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How Do You Determine Total Fertilizer Application Rate?

Which Approach Do You Take: One-time or Split Application?
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Locations of On-farm Trials
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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



A remote sensing and calibration 
strip-based precision N 

management
(RS-CS-PNM) strategy
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120%FNR: N Rich

If your current rate is under-applied 
and where

80%FNR:

If your current rate is over-applied 
and where

40%FNR and 60%FNR:

The main areas for in-season N 
management

Materials and methods

Objectives Materials and methods Dissertation chapters Timeline
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Materials and methods
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Materials and methods
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1 23 4 56

Compensation Calculation
1. 100% FNR
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

Objectives Materials and methods Dissertation chapters Timeline

$15 $30 $5 $2$20$5Profit

Compensation $10 $0 $0 $0 $10 $13



Overall Research Approach

- Survey (Field boundary, 
width of applicators, FNR, 

- A-B line, & fertilizer type)
- Communication
- Sampling

- Soil
- Plant 
- Water

Collect Data Analyze DataProvide Prescription

Share ResultsPay for yield lostDiscuss a plan

- Preplant
- Sidedress

- Agronomic data
- Economic data
- Environmental data

- Stakeholder meeting
- Farmer’s report
- Progress report

- Full compensation 
for yield lost

- Consultation fee
- Participation fee

- Fields for on-farm trials 
- Study design…etc



Deliverables from the Trial

Background Objectives Logistics Results Take home messages
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2022 On-farm Trial report for each field Compensation (yield loss, 

participartion)

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

Free soil and plant sampling



Image from K. Mizuta (Univ. of MN)

Materials and methods

Objectives Materials and methods Dissertation chapters Timeline



What have we learned from the 2022 trials?

Agronomic related:

▪ What application method was the best for yield?
=> It varies depending on fields.

Economic related:
▪ What application method was the best for profit?
=> It varies depending on fields.

General:

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

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

● The more soil organic matter exists, the less the higher the uncertainty of the benefits of split application is.

● Our split application technology may work better toward wetter regions. 

● Our RS-CS strip technology generally yielded higher profits than the farmer’s normal fixed rate split 
application.

Project overview Methodology Results Lessons learned Next steps Discussion

Take home messages



Advantages 
1) Year-, site- and hybrid-specific in-season calibration:

2) High spatial and temporal resolution PlanetScope satellite remote sensing images:

✓More practical than current proximal sensor-, aerial or UAV remote sensing-based strategies

for wide applications;

✓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 is 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)



●More comprehensive analysis of the data

●On-farm trials:
■ PNM Trials: 15;
■ VR Sulfur:  3-4
■ VR Seeding: 3-4
■ VRN x VRI: 1
■ Other trials based on grower interests

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

●Field Day

Project overview Methodology Results Lessons learned Next steps Discussion

Next Steps and Plans for 2023

Feel free to bring us your ideas or 
interesting topics of research!



THANKS TO ALL OF YOU WHO MAKE THIS 
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Growers
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Scan here for 2023 
on-farm research protocols

https://drive.google.com/drive/folders/1JIuH-e0v-

5jYFwZMojPbHV41WQLsDi7v?usp=share_link



2023 On-farm 
precision nitrogen 
management trial



2023 On-farm 
variable rate sulfur 

application trial



2023 On-farm 
variable rate seeding 

application trial
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