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UW Discovery Farms NUE Project Overview
Efficient use of nitrogen is essential for crop production, whether the nitrogen source is commercial fertilizer,
manure, legumes or some combination. Assessing the efficiency of N application on a per field basis is a valuable
first step in evaluating your N fertilizer management plan. Calculating nitrogen use efficiency (NUE) can be
relatively simple and offers insight into how N management can be altered in order to achieve economically
optimum yields while reducing nutrient losses to the environment.
In 2015, UW Discovery Farms established its NUE Project to:
1) calculate NUE for Wisconsin corn grain and silage fields
2) create benchmarks of achievable NUE within WI
3) give farmers, crop consultants and agronomists the tools to calculate NUE on their fields
and determine what shifts in N management are appropriate.
Fields from regions across WI with diverse soil types and management systems were
monitored for NUE by establishing plots within a field to track N throughout the
season.
Benchmarks for WI corn production and tools to evaluate your NUE values can be found
in Nitrogen Use Efficiency: Statewide NUE benchmarking for corn grain and silage
www.uwdiscoveryfarms.org

Routinely conducting NUE assessments across any farm will highlight how specific fields or soil may behave differently given
N management and certain weather patterns, and can be utilized to determine how shifts in management have impacted
NUE over time.
In order to use NUE in this way, UW Discovery Farms has created a field-level approach to monitoring NUE through yield
monitor data. If you are interested in setting up your own NUE assessment, this guide will provide you necessary tools and
tips. We invite you to participate in the UW Discovery Farms NUE Project by setting up your own assessment!

Yield Monitor Approach to NUE Assessments
After four years of calculating NUE at the plot level, our dataset is extensive enough to move from a plot-level approach to a
field-level NUE assessment. This decreases the amount of sampling required for an NUE assessment so that it can more easily
be implemented in any farm system.
There are two goals of the project:
1) Create protocols so that farmers, crop consultants and agronomists can easily and routinely evaluate NUE on many
fields
2) Expand the amount of regions, farms and fields we are monitoring NUE in order to expand our dataset and revise
NUE benchmarks for corn production in Wisconsin

Weigh wagon used to calibrate a yield monitor
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Standard fields and intensive fields
Standard Fields: Fields that are monitored for NUE based on the N rate as applied to the field. Standard fields that are

monitored do not require any special strips or management; they are simply monitored as is. Standard fields are the first
step to assessing NUE to compare against the benchmarks.

Intensive fields: Fields that use a zero-N test strip to calculate the gains in production from N applied. With a zero-N strip,

intensive fields provide another level to the NUE assessment as you gain insight in to: 1) the N supplied by the soil without
any N application; 2) the true economic efficiency of N applied; 3) N at risk of being lost to the environment.
In a field-level approach to an NUE assessment, we are relying on quality yield data. The protocols included in this manual
will provide you with steps to ensure that the data we gather is accurate. Some of the things to be mindful are:
°° If including a zero-N plot, draw a boundary at planting so you can easily retrieve yield data for that specific strip
°° Design a zero-N strip according to protocols in order to keep combine flow and direction consistent
°° Calibrate your yield monitor in accordance with protocols

No yield monitor? Don’t use precision agriculture equipment? No problem!
Many of these protocols are designed for farmers with yield monitors. However, there are alternative ways to get quality
data without these tools. Contact UW Discovery Farms NUE Coordinator, Abby Augarten (abigail.augarten@wisc.edu), to
discuss how NUE can be evaluated on your farm.

Partnerships and Collaboration
The NUE Project has been most successful through
collaboration and partnerships with other farms, crop
consultants, producer-led watershed groups, UW-Extension,
Land Conservation Department, NRCS and many others.
Working as a regional cluster to gather NUE data will allow
farmers to better understand their NUE in comparison to
their region.
Contact your local resources if you’d like to create a regional
cluster for monitoring NUE, or reach out to UW Discovery
Farms to connect you with potential partners.

