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My path
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Precision Optimization Regenerative

• Drainage
• Fertigation
• Scheduling
• Deficit irrigation

• ET mapping & modeling
• Water stress ID
• Heatwave management
• New Sensors 

• Drought & flood resilience
• Soil physical health 

benefits/tradeoffs
• Regional water planning
• Smart amendments



2Swain et al., 2018; Casson et al., 2019; Loecke et al., 2017 

Climate change impacts 

agriculture and environment 

by increasing weather 

whiplash ( + = ) 
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Irrigation and Drainage Engineering

transformingdrainage.org
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Ecological Engineering

Bender et al., 2017



What is a resilient soil?
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Water storage in soils

Bender et al., 2017
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Water storage in soils

Devol, 2022
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Water moves from high to low ‘potential’ (suction)

METER, 2024

Atmosphere -14,500 PSI

Leaf  -261 PSI

Xylem  -174 PSI

Root  -73 PSI

Soil  -44 PSI
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Water storage in soils is texture dependent

METER, 2024
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What is a drought resilient soil?
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1 3Yao et al., 2022
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Drought resilient soils maximize their ’tank’ size

Sanford and Panuska, 2015
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How to increase the ‘tank size’?

Sanford and Panuska, 2015
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Unfortunately, you 
are stuck with 

your soil texture

Brady and Weil, 2016
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Can change your soil structure w/OM

USER manual, 1992;  Cates, 2024
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Can change your soil structure w/OM

Cates, 2020
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What if permanent wilting point also increases?

Irmak et al., 2018
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How to increase water capture?

Sanford and Panuska, 2015
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Maximizing infiltration—stuck w/soil texture

Devol, 2022
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Maximizing water capture w/cover crops (global 
meta-analysis)

Hao et al., 2023
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How can we optimize drainage in soils?

Devol, 2022
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Maximizing saturated hydraulic conductivity—
stuck w/soil texture

MN Stormwater Manual, 2022
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Maximizing saturated hydraulic conductivity 
w/cover crops (global meta-analysis)

Hao et al., 2023
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Silt loam

Loamy sand

Silty clay loam

Silt

Loam

Clay
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Groundwater subsidies and penalties

Zipper et al., 2015
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Groundwater subsidies and penalties

Zipper et al., 2015
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Cover crops 

(global meta-analysis)

*more local data needed on 
drought/flood resilience. 

Will work on this.

Hao et al., 2023
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Cover crops 

(global meta-analysis)

Hao et al., 2023
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Cover crops 

(global meta-analysis)

*more local data needed on 
drought/flood resilience. 

Will work on this.

Hao et al., 2023
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Cover crops 

(global meta-analysis)

*more local data needed on 
drought/flood resilience. 

Will work on this.

Hao et al., 2023
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Other practices?

Bender et al., 2017
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Are there tradeoffs between 
drought/flood resilience?



Thanks for 
listening!

I would love to hear from you if  you have 

questions or comments or ideas!

nocco@wisc.edu// www.irrigationlab.com // @mallika_nocco

http://www.irrigationlab.com/
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