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How do we remedy groundwater 
overdraft of 2-4 MAF per year?



PPIC, 2020, A Review of San Joaquin Valley Groundwater Sustainability Plans
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How do we capture large amounts of 
water in a short time?



Capture high-magnitude flows
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Use agricultural landscape for recharge

Don Cameron, General Manager, Terranova RanchPhoto credit: PPIC 



Use agricultural landscape for recharge
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Bio-physical factors

• Crop tolerance 
• Soil suitability
• Water availability
• Hydrogeology
• Conveyance capacity

Institutional factors

• Cost & incentives 
• Water rights
• Permits 
• Shared governance 
• Ecosystem services 

and benefits



Risk of groundwater contamination

Source: CV-Salts Coalition

Nitrate in shallow groundwater

Bastani & Harter, 2019, J Cont. Hyd
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Levintal et al. 2022, ES&T in prep
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Effect of Ag-MAR on groundwater nitrate?



Effect of Ag-MAR on groundwater nitrate

Recharge effect on ambient groundwater 
nitrate concentration



How to site the best Ag-MAR locations?



Decision support

O’Geen et al. 2015, CalAg

https://casoilresource.lawr.
ucdavis.edu/sagbi/



Soil-crop relationships 

Crop SAGBI rating Soil texture Infiltration 
rate (in/hr)

Water applied 
(ft)

Deep 
percolation (%)

Yield - compared 
to control (%)

Almond Excellent Dune land 13 2.1 99 125

Alfalfa Good Stoner gravelly coarse 
loam 3.9 28 99 90

Almond Moderately good Dinuba fine sandy loam 2.7 2 87 99

Tomato Moderately poor Traver fine sandy loam 0.24 1.95 85 125

Almond Moderately poor Tehama silt loam* 0.25 0.4 77 -

Grape Poor Hanford sandy loam* 0.32 6.7 98 88

Grape Poor Hanford fine sandy loam* 0.16 5.8 95 60

* Soil with hardpan



Devine et al. 2021, J. of Soil & Tillage Research

Trafficability and risk 
of soil compaction

Median days to 
trafficability after 
flooding

January February

Soil trafficability after deep wetting



Soil trafficability after deep wetting

https://soilmap2-1.lawr.ucdavis.edu/
soil-trafficability/



• Increased groundwater storage for next drought

• Fill up soil profile prior to growing season

• Frequency of wet years is decreasing (every 5-7 years)

• Additional moisture stimulate mineralization (natural production of 
nitrate in soils) 

• Recharge with low nitrogen source water does dilute elevated 
groundwater nitrate concentrations

Why should I consider Ag-MAR
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