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Nitrogen Removal Coefficients 
for Leafy Greens

Objectives:
• To develop nitrogen removal coefficients 

for leafy greens to help with reporting N 
removed by the crop

• This information will be required to 
document N loading in Ag Order 4.0



Agricultural Order 4.0
• In April 2021, they approved Ag Order 4.0 

which for the first time set limits on the amount 
of nitrogen (N) loading  allowed by agricultural 
production in order to reduce nitrate leaching 
to groundwater resources

• The metric used to measure and regulate 
nitrate loading to the groundwater is through 
reporting N applied and N removed:
 A-R = target/limit (lbs N/A/year)
Where A = applied N; R = removed N



Agricultural Order 4.0
• A-R=Nitrogen Application Targets/Limits lbs N/A/year

* Compliance 
timeline and 
target/limit 

requirement differ if 
enrolled in a 3rd

party alternative 
compliance program



Applied Side of the Equation

• A in fertilizer
• A in compost x mineralization factor
 Mineralization factor based on C:N ratio of compost

• A in organic fert x mineralization factor
 Mineralization factor based on C:N ratio

• A in Irrigation water (accounting only for 
the water applied to supply crop Et)

AFER + (C x ACOMP) + (O x AORG) + AIRR



Removed Side of the Equation
Rharv + Rseq  + Rscav  + Rtreat + Rother



Crop N Removal Coefficients
• N removal coefficient 

is calculated by 
multiplying the N and 
water content of the 
harvested product

• Current coefficients 
in Order 4.0 are 
bases on this 
literature search



Crop N Removal Coefficients
• Over the past two 

years we have been 
filling in the data 
gaps in removal 
coefficients

• Collected samples 
from commercial 
harvest crews and 
measure moisture 
and nitrogen 
content

Funding from CLGRB and FREP



Commodities Evaluated
Commodity Product Pack type
Butter Fresh Market Carton
Green Leaf Fresh Market Carton
Red Leaf Fresh Market Carton
Head Lettuce Bulk Field Cored
Head Lettuce Fresh Market Film Wrap
Head Lettuce Fresh Market Liner
Romaine Bulk Bulk
Romaine Fresh Market Liner
Romaine Hearts Carton
Baby Green* Bulk Bulk
Baby Red* Bulk Bulk
Clipped Spinach* Bulk Bulk
Endive Fresh Market Carton
Escarole Fresh Market Carton



Coefficients Vary 
by Plant Part Harvested

Veg type Percent N Coefficient
Bulb (onion) 1.6 0.00186
Petioles (celery) 2.1 0.00104
Whole plant (beets) 2.9 0.00244
Fruit (peas) 2.9 0.00333
Whole Head (lettuce) 3.2 0.00205
Flower (broccoli) 4.6 0.00434
Leaves (cilantro) 4.7 0.00465

Higher water content lowers the coefficient



Example of R Calculation for N 
Removed by Romaine

Commodity
Percent 
Solids

Percent 
N

Coefficient
Mean* 

Coefficient 
Minimum

Coefficient 
Maximum

Romaine
(Liner) 5.91 3.09 0.00182 0.00147 0.00243

* 0.0591 x 0.0309 = 0.00182

Yield Mean 
Lbs N/A

Minimum
Lbs N/A

Max
Lbs N/A

30,000 55 44 73

N removal in a typical romaine harvest



Evaluating  Cover Crops for 
Credit in Nitrogen Loading 

Regulations
Objective:
• To help growers to receive cover crop nitrogen 

scavenging credit in Ag Order 4.0
• Evaluate methods to easily determine cover crop
 biomass
 percent nitrogen
 N uptake 
 C:N ratio



Removed Side of the Equation
Rharv + Rseq  + Rscav  + Rtreat + Rother



Fall Cover Crop Evaluation
Example of potential credit

Variety Growth Stage lbs/A
Biomass

lbs N/A
Biomass

%N C:N

Barley 696 Early Flower 5,598 192 3.5 12.1
Barley 937 Early Flower 4,618 159 3.5 12.4
Merced Rye Full Flower 5,544 171 3.2 13.7



Ag Order Cover Crop Definition
• Cover crop grown on a ranch to prevent 

leaching of nitrate during the wet/rainy season 
(Oct-April). Must not contain nitrogen fixing 
plants. Must be grown for three months during 
the wet/rainy season. Must have a minimum 
estimated biomass of 4,500 lbs/A of oven dry 
shoot weight. Must have a C:N ratio of equal 
to or greater than 20:1. 

