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Season PNM Practices (3-years)
40 filds

A. BEFORE PLANTING

Different preplant N rates
application based on normal
farmer’s N rate (FNR)

Generation of blocks and

identification of agronomic
. =W optimum N rate (AONR) per
A each block based on NDVI
from satellite imagery

C. SIDEDRESS N
APPLICATION FOR PLOTS
WITH LESS THAN 100% FNR
(35 AND 70% FNR)
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Precision Agriculture Center
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Background
How Do You Determine Total Fertilizer Application Rate?

A

s
MUN]\‘!R)]I\UI MINNESOTA EXTENSION able 1: Guidel use of nit rtilizer for ¢

orn or soybean when supplemental irrigation is not used

Learn About » Courses and events Connect Al About ¥ Priorcrop N price/Crop walua ratie MRTN Acceptable raags

Corn -- Ibs N/acre bs Nfacre

Fertilizing corn in Minnesota

0.07! 190 70-20
Home > Cropproduction > Nutclentmanagement > Crop-specificneeds > Fertilizing cornin Minnesota

0.100 175 160-190
0. 16 0
0.150 ' 145-165

Soybeans Ibs Nfacre bs N/acre

START HERE

0.075 150 135-165
0.100 %0 130-150 | [ s erce | . T F pracE
0.125 15 125-145
0.150 130 20-140

Which Approach Do You Take: One-time or Split Application?
Background
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block design
. H Block with
»  Five different seeding rates (0, 30, 40, 50, and 60 NltI'Ogel’l rates (le N/ ac) . I;I;I Tndom ey
Ibs /ac) will be randemly assigned in each P ol = 00000 EEEm o RN ekt ——————-
block. . O Yy X, " l1Grld size
» Blocks are composed by five grids 40-80 ft wide D 3 O i M
and 150-200 ft long. —— 8L, RN H :|» 160 it
» Blocks will be replicated across the field. The 40 : ¥ -
number of blocks will be based on the field size. el " . Sl R E el 0 GEWERR BN BB B ik
» Intensive in-season sampling will be performed D 50 ' : : Sulfur (b/sc)
by the UMN research team. . 60 :’ e @
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Locations of On-farm Trials
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Crop N Requirement
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Background

Crop N Requirement

Gap === N Fertilizer Rate
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Objectives

=== ONRCS e

u. S Department of Agriculture '"';':t:m"
Natural Resources Conservation Service

On-farm Demonstration and Evaluation of an Innovative Calibration
Strip-based Precision Nitrogen Management Technology for Corn
Project Objectives

1) Improve corn N management at the farm level and significantly reduce N losses
using an innovative, practical, reliable, and profitable PNM technology.

2) Quantify the agronomic, economic, and environmental benefits of the calibration
strip-based PNM technology under diverse on-farm conditions and promote wider
adoption by corn farmers.

3) Facilitate the adoption of the evaluated PNM technology by farmers.

Objectives Take home messages



A remote sensing and calibration AR

strip-based precision N

management
(RS-CS-PNM) strategy

A. BEFORE PLANTING OR EARLY GROWTH
STAGES

B. GROWTH STAGES V7-V8

Generation of blocks and identification of
agronomic optimum N rate (AONR) per each
block based on NDVI from satellite imagery

Different “preplant” N rates application based on
normal farmer’s N rate (FNR)

“Preplant” N

o S0 100 150 200
As applied N (Ib/acre)
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Normal farmer’s nitrogen
rate (FNR) = 200 kg ha!

depending on field size.
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Example: AONR for Block #2 =
160 kg hat (209 Fir)

*Each block contains all N rates. Number of blocks will vary
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C. GROWTH STAGES V8-V9*

Sidedress N application for plots with less than
100% FNR (40, 60, and 80% FNR)

*May be delayed up to V14

250 300




120%FNR: N Rich
A. BEFORE PLANTING OR EARLY GROWTH

STAGES If your current rate is under-applied
Different “preplant” N rates application based on and where

normal farmer’s N rate (FNR)
80%FNR:

If your current rate is over-applied
and where

40%FNR and 60%FNR:

“Preplant” N

80% FNR

120
80 The main areas for in-season N

Normal farmer’s nitrogen Management
rate (FNR) = 200 kg ha'!




