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The Central Coast is the Salad Bowl Capital of the US

74% of lettuce produced in the US is from California

Lettuce
Broccoli
Celery
Cauliflower
Baby greens
Spinach
Mushrooms

Artichokes
Carrots
Kale
Radicchio
Peas
Asparagus
Onions (green) 

Top vegetables by value:



Nitrate contamination of Ground Water

MCWRA

Harter and Lund, 2012



Nitrogen use reporting started October, 2014



Approximately half of the 
above ground biomass is 
removed at harvest

70 to 80 kg of N/ha 
remains as residue
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Avg Applied Water = 176% of Crop ET

Applied Water as Percentage of 
Crop ET (Lettuce)



San Antonio Reservoir 



Tools for Managing Water and Nitrogen
Fertilizer in Vegetables

Soil nitrate quick test  

Weather-based irrigation scheduling



CIMIS weather network

ETcrop = ET0 × Kcrop

Kc can vary from 0.1 to 1.2 

Converting Reference ET to 
Crop ET:

Weather-based irrigation scheduling



29 Days after planting 41 Days after planting

47 Days after planting 65 Days after planting



Other information needs to be considered
Irrigation System Uniformity and 

Application RateRooting Depth

Salinity of Water SourceSoil Type



How can water and N management tools be 
useful for large vegetable growing operations?

Large growing operations have multiple decision 
makers 
One farm manager may be responsible for >200 
fields during a season
Other responsibilities besides water and fertilizer 
N management



Web-based Irrigation and N management tool

https://ucanr.edu/cropmanage



Database 
driven web 
application

Field sensors

Soil and Ranch

Soil nitrate test

CIMIS ETo

Crop ET model

Crop N model

Watering 
Recommendation

N fertilizer 
Recommendation

Display and export water 
and fertilizer records

Decision support using crop models

Integrate information from multiple sources



Steps to Using CropManage

1. Establish user login
2. Add ranch and fields
3. Add plantings to fields
4. Enter soil tests, fertilizer, and 

irrigation events



Current crops supported 

Vegetables: 
Romaine  lettuce
Iceberg lettuce 
Broccoli 
Cauliflower
Cabbage 
Spinach
Celery*
Onions*

Berries:
Strawberry 
Raspberry*
Blackberry*



Interface with UCD SoilWeb Tool 



Irrigation System Application Rate (mm/hr)



Evapotranspiration Calculation

Interval since last irrigation  
+ irrigation method Canopy cover model 

Gallardo et. al. (1996) 

Kc x ETo

Which is >?Kevaporation Ktranspiration

ETc



Days after Planting
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Spatial CIMIS ETo Reporting



How much water was applied?



Evaluate and Document Water Management

Days after Planting
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CropManage Recommendation
Grower Application

Days after Planting
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Grower Application



Soil moisture monitoring



Replicated Irrigation Trial for Iceberg Lettuce

applied water CFR1

Treatment drip untrimmed trimmed untrimmed trimmed yield
mm      kg/head

Grower standard (150% ETc) 254 1.24 0.73 82771 48408 45999
CropManage (100% ETc) 170 1.25 0.73 84697 49402 44329
LSD0.05 ns ns ns ns ns
1. Cored for region

 --------- kg/ha ----------

head wt carton yield



Using weather based irrigation scheduling for 
broccoli 

Irrigation Treatment
Applied 
water Crown Bunch Total
mm   ------- lbs/acre ---------

Grower Standard (150% ET) 519 7612 9284 16896
CropManage (100% ET) 361 7557 10665 18222
LSD0.05 NS 1178 1189

Marketable Yield



Irrigation Treatment
50

% E
Tc

75
% E

Tc

10
0%

 E
Tc

15
0%

 E
Tc

Grow
er M

ar
ke

ta
bl

e 
Fr

ui
t Y

ie
ld

 (k
g 

x 
10

00
/h

a)

0

20

40

60

80

100

120

a

b c c c

36 cm

52 cm 69 cm 99 cm 80 cm

Irrigation Effects on Marketable Strawberry 
Fruit Yields



Trial
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Summary of Commercial Lettuce Strip Trials (2012-
2013)

33%  (64 kg N/ha) less N applied 
following CropManage



> 850 users
> 250 Ranches
> 15,000 visits to 
CM blog since Dec 
2013

Grower interest



The road ahead…



Microsoft .NET Framework

New version of CropManage under development

 Dedicated programmer for CM
 Better user-interface
 Faster speed
 More flexibility to support different types of 

commodities
 Web-service for partnering
 Usage reporting



Opportunities to partner with commercial 
companies by developing CM into a web service 
(API):

Steinbeck Country Produce, Inc.





SIMS vs ground measured canopy cover



Cheaper and better satellite imagery in the future



Final Thoughts

Web applications can be useful for repackaging 
research results into simple to use decision support 
tools

CropManage has been a useful tool for helping 
growers improve water and N management and for 
assisting with research/demonstration trials.

Opportunities exist for expanding CM to additional  
commodities and adding in new features and data 
sources.
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