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Background: Nitrate contaminated groundwater
• ~254,000 people in 

Tulare Lake Basin 
and Salinas Valley 
face health risks

• Main causes:
1. Agricultural fertilizers

and animal wastes
applied to croplands 

2. Autumn  
incorporation of N-
rich crop residues

(Center for 
Watershed 
Science, 2012)

Salinas 
valley



Background
 Broccoli and cauliflower residues; ~220 lb-biomass 

N/ac, grown at ~160,000 ac in CA
 Winter soil temp at 6” depth; 68-77 deg F
 ~120 N-lb/ac of broccoli-derived N lost in a broccoli 

field after 5” of rain in Dec (Smith et al., 2016)

 Cover crop is not widely adopted due to high land 
lease and a conflict with spring planting

 Studies in EU and Canada; use of high CN 
amendment to immobilize residual N in soil (Chaves 
et al., 2007 and many others)

 Compost application in Autumn; a common practice 
in Salinas valley -> Switching compost to high CN 
amendment… a Best Management  Practice?

 Working on this practice since 2016



Outline
 Nitrogen Mineralization & Immobilization
 High Carbon Amendment Applications (HCAAs)

Type of Amendments (Lab incubation)
Broccoli-Lettuce Rotation (Replicated field trial)
Broccoli-Strawberry Rotation (Replicated field trial)
Broccoli-Strawberry Rotation (Unreplicated demo field trial)
Almond shells: particle sizes and rates (Lab incubation)

HCAAs and AgOrder 4.0 by the Central Coast 
Regional Water Quality Control Board



N mineralization vs. N immobilization

(Adopted 
from USDA-
NRCS, 2017)

Organisms consume organic matter and excrete inorganic N.

Organisms retain N as they feed on organic matter and grow. 

C:N < 20-30

C:N > 20-30

Organic-N Inorganic-N



C:N Ratio:   44        75        75        100        48        30         98         89        126        20

60 F.W.T/Ac 2.2 T-C.T/Ac
68/57 deg F,



No primary plant 
pathogens found

Almond shells 17 T/A, 60% WFPS
1 week after incubation at 77 °F

Unground Ground < 2 mm

Penicillium, Rhizopus, Mucor

Visualizing N-Immobilization

Almond shells 
CN: 86



Field Trials (Randomized complete block design)

 Broccoli – Lettuce rotation (Conv. Silty clayloam. 4 reps)

 2017-18; Ground almond shell (GAS)5 T/Ac
GAS 10 T/Ac
Glycerol 2.5 T/Ac
GAS 5 T/Ac + Glycerol 1.25 T/Ac
Untreated control (UTC)

 Broccoli – Strawberry rotation (Organic. Clay. 3 reps)
 2017-18; GAS 5 T/Ac

Ground olive pomace (GOP) 5 T/Ac
UTC

 Each plot: 100’ x 20’
 Soil inorganic N monthly at 0’-1’, 1’-2’, 2’-3’depth
 Yield of successive crop



Amendment 
application

Amendment 
application

Lettuce seeding

Lettuce harvest

N: 21 lb/Ac N: 178 lb/Ac

0-1’



0-1’



Soil moisture at UTC

0-1’



1-2’



2-3’



NO3-N (lb-N/acre) in Feb.

331 lb-N/acre

170 lb-N/acre

163 lb-N/acre

216 lb-N/acre

176 lb-N/acre



Soil Nitrate and Its Reduction (Feb. 2018)

Treatment Soil Nitrate 
(N-lb/Ac/3’)

Soil Nitrate 
Reduction

(lb-N/Ac/3’)

UTC 331 -

GAS 5 216 115

GAS 10 176 155

Glyc. 2.5 170 161

GAS 5+Glyc. 1.25 163 168



Treatment Marketable 
yield (T/Ac)

Amendment 
cost

($/Ac)

Net return above 
pre-plant and 

harvest costs ($/Ac)

UTC 23.4a* 130** 5,468

GAS 5 22.8a 400 5,048

GAS 10 14.6b 800 2,468

Glyc. 2.5 24.2a 850 4,956

GAS 5+Glyc. 1.25 21.3a 825 4,213

Iceberg Lettuce Yield and  Economics

* Averages with the same letter have no significant difference 
according to Tukey’s HSD test at P=0.001.
** UTC assumed compost 2 T/Ac.



Strawberry planting

Amendment 
application

Broccoli 
incorporation

0-1’

5 T/Ac GAS 5 T/Ac GOP



Treatment Marketable 
yield (T/Ac)

Amendment 
cost 

($/Ac)

Net return above 
pre-plant and 
harvest costs

($/Ac)
UTC 32.6b* 325** 11,924
GAS 5 41.0a 400 15,100
GOP 5 34.5ab 550 12,553

Strawberry Yield and  Economics

*Averages with the same letter have no significant difference 
according to Tukey’s HSD test at P=0.05.
** UTC assumed compost 5 T/Ac



Sandy loam – loam.
Organic broccoli-strawberries.

Ground almond shell 
6 t/acre (3.3 acres)

Untreated control (4.2 acres)

Large-scale non-replicated demonstration trial (Watsonville, 2019-20)

Ground almond 
shell (CN: 75)



(CIMIS Pajaro)





March 3, 2020

124 lb-N/acre/3’ 
reduction



N immobilization by 2 mm passed almond shells at 1 (AS 2, 1), 
2.5 (AS 2, 2.5), 5 (AS 2, 5), and 10 T/A (AS 2, 10) and 2 mm 
passed walnut shells at 5 T/A (WS 2, 5).



N immobilization by ½” or ¼” passed almond shells at 2.5 
(AS ½, 2.5), 5 (AS ½, 5 or AS ¼, 5), and 10 T/A (AS ½, 10).



N immobilization by unprocessed almond shells at 2.5 (AS UP 2.5), 
5 (AS UP 5), and 10 T/A (AS UP 10).













Next Steps for Research

1. Analyze the cost of the most effective almond shell 
application methods based on the incubation trial

2. Demonstrate these at a field scale trial
3. Validate a simple N-mineralization/N-immobilization 

simulation model with data from incubation and field trials
4. Integrate the simple simulation model into CropManage
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Question?

joji@ucsc.edu
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