• N credit is the difference of N contained in the 
cover crop and the amount mineralized based 
on the organic fertilizer discount factor (97%). 



Methods
• Developing a simple method for 

determining cover crop biomass and 
C:N
 Correlating plant height with biomass 

production for Merced rye and Pacheco 
triticale
 Correlating crop growth stage with C:N

• Developing data to expand the 
parameters of the credit



-Compares 
-Planted: every 2 weeks Oct. 1 to Nov. 30, 2021
-Data: shoot biomass, C:N ratio, growth stage….

‘Merced’ 
Rye

‘Pacheco’ 
Triticale

Ag Order 4.0 Trial
On Research Station  

Also conducting numerous on-farm 
evaluations of cover crops to get a 

wider set of data  



Relationship between Merced Rye Height and Biomass

Cover crop shoot height (cm)
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Brennan and Smith, unpublished data 2022

Correlation: Plant Height
and Biomass - Merced Rye



Relationship between Feekes Growth Stage and Carbon:Nitrogen Ratio

Feekes Growth Stage
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Brennan and Smith, unpublished data 2022

Correlation between Growth Stage and 
C:N ratio



Issues with Ag Order Cover 
Crop Credits

Need to expand cover crop parameters 
to get credit for other cover crop 
plantings times and types that currently 
do not fit the Water Boards definition
• Fall-grown 
• Do not meet the 4500 lbs or 20:1 C:N 

ratio
• Cover crops that include a legume



Pythium Control Evaluation 
with Irrigation Management 

Objectives
• Conduct trials to evaluate water 
management effects on pythium 
occurrence and severity and yield in 
commercial lettuce fields.  
• Quantify pythium populations in soils 
and disease occurrence of irrigation 
treatments.



Pythium wilt is associated with edges of the 
fields where there may be more water 

applied or slower drainage



Irrigation Field Trials
Irrigation Treatments:

100 % Crop ET
150% Crop ET
200% Crop ET



Two Late-Season Evaluations
(two early-season evaluations had little infection)

Irrigation 
Treatment

Total
wilted plants

Percent

Percent of Total
Pythium

wilt
Sclerotinia Vascular

wilt

100% ET 25.9 95.0 0.0 5.0
200% ET 32.8 90.0 0.0 10.0

100% ET 14.9 31.3 68.8 0.0
150% ET 15.9 46.3 53.8 0.0
200% ET 15.4 37.5 62.5 0.0

* There is a need to evaluate each wilting plant to 
determine the exact cause of the issue



Variety Susceptibility to 
Soilborne Pathogens

Variety Total 
Wilted
Plants

Percent

Percent of Wilted Plant
Pythium Vascular 

wilt
Vascular 

wilt &
Pythium

Sclerotinia

Sept 17
Salvius 31.3 18.2 60.6 12.1 0.0
Momentus 1.5 0.0 100.0 0.0 0.0
Vicious 8.4 --- --- --- ---
Oct 1

Salvius 47.6 56.7 6.7 20.0 16.7
Boronda 13.7 76.7 3.3 3.3 16.7
Copious 3.5 10.0 0.0 0.0 83.3
Klondike 36.8 50.0 10.0 33.3 6.7



Summary of Irrigation & Variety 
Evaluations

• Excess irrigation water did not aggravate 
the incidence of Pythium wilt of lettuce in 
these trials

• Further evaluations are needed because 
of the clear connection with Pythium wilt 
and water/drainage

• Variety tolerance to Pythium wilt exist but 
there are questions about tolerance to 
other associated diseases
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