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2022-2023 (Sierra Nevada snowpack)

More than 700 inches of snow (4/1/2023)

2nd-Snowiest Season On Record

(all-time record: 812 inches in 1952, 
257% of average)

Snowpack: Runoff and GW Recharge

Precipitation: Soil moisture, runoff,

GW Recharge(wet years) 

Irrigated Agriculture in California



Water Supply & Water Demand

ÅWater Supplies
- Mostly in North

- Mostly during Wet Season

ÅWater Demands
- Mostly Central and South

- Mostly during Dry Season



Water Resources and Climate Change

Less water for agriculture (2023 floodings are not normal, last similar floodings were back in 1982-83)

of Sierra snowpack will 

be lost by 205025% 
Department of Water Resources, State of California
Source: Tapan Pathak, Climate Adaptation in Agriculture - CE Specialist, University of California Merced 

California statewide 

snowpack is 

projected to shrink 

drastically 



Source: California Department of Water Resources

GW Sustainability: Halt overdraft, balanced levels of pumping and recharge, etc (by 2040-2042)
Actions needed: Reduce demand, improve irrigation efficiency, GW Recharge, etc

Mid-summer deficit irrigation- Alfalfa 



Groundwater Recharge and Full/Deficit Irrigation 

Practices on Alfalfa
UC Kearney Agricultural Research and Extension Center, Parlier, CA

- Alfalfa treatments:

- Intermittent Groundwater Recharge on alfalfa: 1-2 flooding events/week (Jan-April)

- Full irrigation (standard practices): March- November (2 irrigations per cutting)
- 7- 8 cuttings

- Deficit irrigation: March- August (2 irrigations per cutting)
- Implement deficit irrigation after August cutting to conserve water
- 5-6 cuttings

- Study period: 2019-2022 replicated study on 12 borders (1st, 2nd, 3rd, and 4th year stands)



Trial layout and design at UC Kearney Ag Center 
(KARE) 
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Intermittent Groundwater Recharge on Alfalfa
UC Kearney Agricultural Research and Extension Center, Parlier, CA

2019 feasibility study on selected borders
3rd year alfalfa stand

2020, 2021, and 2022 replicated study on 
12 borders
2nd , 3rd, and 4th year alfalfa stand

Soil: Hanford sandy loam

Drainage class: Well drained 
Capacity of the most limiting 
layer to transmit water 
Ksat: High (1.98 to 5.95 in/hr)

2019

2020, 2021 and 2022



Surface Irrigation and Groundwater Recharge on alfalfa 
(2020, 2021 and 2022)
- Irrigation treatments during the growing season (April-November, 2019, 2020,2021 and 

2022): 
- Full irrigation and Deficit irrigation after August cutting

- GW recharge treatment: Intermittent winter flooding (1 day/week 2019 and 2020,  
2 days/week in 2021, 1 day/week 2022) and no flooding

- Replicated three times (yield, O2 level in soil, moisture content, ETa, etc)
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Surface Irrigation Efficiency

L

Surface runoff (B)

Deep percolation (C)

Applied water = Root zone storage + runoff + deep percolation

Application Efficiency (AE)= A/(A+B+C)
To achieve higher efficiency, reduce B and/or C

Root zone storage (A)
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Intermittent Groundwater Recharge on Alfalfa
One low flow (Q) and long (T) surface irrigation event per week (Jan- April)

L
Surface runoff (B) = 0

Deep percolation (C)

Applied water = Root zone storage + runoff + deep percolation

Groundwater Recharge Efficiency = C/(A+B+C)
To achieve high GW recharge efficiency, eliminate B and minimize A

Root zone storage (A) ~ ETo

(between recharging events)



Cumulative actual 
evapotranspiration for fully and 
deficit irrigated treatments and the 
cumulative average reference 
evapotranspiration over the study 
period

Tule Technologies (surface renewal) Daily ETa for fully irrigated and 
deficit irrigated alfalfa (2019-2021)

A 3-day average actual evapotranspiration for fully and deficit irrigated treatments



Surface Irrigation and Groundwater Recharge on alfalfa (2019- 3rd year stand)

- Utilization of existing surface irrigation systems on alfalfa for GW recharge.
-¦Ǉ ǘƻ мсέκǿŜŜƪ ǊŜŎƘŀǊƎŜ ǿƛǘƘ ƛƴǘŜǊƳƛǘǘŜƴǘ ŦƭƻƻŘƛƴƎ ǿƛǘƘ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ŀƭŦŀƭŦŀ ȅƛŜƭŘ
- O2 levels in rootzone above the critical 5%needed to maintain healthy root system
Data from UC Kearney Research and Extension Center (2019; ~53 inches ƻŦ ǊŜŎƘŀǊƎŜ ƛƴ с ƛǊǊƛƎŀǘƛƻƴ ŜǾŜƴǘǎΣ фέκƛǊǊƛƎŀǘƛƻƴύ

