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Impacts of Climate Change on Water Management in Agriculture
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Impacts of Climate Change on Water Management in Agriculture

Longest period without precipitation during the growing season (May - September).
Most seasons require irrigation to prevent yield loss.
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USDA Hydrological Soil Map - Michigan

Example Texture of Each Soil Group 
A: Sands or gravel
B: Sandy loam, loam, silt loam, and silt
C: Clay loam
D: Clay

Natural Resources Conservation Service (NRCS) classified 
soils based on texture and water table depth into 
Hydrologic Soil Groups.

Group A/D, B/D, C/D

Soils classified as A/D, B/D and C/D have a high water table, which 
means low ability to move the water out of the root zone. If it is 
drained, it is considered as the first letter. 



Example Texture of Each Soil Group 
A: Sands or gravel
B: Sandy loam, loam, silt loam, and silt
C: Clay loam
D: Clay

Hydrological Soil Map - Indiana

Natural Resources Conservation Service (NRCS) classified 
soils based on texture and water table depth into 
Hydrologic Soil Groups.

Group A/D, B/D, C/D

Soils classified as A/D, B/D and C/D have a high water table, 
which means low ability to move the water out of the root zone. 
If it is drained, it is considered as the first letter. 



Registration request (using data Available November 2021)



Irrigation Scheduling

Weather-based Irrigation Scheduling Sensor-based Irrigation Scheduling



Water Holding Capacity - Soil Sampling



Water Holding Capacity - USDA Web Soil Survey

5B
Spinks,

Loamy Sand Soil

4B
Oshtemo,

Sandy Loam Soil



Current Irrigation Management Practices 
Weather-based Irrigation Scheduling Sensor-based Irrigation Scheduling
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𝐸𝑇𝐶 = 𝐾𝐶 ∗ 𝑟𝑃𝐸𝑇
Where,

 𝐸𝑇𝐶 = Actual Crop Evapotranspiration (in/day)

 𝐾𝐶  = Crop Coefficient (unitless multiplier)

 𝑟𝑃𝐸𝑇 = Reference Potential Evapotranspiration (in/day)



Weather-based Irrigation Scheduling - Crop Evapotranspiration

Soybean Kc

𝐸𝑇𝐶 = 𝑟𝑃𝐸𝑇 * 𝐾𝐶

Where,

𝐸𝑇𝐶 = Actual Crop Evapotranspiration (in/day)

𝑟𝑃𝐸𝑇 = Reference Potential Evapotranspiration (in/day)

𝐾𝐶  = Crop Coefficient (unitless multiplier)

Corn Kc (Pokorny, 2019)



Reference Potential Evapotranspiration

https://www.weather.gov/ict/Evapotranspiration



Reference Potential Evapotranspiration



MSU Enviroweather Program

𝐸𝑇𝐶 = 𝐾𝐶 ∗ 𝑟𝑃𝐸𝑇

Where,

 𝐸𝑇𝐶 = Actual Crop Evapotranspiration (in/day)

 𝐾𝐶  = Crop Coefficient (unitless multiplier)

 𝑟𝑃𝐸𝑇 = Reference Potential Evapotranspiration (in/day)

𝐸𝑇𝐶 = 1.1 ∗ 0.83 𝑖𝑛 = 0.91 𝑖𝑛

https://www.egr.msu.edu/bae/water/irrigation/



MSU Irrigation Scheduler Program

www.egr.msu.edu/bae/water/irrigation



MSU Irrigation Scheduler Program



Updating MSU Irrigation Scheduler – (In-progress)

Excel-based
MSU Irrigation Scheduler

Mobile App-based
MSU Irrigation Scheduler



MSU Irrigation Scheduling Mobile App (In-progress)

If you are interested in trying Beta version, please leave a note it in the survey.



Current Irrigation Management Practices 
Weather-based Irrigation Scheduling Sensor-based Irrigation Scheduling
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𝐸𝑇𝐶 = 𝐾𝐶 ∗ 𝑟𝑃𝐸𝑇
Where,

 𝐸𝑇𝐶 = Actual Crop Evapotranspiration (in/day)

 𝐾𝐶  = Crop Coefficient (unitless multiplier)

 𝑟𝑃𝐸𝑇 = Reference Potential Evapotranspiration (in/day)



Soil Moisture Sensor-based Irrigation Scheduling Method



Soil Tension – WATERMARK Sensor
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Measures the actual soil water tension, which indicates the effort required by root 
system to extract water from the soil.

Soil Matric Potential for 30%, 50%, and 70% of soil water 
depletion for different soil types (Irmak et al., 2014)



Frequency Domain Reflectometry – Volumetric Water Content

Frequency Domain Reflectometry (FDR) sensors measure soil water content using the dielectric 
properties of soil which are highly dependent on moisture content.

Soil Texture
Trigger Point Range

(Irrigate when VWC falls below these values)

Sand 7 - 8 %

Loamy Sand 8 -10 %

Sandy Loam 12 - 15 %

Loam 20 - 26 %

Recommended irrigation trigger point for different 
soil types

Material Dielectric permittivity
Air 1

Soil Minearls 3~7
Organic Matter 2~5

Ice 5
Water 80



Center Pivot Irrigation - 2023

Irrigation



Drip Irrigation - 2023



Green – 1 FT.
Blue – 2 FT.
Red –  3 FT.

