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119,683 Nitrate Well Samples from the Nebraska
Groundwater Quality Clearinghouse: All Well

Types 2003-2019

Nitrate Concentration

0.00 mg/L - 3.00 mg/L (48,645)
3.01 mg/L - 5.00 mg/L (14,857)
5.01 mg/L - 8.00 mg/L (19,009)
8.01 mg/L - 10.00 mg/L (9,892)
> 10 mg/L (27,550)
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| Platte NRD — Monitoring Well Nitrate Levels
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South Central Ag Lab
Long-Term N Management Study
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South Central Ag Lab
Long-Term N Management Study

* No significant effect of
nitrification inhibitor on
vadose zone nitrate

Cumulative Vadose Nitrate-N (kg ha )
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Fertilizer Nitrogen Use Efficiency for Corn Production in Nebraska

Fertilizer Nitrogen Use Efficiency (Ib Fert. N/bu corn)
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In-Season N Management for Irrigated Corn

G2365

NebGuide

* Fall and significant pre-plant N
application is not recommended.
Apply 60% or more of total N in-
season.

Nebraska Extension

Research-Based Information That You Can Use

G2365
2024

In-Season Nitrogen Management
for Irrigated Corn

Richard Ferguson, Extension Soils Specialist
Javed Igbal, Extension Soils Specialist

* Apply a base N rate of 50-100
lb/acre at or just before planting.

Overview

With developments in sensor technologies and fertiliz-

* Manage in-season N using
satellite or high-clearance
applicator sensors.

* Target application between V8
and R2 growth stages.

er application systems over the past 10 years, the University
of Nebraska-Lincoln (UNL) recommends that irrigated
corn growers adopt sensor-based in-season nitrogen (N)
management whenever possible. This approach offers clear
advantages in profitability and N use efficiency compared
to traditional N management approaches. Fall N applica-
tion, and significant N application prior to planting in the
spring, is strongly discouraged for irrigated corn. In-season
application of the majority of fertilizer N through the
irrigation system (fertigation) or with a high-clearance
applicator is encouraged to maximize N use efficiency and
profit. A base rate of 50-100 Ib N/acre should be applied at
or near planting, with the majority of fertilizer N applied
during the growing season between V8 and R2 growth
stages. In-season N application is an effective strategy to
maximize the profitability of N fertilizer use and reduce the
environmental impact of corn production in Nebraska.

Current Nitrogen Management Recommendations

Current UNL fertilizer nitrogen recommendations for

Guillermo Balboa, Research Assistant Professor
Bijesh Maharjan, Extension Soils Specialist
Nicolas Cafaro La Menza, Extension Cropping Systems Specialist
Joe Luck, Precision Agriculture Engineer
Dean Krull, Research Technologist

production. Nitrogen fertilizer reccommendations include
components of fertilizer rate, timing, placement and
source, and consider all sources of nitrogen available

to the crop other than fertilizer before calculating a
fertilizer recommendation. Nebraskas primary corn N
rate algorithm resulted from research conducted over

81 site-years in Nebraska from 1976 to 1981. Grain yield
from these studies typically averaged around 100 bu/acre
for dryland and 150 bu/acre for irrigated corn. A detailed
study to review and potentially revise the UNL corn N

rate algorithm was conducted from 2002 through 2004,
involving 34 irrigated site-years, mostly on producer fields.
(Dobermann et al., 2011). A primary motivation for the
study was that corn grain yield levels increased significantly
during the 1980s and 1990s, and there was concern about
the validity of the corn N rate algorithm with higher yield
levels. The average corn grain yield from this study was
235 bu/acre. This study, conducted about 25 years after

the previous research, confirmed that the general form of
the UNL corn N rate algorithm continued to be accurate,
despite higher yield levels. The study refined the corn

N rate algorithm to include adjustments for application
timing and economic considerations, based on the price of

fertilizerand the price of corn, Currentnitrogen fertilizer




Why Should Producers
Adopt Sensor Based
In-Season N
Management?