%O2 level

Applied water (in)

5% 
O2 
level



Surface Irrigation and Groundwater Recharge on alfalfa (2020- 2nd year stand)

- Continuous flooding: reached 5% O2 level in 5-7 days
- Recovery time (after termination of flooding): recovery time 3-4 days
- Soil specific factors, also consider temperature
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Surface Irrigation and Groundwater Recharge on alfalfa (2020- 2nd year stand)

- Utilization of existing surface irrigation systems on alfalfa for GW recharge.
-¦Ǉ ǘƻ моέκǿŜŜƪ ǊŜŎƘŀǊƎŜ ǿƛǘƘ ƛƴǘŜǊƳƛǘǘŜƴǘ ŦƭƻƻŘƛƴƎ ǿƛǘƘ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ŀƭŦŀƭŦŀ ȅƛŜƭŘ
- O2 levels in rootzone above the critical 5%needed to maintain healthy root system
Data from UC Kearney Research and Extension Center (2020; ~80 inches ƻŦ ǊŜŎƘŀǊƎŜ ƛƴ мл ƛǊǊƛƎŀǘƛƻƴ ŜǾŜƴǘǎΣ ϤуέκǿŜŜƪύ

5% 
O2 
level
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Surface Irrigation and Groundwater Recharge on alfalfa 
(2021)
- Utilization of existing surface irrigation systems on alfalfa for GW recharge.
-¦Ǉ ǘƻ тέκǿŜŜƪ ǊŜŎƘŀǊƎŜ ǿƛǘƘ ƛƴǘŜǊƳƛǘǘŜƴǘ ŦƭƻƻŘƛƴƎ ǿƛǘƘ ƴƻ ǎƛƎƴƛŦƛŎŀƴǘ ƛƳǇŀŎǘ ƻƴ ŀƭŦŀƭŦŀ ȅƛŜƭŘ
- Data from UC Kearney Research and Extension Center:
2021; ~89 inches ƻŦ ǊŜŎƘŀǊƎŜ ƛƴ мс ƛǊǊƛƎŀǘƛƻƴ ŜǾŜƴǘǎ ƻǾŜǊ ŀ тΦр ǿŜŜƪ ǇŜǊƛƻŘ όϤмнέκǿŜŜƪύ
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Surface Irrigation and Groundwater Recharge on alfalfa (2021- 3rd year stand)

Flooding events on selected borders
Deficit irrigation on selected borders after Aug. 2021 cuttings
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Forage nutritional quality (minimal impact on 
hay quality)

Year Treatment NDF CP (%) ADF (%) Lignin (%)

2019
Full 34.8b 24.5b 28.9abc 5.5b

Deficit 34.1bc 23.6b 27.8c 5.4b

2020
Full 33.2bc 25.6a 28.1bc 5.4b

Deficit 32.9c 25.7a 27.6c 5.4b

2021
Full 38a 26.1a 29.7a 7.3a

Deficit 37.7a 25.9a 29.4ab 7.2a

* Means with the same letter in a column are not significantly 

different at the P = 0.05 level



Impact of flooding on cropping system and 

nitrogen management

Can you apply nitrogen on a 

Flooded field in April? 

Managing Water and Nitrogen in a Wet Year
Grower Challenges and Opportunities

Kings River 1982-83 flooding
Kings River March 30, 2023
Source: Brady Holder (UC Kearney REC).



How did the additional water from flooding 

or increased precipitation affect your 

operation and management practices?

Tomato?

Managing Water and Nitrogen in a Wet Year
Grower Challenges and Opportunities

Ducks Floating in Fields and Orchards- Kearney REC 2/27/2023
Source: Brady Holder (UC Kearney REC). 



Flooding impact on new almond plantings

Lost trees due to flooding? 

Managing Water and Nitrogen in a Wet Year
Grower Challenges and Opportunities

Feb. 2023

Sep. 2023

Almond + bare alleys with flood

Sep. 2023

Almond + Alfalfa with flood 



Alfalfa and soil health in wet years

AI in GW Recharge (UCANR, UCR, UCM)

- When to flood and for how long?

- Factors to consider:

Soil moisture, temp., O2, other factors

KARE 2023 AI results (soil specific, crop)

- Flooding events every 4 days (alfalfa)

- Recovery period: 3-4 days (alfalfa)

- Q and T estimated by DRL (AI)

- Temp. (Jan-Jun flooding)

How can we help growers be better equipped to deal with 
future wet weather years?

Feb. 2023


