplant and split treatment produced 1.6-1.7 bu/lb of N applied while the 170 rate produced 1.3 bu/lb of N applied.

December 2016, Kevin Kuehner

Minnesota Corn Growers Association Innovation Grant

Effect of Nitrogen Rate on 2016 Chlorophyll and Residual Soil Nitrogen Tests

Nitrogen Uptake and Use Efficiency

yy Chlorophyll readings collected at VT/R1 showed there was no significant differences detected between the three nitrate rate treatments. (chart 2).

yy Preplant soil nitrate levels (PPNT) collected in early April before any fertilizer was applied to the plot measured 33 lb N/ac at 0-1 foot depth. 
Presidedress nitrate tests (PSNT) collected at the same depth at V2 growth stage within the split rate treatments averaged 21 ppm (84 lb N/ac). 
Assuming a critical value of 25 ppm nitrate, the N recommendation was 32 additional lb N/ac.

yy Soil nitrogen samples collected at the end of the season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) 
levels could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN measured after harvest was very low 
and ranged from 18-21 lb N/ac. The RSN concentrations did not relate well to the different N rate and timing treatments. This was unexpected 
as one may expect higher RSN with higher nitrogen rates. A possible explanation for this can be explained by the above normal rainfall totals 
in August and September. Excessive rainfall during this time period could have leached most of the residual nitrate from the profile, resulting in 
undetectable differences between treatments.

Total N Rate
lbs N/ac

Yield
bu/ac

Check yield as 
% of treatment 

yield bu/lb N

N 
Supplied 
by Soil

%

Total N uptake 
in grain and 

stover
bu/lb N

FRE1
%

PFP2
bu/lb N

PFPP23
lb N/bu

AE4
bu/lb N

7 (control) 138 (b) 66*

130 211 (a) 65% 49% 135 53 (a) 1.6 0.6 1.1

130 split (85/45) 221 (a) 62% 45% 146 62 (a) 1.7 0.6 1.2

170 218 (a) 63% 44% 150 50(a) 1.3 0.8 0.9
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In season N prediction model inputs- 103 day corn, 35,000 population, silty clay loam soil, 210 bu/ac yield goal, reduced tillage/
*Reflects actual soil nitrate test results collected from the field and not results predicted from the model.

Generally, the model appeared to predict the optimal amount of in-season N to apply for the 130 lb N/ac split treatment. One management approach 
that may work well for producers in Mower County is to apply MRTN rates at preplant or at planting and use soil nitrate testing combined 
with other in-season N prediction tools to determine how much, if any, additional in-season N may be needed. 

December 2016, Kevin Kuehner

Minnesota Corn Growers Association Innovation Grant

In-Season Nitrogen Prediction Model combined with Soil Nitrogen Testing

High resolution imagery (0.5 meter true color, color infrared and passive NDVI) were collected on August 6th, 2016 using a fixed wing aircraft. This 
information was used to verify N application locations, general health of the corn crop and identify other potential variables that could have impacted 
yield results. For instance, the imagery was very helpful in identifying N deficiency in one of the 170 lb N/ac rate treatments due to an applicator issue. 
This treatment was excluded from the study due to abnormally low yields (29 bushels below the means of the other three replications).

N Rate
(lbs/ac)

April 13
2016

June 1 
2016

July 22
2016

August 8
2016

October 6
2016

October 19
2016

130 Pre-Plant 33 lbs/ac
PPNT*

+17 lbs/ac exess
(Range of +5 to +30)

+20 lbs/ac excess
(Range of +10 to +30)

+20 lbs/ac 
excess

(Range of +10 
to +30)

+18 lbs/ac 
excess

(Range of +10 
to +30)

21 lbs/ac 
RSN*

130 Split (85/45) 33 lbs/ac
PPNT*

PSNT=21 ppm resulting 
in N rec of 32 additional 
lbs N/ac at sidedress.

-17lbs/ac deficit
(Range of 0 to -35)

+23 lbs/ac excess 
(Range of +10 to +35)

June 13, 2016
45 lbs/ac of N applied.

+23 lbs/ac 
excess (Range 
of +10 to +35)

+22 lbs/ac 
excess (Range 
of +15 to +30)

20 lbs/ac 
RSN*

170 Pre-Plant
(normal 
practice)

33 lbs/ac
PPNT*

+33 lbs/ac excess 
(Range of +20 to +50)

+34 lbs/ac excess 
(Range of +20 to +50)

+37 lbs/ac 
excess (Range 
of +25 to +45)

+37 lbs/ac 
excess (Range 
of +25 to +45)

18 lbs/ac 
RSN*

Imagery @R4/R5
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. / Plant Date:

N Source:

Sidedress Date/Form:

Population:

Plot Design:

Nitrogen rate and timing

Soybean

Dekalb DKC 53-56 RIB

Conventional tillage

April 15, 2016 / April 18, 2016

Urea-bdcst with NBPT (Agrotain Ultra)

June 2, 2016, Urea-broadcast

35,300 planted/33,600 actual

Randomized block (CRBD), 4 reps.

Grand Meadow Weather Station Measure April-June July-Sept

% of normal precipitation:

% of days with more than 1.0” rainfall:

-6%

3%

62%

9%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

CEC: 

Bray P1: 

Potassium:

Tripoli Silty Clay Loam

8.4%  (very high)

6.5     (5.8-7.0 normal)

37.6 meq/100 g

29 ppm    (very high)

172 ppm  (very high)

A collaborative project between the University of Minnesota, Minnesota Department of Agriculture and CPS of Grand Meadow

Effect of Nitrogen Rate and Application Timing on 2016 Corn Yield
Grand Meadow North Site, Mower County, Minnesota

Avg of treatments sampled at 0-6”depth on 4/13/16

Maximum Return To Nitrogen (MRTN) is the rate that optimizes 

net profit. Rates near the MRTN can also reduce risk of nitrate-

nitrogen leaching to groundwater and surface water. 

To determine the MRTN rate, spring 2016 market prices of 

0.40/lb N fertilizer and $3.50/bu corn were entered into an 

on-line tool called the Corn Nitrogen Rate Calculator. The corn 

following soybean recommendation at these prices is to apply 

between 102-129 lb N/ac with a likely best rate of 115 lb N/ac. 

The normal N application rate to this field is 170-190 lb N/ac.

