
Livestock and Poultry Environmental Learning Community Webinar 9/26/2025

The archived presentation is available at: 
https://lpelc.org/archived-webinars/ 1

RETHINKING MANURE MANAGEMENT WITH
360RAIN: EXPANDING APPLICATION WINDOWS
AND IMPROVING NUTRIENT USE EFFICIENCY

LPELC Educational Webinar Series
September 26, 2025

Andrew Klopfenstein
Food, Agricultural and Biological Engineering
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Manure . . . problem or 
opportunity?
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Nutrients . . . problem 
or opportunity?
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• Cost - $0.015 gal to apply manure -
reduced application cost

• Risk - Direction of water movement 
down in Spring and late Autumn, down 
in Summer

• Timing - Traditional application limited to 
pre-plant and post-harvest of agronomic 
crops

• Anaerobic pits lose N and release 
methane, greenhouse gases, and lethal 
gases.

Dairy Pain Points

Full Photo Slide

NOTE: Remember to update slide title 
behind full-width image to fulfill 
accessibility requirements

High Clearance Robotic Irrigator (360 Yield Center RAIN)
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• Demonstrate in-season application of 
commercial/animal nutrient sources and water 
as a unified strategy to reduce nutrient loss 
while improving grain yield.

Objective
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• 3,000 ft of 3 in HDPE hose (~200 gal/min at 120 
psi) 

• 60 ft/80 ft boom with 12/16 drops on 60 in 
centers for 30 in spacing (20 in machine available 
with drops every 40 in)

• 24 hp diesel engine with 300 gal tank (0.5 
gal/hr)

• 56 VDC brushless motors for propulsion system
• 12 VDC for control system 
• Base station 240-480 volts (1/3 phase)
• Ground speed of 0.05 to 0.45 mph (1-8 in/s)
• GVW 24,000 lbs with liquid
• GVW 12,800 lbs empty

360 RAIN Specifications
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• Inputs: 4 analog (pressure) or 6 digital (flow) 
sensors

• Outputs: 9 relays for control of products
• 0.75 in orifice at manifold with hydraulic squeeze 

system for row selection for inbound or 
outbound travel

• Wet band 15 in
• Manure manifold with impeller system
• Injected nutrients for in-season applications
• Solids injection system coming 2027
• Local RTK system provided for planter passes and 

application passes 

360 RAIN Specifications 
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Irregular Shaped Fields
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Row Following Capabilities
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360 RAIN Control
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360 RAIN Nutrient Injection
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360 RAIN Coverage (Example system)

Typical Days to Cover Field
Field Size (acres)Inches 

Applied 2001601208040

3.83.02.31.50.80.2
5.74.53.42.31.10.3
7.56.04.53.01.50.4
9.47.55.73.81.90.5
120Pressure (psi)200Rate (GPM)

Gallons of Water to Cover Field
Field Size (acres)Inches 

Applied 2001601208040

1,086,171868,937651,703434,469217,2340.2
1,629,2571,303,406977,554651,703325,8510.3
2,172,3431,737,8741,303,406868,937434,4690.4
2,715,4292,172,3431,629,2571,086,171543,0860.5

120Pressure (psi)200Rate (GPM)

Gallons of Injected Manure to Cover Field
Field Size (acres)Inches 

Applied 2001601208040

271,543217,234162,926108,61754,3090.2
407,314325,851244,389162,92681,4630.3
543,086434,469325,851217,234108,6170.4
678,857543,086407,314271,543135,7710.5

200Total Rate (GPM)50Manure Rate (GPM)
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• ISU Brent Renner Farm: Randomized strips with five treatments as 
• Fall manure injected (traditional manure injection) 3000 gpa manure
• Spring manure injected (traditional manure injection) 3000 gpa manure
• Spring split manure applications with 360 RAIN 3000 gpa manure
• In-season split manure applications with 360 RAIN plus irrigation 3000 gpa manure
• Spring UAN and side dress application.  Equivalent N of 3000 gpa manure

• OSU Beck’s Site: 
• Paired sub-watersheds instrumented for both surface water and subsurface tile drainage monitoring
• Conventional commercial fertilizer application in accordance with the Tri-State Fertilizer recommendations 
• In-season nutrient management using the HCRI and Tri-State Fertilizer recommendations.