Value of the data
The NUE project is an ongoing research study. As we
accumulate more NUE data for corn grain and corn silage
it will expand our dataset to include a greater diversity of
regions, soil types and farm systems in the state.
We ask that by participating in the program, you are open
to sharing your data with UW Discovery Farms so that we
can update our benchmarks and provide you with the most
accurate data regarding NUE trends in your region and the
state. Upon submission of your data, you will also receive
a report that summarizes your gains in NUE and how your
field(s) compare to our benchmarks.

Robert Bird (Dodge Co LCD) and Phillip Laatsch
(private crop consultant) take routine, nitrate and
ammonium soil samples with farmers from Dodge Co
Healthy Soils Healthy Water.
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Step by step guide to monitoring NUE on your field
Spring, before planting
1) Select fields you want to monitor
2) Take a routine soil sample if you do not have a routine soil sample from the past three years
3) Take a pre-plant soil sample for nitrate and ammonium (optional)
4) Mark out zero-N and with-N strips at planting (Intensive fields only)

Approximately one week before sidedress N is applied
5) Take a pre-sidedress soil sample for nitrate and ammonium (optional)

August
6) Pre-harvest check in

At harvest
7) Calibrate your yield monitor

Post-harvest
8) Send in materials to Discovery Farms: field maps, soils and agronomic data excel file, yield maps, all precision ag
excel files

Things to consider when selecting fields
How many fields do you want to monitor?
Discovery Farms monitoring recommendations:
o 3-5 standard fields: It is beneficial to monitor several standard fields to understand how fields behave differently

based on: soil type, rotation, location and general field management. Since standard fields do not require a zero-N
test strip, the only data required to calculate NUE on these fields is yield of the field and total N applied to the field,
which makes NUE a very simple and manageable calculation for 3-5 fields.

o 1 intensive field: Intensive fields include a zero-N test strip and provide valuable information, but also require more
planning, organization and time. If you are interested in monitoring intensive fields, it is recommended to monitor
just one intensive field during your first year of monitoring.

Standard Field

Intensive Field

In-field strips
Yield data
NUE calculations
Soil sampling
Precision Ag

NONE

zero-N strip
with-N strip

Whole field

whole field
zero-N strip

Partial Factor Productivity

Partial Factor Productivity
Agronomic Efficiency

Routine (within past 3 years)
PPNT & PSNT (optional)

Routine (within past 3 years)
PPNT &PSNT (optional)

not required

useful at planting and harvest
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Do you want to monitor corn grain or silage?
o

Select the crop that will be most representative for your farm system.

o

Note that corn grain yield monitors are more accurate than corn silage
yield monitors, but both will provide useful information for your farm.

o

If you want to monitor corn silage but do not have a yield monitor,
contact us to discuss alternatives.

o

It is recommended that you monitor more than 1 field for each crop, so
that you can compare the fields against one another.

Corn grain ready for harvest

Which fields do you want to monitor?
o

Select fields that will provide data that interests you.

o

Consider variable soil types within a field. Do you want to know NUE of
the entire field or are you interested in a specific section?

o

Keep in mind field length on intensive fields. A zero-N strip is easier to
monitor if it is the entire length of the field. If you have a shorter field
that you are interested in monitoring, this would be a good choice for
an intensive field.

o

Avoid fields that had fall applied N. Since a zero-N strip must have less
than 30 lb N/ac, fields that had fall applied N that is greater than 30
lb N/ac, will not be viable options for intensive field (though could be
monitored as a standard field).

o

Monitor fields that have field histories that could provide useful data.
Such as, two fields with similar soil types but that have a difference in
management such as with manure and without or with cover crops or
without.

Corn silage shreds after harvest

Establishing a zero-N strip in an intensive field
o

Select a representative spot in the field with a uniform soil
type.

o

You will have a zero-N strip and a with-N strip, which is a nearby
strip that receives the full N rate and will serve as a direct
comparison to the zero-N strip.

o

A zero-N strip should be the width of 3 combine heads and a
length of at least 500 feet. Note that the longer the length, the
easier it will be to obtain accurate yield data.

o

At planting, it is useful to create a boundary in the GPS
software, so that it is easier to avoid in-season N applications to
this plot and to obtain yield data from the monitor.

o

Additionally, flag off the four corners of the zero-N strip using
tall stakes and flags so that you can see the plot during in
season applications. This is especially important if you will not
be the one applying the N. Also, at the field’s edge, mark off the
strips where the zero-N is located, so you know to look out for
the strip during applications.
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Corn grain ready for harvest

Orange steaks set at zero-N plot corners signify no
N to be spread in the plot

Diagram for setting up zero-N and with-N strips:

with-N strip

> 500 ft in length

zero-N strip

3-widths of combine

*the darker shaded areas indicate the combine pass that we use for our yield measurements. With this set up, the
combine will be moving through the field in the same direction for both the zero-N and with-N strip.