Chart 1 shows the corn yield and nitrogen rate relationship 

for this plot. Using this curve, the calculated MRTN was 

142 lb N/ac with a yield of 246 bu/ac. Due to minimal early 

season leaching rains, split N applications did not increase 

yield. Net returns using actual 2016 prices can be seen in the 

economics table below. 

COLOR KEY               =   #1 Rank

Assumptions: Corn price $3.00/bu. (avg. Oct. 2016 price), and .40/lb urea. A $.03/bu. deduction was used for every moisture point over 
15.0%. Extra application costs associated with the in-season split application had an assumed cost of $8/ac. Treatment means with the same 
letter in the respective column are not significantly different at the 90% level. Least significant difference (LSD) is the amount needed to be 
considered statistically different from the treatment mean.

February 2017, Kevin Kuehner, Jeff Vetsch

2016 Economics

Total N
Rate 

(lb N/ac)
Timing

Average
Yield (bu/ac)

LSD = 6.7

Average
Moisture (%)

LSD = 0.4

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

Profit Rank

50 (check)* Preplant    228 (d)        21.0 (de) $41 $20 $622 7

80 Preplant    242 (bc)        20.1 (a) $37 $32 $658 1

110 Preplant    237 (c) 20.2 (ab) $37 $44 $630 6

140 Preplant    245 (bc)        20.5 (bc) $40 $56 $638 3

140 (80/60) Preplant + V4    247 (bc)        20.5 (bc) $41 $64 $636 4

170 Preplant    247(bc)        20.2 (ab) $39 $68 $634 5

170 (80/90) Preplant + V4    246 (bc)        21.2 (e) $45 $76 $617 8

200 Preplant    254 (a)        20.7(cde) $44 $80 $639 2

200 (80/120) Preplant + V4    247 (b)        20.6(bcd) $41 $88 $613 9

230 Preplant    246 (bc)        20.5 (bc) $41 $92 $607 10
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A collaborative project between the University of Minnesota, Minnesota Department of Agriculture and CPS of Grand Meadow

Effect of Nitrogen Rate on 2016 Stalk Nitrate and Residual Soil Nitrogen Tests 

Nitrogen Uptake and Use Efficiency

yy The optimal range for the end of season basal stalk nitrate test is 700-2,000 ppm. Stalk nitrate concentrations below 700 ppm may indicate 
nitrogen deficiencies while levels above 2,000 ppm may indicate excessive nitrogen. Tests were highly variable, but generally showed that rates 
between 140-170 lb N/ac were optimal, while rates above 200 lb N/ac were significantly different and considered excessive (chart 2).

yy Preplant soil nitrate levels collected in early April prior to spring N treatment application (some N was applied with fall DAP) measured 65 lb N/ac. 

yy Soil nitrate samples collected at the end of the season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) levels 
could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN measured after harvest at 4’ depth  were 
similar across all treatments and averaged 68 lb N/ac. Excessive rains late in the season, 62% above normal, likely leached away any potential 
differences.

February 2017, Kevin Kuehner, Jeff Vetsch

N Rate
lbs N/ac

Average
Yield
bu/ac

LSD = 8

Total Corn N Uptake
lbs N/ac

N Supplied by Soil
%

N Fertilizer 
Recovery

%

Bushels produced 
per unit of N

bu/lb N

50 (check)*      228 (d)

80      242 (bc) 4.4 (f)

110      237 (c) 2.3 (e)

140      245 (bc) 1.6 (d)

140 (80/60)      247 (bc) 1.5 (d)

170      247(bc) 1.1 (c)

170 (80/90)      246 (bc) 1.1 (c)

200      254 (a)  0.9 (b)

200 (80/120)      247 (b)  0.9 (b)

230      246 (bc)  0.8 (a)

Due to the significant amount of incidental N sources 

in the test plot and the check (50 lb N/ac), 

these particular NUE indices were not calculated.
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. Date:

Plant Date:

N source:

Population:

Plot Design:

Nitrogen rate

Soybeans

Titan Pro 40-03 (conventional)

No Till

June 2, 2016

April 25, 2016

Anhydrous ammonia at V4

36,000 planted/33,000 actual

Randomized (CRD) 3 reps.

Grand Meadow Weather Station Measure April-June July-Sept

Avg. % of normal precipitation:

% of days with more than 1.0” rainfall:

+2%

3%

+97%

10%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

Bray P1: 

Potassium:

Fayette Silt Loam

3.1 %  (medium)

7.0     (5.8-7.0 normal)

38 ppm    (very high)

186 ppm  (very high)

Nutrient Management Initiative

Effect of Nitrification Inhibitor on 2016 Corn Yield
Fountain Site, Fillmore County, Minnesota

Sampled at 0-6”depth on 10/25/15

Maximum Return To Nitrogen (MRTN) is the nitrogen rate that 

optimizes net profit. Rates near the MRTN can also reduce risk 

of nitrate-nitrogen leaching to groundwater and surface water. 

To determine the MRTN rate, spring 2016 market prices 

of 0.40/lb N fertilizer and $3.50/bu corn were entered into 

an on-line tool called the Corn Nitrogen Rate Calculator. 

The recommendation at these prices is to apply between 

102-129 lb N/ac with a likely best rate of 115 lb N/ac.  Normal 

N application rates on this farm are 130 lb N/ac at preplant. 

This study evaluated whether an additional 30 lb N/ac of 

in-season N had a yield advantage over the producers 

normal rate. 

2016 results showed there was no significant difference 

between the higher and lower N rate.  

ASSUMPTIONS: Corn price assumes $3.00/bu. (avg. Oct. 2016 price) and 0.33/lb anhydrous ammonia (avg. April price). A $0.03/bu. deduction was 
used for every moisture point over 15.0%. Treatment means with the same letter in the respective column are not significantly different at a 90% 
confidence level. Least significant difference (LSD) is the amount needed for one treatment mean to be considered statistically different from another 
treatment mean.

