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California Drought
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In California Alone:

$2.2 and $2.7 billion total economic impact in 2014, 2015,
respectively

3 (Howitt et al. 2014, 2015)
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LICD Russell

Two sites and agroecological systems:
Russell Ranch, CSU Chico Farm

Chico Farm Ch'CO

 Loam to clay loam

* Annual vegetable and perennial
almond crops

* Winter legume cover crops

MAP 499 mm,slty clay loam < Production agriculture

* Irrigated

Russell Ranch

* Silty clay loam

* Winter legume cover
crops

* Production agriculture
* Irrigated



Site-specific research: Russell Ranch Sustainable
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Growth of roots and aggregation affects water flow
and retention at micro and macro scales, building
soil structure
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Motivation: Cover crops can increase
available soil moisture through changes to solil
hydrologic properties
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One (of many) approaches to groundwater sustainability:
recharging aquifers on farms: SAGBI
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é “ Potential to improve deep
¥ iwk (  percolation by managing dynamic
surface zone

m

Topographic limitations

Surface conditions

Chemical limitations
Root zone residence time

Deep percolation

CA farmlands rated for ability to act as recharge areas
“Soll Agricultural Groundwater Banking Index (SAGBI).”
(O’Geen et al., 2015) 10



Potential to improve
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Research Questions

1. How do cover crops affect
soll properties below active
ploughed zone?

2. Which years make sense to
benefit from winter cover crops
from a water use perspective?

3. Can agricultural management
be leveraged to improve
groundwater sustainability?
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Russell Ranch, Davis: Saturated hydraulic conductivity
below plough layer (37.5 cm): More variability when
cover crop included Highest values

likely a result of
root/insect
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#  CSU Chico Farm: Saturated hydraulic conductivity below
# plough layer (37.5 cm): More variability when cover crop
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Russell Ranch: Long-term effects (26 yr) of winter
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Bi-weekly evapotranspiration (mm)
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Minimal Data on Cover Crop ET in California Context
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How we can calculate (cover) crop water use
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High ET estimate

(= 10) based on
=20- ~ 201 FA0-56 Penman
S —2012 0\ onteith
= - 2013
T - 2014
g 15- = 2015
o — 2016
% - 2017
Y 10' - 2018
[ - 2019
& - 2020
:Es 5 -~ 2021
3 - 2022

- 2023
O_

0 50 100
Days after sowing (CIMIS, 2023)

19



20

50 100
Days after sowing

2011
2012
2013
- 2014
= 2015
- 2016
= 2017
- 2018
- 2019
2020
2021
2022
2023

(CIMIS, 2023)

Lower ET estimate
(ETc) calculated
using empirical

data from
DeVincentis et al
(2021)

¢ 150

£~

(]

=]

£ ut}

J 100 5
?
o,
3
o

0 I | |
Dec Jan Feb




é? é Comparing cumulative ET to cumulative precipitation for Nov-April:

éﬁ;\% 5 Sacramento Valley
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Hydrologic model with HYDRUS 1D

Using model to simulate water use under different years and soil permeability

Input parameters
HYDRUS 1D Input parameters

(Simunek et al., 2012)

CIMIS ETo data (ETc values not simulated here)

Soil properties: measured in field, estimated from soil texture (silty clay
loam), (Range of Ks = 24-168 cm/d)

LAI and stress response based on literature values for legumes
Sowing date: Nov. 11

Mowing/termination date: March 28

Run time 3192 hrs. (133 days)

Profile depth: 150 cm

Rooting depth: 90 cm

3 layers: 0-30, 30-60, 60-150cm

Upper boundary condition: atmospheric BC with surface runoff
Lower boundary condition: free drainage

Water quality is not considered in this study
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Sacramento Valley water year precip (Oct. 1-Sept 30)
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HYDRUS 1D Model

Potential recharge
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HYDRUS 1D Model

Root zone soil moisture at end of season (Late March)
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Conclusions

Increased variability in saturated
hydraulic conductivity with
addition of cover crops.

All but driest years in Sacramento
Valley precip > ET,

Wet years, high K, can lead to
more moisture in cover cropped
fields.

Even in dry years there is residual
moisture in root zone at cover
crop mowing.

More work to come on this.
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Questions?



Next steps

%
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- Use soll property data to simulate groundwater recharge
under ponded (managed aquifer recharge) conditions where

feasible

- Include solute transport of pesticides and nutrients in model

- Use field data to calibrate model

. Seek out COLLABORATORS in the Santa Clara and Salinas
Valleys to explore field trials of winter recharge
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