B. GROWTH STAGES V7-V8

Generation of blocks and identification of

agronomic optimum N rate (AONR) per each
block based on NDVI from satellite imagery
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Example: AONR for Block #2 =
160 kg ha™ (209 FR)

*Each block contains all N rates. Number of blocks will vary
depending on field size.
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C. GROWTH STAGES V8-V9*

Sidedress N application for plots with less than
100% FNR (40, 60, and 80% FNR)

*May be delayed up to V14

mzmm Ibs[bcn)
25 35 w45 mS5) m7) wE) =ES wi2)

SIDEDRESS N = AONR — AS APPLIED N
~ Materialsandmethods



Compensation Calculation

1.100% FNR

Experiment area

2. 40% FNR pre-N + sidedress N (satellite)
3. 60% FNR pre-N+ sidedress N (satellite)
4. 80% FNR pre-N+ sidedress 20% FNR

5. 100% FNR pre-N

6. 120% FNR pre-N

----—--——n—-—_

0

I o e ) ) e ) --------_
S
s

Profit $5 $20 $15 $30 $5 $2
Compensation $10 $0 $0 $0 $10 $13



Overall Research Approach

— Collect Data — Provide Prescription — Analyze Data

- Survey (Field boundary, - Preplant
width of applicators, FNR, - Sidedress
- A-Bline, & fertilizer type)
- Communication
- Sampling
- Soil
- Plant
- Water

Agronomic data
Economic data
Environmental data

— Discuss a plan < Pay for yield lost '« Share Results «

- Fields for on-farm trials - Full compensation - Stakeholder meeting
- Study design...etc for yield lost - Farmer’s report

- Consultation fee - Progress report

- Participation fee



Deliverables from the Trial

M
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On-Farm Evaluation of Precision Nitrogen Management (PNM) Technology
for Corn
(Hastings, MN)

Trial area: 157 ac (Lmigated)
Preplant N applied: April 20

Planted- April 22

Sidedress N applied: June 23

Harvested: October 30 and 31

Previous crop (2020): corn

Farmer’s N rate (FNR): 235 1b N/ac

N strategies:

+ 100% FNR (all applied before and at planting)
(all applied before and at planting)
n:

Provide recommendations
Discuss trials for this year (e.g., FNR,
one-time vs split, best technology)

+ 35% FNR + calibration strip (CS) (35% FNR
before and at preplant + Sidedress N rate determined
by calibration strip)

* 35% FNR + Granular (35% FNR before and at
preplant + Sidedress N rate determined by Gramular's
crop growth model)

« 70% FNR + CS (70% FNR before and at preplant +
Sidedress N rate determined by calibration strip)

+ 70% FNR +30% FNI % . .
;E;]:n"—fmi :]F;'i “:(SE;S&'ETR before and at Figure 1. Hastings 2021 study design.

Project Goals

. . L
# Improve corn N management at a farm level using an innovative, practical, reliable, and
profitable PNM technology.
# Quantify agronomic, economic. and environmental benefits of the remote sensing

U ®
calibration strip-based PNM technology to promote wider adoption by corn farmers.

Free soil and plant sampling

1

-

Productivity and Fconomic Return Table 1. Activity calendar with growth stage
B I e . and growing degree days
# The 325 Ib N/ac rate (130%FNR) applicd all DuteEstimstod growih stags)/Activily _GDD?
before and at preplant resulted in the highest yicld| apal 20 Preplant N applicd £
(261 Ib/ac) and highest profit ($1,427/ac). '?:;': Z; ph"':f: date 44?

2022 On-farm Trial report for each field Com.p.ensaflon (vield loss,
participartion)

Objectives




600 Acres

7 fields
4 farmers
1
933 Acres 320 Acres
10 fields 7 fields
5 farmers 5 farmers

. r 1/ a oA . o . A ana



Take home messages

What have we learned from the 2022 trials?

Agronomic related:
= What application method was the best for yield?
=> |t varies depending on fields.

Economic related: ]
= What application method was the best for profit?
=> |t varies depending on fields.