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

2016 Economics

Total N
Rate (lb N/ac)

Timing
Average

Yield (bu/ac)
LSD = 9

Average
Moisture (%)

LSD = 0.5

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

0 (check)* 145 (a) 20.7 (a) $1 $25 $410

130 @V4 193 (b) 20.8 (a) $2 $34 $503

160 @V4 197 (b) 20.9 (a) $1 $35 $503
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Nutrient Management Initiative

Effect of Nitrogen Inhibitor on 2016 Stalk Nitrate and Residual Soil Nitrogen Tests 

Nitrogen Uptake and Use Efficiency

yy The optimal range for the end of season basal stalk nitrate test is 700-2,000 ppm. Stalk nitrate concentrations below 700 ppm may indicate 
nitrogen deficiencies while levels above 2,000 ppm may indicate excessive nitrogen. Tests showed that both treatments were near the optimal 
category and there was no significant difference between the treatments (chart 2).

yy Preplant soil nitrate levels collected in early April prior to spring N treatment application measured 41 lb N/ac at 0-2 foot depth. Pre sidedress 
soil nitrate test (PSNT) levels at V4 crop growth, before anhydrous N was applied, averaged 39 lb N/ac (9.8 ppm) at 0-1 foot depth across both 
treatments.

yy Soil nitrogen samples collected at the end of season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) levels 
could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN at a depth of four feet measured after harvest 
ranged from 49-50 lb N/ac in the treatments and 15 lb N/ac in the check. Most of the RSN was detected in the upper two feet. There was no 
significant difference between treatments. Any potential differences between the different N rates was likely removed by the excessive rains late in 
the season (97% above normal).

Least significant difference (LSD) is the amount needed to be considered statistically different from the treatment mean. Treatment means with the 
same letter in the respective column are not significantly different at the 90% level. 

yy The total corn N uptake in the grain and stover for the zero rate check was 69 lbs N/ac. This is an indication of how much N was supplied by 
the soil. Across both treatments 59-61% of the corn N uptake was from the soil.

yy The amount of N fertilizer recovered by both treatments was similar and ranged from 30-32%. 

yy Both treatments produced 1.5 bu. per lb of N applied.

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

N Rate
lbs N/ac

Average
Yield
bu/ac

LSD = 9

Total Corn N Uptake
lbs N/ac

N Supplied by Soil
%

N Fertilizer 
Recovery

%

Bushels produced 
per unit of N

bu/lb N

0 (check)* 146 (a) 69

130 193 (b) 111 62% 32% 1.5

160 197 (b) 117 59% 59% 1.5
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. Date:

Plant Date:

N source:

Population:

Plot Design:

Nitrogen rate

Soybeans

Dekalb 5358

Conventional

April 14, 2016

April 16, 2016

Anhydrous ammonia

34,000 planted/32,917 actual

Randomized (CRD), three reps.

Grand Meadow Weather Station Measure April-June July-Sept

Avg. % of normal precipitation:

% of days with more than 1.0” rainfall:

-8%

1%

+40%

7%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

Bray P1: 

Potassium:

Port Byron Silt Loam

3.5 %  (high)

6.7     (5.8-7.0 normal)

28 ppm    (very high)

163 ppm  (very high)

Nutrient Management Initiative

Effect of Nitrification Inhibitor on 2016 Corn Yield
Elgin Site, Olmstead County, Minnesota

Avg. of treatments, grid sampled 0-6”depth

Maximum Return To Nitrogen (MRTN) is the nitrogen rate that 

optimizes net profit. Rates near the MRTN can also reduce risk 

of nitrate-nitrogen leaching to groundwater and surface water. 

To determine the MRTN rate, spring 2016 market prices 

of 0.40/lb N fertilizer and $3.50/bu corn were entered into 

an on-line tool called the Corn Nitrogen Rate Calculator. 

The recommendation at these prices is to apply between 

102-129 lb N/ac with a likely best rate of 115 lb N/ac.  Normal 

N application rates on this farm is 170 lb N/ac at preplant. 

This study evaluated if there were any yield differences with 

30 lb N/ac less nitrogen when compared to the normal rate at 

this farm.

2016 results indicated there was no significant difference in 
yield between the lower and higher N rate.

ASSUMPTIONS: Corn price $3.00/bu. (avg. Oct. 2016 price) and 0.33/lb anhydrous ammonia (avg. April price). A $0.03/bu. deduction was used for 
every moisture point over 15.0%. Treatment means with the same letter in the respective column are not significantly different at a 90% confidence 
level. Least significant difference (LSD) is the amount needed for one treatment mean to be considered statistically different from another treatment 
mean.*The check treatment received 21 lb N/ac of incidental N from 28-0-0 and 10-34-0 starter at planting.

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

2016 Economics

Total N
Rate (lb N/ac)

Timing
Average

Yield (bu/ac)
LSD = 9

Average
Moisture (%)

LSD = 1.3

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

Profit 
Rank

21 (check)* 204 (a) 19.2 (a) $26 $7 $579

141 Preplant 231 (b) 19.8 (a) $33   $47 $613 1

171 Preplant 229 (b) 19.5 (a) $31  $56 $600 2
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Nutrient Management Initiative

Effect of Nitrogen Inhibitor on 2016 Stalk Nitrate and Residual Soil Nitrogen Tests

2016 Nitrogen Uptake and Use Efficiency

yy The optimal range for the end of season basal stalk nitrate test is 700-2,000 ppm. Stalk nitrate concentrations below 700 ppm may indicate 
nitrogen deficiencies while levels above 2,000 ppm may indicate excessive nitrogen. Tests showed that both the 141 and 171 lb N/ac rates were 
in the excessive test category. There were no significant differences detected between the 141 and 171 lb N/ac treatments (chart 2).

yy Preplant soil nitrate (PPNT) levels collected in early April prior to spring N treatment application measured 42 lb N/ac at 0-2 foot depth. Pre-
sidedress nitrate test (PSNT) samples collected at V4 to a depth of 0-1 foot averaged 109 and 141 lb N/ac (27.3 and 35.3 ppm) respectively for 
the 141 and 171 lb N/ac treatments. 

yy Soil nitrogen samples collected at the end of the season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) 
levels could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN measured after harvest down to four 
feet, was very high and ranged from 103-116 lb N/ac in the treatments. For comparison, typical RSN levels after harvest when using MRTN 
rates is about 75 lb N/ac or less in a corn/soybean rotation at a depth of five feet under normal rainfall conditions. 

yy There were no statistically significant RSN differences detected between the 141 and 171 lb N/ac treatments.  Any potential differences between 
N treatment rates could have been removed due to excessive rains late in the season (+40%).

