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INCREASING DROUGHT
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INCREASING FLOOD
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KEY PRACTICES






Precision

* ET mapping & modeling
* Water stress ID

* Heatwave management
* New Sensors
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Optimization Regenerative
Drainage Drought & flood resilience
Fertigation * Soil physical health
Scheduling benefits/tradeoffs

€

Deficit irrigation e Regional water planning

Smart amendments



Climate change impacts
agriculture and environment
by increasing weather

whiplash (@ +=C) @)

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




Irrigation and Drainage Engineering

Control structure Pipe spillway

| Irrigation  Levee
suppy line

Center
pivot

Supply
line

Drainage/distribution pipe ! Floating pump Drainage pipe
Lift station
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Ecological Engineering

Indirect approach Direct approach

Creating conducive conditions for Manipulating soil communities for
functionally diverse and efficient > = maximized ecosystem service
soil communities A [ 3R \ delivery

Targeted addition of
(non-native) soil biota
or organisms producing

Management practices increasing
environmental heterogeneity /
niche diversity and biotope space,
e.g., crop rotation, reduced tillage,
intercropping

potentially multitoxic
compounds

|
| Laboratory and field based research !
| using recent technologies to assess !
| fate of inoculated organisms and I
I their effects on native soil :
I communities

Rich and diverse soil community buffers uncontrolled spread of inoculated organisms
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What is a resilient soil?
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Ecological resilience concept
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Water storage in solls

<«— Saturation
Gravitational waterI

<—— Field capacity ~0.33 bar

N
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Depletion
Total (AD)
Available v
Water Plant water deficit begins
(TAW) <— Photosynthesis slows
A4 -— s :
Unavailable I f]egnl;lzpent wilting point
water
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Water storage in solls

SATURATION

6“

Field Capacity ———
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PLANT AVAILABLE

 Available Water |

I Plant Roots Can Asorb This |

P
¢t

<«— Wilting Point

Devol, 2022



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

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
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What is a drought resilient soil?
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Drought resilient soils maximize their 'tank’ size

«<«— Saturation
Gravitational waterI -
<—— Field capacity ~0.33 bar

FN

Allowable
Depletion

Total (AD)

Available 4
Water Plant water deficit begins
(TAW) <— Photosynthesis slows
Unavailable I é—”‘fizsngzpent wilting point
water
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How to increase the ‘tank size’?

«<«— Saturation
Gravitational waterI -
<—— Field capacity ~0.33 bar
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Allowable
Depletion
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Available 4
Water Plant water deficit begins
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Unavailable I é—”fiz;rgzpent wilting point
water
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Unfortunately, you
are stuck with
your soll texture
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Soil water content (6,,) (volume %)
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Field capacity Easily

= available water

Slowly
available water

Wilting coefficient

Unavailable water

Sand Sandy Loam Silt Clay Clay
loam loam loam

Fineness of texture —»
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Can change your soll structure w/OM

o A LA B USER manual, 1992; Cates, 2024 17




Can change your soll structure w/OM

AWC increaseper = AWC increase per AWC after
. Initial AWC
Soil texture 1% OM increase 1% OM increase (¢al) 1% OM increase
al.
(%)** (gal.) = (gal.)
Loamy sand
113 3,666 32,583 36,249
(0.5-3% OM)
Silt loam
1.04 3,383 71,682 75,075
(3+% OM)
Clay loam
0.82 2,665 55,391 58,056
(3+% OM)
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What if permanent wilting point also increases?
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How to increase water capture?

«<«— Saturation
Gravitational waterI -
<—— Field capacity ~0.33 bar
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Maximizing infiltration—stuck w/soil texture

Sandy Loam Clay Loam
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Maximizing water capture w/cover crops (global
meta-analysis)

A) Mean Infiltration Rate (n=110)

o Silt loam
. —— Sl
E
':4 "
= -_| Sandy clay
= loam
7

I Clay loam

100 200 300 400

&

CONSERVATION
IRRIGATION LAB Hao et al., 2023




How can we optimize drainage in soils?

SATURATION

PLANT AVAILABLE WILT
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<«—  Wilting Point
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Maximizing saturated hydraulic conductivity—
stuck w/soll texture

Saturated hydraulic conductivity (in/hr)

r r
w w

Hydrologic soil group  Representative soil texture | Compacted ¢ Average' v Loosened? ¢

A sandy loam 0.50 0.90 2.20
B loam 0.15 0.205 0.24
C sandy clay loam 0.11 0.14 0.30
D silty clay N/A 0.06 N/A
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IRRIGATION LAB MN Stormwater Manual, 2022 > 4




Maximizing saturated hydraulic conductivity
w/cover crops (global meta-analysis)
Saturated Hydraulic Conductivity (n=90)
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Groundwater subsidies and penalties

Oxygen Stress Optimum WTD Water Stress
Roots unable to respire GW available when soil water depleted  Growth limited by water availability
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Finer Soil/
Wetter Year:
Coarser Soil/
Drier Year:
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Groundwater subsidies and penalties
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*more local data needed on
drought/flood resilience.
Will work on this.

Grass: 67%
@ Legumes: 28%
@® Non-Legumes: 5%

Distribution of Cover crops
B Grass
A Legumes
B Non-Legumes
Mixed
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Cover crops
(global meta-analysis)
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300 | A)

Cover crops

239 234

(global meta-analysis) _
*more local data needed on
drought/flood resilience.
Will work on this. N
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*more local data needed on
drought/flood resilience.
Will work on this.

Cover Crops

No Cover Crops
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Other practices?

Indirect approach Direct approach

Creating conducive conditions for Manipulating soil communities for
functionally diverse and efficient > = maximized ecosystem service
soil communities A [ 3R \ delivery

Targeted addition of
(non-native) soil biota
or organisms producing

Management practices increasing
environmental heterogeneity /
niche diversity and biotope space,
e.g., crop rotation, reduced tillage,
intercropping

potentially multitoxic
compounds

|
| Laboratory and field based research !
| using recent technologies to assess !
| fate of inoculated organisms and I
I their effects on native soil :
I communities

Rich and diverse soil community buffers uncontrolled spread of inoculated organisms
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Are there tradeoffs between
drought/flood resilience?
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Thanks for
listening!

I would love to hear from you if you have
y y
questions or comments or ideas!

L]

nocco@wisc.edu/ / // @mallika_nocco


http://www.irrigationlab.com/
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