General:

e The hiqher the N fertilizer is, the lower the corn price is, the better our technology (split application)
generally works than other uniform application.

e The drier the season is, the more weeds you can find in the field exist, the smaller the benefit of split
application becomes.

e The more soil organic matter exists, the less the higher the uncertainty of the benefits of split application is.
e Our split application technology may work better toward wetter regions.

° OurI_RSt—_CS strip technology generally yielded higher profits than the farmer’s normal fixed rate split
application.




Advantages

1) Year-, site- and hybrid-specific in-season calibration:
2) High spatial and temporal resolution PlanetScope satellite remote sensing images:

v'"More practical than current proximal sensor-, aerial or UAV remote sensing-based strategies
for wide applications;

v'Compatible with aerial, UAV and other satellite remote sensing images;
3) Can be implemented in any farmer’s field directly with no previous data required;

4) Farmers don’t need to purchase new equipment such as new sensors, as long as they have
or have access to variable rate applicators.

5) The RS-CS-PNM strategy is stable despite the unpredictable weather conditions for each
growing season.

6) The RS-CS-PNM strategy is environmentally-friendly by improving the nitrogen use efficiency.
7) The RS-CS-PNM strategy is profitable especially when we have low corn price and high
fertilizer price.

8) The RS-CS-PNM strategy is applicable for other crops, fertilizers, and areas as well.



Challenges

The RS-CS-PNM technology loses potential benefits especially when
- the field has a weed/disease problem.

- the corn price is high (Profit = Revenue — Cost)

- the FNR s low.

- the season is dry

- the application accuracy is low

Improvements for Future
- Accuracy of identifying right AONR using in-season vegetation index as a proxy for yield.

- Development of digital decision support tool for anyone to use the technology freely.
(Version 1.0)



Next Steps and Plans for 2023

e More comprehensive analysis of the data

e On-farm trials:
m PNM Trials: 15;
m VR Sulfur: 3-4
m VR Seeding: 3-4
m VRN X VRI: 1
m Other trials based on grower interests

® UAV application of fertilizers, pesticides, herbicides,
seeds, plant growth regulators?

eField Day

Feel free to bring us your ideas or
Interesting topics of research!
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Scan here for 2023
on-farm research protocols

https://drive.google.com/drive/folders/1JIuH-eO0v-
5)YFwWZMojPbHV41WQLsDi7v?usp=share_link

Name 1

EZ 1 PNM On-farm Trial_Protocol-2023.pdf <%

BB 2 corn Sulfur On-farm Trial Protocol-2023.pdf &%
m 3 VRSeeding On-farm Trial Protocol_2023.pdf &%

u 20211110 AGREETT Nutrient Management.mp4 =%



2023 On-farm
precision nitrogen
management trial

2023 On-farm Precision Nitrogen Management Trial Protocol

Introduction

Precision nitrogen (N) management (PNM) aims to match N fertilizer supply with crop N demand
in both space and time, and thus has great potential to improve N use efficiency (NUE), increase
farmer profitability, and reduce N losses and negative environmental impacts. However, the
current adoption rate of PNM is still low for corn production. This on-farm PNM project aims to
develop practical and efficient PNM strategies and technologies and evaluate these technologies
under diverse on-farm conditions to facilitate the adoption of PNM by corn producers.

Objectives
The primary goal of this project is to improve corn N management at the farm level and
significantly reduce N losses using an innovative, practical, reliable, and profitable PNM
technology.
A secondary goal is to quantify the agronomic, economic, and environmental benefits
of the remote sensing calibration strip-based PNM technology under diverse on-farm
conditions in Minnesota and Indiana and promote wider adoption by corn farmers.

Field requirements for on-farm experiment

A suitable field area greater than 30 acres.

Auto-guidance using RTK (real-time kinematic) signal source for N applicator(s) and a
combine harvester with GPS-enabled yield monitor.
A single hybrid is planted across the experimental area.
Access to a variable-rate prescription-enabled N applicator for preplant N rate
applications:

o Banded (knives, coulters) application preferred over broadcast N.

o Calibration of applicator desirable.
A variable-rate prescription-enabled N applicator, potentially high-clearance, for
sidedress N rate applications.
As-planted and as-applied data for the on-farm trials should be provided.