Least significant difference (LSD) is the amount needed to be considered statistically different from the treatment mean. Treatment means with the 
same letter in the respective column are not significantly different at the 90% level. *The check treatment received 21 lb N/ac of incidental N from 28-
0-0 and 10-34-0 starter at planting. **Excludes incidental commercial N that may be in the control. Note that incidental N rates above 10 lb N/ac in the 
control may increase uncertainty in how much N is provided by the soil. 

yy The total corn N uptake in the grain and stover for the zero rate check was 71 lb N/ac.  This is an indication of how much N was supplied by 
the soil.  Across all treatments an estimated 68% of the corn N uptake was supplied from the soil.

yy The amount of N fertilizer recovered by the 141 lb N/ac treatment was 45%. The amount of N fertilizer reovered by the higher 171 lb N/ac rate 
averaged 37% or 8 percentage point lower nitrogen use efficiency.

yy The 141 lb N/ac treatment produced 0.3 bu/ac more corn per unit of N when compared to the higher N rate.

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

N Rate
lbs N/ac

Average
Yield
bu/ac

LSD = 9

Total Corn N Uptake
lbs N/ac

N Supplied by Soil
%

N Fertilizer 
Recovery

%

Bushels produced 
per unit of N

bu/lb N

21 (check)*      204 (a)   71**

141      231 (b) 135 68% 45% 1.6

171      229 (b) 134 69% 37% 1.3
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. Date:

Plant Date:

N source:

Population:

Plot Design:

Nitrogen rate

Soybeans

Dekalb DJC52-85

Strip Till

April 26, 2016 with planter (4 x 2)

April 26, 2016

UAN 28% at planting

34,000 planted/30,000 actual

Side by side, avg. of 3 reps.

Grand Meadow Weather Station Measure April-June July-Sept

Avg. % of normal precipitation:

% of days with more than 1.0” rainfall:

-8%

1%

+40%

7%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

Bray P1: 

Potassium:

Mt. Carroll Silt Loam

2.0 %  (low)

6.7     (5.8-7.0 normal)

16 ppm    (high)

140 ppm  (high)

Nutrient Management Initiative

Effect of Nitrification Inhibitor on 2016 Corn Yield
Dover Site, Olmstead County, Minnesota

Sampled at 0-6”depth on 5/31/13

The nitrification inhibitor used at this plot was Instinct®. 

The active ingredient for this product is nitrapyrin.  Instinct 

is a nitrification inhibitor for UAN and Urea and delays the 

conversion of ammonium-nitrogen to nitrate-nitrogen. Instinct 

is a trademark of Dow AgroSciences.

2016 results showed there was no significant yield 

difference between the tested treatments (chart 1). 

Factors that may have contributed to no differences detected 

include: N application method and timing, ideal early season 

growing conditions and soil mineralization, below normal early 

season precipitation totals and minimal leaching rains.

ASSUMPTIONS: Corn price assumes $3.00/bu. (avg. Oct. 2016 price) and 0.33/lb anhydrous ammonia (avg. April price). A $0.03/bu. deduction was 
used for every moisture point over 15.0%. Treatment means with the same letter in the respective column are not significantly different at a 90% 
confidence level. Least significant difference (LSD) is the amount needed for one treatment mean to be considered statistically different from another 
treatment mean.

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

2016 Economics

Total N
Rate (lb N/ac)

Timing
Average

Yield (bu/ac)
LSD = 9

Average
Moisture (%)

LSD = 0.5

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

Profit 
Rank

35 (check)* 139 (a) 20.7 (a) $1 $25 $410

151 @planting 193 (b) 20.8 (a) $2 $34 $503 1

151 w/N inhibitor @planting 197 (b) 20.9 (a) $1 $35 $503 2
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Nutrient Management Initiative

Effect of Nitrogen Inhibitor on 2016 Stalk Nitrate and Residual Soil Nitrogen Tests

Nitrogen Uptake and Use Efficiency

yy The optimal range for the end of season basal stalk nitrate test is 700-2,000 ppm. Stalk nitrate concentrations below 700 ppm may indicate 
nitrogen deficiencies while levels above 2,000 ppm may indicate excessive nitrogen. Tests showed that both treatments were near the optimal to 
deficient category and there was no significant differences observed between the treatments (chart 2). 

yy Preplant soil nitrate levels collected in early April prior to spring N treatment application (some N was applied with fall DAP) measured 41 lb N/ac 
at 0-2 foot depth. Soil nitrate levels at V4 crop growth stage (PSNT) at 0-1 foot depth averaged 142 lb N/ac (35.5 ppm) without the inhibitor and 
93 lb N/ac (23.3 ppm) with the inhibitor.

yy Soil nitrate samples collected at the end of the season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) levels 
could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN at a depth of four feet measured after harvest 
ranged from 59-71 lb N/ac in the treatments and 57 lb N/ac in the check. There was 11 lb N/ac less RSN when using the N inhibitor. Most of the 
RSN was found from 0-2 feet.

Least significant difference (LSD) is the amount needed to be considered statistically different from the treatment mean. Treatment means with the 
same letter in the respective column are not significantly different at the 90% level. 

*Check includes incidental N from fall applied DAP and starter at planting.

**Excludes incidental commercial N that may be in the control. Note that incidental N rates above 10 lb N/ac in the control may increase uncertainty in 
how much N is provided by the soil.

yy The total corn N uptake in the grain and stover for the zero rate check was 44 lb N/ac.  This is an estimate of how much N was supplied by the 
soil.  Across both treatments 30-32% of the corn N uptake was from the soil.

yy The amount of N fertilizer recovered by both treatments ranged from 61-68%. 

yy  Both treatments produced between 1.2 to 1.5 bu. per lb of N applied.

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

N Rate
lbs N/ac

Average
Yield
bu/ac

LSD = 9

Total Corn N Uptake
lbs N/ac

N Supplied by Soil
%

N Fertilizer 
Recovery

%

Bushels produced 
per unit of N

bu/lb N

35 (check)*      139 (a) 44**

151      219 (b) 147 30% 68% 1.5

151 w/N inhibitor      222 (b) 136 32% 61% 1.2
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Parameter Plot Details

Test:

Previous Crop:

Hybrid:

Tillage System:

N Applic. Date:

Plant Date:

N source:

Population:

Plot Design:

Urease inhibitor (NBPT)

Soybeans

Dekalb 50-85

Conventional

April 26, 2016 and Nov. 8,2016

May 3, 2016

UAN 28%, bdcst/pre-emg., no inc.