Soil sampling requirements and recommendations
Required:
o

A routine soil sample from the past three years. If you do not have a recent routine soil sample, please follow the soil
sampling protocols outlined in Extension publication A2100.

Recommended:
o

Nitrate and ammonium sampling before planting and sidedress can be useful for intensive fields or fields that use a lot
of organic sources of N. It is not a requirement for any monitored fields, but if interested, follow the protocols below.

o

If interested in nitrate and ammonium sampling, but don’t have the resources to do so, consider collaborating with local
partners such as producer led watershed groups, UWEX/LCD/NRCS agents and agronomists, or private crop consultants
and agronomists.
Note: all soil tests must be conducted at a soil testing laboratory certified by the Department of Agriculture, Trade and Consumer
Protection.

Nitrate and ammonium soil sampling
Nitrate and ammonium sampling are useful for intensive fields and/or fields that source N from organic sources such as
manure and alfalfa. Sampling for nitrate and ammonium before planting and again before sidedress is applied can provide
insight in to how much nitrogen is being converted into plant available nitrogen (PAN) throughout the growing season.
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Sampling for STANDARD fields:
Pre-Plant Nitrate and Ammonium (0-1’, 1-2’):
NOTE: Pre-plant soil samples need to be collected in early spring after frost
and before planting or any pre-plant applications of nitrogen.
1. Push aside manure or crop residue on the surface
2. Insert the probe or auger to a depth of 1 foot in the soil
3. Dump core into first bucket
4. Insert the probe or auger back into the same hole and collect the
second foot of soil
5. Dump core into second bucket
6. Repeat steps 1-5 fourteen times (depending on size of field) using a
W-shaped sampling pattern over the whole sampling area, for a total
of 15 cores per 20 acres
7. Thoroughly mix the cores in each bucket before placing cores from
the first bucket into a sample bag, and cores from the second bucket
into a separate sample bag
8. Identify both bags with name, field ID, sample number, depth and
date
9. Freeze samples and send to a WI DATCP certified lab no later than
1 week after sampling date. *NOTE: labs generally sample just for
nitrate. You must specify on the lab sheet to sample for nitrate and
ammonium, in order to calculate total PAN

Two buckets are necessary to separate 1 foot
and 2 foot samples

Pre-Sidedress Nitrate and Ammonium (0-1’):
NOTE: Side-dress soil samples need to be collected when the corn plants are 6 to 12 inches tall, usually 4 to 6 weeks after
planting. The sampling protocols are very similar for pre-plant sampling, except that for pre-sidedress sampling, you will only
sample at one depth: 0-1’.
1. Push aside manure or crop residue on the surface
2. Insert the probe or auger to a depth of 1 foot in the soil
3. Collect 15 cores per composite sample (for 20 acres). Use a W-shaped sampling pattern over the whole field
4. Thoroughly mix the cores before placing them all in the sample bag
5. Identify bag with name, field ID, sample number, depth and date
6. Freeze samples and send to a WI DATCP certified lab no later than 1 week after sampling date. *NOTE: labs generally
sample just for nitrate. You must specify on the lab sheet to sample for nitrate and ammonium, in order to calculate
total PAN
Pre-sidedress soil sampling takes place before sidedress N is applied
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Sampling for INTENSIVE fields:
Pre-Plant Nitrate and Ammonium (0-1’, 1-2’):
NOTE: Pre-plant soil samples need to be collected in early spring after frost and before planting or any pre-plant applications
of nitrogen. For these samples, you will have separate samples for the zero-N (ZN) and with-N (WN) strips. Each composite
sample will consist of 10 cores per strip. For each strip you will have a composite sample for two depths: 0-1’ and 1-2’. *So you
will have a total of 4 soil sample bags that you send for analysis. See diagram below for sampling location. When taking each
core, follow these steps:
1. Find sampling point in the middle pass of the zero-N strip
2. Push aside manure or crop residue on the surface
3. Insert the probe or auger to a depth of 1 foot in the soil
4. Dump core into first bucket
5. Insert the probe or auger back into the same hole and collect the second foot of soil
6. Dump core into second bucket
7. Repeat steps 2-6 ten times using a W-shaped sampling pattern over the whole sampling area (see figure below).
8. Thoroughly mix the cores in each bucket before placing cores from the first bucket into a sample bag, and cores from
the second bucket into a separate sample bag
9. Identify both bags with name, field ID, strip ID (“ZN” or “WN”), sample number, depth and date
10. Repeat steps 1-9 in the with-N strip
11. Freeze samples and send to a WI DATCP certified lab no later than 1 week after sampling date. *NOTE: labs generally
sample just for nitrate. You must specify on the lab sheet to sample for nitrate and ammonium, in order to calculate
total PAN

