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A majority of agriculture wells on the Central Coast have 
Elevated levels of Nitrate (> 10 ppm N)



Nitrogen and Water Use Reporting on the Central 
Coast began in 2014 (Ag Order 3.0)



Five Components to Agricultural Order 4.0 on the 
Central Coast:

• Irrigation and Nutrient Management – Ground Water
• Irrigation and Nutrient Management –Surface Water
• Pesticide Management – Ground and Surface Water
• Sediment and Erosion Control
• Riparian Habitat



East San Joaquin Waste Discharge Requirement set 
precedence for reporting applied and removed nitrogen



Amount of nitrogen removed through harvest, pruning, or other methods, 
and the nitrogen sequestered in permanent wood of perennial crops

Amount of nitrogen applied through the irrigation water based on the 
groundwater nitrate concentration 

R (Removal)

Afer (Applied N from fertilizer)
Amount of nitrogen applied in fertilizers, compost, and other amendments

Airr (Applied N from irrigation water)

Total amount of nitrogen applied

Afer + Airr

What is A and R?



Origin of A-R and A/R?

Conclusions of the Agricultural 
Expert Panel (2014)



A/R is a value to indicate if more N is applied than 
removed by the crop

A – R vs A/R

A – R allows for estimates of N loading to the aquifer 

300/100 = 3                           300 – 100 = 200 lbs N/acre 

A/R A- R



How is N removal (R) estimated?

• Pounds (lbs) of fresh harvested product per acre 
• Dry matter content (%)
• N content of dry matter (%)

1. Crop Coefficient =  % Dry matter × % N ÷ 10,000
2. lbs of N removed = lbs fresh product × Crop Coeff. 



Commodity
Dry matter 

content
N 

content
N REMOVAL 

COEFF
% %

Broccoli 9.2 5 0.004600
Brussels Sprout 15.1 4.3 0.006493
Cabbage Green 7.5 2.9 0.002175
Cabbage Red 8 2.8 0.002240
Cauliflower 7.2 4 0.002880
Celery 6.3 1.9 0.001197
Cilantro 12.6 4.8 0.006048
Kale Baby 12 4.2 0.005040
Mizuna/Spring mix/Mixed 
greens 7.1 5.7 0.004047
Pepper Bell 7.1 2.6 0.001846
Spinach Bunch 6.4 5.8 0.003712
Spinach Clip 7.9 5.4 0.004266
Baby Lettuce 6.8 5.5 0.003757
Lettuce Leaf 5.9 4.7 0.002773
Lettuce Iceberg 4.7 3.5 0.001645
Lettuce Romaine 5.5 3.6 0.001980

Preliminary N removal (R) coefficients for central 
coast crops



Challenges for determining R coefficients on 
the central coast

• Number of commodities > 140
• Growers manage many small fields (< 20 

acres)
• Different products produced from the same 

commodity (e.g. bulk, carton, hearts for 
lettuce; crowns, bunch, florets for broccoli)

• Dry matter content of cool season 
vegetables is affected by water management



# Crop % acres # Crop % acres

1 Lettuce 24.49 12 Peas 1.15

2 Grapes, Wine, Vineyard 19.52 13 Brussels Sprouts 1.07

3 Broccoli 12.12 14 Kale 0.83

4 Strawberry 6.34 15 Artichoke 0.76

5 Cauliflower 5.65 16 Cilantro 0.72

6 Spinach 5.39 17 Lemon 0.62

7 Celery 2.30 18 Onions 0.60

8 Spring Mix 2.18 19 Raspberry 0.60

9 Carrot 1.78 20 Peppers, Bell 0.39

10 Cabbage 1.53 21 Blackberry 0.36

11 Avocado 1.40 22 Mixed Greens 0.28

• 22 commodities represent 90% of acres on the Central Coast
• 55 commodities represent 95% of acres on the Central Coast



Proposed nitrogen discharge limits in Ag Order 4.0 become 
more difficult over time 



Central Coast Regional Water Quality Control Board Staff, March 20-21, 2019

Currently only 50% of growers would meet the 300 lb
N/acre/year limit in 2026



Ag Order targets will be a challenge for vegetables:

R is often < half of the N that the crop takes up over 
a season



Crop N uptake of various vegetables

Vegetable 
 Days to 
harvest

Seasonal 
Crop N 
uptake

N removal with 
harvest

  ---------- lbs N/acre ----------
Broccoli 85–100 250–350 90–100
Cauliflower 75–95 250–300 70–80
Celery 90–110 200–250 140–160
Head lettuce 65–80 120–160 60–90
Romaine lettuce 65–80 120–160 60–90
Baby lettuce 30–35 60–70 40–50
Spinach 30–35 100–130 70–90



lbs N/acre
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Average N uptake of lettuce = 120 to 150 lbs N/acre