34,000 planted/33,125 actual

Side by side, avg. of 3 reps.

Grand Meadow Weather Station Measure April-June July-Sept

Avg. % of normal precipitation:

% of days with more than 1.0” rainfall:

+2%

3%

+97%

10%

Soil Fertility Measure Plot Values

Soil Type: 

O.M.%: 

pH:

Bray P1: 

Potassium:

Tama Silt Loam

4.2 %  (high)

6.5     (5.8-7.0 normal)

6 ppm    (low)

104 ppm  (medium)

Nutrient Management Initiative

Effect of Urease Inhibitor on 2016 Corn Yield
Arendahl Site, Fillmore County, Minnesota

Sampled at 0-6”depth on April 16, 2015

The urease inhibitor used on this plot was Factor®. The 

active ingredient in this product is NBPT. Factor is a urease 

inhibitor for UAN and urea and reduces the risk of ammonia 

volatilization losses of urea by the urease enzyme found 

naturally in the soil. Factor is manufactured for Rosen’s Inc. 

and is a registered trademark of Midtech R&D, Inc.

2016 results showed there was no significant yield 

difference between the treatments.

UAN 28% was broadcast applied on May 3, 2016 (pre-

emerge) with no incorporation. At least 0.5” of rain was 

received within seven days after N application.  Ideal early 

season temperatures and rainfall may have reduced ammonia 

volatilization risk at this plot.

ASSUMPTIONS: Corn price assumes $3.00/bu. (avg. Oct. 2016 price), $0.46/lb UAN (avg. March price) and $11.00/ac for stabilizer. A $0.03/bu. 
deduction was used for every moisture point over 15.0%. Treatment means with the same letter in the respective column are not significantly different 
at a 90% confidence level. Least significant difference (LSD) is the amount needed for one treatment mean to be considered statistically different from 
another treatment mean. *Check includes incidental N from starter at planting.

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

2016 Economics

Total N
Rate (lb N/ac)

Timing
Average

Yield (bu/ac)
LSD = 15

Average
Moisture (%)

LSD = 0.5

Drying Cost 
($/ac)

N Cost 
($/ac)

Net Return 
($/ac)

Profit 
Rank

10 (check)*     164         14.9 $0      $5 $488

100 Pre-emerge 232 (a) 14.5 (a) $0 $46 $650 1

100 w/ inhibitor Pre-emerge 223 (a) 14.3 (a) $0 $57 $612 2
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Nutrient Management Initiative

Effect of Nitrogen Inhibitor on 2016 Stalk Nitrate and Residual Soil Nitrogen Tests

Nitrogen Uptake and Use Efficiency

yy The optimal range for the end of season basal stalk nitrate test is 700-2,000 ppm. Stalk nitrate concentrations below 700 ppm may indicate 
nitrogen deficiencies while levels above 2,000 ppm may indicate excessive nitrogen. Tests showed that both treatments were in the deficient 
category and there was no significant difference between the treatments (chart 2).

yy Preplant soil nitrate levels collected in early April prior to spring N treatment application measured 46 lb N/ac at 0-2 foot depth. Soil nitrate levels 
at V4 crop growth stage (PSNT) measured 105 lb N/ac (26.3 ppm) at 0-1 foot depth without inhibitor and 95 lb N/ac (23.8 ppm) with inhibitor.

yy Soil nitrogen samples collected at the end of the season indicate how much nitrogen was left over (chart 3). Higher residual soil nitrate (RSN) 
levels could increase nitrate-nitrogen leaching risk to groundwater and surface water. The amount of RSN measured after harvest at 0-4 foot 
depth ranged from 59-71 lb N/ac in the treatments and 56 lb N/ac in the check. There were no significant differences between treatments and 
likely the result of above normal rainfall late in the season (97% above normal). 

Least significant difference (LSD) is the amount needed to be considered statistically different from the treatment mean. Treatment means with the 
same letter in the respective column are not significantly different at the 90% level. *Check includes incidental N from starter at planting. **Excludes 
incidental commercial N that may be in the control. Note that incidental N rates above 10 lbs N/ac in the control may increase uncertainty in how much 
N is provided by the soil.

yy The total corn N uptake in the grain and stover for the zero rate check was 71 lbs N/ac.  This is an estimate of how much N was supplied by the 
soil.  Across both treatments about 55% of the corn N uptake was from the soil.

yy The amount of N fertilizer recovered by both treatments ranged from 55-60%. 

yy Both treatments produced 2.2 to 2.3 bu. per lb of N applied. 

NMI is a collaborative project between farmers of southeast Minnesota, Minnesota Department of Agriculture and University of Minnesota Extension

December 2016

N Rate
lbs N/ac

Average
Yield
bu/ac

LSD = 15

Total Corn N Uptake
lbs N/ac

N Supplied by Soil
%

N Fertilizer 
Recovery

%

Bushels produced 
per unit of N

bu/lb N

10 (check)*      164    71**

100      232 (a) 131 54% 60% 2.3

100 w/ inhibitor      223 (a) 126 56% 55% 2.2
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South Central
2016 Nutrient Management Initiative (NMI)

Spencer Herbert
Minnesota Department of Agriculture
422 Belgrade Ave #110
North Mankato, MN 56002
507-327-0266
Spencer.Herbert@state.mn.us

Field Trial Type

Rate (10)

Timing (12)

Advanced Rate (2)

Rate after Manure (1)

Stabilizer (3)

Interseed Cover Crop (1)
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Site Details

County:
Soil series:
Previous crop:
Strips:
Plot Design: 
Tillage System:
Corn hybrid:
Planting date:
Population:
Starter fertilizer:
Base nitrogen (N):
Additional N:
Additional N rates:
Harvest date:

Nicollet
Klossner muck + Harps clay loam
Soybean
2 (1170’ x 70’ each)
Randomized complete block
Conventional DMI ripper in fall, field cultivator in spring.
Channel 197-150 (97 days)
May 5, 2016
33,000
150 lb/ac in DAP + 75 lb/ac AMS
43 lb/ac in DAP + AMS
Applied as unrea, May 5, 2016
6 (0, 32, 57, 107, 157, and 207 lb/ac)
10/17/2016

