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Outline

• Irrigation management concepts and tools

• N regulations in California

• N uptake curves

• N removal project

• Summary



Why is irrigation scheduling challenging?

0

0.05

0.1

0.15

0.2

0.25

Daily ETo (in) - Camarillo

0

0.05

0.1

0.15

0.2

0.25

Daily ETo (in) - Camarillo



1. Deciding when to 
irrigate 

2. Deciding how 
much to irrigate

Irrigation Scheduling
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Ideal irrigation scenario
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Inefficient irrigation scenarios
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Soil Moisture 
Monitoring
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Sensor Depth and Installation are Key



Soil Moisture Thresholds
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T-20 = 20 cbar
T-30 = 30 cbar
T-40 = 40 cbar
T-50 = 50 cbar

at 8in depth

Celery Soil Moisture Threshold Study
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Irrigation Management Context

• Overall, most irrigators over-irrigate early in the season and under-
irrigate later

• Why? Mostly lack of information
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Soil Moisture (Centibars, kPa)
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Soil Moisture (Centibars, kPa)
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Summer-Planted

Too wet

Too dry



Summer-Planted



Spring-Planted



Spring-Planted



Nitrogen Management

• Among all essential plant nutrients, N is 
the most unstable in the soil, with 
significant fluctuation of in-season soil N 
levels;

• Reason: combination of factors including numerous biological and 
chemical processes, variable uptake rates, uneven rainfall pattern, 
irrigation inefficiency and soil type, among others.



Nitrate Leaching
Loss of nitrate (NO3

-) from the soil due to irrigation or rain. 
Greatest loss potential of nitrogen from the soil. 

Soil Organic 
Matter

NH4
+

NO3
-

Leaching

Fertilizers
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Regional Water Quality Control Boards

https://www.waterboards.ca.gov/waterboards_map.html

https://www.waterboards.ca.gov/waterboards_map.html


• Conditional waiver as been 
extended for another year.

(Region 4)



N Uptake vs N Removal 

Uptake: All N used by the crop

Removal: all N that leaves the field 
with produce



Recent changes for region 3
    

A-R = nitrogen application limits

Limit (lb N/acre/year) Compliance Date

500 (target) 2023

400 (target) 2025

300 2027

200 2031

150 2036

100 2041

50 2051



Cabbage N Uptake
Starting around 30 DAP:



Cilantro N Uptake
Starting around 30 DAP:



Celery N Uptake Starting approx. 40 DAP:



Raspberry N Uptake, 
primocane

0.5 lb N/acre/day

1.8 lb N/acre/day
1.4 lb N/acre/day

0.2 lb N/acre/day



Raspberry N Partitioning, 
primocane



Summer-Planted Strawberry N Uptake

--- 1.2 lb N/acre/day ---

----- 0.5 lb N/acre/day-----



Summer-Planted Strawberry N Uptake



Applied – Removed N



Fall-Planted Strawberry N Uptake

------- 1.2 lb N/acre/day --------

0.5 lb N/acre/day



lb N/acre/week
low optimum high

Early season (Oct-Feb) 2 4 6
Late season (Mar-May) 6 10 14

Total* 118 208 298

N Fertilizer rates

Fall-Planted Strawberry N Uptake





Total Marketable Yield, Fronteras
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 Combine the right rate with the right N source
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Assessing nitrogen uptake and the impact of fertilizer amounts and sources on strawberry production 
in California (Biscaro et al., 2022), in Agrosystems, Geosciences & Environment
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N Removal



Recent changes for region 3
    

A-R = nitrogen application limits

Limit (lb N/acre/year) Compliance Date

500 (target) 2023

400 (target) 2025

300 2027

200 2031

150 2036

100 2041

50 2051



N Removal Coefficients for Vegetable Crops





Berry Crops N Removal Coefficients

Coefficient: 2.75
Yield (tons/acre) x 2.75 = lb N removed/acre 

Strawberry
Coefficient: 3.11
Yield (tons/acre) x 3.11 = lb N removed/acre 

Raspberry



Summary 

Optimize irrigation efficiency to minimize N losses

Use of tensiometers can help optimizing yield, water use 
and plant health. 

Threshold for starting irrigation: Veg crops: 20-30 cbars; 
strawberries: 10 cbars.

Use of ET-based data can help with determining how long to 
irrigate 

Pay attention to the root depth



Summary 

N uptake info helps with optimizing fertilization. N removal 
data is required by law
Less N in pre-plant, more later in the season
Know your numbers: when and how much uptake happens
Choose the N source wisely: nitrate leaches readily 
Consider applying most N fertilizer throughout the season 

(fertigating)
Consider using the SNQT



Questions/comments?
andre.bicaro@driscolls.com 
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