1. We don’t really know the economic optimum N
rate (EONR).

2. The potential for N to be lost from the soil
begins the moment fertilizer is applied.

3. To maximize profit.
4. To reduce environmental impact.




Predicting EONR for

University of Nebraska-Lincoln

N AGRITOOLS

About Find An Answer our People/ Program Areas Careers Impact
Locations

Corn Nitrogen Calculator

+)) RESET ENTIRE FORM

Please Note: The accuracy of the recommendation you receive using this tool is dependent on the :’_‘,) Field #1
quality of the data you put in. -

I ><

CURRENTLY EDITING: MDD NEW FIELD
Name  mequired 5ize in Acres  mequired
Field #1 160 7 acres
Soll Texture Expected Corn Value requred
Med./Fine v $ 580 b
Yield Goal required
245 = bu/facre

» How to Coleulote A Yield Gool @

https://agritools.unl.edu/tools/nitrogen

or1

lowa State University

IN|FACT

Nitrogen Fertilizer Application Consultation Tool

Estimate your optimum N On-Farm Trials FAQ  AboutUs m

Finding the nitrogen rate for your farm to maximize
productivity, profitability, and environmental performance

Explore on-farm rate trials Discover your optimum N rate ¥

Select Your Location @

Choose the location of your field by clicking on the map. You can select
a location based on county or by Major Land Resource Area (MLRA).

Counties (D Regions

https://n-fact.ag/start




Strategies to Predict Crop Nitrogen Need

Puklished online January 4, 2018
REVIEWS & INTERPRETATIONS

“Nitrogen recommendations for the foreseeable

future in humid regjons will poorly predict the
eded for corn at individual fields.”

Strengths and Limitations of Nitrogen Rate Recommendations
O 10,1002/ 52j2. 20539
for Corn and Opportu " "

. ORIGINAL ARTICLE
Thomas F. Morris,* T. Scott Murrell, Douglas B.

John Grove, Quirine Ketterings, Peter M. Kyve
John ). Meisinger, |eff Melkonian, Bianca M. Moebi

Soil Fertility & Plant Nutrition

John E. Sawyer, Peter C. Scharf, Walter smith, o Combining corn N recommendation tools for an improved

ABSTRACT

Nirrogen fixation by the Haber-Bosch process has more than
doubled the amount of fixed N on Earth, significandy influ
encing the global N cycle. Much of this fixed N is made into N
fertilizer that is used to produce nearly half of the world's food.
Too much of the N fertilizer pollutes air and water when it is lost
from agroecosystems through volatilization, denitrification,
leaching, and runoff. Most of the N fertilizer used in the Unired
States is applied to corn (Zea meays L.), and the profitability and
environmental footprint of corn production is directly tied o N
fertilizer applications. Accurately predicting the amount of N
needed by corn, however, has proven to be challenging becanse
of the effects of rainfall, temperarure, and interactions wich soil
properties on the N cycle. For this reason, improving N recom-
mendations is critical for profitable corn production and for
reducing N losses to the environment. The objectives of this
paper were to review current methods for estimating N needs
of corn by: (i) reviewing fundamental background informarion
about how N recommendations are created; (ii) evaluating the
ems and tools

performance, strengths, and limitations of sy
used for making N fertilizer recommendations; (jii) discussing
how adaptive management principles and methods can improve
recommendations; and (iv) providing a framework for improy-
ing N ferrilizer rare recommendarions.

Core Ideas
* Mitrogen recommendations for individual comn fields are less a
curate than desired.

Nierogen recommendations need improvement for economic and
environmental reasons,

* A review of fundamental concepes will improve understanding
about N recommendations,

Examination of N recommendation systems, tests, and models will
improve recommendarions.

economical optimal nitrogen rate estimation

Curtis J. Ransom’ | Newell R. Kitchen' | James J. Camberato’ Paul R. Carter’ |
Richard B. Ferguson® | Fabidn G. Fernindez’® | David W. Franzen®© |
Carrie A. M. Laboski’ ® | David Brenton Myers’ | Emerson D. Nafziger® |

John E. Sawyer’ | John F. Shanahan'’

'USDA-ARS Cropping Systems and Water
Quality Research Unit, Columbia, Missouri, Abstract

UsA Improving corn (Zea mays L.) nitrogen (N) rate fertilizer recommendation tools
“Department of Agronomy, Purdue can improve farmers’ profits and mitigate N pollution. Numerous approaches have
University, West Lafayette, Indiana, USA . ) L
L o been tested to improve these tools, but to date improvements for predicting eco-
Retired Corteva Agriscience, Johnston, . i . . . ..
Towa, TUSA nomically optimum N rate (EONR) have been modest. This work’s objective was to

