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Irrigation and Nitrate Leaching Risk
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How does temporal variability in soil structure and nitrate concentration 
control deep percolation and leaching risk through the growing season?
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Location- Fairfield Bench

Sun River Watershed Muddy Creek

Greenfields 
Irrigation 
District

Fairfield Bench



Methods- Field

Licor 710

Lysimeters: 
12 and 24 in

Soil Water 
Sensors: 6, 12, 

24, 36 in

Grower Standard 
Practice

Reduced Rate

Different Timing



Licor-710: ET Uncertainty

Average daily 
variability of 0.3 cm, 
daily total of 2 cm

Cumulative ET: 
27.4 cm

Cumulative ET: 
28.1 cm

Cumulative ET: 
28.3 cm
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Licors and ET Data Sources

Using Mesonet 
Fairfield (on site): 
crop coefficient of 1

Using Mesonet Power (~10 miles east): 
crop coefficient of 1.2
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Results- Temporal Variability and Cracking

Recently Tilled- 
No Cracks

Cracked– More 
Preferential 
Flow

2024-04-21 2024-06-05

2024-06-20 2024-07-01

Preferential flow and 
development of 

desiccation cracks are 
important for water 

infiltration and percolation 
in clay loam soils.

Recently Tilled- 
No Cracks

Cracked– More 
Preferential 
Flow

(6 inches) (6 inches)

(36 inches) (36 inches)



SATURO

Driest Wettest

Infiltration Rates: Cracked 
and Tilled Soils
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Hydrus 1D Modeling Approach

Soil 
Matrix/Slow 
Movement: 
Water retention 
and saturated 
hydraulic 
conductivity (6 
parameters)

Aggregate-
Macropore 
Interface (5 
parameters)

Macropore/Fast Movement, described by:
Water retention and saturated hydraulic 
conductivity (6 parameters)

Deep Soil 
Parameters: 

Static

Deep Soil 
Parameters: 
Static

Cracked Surface 
Parameters

Run Early 
Season Model

Run Late 
Season Model

Tilled Surface 
Parameters

Aggregate Flow

Macropore Flow

Exchange



Modeled Deep Percolation

4.3-6 cm total 
Deep Percolation

4.4-7.7 cm total 
Deep Percolation

2023 Cumuilative Deep Percolation 2024 Cumuilative Deep Percolation

Irrigation 
Set 1

Irrigation 
Set 1

Irrigation 
Set 2

Irrigation 
Set 2



Groundwater Influence
Weather and Irrigation

36-inch Soil Water Content

Groundwater

Groundwater shallower than 36 inches

*Groundwater data was collected by MBMG:
preliminary, subject to review
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Nitrate Patterns
Single Fertilizer 

Application
Multiple Fertilizer 

Applications
Single Fertilizer 

Application

May 16 Aug 26 Apr 15 Sep 5 May 1 Aug 25
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Nitrate Leaching Risk

2023 Cumulative Nitrate 
Leaching: 0.5-3 kg/ha

2024 Cumulative Nitrate 
Leaching: 5-18 kg/ha
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Discussion and Takeaways

• Seasonal development of soil cracks results in variable deep 
percolation risk throughout the growing season.

• Nitrate leaching is possible, with specific periods of highest 
leaching risk depending on irrigation scheduling and fertilizer 
management.

• Licor-710 data shows good agreement with data sources such as 
Mesonet weather stations and OpenET, suggesting tools for 
understanding crop water use and scheduling irrigation are 
available.
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