Pre-Sidedress Nitrate and Ammonium (0-1’):
NOTE: Side-dress soil samples need to be collected when the corn plants are 6 to 12 inches tall, usually 4 to 6 weeks after
planting. The sampling protocols are very similar for pre-plant sampling, except that for pre-sidedress sampling, you will only
sample at one depth: 0-1’.
1. Find sampling point in the middle pass of the zero-N strip
2. Push aside manure or crop residue on the surface
3. Insert the probe or auger to a depth of 1 foot in the soil
4. Collect a total of 10 cores using a W-shaped sampling pattern over the whole sampling area (see figure below).
5. Thoroughly mix the cores in each bucket before placing cores into a sample bag
6. Identify the bags with name, field ID, strip ID (“ZN” or “WN”), sample number, depth and date
7. Repeat steps 1-6 in the with-N strip
8. Freeze samples and send to a WI DATCP certified lab no later than 1 week after sampling date. *NOTE: labs generally
sample just for nitrate. You must specify on the lab sheet to sample for nitrate and ammonium, in order to calculate
total PAN.
Push away any residue to avoid it getting into the sample
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Diagram for intensive field sampling:

Getting accurate yield data: Calibrating yield monitor
and combining BMPs
Calibrating your yield monitor
Calibrating your yield monitor is crucial to obtaining accurate yield data, and accurate NUE calculations. Below are some tips
to calibrating your yield data, but for more information, please review the references included on page 12.
o

Each combine is different. Read your combine owner’s manual to learn the specifics on what you need to calibrate,
how many loads and how best to vary flow rates, and what to manually enter into the yield monitor in order to
calibrate it

o

In general, there are two elements of the yield monitor that must be calibrated: the mass flow sensor and the
moisture sensor

o

Calibration is crucial! Ideally, you would calibrate before entering any field being monitored for NUE. But the crucial
times to recalibrate are:
•

At the beginning of the season

•

Between crops

•

Significant changes in moisture: corn >20% and < 20% moisture

•

Routinely check the yield monitor for inaccuracies as loads are weighed at the elevator

Combining best management practices
Standard Fields: Collect yield of the whole field. This decreases room for inaccuracies based on combine direction, but you

still want to try to keep flow consistent as you move through the field. If you have divided up certain fields based on soil
type, yield potential, or other reasons and manage them differently, then additionally obtaining separate yield data based on
subsection of the field would be beneficial, but not required.

Intensive fields: Collect yield data for the zero-N strip, the with-N strip and the whole field. Obtaining yield data for the
strips can be more challenging and there are some practices that can be used to improve the accuracy of data.
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Consider strips when establishing zero-N plots


At planting, create boundaries in the GPS program to make retrieving yield data of that specific strip easier.



A longer strip is easier to detect than a shorter strip. It is recommended that the strip is at least 500 ft in length.
If monitoring a shorter field, a strip that is the entire length of the field is even easier.



Make the strips the width of three passes of the combine, and use the yield from the middle pass.