Applied N fertilizer (Nfer) was more than N uptake of lettuce 
for more than 70% of ranches



crop 1 crop 2

Applied N (Afert + Airr) romaine lettuce broccoli
Seasonal 

Total

Applied N (lbs N/acre) 150 200 350
water applied (inches) 15 20

nitrate concentration (ppm) 20 20
Applied N in water (lbs N/acre) 69 92 161

Total Applied N (lbs N/acre) 219 292 511

Removed N
Yield (lbs/acre) 30,000                16,000       
N coefficient 0.00198 0.0046
Total N removed (lbs N/acre) 59 74 133

A-R  (lbs N/acre) 378
A/R 3.8

Double crop scenario



crop 1 crop 2

Applied N (Afert + Airr) romaine lettuce broccoli
Seasonal 

Total

Applied N (lbs N/acre) 150 200 350
water applied (inches) 15 20

nitrate concentration (ppm) 45 45
Applied N in water (lbs N/acre) 155 207 362

Total Applied N (lbs N/acre) 305 407 712

Removed N
Yield (lbs/acre) 30,000                16,000       
N coefficient 0.00198 0.0046
Total N removed (lbs N/acre) 59 74 133

A-R  (lbs N/acre) 579
A/R 5.4

Double crop scenario (high nitrate water)



crop 1 crop 2

Applied N (Afert + Airr) romaine lettuce broccoli
Seasonal 

Total

Applied N (lbs N/acre) 100 120 220
water applied (inches) 15 20

nitrate concentration (ppm) 45 45
Applied N in water (lbs N/acre) 155 207 362

Total Applied N (lbs N/acre) 255 327 582

Removed N
Yield (lbs/acre) 30,000                16,000       
N coefficient 0.00198 0.0046
Total N removed (lbs N/acre) 59 74 133

A-R  (lbs N/acre) 449
A/R 4.4

Double crop scenario (reduce fertilizer)



crop 1 crop 2

Applied N (Afert + Airr) romaine lettuce broccoli
Seasonal 

Total

Applied N (lbs N/acre) 100 120 220
water applied (inches) 10 15

nitrate concentration (ppm) 45 45
Applied N in water (lbs N/acre) 104 155 259

Total Applied N (lbs N/acre) 204 275 479

Removed N  (R)
Yield (lbs/acre) 30,000                16,000       
N coefficient 0.00198 0.0046
Total N removed (lbs N/acre) 59 74 133

A-R  (lbs N/acre) 346
A/R 3.6

Double crop scenario (reduce fertilizer + reduced water)



Considerations for Afer and Airr

• Organic amendments and fertilizers– release of 
plant available N depends on the C:N ratio 
(%N)

• Very little of the N in water applied during 
germination and crop establishment is taken 
up by the plants



Fertilizers 14 days 28 days 56 days
Dry   ------------ % of N released ------------

2.5-2-2.5 4 8 15
4-4-2 30 32 41
8-5-1 44 46 58

10-5-2 45 52 57
12-0-0 51 58 61

Liquid
2.5-2-1 31 32 52

4-1-3 53 57 69

Days incubated at 68 °F

Rate of N released from organic fertilizers 
depends on the N content

Smith et al. 2020



Is this all doom and gloom?

There will be a 45-day period to comment on the draft Ag Order



Afer + Airr – R 
Relates to total nitrate loading to aquifer 
(nitrate concentration of leachate)

Could A-R limits apply only to new nitrogen (Afer)? 

Afer– R 
Relates to loading of new N to the aquifer



Could growers receive credits (C)?

A - R- C 
Practices that increase R
• Harvesting crop residue (broccoli residue for animal 

feed)
• Denitrification bioreactor
• Increasing soil organic carbon through addition of 

high C:N ratio amendments and crop residues 
(0.1% increase in organic carbon sequesters about 
200 lbs N/acre/ft)

Practices that decrease A
• Organic fertilizers and amendments with low %N



The soil nitrate quick test has helped growers use 
less nitrogen fertilizer



How much fertilizer* could potentially be saved by crediting N in water?

*based on average fertilizer rate of 175 lb N/acre for lettuce

Nitrate-N concentration of irrigation water (ppm)
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Using single-use subsurface drip may help reduce 
water and nitrogen applications



More information on irrigation and nutrient  
management is at the UC ANR website

https://ucanr.edu/sites/StrategicInitiatives/files/301160.pdf



UCCE Monterey County Crop Notes, March 1963 



Thank you


