
Farm management to minimize 

environmental water quality problems 



California has environmental water quality problems: 
 Nitrate and phosphate in surface runoff causes ‘biostimulation’ 
 - water quality goals are < 6 PPM NO3-N and < 0.3 PPM PO4-P 



California has environmental water quality problems: 
 Nitrate in drinking water considered a human health hazard 
 - Federal standard is 10 PPM NO3-N 



California agriculture has an environmental water quality problem … 

SBX21: 
 2012 special report to the legislature on nitrate in groundwater  
 (AKA the ‘Harter’ report) 

 Evaluated both the scale, and the source, of nitrogen losses in two regions with 
high groundwater nitrate levels 

 - Tulare Basin 
 - Salinas Valley 



Estimated nitrogen loading to groundwater: 

 Harter report suggested that a system of agricultural 
N use reporting would improve the estimation of a 
nitrogen ‘mass balance’ for impacted watersheds 



Nitrogen use reporting starts in October, 2014 on the coast 



Basic assumption of a nitrogen ‘mass balance’ approach: : 
  N applied to a field but not removed in harvested products is at risk of 
        eventually leaving the field in gaseous or liquid form 



Fertilizer 
Organic amendments 
Crop residues 
Irrigation water NO3-N 
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Source:  California Nitrogen Assessment 



Is there direct evidence of NO3-N leaching from vegetable fields? 

Coastal tile drain effluent: 



Why is the Salinas Valley a hot spot for water quality problems ? 
 Agriculture dominates the landscape; low population, little industry 
 Multiple crops per year the norm, high crop value leads to high N rates 
 Low annual rainfall (minimal dilution of agricultural emissions) 



lb N/acre 

 
Inputs 

Spring 
lettuce 

Summer 
lettuce 

Summer 
broccoli 

Fertilizer 170 130 180 

Irrigation water NO3-N 30 30 40 

Total input 200 160 220 

Simplified N balance for coastal vegetable production : 
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lb N/acre 

 
Inputs 

Spring 
lettuce 

Summer 
lettuce 

Summer 
broccoli 

Fertilizer 170 130 180 

Irrigation water NO3-N 30 30 40 

Total input 200 160 220 

Outputs 

Crop N uptake 140 140 330 

N Removal in harvest 70 70 100 

Balance (N removal basis) 130 90 120 

Improvement requires ‘strategic’ N management, not just a fertilizer ‘program’ 

Simplified N balance for coastal vegetable production : 



spinach 
spring mix 

lettuce 
celery 

broccoli 
cauliflower 

Typical residue N 
content (lb/acre) 

 
20-40 

 
60-70 

 
180-220 

Strategic management: 
 Credit N contribution of prior crop residue 

At least 60% of vegetable residue N likely to become plant-available for the next crop 



Strategic management: 
 Credit residual soil NO3-N 

Survey of 50 lettuce and cauliflower fields : 

PPM x 4 = approximate pounds of NO3-N per acre 



Strategic management: 
 Credit irrigation water N 

Castroville reuse water is ≈ 35 PPM mineral N 
 each foot of irrigation water adds 95 lb N/acre 

Irrigation water NO3-N x 2.7 = lb N per acre.foot  



2013 irrigation water NO3-N uptake efficiency trial 
 continuously injected varying levels of NO3-N from 0-40 PPM 

 measured lettuce biomass N at harvest 

How effectively do crops utilize irrigation water NO3-N ? 



Results: 

Bottom line: NO3-N in irrigation water behaves like fertilizer 

Fertilized control 

Levels of irrigation  
water NO3-N 
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Total = 12.6 inches (176% ETc) 
 

Prethinning = 5.5 inches 

Strategic management: 
 Control irrigation  

Data from Mike Cahn, Monterey County UCCE 



CropManage: 
    - a web-based tool for irrigation and nitrogen management 



Database 
Driven Web 
Application 

Crop ET model 

Crop N model 

Irrigation  
recommendation 

N fertilizer 
recommendation 

Integrate information from multiple sources 

Field sensors 

Soil and Ranch 

Soil nitrate test 

CIMIS ETo 



Are there remediation options ? 

Some nitrogen discharge 
is inevitable … 



Nitrate removal with anion resin technology 

Managed denitrification 

Lessons from municipal wastewater treatment 
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Ag applications of ‘managed denitrification’ : 

Agricultural denitrification bioreactors 

Constructed wetland 



Salinas Valley Denitrification Bioreactors:  



Mean denitrification rates achieved : 
 (PPM NO3-N reduction per day of residence time) 

Carbon to power the microbial action is the limiting factor … 



So, where are we headed ??? 

 There are economically feasible improvements to current practices that can 
significantly reduce nutrient losses to the environment 

 Complete compliance with all environmental water quality goals may 
require regulatory action that affects land use decisions, cropping patterns, 
economic viability 