When combining:


Go through the strips at a consistent pace to keep flow from varying



Make sure the combine is moving in the same direction for the middle passes of the zero-N and with-N strips

Role of Precision Agriculture
While precision agriculture technologies are not required for
monitoring NUE, they can be useful. If monitoring an intensive
field, using GPS on the planter to mark out the boundary of the
zero-N strip and comparative with-N strip will make it easier to
obtain yield data for these strips from the yield map. Additionally,
a detailed yield map can be used to indicate in field variation of
NUE to determine if sections of the field have a lower efficiency
and should be managed differently.
UW Discovery Farms will use the platform AgLeader to analyze
precision ag data. If you are using precision ag software and
would be willing to share data and maps to help us better address
in field variability of NUE, please let us know.
Yield maps can be useful to retrieve data for zero-N
strips and to observe in field variability of NUE.

Diagram for intensive field combinig:
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Data collection and analysis: End of season
expectations
In order to provide you with the most accurate NUE calculations and valuable information regarding N management, we ask
that you submit the following information:
o

Field or soil map of the field(s) you monitored

o

Soil results for a routine sample from the past three years and, if applicable, nitrate and ammonium sampling
results from this season

o

A completed Discovery Farms NUE Project data form, which includes information on:
• Agronomic data including: tillage, planting, cover crop, rotation data
• N applied data: N source, rate, timing, and application method for all organic and inorganic inputs
• Yield data for the whole field and any monitored strips
• This data form will be distributed before harvest to participants, or upon request

o

Maps and excel data for any precision ag data

Upon submission of your data, you will receive a report that summarizes your NUE, how your field(s) compare to our
benchmarks, and recommendations to improve N management. Additionally, it will include comparisons to NUE statewide
benchmarks and regional trends. End-of-season workshops will be organized around the state to discuss results from 2019
monitoring and to give participants a chance to discuss N management and NUE on a regional basis with fellow participants.

If you plan to participate in 2019 monitoring of NUE, please contact UW Discovery Farms NUE
Project Coordinator Abby Augarten abigail.augarten@wisc.edu to ensure that you receive the
most up to date information regarding this monitoring season.

Additional Resources
UW Discovery Farms NUE Project
Statewide NUE benchmarking for corn grain and silage (Publication A4167), by A. Augarten et al. 2019. UW Discovery Farms,
Extension. http://www.uwdiscoveryfarms.org/research-library/nue/statewide-nitrogen-use-efficiency-benchmarking-for

Soil Sampling
Sampling Soils for testing (Publication A2100), by J. B. Peters and C. Laboski. 2013. UW-Extension. https://learningstore.uwex.
edu/Assets/pdfs/A2100.pdf
Wisconsin’s Pre-Plant Soil Nitrate Test (Publication A3512), by L.G. Bundy, S. J. Sturgul, and R. W. Schmidt. Nutrient and Pest
Management Program, UW-Extension. https://ipcm.wisc.edu/download/pubsNM/PPNT.pdf
The Presidress Soil Nitrate Test (Publication A3630). 2009. Nutrient and Pest Management Program, UW-Extension. https://ipcm.
wisc.edu/download/pubsNM/PSNT_2009_web.pdf

Calibrating your yield monitor
Calibrate your Yield Monitor for Greater Accuracy During Harvest (Publication A4146), by B. D. Luck. 2017. UW-Extension. https://
learningstore.uwex.edu/Assets/pdfs/A4146.pdf
Precision Farming Tools: Yield Monitor (Publication 442-502), by R. Grisso, M. Alley, and P. McClellan. 2009. Virginia Cooperative
Extension. https://pubs.ext.vt.edu/content/dam/pubs_ext_vt_edu/442/442-502/442-502_pdf.pdf
Best Management Practices for Collecting Accurate Yield Data and Avoiding Errors During Harvest (EC20014), by J. D. Luck and J. P.
Fulton. 2014. University of Nebraska-Lincoln Extension. http://extensionpublications.unl.edu/assets/pdf/ex2004.pdf
Yield Monitor Calibration: Garbage In, Garbage Out, by R. Nielsen. 2010. Purdue University. http://www.agry.purdue.edu/ext/
corn/news/timeless/yldmoncalibr.html
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