Tekonsha, MI

0.9 inch 0.6 inch

Crop type: Commercial Corn
Stage (7/4/23): V5
Soil: Oshtemo Sandy Loam Soil

0.15 inch



Recommended Irrigation Management - Corn

Most critical time for Corn plants to have adequate water is from VT until R6.

VT



Recommended Irrigation Management - Soybean

• Most critical times for Soybean plants to have adequate water are during pod 
development (R3 - R4) and seed fill (R5 - R6).

• Not enough moisture during the critical stages (R3-R6) in sandy soil field can reduce 
yield up to 28 bu/acre.

Source: University of Minnesota

Source: Shaun Casteel, Purdue University.



Sensor Installation Considerations

• Root depth.

• Representative area.

o Soil type

o Slope

o Crop type

• Installation technique

    (No air gap)



Sensor Installation Considerations

• Root depth.

• Representative area.

o Soil type

o Slope

o Crop type

• Installation technique

    (No air gap)







Irrigation Management with IoT Technology – Corn & Soybean & Potato

Tekonsha, MI (70 acres)Sturgis, MI (40 acres)

Union City, MI (40 acres)

Constantine, MI (40 acres)

Mecosta, MI (80 acres) Lakeview, MI (40 acres)



Irrigation Treatment
Yield (bu/acre) Irrigation Water Use Efficiency

(bu/acre-inch)

Value

($/acre-inch)*

Producer’s Irrigation 
Management

305 19.5 132

100% Irrigation Scheduling 319 22.4 152

130% Irrigation Scheduling 319 19.3 131

70% Irrigation Scheduling 309 20.3 137

Dry Corner 218

*Assumed that corn price is $6.77/Bushel (1/20/23)

Corn Irrigation On-Farm Demonstration Project Updates



Soybean Irrigation On-Farm Demonstration Project Updates

Irrigation Treatment
Yield (bu/acre) Irrigation Water Use Efficiency

(bu/acre-inch)
Value

($/acre-inch)

Producer’s Irrigation Management 64 6.3 9

100% Irrigation Scheduling 66 8 122

130% Irrigation Scheduling 66 6 92

70% Irrigation Scheduling 58 4.5 69

Dry Corner 54
**Assumed that soybean price is $15.3/Bushel (1/19/23)



Irrigation System Uniformity Evaluation

The precision of the uniformity testing decreases when wind 
exceed 2.2 mph.

If wind speed goes beyond 11 mph, the test may not be a valid.



Importance of Checking Irrigation System Uniformity

• Poor water distribution can result in over- and under-irrigated areas.

• Under-irrigation can reduce crop yield and grain quality.

• Over-irrigation can cause runoff and leaching water and nutrients below the root zone. 

• Low uniformity can negatively impact on a farm’s net return and environmental impacts. 

(MJC Irrigation Technology, n.d.)

Good Distribution Uniformity Poor Distribution Uniformity



http://msue.anr.msu.edu/uploads/236/43605/lyndon/Uniformity_Spreadsheet_6.11.xls

Irrigation System Uniformity Evaluation
If the CU is 85% or greater, the 
irrigation system is not likely to need 
major adjustments to the sprinkler 
package,

A CU of 80 to 85% may need 
further analysis of the sprinkler 
package, and individual sections 
of the irrigator would benefit 
from corrections.

A CU of less than 80% requires an 
adjustment to the sprinkler 
package design and correction of 
individual sections of the sprinkler 
package.



Irrigation System Evaluation – Case study
• Material and labor costs for replacing sprinkler package were $4,360 and $2,220, 

respectively. Total cost was $6,580. 
• With $1,617 in energy savings per year, the payback period of updating the sprinkler 

system is approximately 4 years.



Looking for Collaborators!!

Younsuk Dong
dongyoun@msu.edu

(517) 432-8751

Lyndon Kelley
kelleyl@msu.edu

(269) 467-5511

Support $1,000 for the cost of the retrofit.

mailto:dongyoun@msu.edu
mailto:dongyoun@msu.edu


USDA NRCS EQIP (Environmental Quality Incentives Program)

https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/


Resources MSU Extension – Irrigation
https://www.canr.msu.edu/irrigation

https://engineering.purdue.edu/ABE/extension/H2OQual/Irrigation

https://www.canr.msu.edu/irrigation
https://engineering.purdue.edu/ABE/extension/H2OQual/Irrigation


Future Irrigation-Related Events

• Irrigation Scheduling
• Value of Irrigation Uniformity and Sprinkler Choice
• Irrigation Electrical Safety
• Pivot Control System

Feb 27. 2024
Zoom





Younsuk Dong

dongyoun@msu.edu

Lyndon Kelley

kelleyl@msu.edu

MSU Extension – Irrigation
https://www.canr.msu.edu/irrigation

mailto:dongyoun@msu.edu
mailto:kelleyl@msu.edu
https://www.canr.msu.edu/irrigation
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