• OSU Field 7 MCAC Site:    RCBD strip trial design with treatments that include
• Commercial fertilizer application (N and P)
• In-season nutrient management (N and P) using the HCRI
• In-season nutrient management (N and P) using the HCRI and 67.7% Tri-State rates.

Research Venues & Methods

MCAC 8A

MCAC 7

Beck’s Hybrids 
Field Site
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Yield Trials CIG (Corn) – Beck’s Hybrids 2023

• Started watering 8/3/2023 and completed 5 passes
• Not having the rain unit in June/July made a large 

difference in this study
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Yield Trials Sandbox (Corn) – MCAC Field 8A 2023

• Started watering 7/24/2023 and completed 4 passes
• Not having the rain unit in June/July made a large 

difference in this study
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• MCAC Field 7 (Corn) - CIG
• 5.5 in of water via irrigation

• 11 applications
• Completed 30/45 GPA of 28% N depending on 

treatments over multiple passes
• Yield check A vs B strips (med CPU)

• 182 bu/ac vs 211 bu/ac
• 2033 gr vs 2328 gr

• MCAC Field 8A (Soybeans) - Sandbox
• 4.5 in of water via irrigation

• 6 applications of 0.75 inch per pass

• Beck’s Field West 1A (Soybeans) - CIG
• No irrigation applied this season

Outlook 2024

182 bu/ac
2033 gr

211 bu/ac
2328 gr

Non-irrigated Irrigated

7/29/2024

19

20

21



Livestock and Poultry Environmental Learning Community Webinar 9/26/2025

The archived presentation is available at: 
https://lpelc.org/archived-webinars/ 8

THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES

Low CPU
131 bu/ac
70 bu/ac

High CPU
195 bu/ac
170 bu/ac

Soybeans

8/28/2024

8/28/2024
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Aerial Imagery
• Taken 9/4/2024
• RGB image left
• Thermal image bottom

Corn

Beans

Non-irrigatedIrrigated
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Yield Trials CIG (Corn) – MCAC Field 7 2024

• Irrigation had a statistically significant affect on yield over all treatments. 48 
bu/ac between irrigated two-thirds nutrients and non-irrigated and 44 bu/ac 
between irrigated and non-irrigated. 

• A total of 773 gallons of diesel was used to run the irrigator for this trial for 
2024 cropping season across 71 acres. 

• A total of 25,739 kWh were used to run the electric pumps, base station, and 
well for 2024 growing season across 71 acres. 
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Yield Trials Sandbox (Soybeans) – MCAC Field 8A 
2024

• Irrigation had a statistically significant affect on yield over non-irrigated. 
• A total of 211 gallons of diesel was used to run the irrigator for this trial for 2024 

cropping season across 11 acres. 
• A total of 3,475 kWh were used to run the electric pumps, base station, and well 

for 2024 growing season across 11 acres. 
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Coming in 2027…
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Coming in 2027…
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Coming in 2027…

28

29

30



Livestock and Poultry Environmental Learning Community Webinar 9/26/2025

The archived presentation is available at: 
https://lpelc.org/archived-webinars/ 11

31
THE OHIO STATE UNIVERSITY COLLEGE OF FOOD, AGRICULTURAL, AND ENVIRONMENTAL SCIENCES

• Lower water demands - operating on wells or reservoirs 
with 75% less flow capacity than traditional center pivot 
irrigation systems. (200 gpm vs 800-1000 gpm)

• Efficiency due to no droplet evaporation (low pressure), 
banded water and prescription ability

• Efficient delivery of nutrients such as N, P, K, sulfur, 
boron, and other micronutrients

• Ability to operate in irregular shaped fields where other 
irrigation approaches are not practical.

• Changes biologics to allow access to phosphorous and 
potassium

• Applying manure in season and for entire season on 
growing crop with multiple passes

• Solid injection skid will change way we look at applying 
granular products

Benefits/Conclusions

High Clearance Robotic Irrigator for 
In-Season Nutrient Management

Natural Resources Conservation Service
Conservation Innovation Grant (NR223A750013G037)

Ohio Department of Agriculture
H2Ohio Grant

Thank you to our project collaborators!

Molly Caren 
Agricultural Center
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Questions
Andrew Klopfenstein
Klopfenstein.34@osu.edu
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