Soil-test results

Organic matter (%)
pH
Phosphorus (Olsen) (ppm)
Potassium (ppm)
Zinc (ppm)

6.8
7.5
4.0
163
2.0

Total monthly precipitation (inch) and departure from normal (DN)

Percipitation May June July August

Observed
Normal
DN

5.26
3.34

+1.92

3.84
4.75

-0.91

6.25
3.91

+2.34

6.75
4.22

+2.53

N Rate     2016 corn grain yield (bu/ac)

lb/ac Rep1 Rep 2 Rep 3 Average

43
75

100
150
200
250

218
207
n/a*
230
234
232

234
232
234
226
236
233

231
234
232
236
233
232

228
225
233
231
234
232

2016 Nutrient Management Initiative (NMI)

Advanced Nitrogen Rate Evaluations

Trial Layout

Corn response to N rates

Treatments were not significant at this site. Numerically, 
maximum grain yield was obtained when 200 lb N/ac was 
applied. The increase in yield produced by the 200 lb reate 
was not economical.

* Data not available

A collaborative project between the 
Minnesota Department of Agriculture 
and the University of Minnesota.

January 2017, Apurba k. Sutradhar
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Site Details

County:
Soil series:
Previous crop:
Strips:
Plot Design: 
Tillage System:
Corn hybrid:
Planting date:
Population:
Starter fertilizer:
Base nitrogen (N):
Additional N:
Additional N rates:
Harvest date:

Nicollet
Cordova clay loam + Nicollet clay loam
Soybean
2 (945’ x 70’ each)
Randomized complete block
Conventional, DMI ripper in fall, cultivator in spring
199-29 (99 days)
May 5, 2016
33,000
100 lb/ac in DAP + 50 lb/ac AMS
29 lb/ac in DAP + AMS
Applied as unrea, May 5, 2016
6 (0, 22, 72, 122, 172, and 222 lb/ac)
10/17/2016

Soil-test results

Organic matter (%)
pH
Phosphorus (Olsen) (ppm)
Potassium (ppm)
Zinc (ppm)

5.9
6.9
8.0
164
1.4

Total monthly precipitation (inch) and departure from normal (DN)

Percipitation May June July August

Observed
Normal
DN

5.26
3.34

+1.92

3.84
4.75

-0.91

6.25
3.91

+2.34

6.75
4.22

+2.53

N Rate     2016 corn grain yield (bu/ac)

lb/ac Rep1 Rep 2 Rep 3 Average

29
50

100
150
200
250

204
201
246
252
276
254

220
249
208
260
249
261

210
232
243
240
249
250

211
227
232
251
258
255

2016 Nutrient Management Initiative (NMI)

Advanced Nitrogen Rate Evaluations

Trial Layout

Corn response to N rates

Economic Optimum Nitrogen Rates (EONR) at three 
price ratios were less than the N rate needed for average 
highest yield. To ensure maximum profit, EONR rates 
should be used.

yy Average highest grain yield = 257 bu/ac
yy N rate needed = 238 lb N/ac
yy Grain yield = 201 + 0.47 (N rate) — 0.0009 (N rate)2

yy R2 = 0.60, P < 0.01

A collaborative project between the 
Minnesota Department of Agriculture 
and the University of Minnesota.

January 2017, Apurba k. Sutradhar

Price ratio EONR (lb N/ac)

0.05
0.10
0.15

214
188
162
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South Central BMP Region 
S U M M A R Y

Averages

Previous Crop

All trial practices combined Rate trials Timing trials Stabilizer trials

Total N 
(ac)

Yield 
(bu/
acre)

NUE 
(rate/
yield)

Price 
per 

pound 
of N

Additional 
N (lbs)

Yield from 
additional 

N (bu)

Split App 
Advantage (bu)

Stabilizer 
Advantage 

(bu)

Stabilizer 
Cost (ac)

Corn 150.56 208.42 0.70 $0.49 31.00 0.20 32.3*

Soybeans 151.59 213.20 0.71 $0.51 36.75 5.13 5.49 na 7.6

Averages 151.08 210.81 0.71 0.50 33.88 2.67 5.49 7.60

CORN AFTER CORN: Top Nitrogen Use Efficiencies (NUE) 

Total N Rate/Yield - lbs of N Per Bushel

Page NUE County Trial Practice ID Total N Rate
(lbs/ac)

Yield 
(bu/ac)

Variety
Type of 

Trial

80 0.33 Blue Earth DPSCRnorm* 66 201.3 DKC 46-20 Rate

80 0.48 Blue Earth DPSCRalt* 96 200.00 DKC 46-20 Rate

79 0.54 Meeker CRFSCRalt 107 196.3 Legend 9697VIP Rate

CORN AFTER SOYBEANS:  Top Nitrogen Use Efficiencies (NUE)  

Total N Rate/Yield - lbs of N per bushel

Page NUE County
Trial Practice 

ID
Total N Rate

(lbs/ac)
Yield 

(bu/ac)
Variety Type of Trial

87 0.54 Faribault LFSCRalt 107 198 Golden Harvest E01P5 Rate

85 0.55 Blue Earth DLSCRalt 115 209.2 DKC 54-38 Rate

83 0.58 Meeker ACSCRnorm 105 180.6 Legend 40J592VT2 Rate

CORN AFTER CORN:  Top Yields

bu/acre

Page
Yield 

(bu/ac)
County

Trial Practice 
ID

NUE
Total N 

Rate (lbs/
ac)

Variety Type of Trial

81 232.6 Watonwan GRSCTalt 0.93 217 na Timing

81 229.7 Watonwan GRSCTalt2 0.94 217 na Timing

78 209.8 Waseca BKSCRnorm 0.74 155 Pioneer PO533AM1 Rate

CORN AFTER SOYBEANS:  Top Yields

bu/acre

Page
Yield 

(bu/ac)
County

Trial Practice 
ID

NUE
Total N 

Rate (lbs/
ac)

Variety Type of Trial

101 249.6 Freeborn DHSCSalt 0.77 193 Producers 6100 Stabilizer

86 247.8 Faribault GPSCRalt 0.77 190 G02W74-3000GT Rate

95 240.2 Blue Earth HGSCTalt 0.68 164 Producers 6108 Timing

* One trial preplant 32% UAN vs Split (2 app)

The average cost for a pound of nitrogen was $0.50. When considering an average of all nitrogen rate trials, an additional 33.88 lbs N/
acre cost $16.94 per acre, resulting in an average yield difference of only 2.67 bushels/acre in 2016.