4Department of Agronomy and use ensemble learning to improve our estimation of EONR (for a single at-planting
Haorticulture, University of Nebraska,

Lincoln, Nebraska, USA

3Department of Soil, Waler, and Climale,
University of Minnesota, St. Paul,
Minnesota, USA

and split N application timing) by combining multiple corn N recommendation
tools. The evaluation was conducted using 49 corn N response trials from eight
states in the US Corn Belt and three growing seasons (2014-2016). Elastic net
and decision tree approaches regressed EONR against three unique tools for each
6I)«:p:|.r|rn<:r|t of Soil Science, North Dakota
State University, Fargo, North Dakota, USA
TUSDA-ARS Pasture Sysiems & Watershed
Management Research Umit, University
Park, Pennsylvania, USA

N application timing. Tools used in various combinations included a yield goal
method, two soil nitrate tests (pre-plant and late season). a compuler simulation
crop model (Maize-N), and canopy reflectance sensing. Any combination of two
or three N recommendation tools improved or maintained performance metrics (R,

ECrop Sciences, University of Tllinois,
Urbana, [linois, USA

root-mean square error , and number of sites close to EONR). The best results for a
single at-planting recommendation occurred when combining the three at-planting

9 i i al Tni sil A £ il s . o B s = . .

L!;P:"‘d Towa State University, Ames, lowa, N recommendation tools (including interactions) with an elastic net regression

model. This combined recommendation tool had a significant linear relationship
. 2 .

with EONR (R- = 0.46), an increase of 0.27 over the best tool evaluated alone.

Combining multiple tools increased the implementation cost, but it did not reduce

10 Agoro Carbon Alliance, Lincoln,
Nebraska, USA

Correspondence

Curtis J. Ransom, USDA-ARS Cropping
Systems and Water Quality Research Unit,
269 Ag. Eng. Bldg., Columbia, MO 65211,
USA

Emuil: curtis

profitability and, sometimes, improved profitability. These results show tools can
be combined to better match EONR, and thus could aid farmers in improving N
management.

ansom @usda. gov

Individual corn N recommendation
tools poorly estimated EONR (R? <
0.24) across many US Midwest
states.

Combining or “ensembling” two or
more corn N recommendation
tools improved EONR estimation
(R? <0.46).




Uncertainty About the Economic
Optimum Fertilizer N Rate (EONR)

» N rate prediction models are based on either past research and crop response (empirical)
or simulation of soil, plant and weather processes (mechanistic), or a combination of the

Predicted EONR will always have a range of
uncertainty because each of the factors in the
prediction model will have individual
uncertainties.

* Trrigation water nitrate N
» Cover crops (either immobilization or mineralization)

« EONR will be influenced by N source, application timing and application method.




Crop Canopy Sensors:
Ability to Optimize N Rate for Local Conditions

2012 Research
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Very little rainfall resulted in little leaching or denitrification losses of N.

Unusually high levels of N mineralization from soil organic matter due to frequent
irrigation resulted in the need for very little fertilizer N to optimize yield.

Sensor Reference Sensor Reference Sensor Reference Sensor Reference

Clay County Merrick County Clay County Merrick County




Sensor-Based Fertigation

Allows the crop to inform us of the need for N according to

weather, soil conditions and crop demand, accounting for

variation in soil N mineralization due to moisture and

temperature patterns. We do not have to predict the weather for
each field, but react to it.

Avoids the presence of significant fertilizer nitrogen in the soil during
the wettest time of the year, before the majority of crop N uptake
occurs.

[ Precipitation —— Low —— High
100°F Binch

80°F dinch

G0°F Jinch

40°F 2inch

20°F linch

0°F Oinch

Jan Feb  Mar  Apr  May  Jun Jul Aug  Sep Oct  MNov  Dec

Grand Island average precipitation and temperatures




Project SENSE

Sensors for Efficient Nitrogen Use and Stewardship of the Environment

2015-2022
Six Year Average SENSE Grower
Total N rate (Ib-N/acre) 158.9B 1919 A
Yield (bu/acre) 220.8B 222.0 A

Fertilizer N Use Efficiency (Ib-N/bu grain) 0.72 B 0.86 A
Partial Profitability (S/acre)
[@6.75/bu and $1.00/I1b-N] 51,331A 51,3078

Partial Profitability (S/acre)
[@3.15/bu and $0.41/Ib-N] $630A  $620B




Satellite Sensor-Based

Fertigation Management
2021-2025

* Enabled due to the advent of satellite systems with
frequent revisit times (as often as daily), good spatial
resolution (£ 10 m), and required visible, red edge and NIR
spectral bands.