Data needed for the study

Historical data

Yield maps from previous years.
Soil tests (if applicable).
Field history (e.g., crop planted in previous years).

In-season management data

General field management information (e.g., drainage type, hybrid, tillage, planting rate,
planting date, etc.).

Yield map collected with a GPS- enabled yield monitor.

As-planted map and applied fertilizer maps (GPS as-applied data)



2023 On-farm
variable rate sulfur
application trial
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2023 On-farm Trial: Variable Rate Sulfur Application for Corn

Introduction

The application of sulfur (S) fertilizers in corn field is an increasing practice among corn farmers.
Sulfur fertilizers are mainly applied at uniform rates across a field, which commonly results in
under- or over-application. Despite the increased use of sulfur in comn fields, no studies have been
reported on the within-field variability in corn responses to different S fertilizer application rates
and the potential of variable rate S application. The overall goal of this project is to evaluate the
possibility and potential benefits of variable rate S application in commercial corn fields in

Minnesota.
Objectives

e Determine within-field variability of optimum S rates in commercial corn fields.

o Identify soil and landscape factors influencing corn responses to S fertilizer applications.
Evaluate the potential benefits of variable rate S fertilizer applications for corn in
Minnesota.

Field requirements for on-farm experiment

e A suitable field are greater than 40 acres.

o Competent with GPS yield monitors, yield mapping, and variable-rate technology

e Uniform soil fertility management across the trial area.

Data needed for the study
Historical Data

e Field history for the past 5 years (e.g., crop rotation information).

e Yield maps from previous years collected with a yield monitor.

o Soil tests (if available).

In-season management data

Yield map collected with a GPS-enabled yield monitor.

As-planted map and applied fertilizer maps (GPS as-applied data).

A/B guidance line file.

Remote sensing imagery, stand count, and plant and soil sampling (will be performed by
the University of Minnesota (UMN) research team).

Yield losses due to suboptimal fertilizer rates will be fully compensated.
Farmers will be compensated an additional $1,000 per fully completed trial.
Farmer duties
Farmers need to be Environmental Quality Incentives Program (EQIP) eligible to be
compensated.
Follow the N and S fertilizer plans according to prescription from the University of
Minnesota.
Maintain field and provide data needed for study.



2023 On-farm
variable rate seeding
application trial

2023 On-farm Variable Rate Seeding for Corn Trial Protocol

Introduction

New corn hybrids with higher tolerance to stress at higher plant densities are being constantly
developed. However, the correlation between corn yield and different seeding rates is not always
well established. In addition, the soil and landscape spatial variability present in most fields cause
different areas a field to have varied agronomic optimal plant densities, and economic optimal
seeding rates. Advances in precision agricultural technologies enable us to apply variable rate
seeding to address agronomic and economical potential variability in a field. Thus, the main goal
of this project is to evaluate the potential of developing and implementing variable rate seeding in
commercial corn fields in Minnesota.

Objectives
Evaluate within-field variability in corn yield response to different seeding rates and the
potential of variable-rate seeding for corn in Minnesota.
Identify key soil, and landscape factors affecting stalk lodging and yield response.
Identify the economic optimal seeding rate for corn in Minnesota.

Field requirements for on-farm experiment

A suitable ficld area greater than 80 acres preferred.

Competent with GPS yield monitors, yield mapping, and variable-rate technology
Uniform soil fertility management across the trial area.

Preference for farmers interested in multi-year studies.

Data needed for the study

Historical Data

Past planting rates and hybrids (GPS as-planted maps preferred).
Yield maps from previous years collected with a yield monitor.
Soil tests (if available).

In-season management data

Yield map collected with a GPS- enabled yield monitor.

A/B guidance line file.

Remote sensing imagery, stand count, plant and soil sampling, stalk lodging analysis in
the fall (will be performed by the UMN research team).

Farmer compensation

Compensation for yield losses due to suboptimal seeding rates will be supplied to the
farmer.

Farmers will be comﬁensated an additional §1i000 per fullx completed trial.
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