* Peat soil with 38.7% Organic Matter
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Field Trial Type

Rate (8)

Timing (3)

Advanced Rate (2)

Rate after Manure (1)

Southwest / 
West Central

2016 Nutrient Management Initiative (NMI)

Ryan Lemickson
Minnesota Department of Agriculture
16 Minnesota Avenue West
Glenwood, MN 56334
612-209-9181
Ryan.Lemickson@state.mn.us

Spencer Herbert
Minnesota Department of Agriculture
422 Belgrade Ave #110
North Mankato, MN 56002
507-327-0266
Spencer.Herbert@state.mn.us
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Site Details

County:
Soil series:
Previous crop:
Strips:
Plot Design: 
Tillage System:
Corn hybrid:
Planting date:
Population:
Starter fertilizer:
Base nitrogen (N):
Additional N:
Additional N rates:
Harvest date:

Jackson
Crippin loam + Spicer-Lura complex
Soybean
2 (30’ x 990’ each)
Randomized complete block
Conventional
Dekalb 52-84
May 8, 2016
36,000
5 gal/ac 10-34-0 + 1 qt/ac 10% zinc, applied in furrow
6 lb/ac, applied as starter fertilizer
UAN, applied as sidedress
6 (0, 44, 94, 144, 194, and 244 lb/ac)
11/10/2016

Soil-test results

Organic matter (%)
pH
Phosphorus (Olsen) (ppm)
Potassium (ppm)
Zinc (ppm)

4.5
7.1
12

181
0.7

Total monthly precipitation (inch) and departure from normal (DN)

Percipitation May June July August

Observed
Normal
DN

6.1
3.6

+2.5

5.0
4.6

+0.4

4.7
3.7

+1.0

2.3
4.0

-1.7

N Rate     2016 corn grain yield (bu/ac)

lb/ac Rep1 Rep 2 Rep 3 Average

6
50

100
150
200
250

154
210
187
234
235
241

121
178
196
227
236
221

96.2
137
193
201
191
201

124
175
192
221
221
221

2016 Nutrient Management Initiative (NMI)

Advanced Nitrogen Rate Evaluations

Trial Layout

Corn response to N rates

Economic Optimum Nitrogen Rates (EONR) at three 
price ratios were less than the N rate needed for average 
highest yield. To ensure maximum profit, EONR rates 
should be used.

yy Average highest grain yield = 221 bu/ac
yy N rate needed = 185 lb N/ac
yy Grain yield = 120 + 1.09 (N rate) — 0.0030 (N rate)2

yy R2 = 0.74, P < 0.01

A collaborative project between the Minnesota Department of Agriculture and the University of Minnesota.

January 2017, Apurba k. Sutradhar

Price ratio EONR (lb N/ac)

0.05
0.10
0.15

173
165
156
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Site Details

County:
Soil series:                           

Previous crop:         
Strips:
Plot Design: 
Tillage System:
Corn hybrid:
Planting date:
Population:
Starter fertilizer:
Base nitrogen (N):
Additional N:
Additional N rates:
Harvest date:

Yellow Medicine
Canisteo clay loam + Amiret loam + 
Amiret-Swanlake loam
Soybean
1 (70’ x 2340’ each)
Randomized complete block
Fall 2015 chisel, spring 2016 cultivator
Dekalb DKC44-14 GENSSX RIB
April 23, 2016
35,000
77.4 lb/ac DAP + 83.2 lb/ac K + 55.1 lb/ac AMS
26 lb/ac, applied as starter fertilizer
Applied as Urea, on April 15, 2016
6 (26, 76, 126, 176, 226, and 276 lb/ac)
11/09/2016

Soil-test results

Organic matter (%)
Ph
Phosphorus (Olsen) (ppm)
Potassium (ppm)
Zinc (ppm)

4.1
7.5
21

370
1.9

Total monthly precipitation (inch) and departure from normal (DN)

Percipitation May June July August

Observed
Normal
DN

1.6
2.9

-1.3

2.9
4.1

-1.2

4.7
3.4

+1.3

5.8
3.3

+2.5

N Rate     2016 corn grain yield (bu/ac)

lb/ac Rep1 Rep 2 Rep 3 Average

26
76

126
176
226
276

186
188
215
219
218
236

166
215
221
186
204
189

188
200
216
196
216
228

180
201
217
200
213
208

2016 Nutrient Management Initiative (NMI)

Advanced Nitrogen Rate Evaluations

Trial Layout

Corn response to N rates

Economic Optimum Nitrogen Rates (EONR) at three 
price ratios were less than the N rate needed for average 
highest yield. To ensure maximum profit, EONR rates 
should be used.

yy Average highest grain yield = 212 bu/ac
yy N rate needed = 134 lb N/ac
yy Grain yield = 163 + 0.73 (N rate) — 0.0027 (N rate)2

yy R2 = 0.43, P < 0.01

A collaborative project between the Minnesota Department of Agriculture and the University of Minnesota.

January 2017, Apurba k. Sutradhar

Price ratio EONR (lb N/ac)

0.05
0.10
0.15

126
117
107
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Southwest / West Central BMP Region 
S U M M A R Y

Averages

Previous Crop

All Trials Combined Rate Trials Timing Trials Stabilizer Trials

Total N Yield NUE
Price 
/ lb

Additional 
N (lbs)

Yield from 
additional 

N (bu)

Split App 
Advantage (bu)

Stabilizer 
Advantage 

(bu)

Stabilizer 
Cost (ac)

Soybeans 159.53 216.02 0.73 $0.42 31.76 3.97 5.60

Dry Beans 167.50 207.49 0.81 $0.49 30.00 1.63 2.52

Corn (1) 177.00 239.00 0.74 - 30.00 0.00

Averages 168.01 220.84 0.76 0.46 30.59 1.87 4.06

Top Yields

bu/acre

Page
Yield 

(bu/ac)
County

Previous 
Crop

Trial Practice 
ID

NUE
Total 

N Rate 
(lbs/ac)