SENTINEL (Sign-n) ‘ CSP PORTAL

* Uses the same concept of in-season, multispectral crop “ E—
canopy sensing as Project SENSE, though with passive, SENTINELAG  reoor rusrom - sesovcss  conmer
satellite-based sensors rather than active, high clearance
vehicle mounted sensors. End the guesswork - let your crop

« Requires a base N rate of 50-100 lb N/acre at planting, guide your nitrogen plan.
along with reference blocks at higher and lower N rates Sohiond Becaion Wi et thablask it S,

than expected optimal N rate.
* Allows fertigation as often as needed between V8 and R2

grOWth StageS . Optimizing for your crop's potential - and your profit.
* Requires use of an advisory service to provide access to il R o moreguessing it yourcrop s

. 8 limited by nitrogen. No more being
defined by a yield goal or by the

Satellite data and generate fertilizer recommendations. EMM“: = I accuracy of available nitrogen in a

soil sample. Sentinel's platform lets




Satellite Sensor-Based Fertigation Management

2021-2023
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Partial Factor Productivity (Sensor - Grower) lb-grain/lb-N

24 site-years

Average partial profit
increased by $24/acre
compared to grower
practice

Fertilizer nitrogen use
efficiency improved to 0.6
b fertilizer N/bu corn,
compared to grower NUE
of 0.84 b fertilizer N/bu

corn




2024 Sensor-
Based Fertigation
Results o

- 70 ®

| -

With satellite-sensor informed fertigation, there is no need for:

Soil sampling for residual nitrate-N credit
Estimating legume N credit

Estimating manure N credit

Estimating irrigation water N credit

Estimating cover crop impacts on N availability

Corn $4.35/bu, N $0.50/lb 0 = -
= 0 S

Average partial profit increased DQ_ 10 o

by $21/acre compared to grower 3

practice I= -20
r:cLU -20 -10 0 10 20 30

PFPN Difference (SBFM - Grower), b grain/lb N

40




2025 Sensor-Based
Fertigation Results

Average of Ten Locations

Corn price: 4.22 $/bu
Nitrogen price: 0.70 $/lb N

N rate (Ib N/ac)

NUE (Ib N /bu corn)
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Corn yield (bu /ac)
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Fertilizer Nitrogen Use Efficiency for Corn Production in Nebraska

0.6

Active crop canopy sensors, high clearance application :
Satellite sensors, fertigation

2.2
=
S N
o 2.0 .
S
§ A

' y = 0.0002x2 - 0.6432x + 658.74
% A A N R2=0.7172
LL A
o 1.6
= A
3» A
c 14 A A A A
2 A
o A A\ ‘o
Y=
T, 1.2 a Tl .

A A

o
» A . .
2 10 N
qg,’ A 4 a4 2 " R
5 0.8 A
P4
|
o
N
£
o
L

0.4 f f f I I I I I I I I I
1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 2025




TR AP
,:\

\

,
et

P LN

%‘i

)




	Managing Nitrogen for Increased Efficiency and Reduced Environmental Impact
	Slide Number 2
	Central Platte NRD – Monitoring Well Nitrate Levels
	South Central Ag Lab�Long-Term N Management Study
	South Central Ag Lab�Long-Term N Management Study
	Fertilizer Nitrogen Use Efficiency for Corn Production in Nebraska
	In-Season N Management for Irrigated Corn�G2365
	Why Should Producers Adopt Sensor Based In-Season N Management?
	Predicting EONR for Corn
	Strategies to Predict Crop Nitrogen Need
	Uncertainty About the Economic Optimum Fertilizer N Rate (EONR)
	Crop Canopy Sensors:�Ability to Optimize N Rate for Local Conditions
	Sensor-Based Fertigation
	Project SENSE�Sensors for Efficient Nitrogen Use and Stewardship of the Environment�2015-2022
	Satellite Sensor-Based Fertigation Management�2021-2025
	Satellite Sensor-Based Fertigation Management�2021-2023
	2024 Sensor-Based Fertigation Results
	Slide Number 18
	Fertilizer Nitrogen Use Efficiency for Corn Production in Nebraska
	Slide Number 20