Variety Type of Trial

111 242.00 Nobles Corn JKSWRalt 0.67 162 Dekalb 54-38 Rate

115 237.70 Nobles Soybeans GKSWRalt 0.5 120 Dekalb 54-38 Rate

112 237.60 RENVILLE Soybeans BLSWRnorm 0.78 186 9701VT2 Legend Seed Rate

Top Nitrogen Use Efficiency (NUE) 

Total N Rate/Yield — Lbs of N Per Bushel

Page NUE County
Previous 

Crop
Trial Practice 

ID

Total 
N Rate 
(lbs/ac)

Yield 
(bu/ac)

Variety Type of Trial

115 0.5 Nobles Soybeans GKSWRalt 120 237.7 Dekalb 54-38 Rate

117 0.51 Jackson Soybeans PHSWRalt 93 181.6 Gold Country 99044 Rate

120 0.54 Jackson Soybeans PSSWTalt1 110 204.7 DK 54-38 Timing

The average cost for a pound of nitrogen was $0.46. When considering an average of all nitrogen rate trials, an additional 30.59 lbs N/
acre cost $14.07 per acre, resulting in an average yield difference of only 1.87 bushels/acre in 2016.
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Northwest
2016 Nutrient Management Initiative (NMI)

Field Trial Type

Rate (2)

Ryan Lemickson
Minnesota Department of Agriculture
16 Minnesota Avenue West
Glenwood, MN 56334
612-209-9181
Ryan.Lemickson@state.mn.us
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Northwest Table of Contents
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Averages

Previous Crop

All Trials Combined Rate Trials Timing Trials Stabilizer Trials

Total N Yield NUE
Price 
/ lb

Additional 
N (lbs)

Yield from 
additional 

N (bu)

Split App 
Advantage (bu)

Stabilizer 
Advantage 

(bu)

Stabilizer 
Cost (ac)

Dry Beans 114.92 213.93 0.54 $0.45 20.00 2.73

Averages 114.92 213.93 0.54 $0.45 20.00 2.73

Top Nitrogen Use Efficiency (NUE) 

Total N Rate/Yield

Page NUE County Previous Crop
Trial Practice 

ID
Total N Rate 

(lbs/ac)
Yield 

(bu/ac)
Variety

Type of 
Trial

129 0.42 Norman Dry Beans SFNWR2alt2 88.5 211.4 DeKalb 43-10 Rate

128 0.48 Norman Dry Beans SFNWR1alt2 101 210.4 DeKalb 38-03 Rate

129 0.50 Norman Dry Beans SFNWR2norm 109 216.4 DeKalb 43-10 Rate

Top Yields

bu/acre

Page
Yield 

(bu/ac)
County Previous Crop

Trial Practice 
ID

NUE
Total N Rate 

(lbs/ac)
Variety

Type of 
Trial

129 219.6 Norman Dry Beans SFNWR2alt 0.59 129 DeKalb 43-10 Rate

129 216.4 Norman Dry Beans SFNWR2norm 0.5 109 DeKalb 43-10 Rate

128 213.1 Norman Dry Beans SFNWR1norm 0.57 121 DeKalb 38-03 Rate

Northwest BMP Region 
S U M M A R Y

The average cost for a pound of nitrogen was $0.45. When considering an average of all nitrogen rate trials, an additional 20 lbs 
N/acre cost $9 per acre, resulting in an average yield difference of only 2.73 bushels/acre in 2016.
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Northeast
2016 Nutrient Management Initiative (NMI)
Irrigated and Non-irrigated Sandy Soils BMP Region

Field Trial Type

Rate (10)

Rate after Alfalfa (1)

Rate after manure (1)

Stabilizer (1)

Ryan Lemickson
Minnesota Department of Agriculture
16 Minnesota Avenue West
Glenwood, MN 56334
612-209-9181
Ryan.Lemickson@state.mn.us
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Northeast
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Averages

Farm Practice 
(all previous 

crops)

All trials combined Rate trials Timing trials Stabilizer trials

Total N 
(acre)

Yield 
(bu/
acre)

NUE (lbs 
of N per 
bushel)

Price per 
pound 
of N

Additional 
N (lbs)

Yield from 
Additional 

N (bu)

Split App 
Advantage 

(bu)

Stabilizer 
Advantage 

(bu)

Stabilizer 
Cost (ac)

Irrigated 186.69 193.44 0.98 $0.38 30.63 3.24

Non-Irrigated 172.13 182.68 0.94 $0.42 48.97 8.9* 0.30 NA

Averages 179.41 188.06 0.96 $0.40 39.80 3.24 0.30

Top Nitrogen Use Efficiency (NUE) 

Total N Rate/Yield

Page NUE Farm County
Previous 

Crop
Trial Practice 

ID
Yield 

(bu/ac)
Variety

Type of 
Trial

144 0.55 Non-irrigated Todd Wheat NWNERalt 90 162.2 Dekalb 36-30 Rate

137 0.82 Irrigated Wadena Barley CLNERalt 171 208.1 Cropland 2845 VT2 Rate

140 0.82 Irrigated Stearns Corn RTNERnorm 176 214.9 Pioneer 9526 Rate

Top Yields

bu/acre

Page Yield (bu/ac) Farm County
Previous 

Crop
Trial Practice 

ID
NUE

Total 
N Rate 
(lbs/ac)

Variety
Type of 

Trial

140 218.3 Irrigated Stearns Corn RTNERalt 0.97 211 Pioneer 9526 Rate

140 214.9 Irrigated Stearns Corn RTNERnorm 0.82 176 Pioneer 9526 Rate

141 211.2 Irrigated Hubbard Potatoes TBNERnorm 0.95 200 NK 18Q Rate

Northeast BMP Region 
S U M M A R Y

* only 1 out of 4 rate non-irrigated rate trials had a reponse to additional N (8.9 bu with additional 49 lbs of N)

The average cost for a pound of nitrogen was $0.40. When considering an average of all nitrogen rate trials, an additional 39.80 lbs 
N/acre cost $15.92 per acre, resulting in an average yield difference of only 3.24 bushels/acre in 2016.
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In accordance with the Americans with Disabilities Act, this information is available in alternative forms of communication upon request by 
calling 651-201-6000. TTY users can call the Minnesota Relay Service at 711. The MDA is an equal opportunity employer and provider.

For more information about the Nutrient Management 
Initiative go to: 

www.mda.state.mn.us/nmi
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