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Problem and its Significance:  
Hand harvesting remains the highest cost in California black ripe table olive production: at 5 
tons/acre and 750.00/ton, hand harvesting costs 350.00/ton, harvest costs constitute 47% of gross 
return per acre.  This hand harvest cost will eventually render table olive production unprofitable. 
This project has approached this problem through three simultaneous investigations: 

1. Evaluation of individual harvester efficiency and effects on fruit quality through 
receiving station grade and processed fruit sensory and consumer evaluations. 

2. Tree training and pruning effects on yield and quality. 
3. Abscission agent evaluation.  

 
Summary of Experimental Results through 2009: 
 
Introduction: 
In developing mechanical harvesting a method of first successfully removing fruit is developed, 
the picking technology.  The primary limiting factor is fruit quality.  Once fruit damage is not 
longer a limiting factor a harvester can be developed to propel the picking technology and collect 
the fruit.  Simultaneously, existing orchards are modified, or new orchards are developed that 
maximize the efficiency of the harvesters.   
 
This is point this project has reached in its fourth and final year.  Two picking technologies, 
trunk shaking and canopy contact harvesters have been demonstrated to produce commercially 
competitive fruit.  Methods of propelling the harvesters and catching the fruit are being 
developed.  And experiments evaluating modifying existing orchards with mechanical topping, 
hedging and skirting is demonstrating decreases in yield while a new hedgerow orchard with 
trellised training treatments are yielding as well as conventionally trained trees.  The next step is 
to demonstrate the efficiency of these two harvesters in mechanically pruned existing orchards 
and new hedgerow orchards and better define the economics of mechanical harvesting.  Once 
these economic parameters are defined an educational effort will be developed. 
 
1. Harvester Evaluations: 
Data collected from 2006 through 2009 demonstrated that canopy contact head and trunk 
shaking harvesters produced olives with no significant differences in % cannable fruit or 
adjusted price per ton.  Trained sensory panel and consumer evaluations of fruit harvested by the 
canopy contact harvester in 2008 and evaluated in 2009 detected no significant differences 
between these olives and hand harvested olives.  Because the olives harvested by the trunk 
shaker in 2009 received similar receiving station grades, similar sensory and consumer panel 
results are expected when the fruit is processed and evaluated in 2010.  Therefore, processed 
fruit quality is no longer the limiting factor in successful olive mechanical harvesting. 
 
2008 and 2009 trials demonstrated both the canopy contact and trunk shaking harvesters remain 
inefficient and slow.  In 2009 trials the trunk barking damage associated with trunk shaking was 
largely eliminated with additional padding, decreasing clamping strength and altering shaking 
procedures.  Both methods of harvesting do not produce significant canopy damage.  
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2. Tree Training and Pruning Effects on Yield: 
Data collected from 2002 through 2009 demonstrated a high-density hedgerow orchard 
containing with three different trellising treatments which yielded as well as the conventionally 
trained control tree treatment.   
 
Data collected in 2008 and 2009 demonstrated moderate mechanical hedging and topping 
decreased yield, though the decrease is not significantly different from that of hand pruned trees. 
This data is incomplete; at least 6 additional years are needed to demonstrate the effects of 
mechanical pruning on yield and fruit quality.   
 
The very poor industry wide fruit set of olives in 2008 and 2009 strongly influenced results in 
both the pruning and training trials. 
 
3. Abscission Agent Screening: 
Screening trials in 2006, 7, 8 and 9 trials have identified no reliable potential abscission agents 
worthy of further testing.  This program will now cease and the experimental approach 
reexamined.  It appears a more basic complete approach, as opposed to simply screening 
compounds or attempting to make ethylene releasing compounds more reliable, is required.  Dr. 
Burns is willing to act as an advisor in developing a new, more complete experimental approach.  
 
4. Interactive Cost Study Development:    
With 2009 USDA Trade Assistance Adjustment (TAA) funding Klonsky developed a beginning 
cost study incorporating establishment of high density hedgerow orchards for mechanical 
harvesting: http://groups.ucanr.org/olive_harvest/files/71637.pdf . If we can obtain sufficient 
harvesting parameters this year, harvest time per tree, acre and ton, costs to contract or own a 
harvester, and final harvest efficiencies, a more definitive cost study can be produced.   
 
Complete, detailed results will be in the final report due January 5, 2010 and available online at 
the project website: http://groups.ucanr.org/olive_harvest/Proposals_%26_Reports_Database/. 
 
Summary Conclusions:   
The major objective in 2010 is to improve harvester final removal efficiency through machine 
improvements (Rosa) combined with tree training and pruning improvements. (Ferguson, 
Ficthner, Glozer and Krueger).  Both canopy contact and trunk shaking harvesters will be 
evaluated in mechanically pruned existing and new trained orchards.  Evaluations will measure 
harvester final and removal efficiencies, harvesting parameters and processed fruit quality 
through receiving station grade and sensory and consumer evaluations (Lee and Guinard).   
 
The effects of the pruning and training on olive yield and quality will also be evaluated. 
(Krueger, Ficthner, Glozer and Ferguson)   
 
The harvester operating parameters obtained, and trained and pruned orchard yields and values, 
obtained will be incorporated into interactive, online cost studies enabling growers to evaluate 
the savings of incorporating mechanical harvesting into their operations.. (Klonsky and Zalom)   
 
This is the final year of this project in this form.  The desired outcome of this project is 

 3



Ferguson.Full COC Proposal.2010 

successful adoption of mechanical olive harvesting, including, modification of existing orchards, 
and development of new high density orchards.   
 
2010 Objectives:  

I.  Evaluate the efficiency of the two different improved harvesters in the mechanically 
pruned existing orchards and in the newly developed hedgerow orchards.  

II.  Evaluate effects of mechanical pruning, in existing orchards and training in new hedgerow 
orchards, on yield and fruit quality. 

III.  Complete sensory and consumer evaluations of ENE trunk shaker fruit harvested in 2009. 
IV.  Develop an interactive, online cost study will allow growers to evaluate the economics of 

incorporating mechanical harvesting into their olive operations.  
 
Materials and Methods: 
 
I. Harvester Evaluations: : 

1. Hedgerow Orchard: evaluation of both harvesters. 
a. Oxbo canopy contact (OCC) harvester (Contact: Brent Borboa) 

i. Machine improvements (Rosa): Oxbo prefers to keep their technology 
in-house.  However, Rosa will be discussing with Oxbo the progress 
and improvements made with the previous canopy contact harvester 
evaluated, the DSE 008.  Specific improvements to be suggested will 
be rod density and length, padding of any surface the olives may strike 
and harvester propelling and catch frame technology 

b. ENE trunk shaker (ENE TS) harvester (contact: Erick Nielsen) 
i. Machine improvements (Rosa): ENE will cooperate with Rosa on 

improvement through the summer.   
c. Harvest trial: (Ferguson, Rosa, Krueger, JH Ferguson) 

i. Trees will be pruned in the spring by Krueger, Ferguson, Nielsen. 
ii. Experimental Design: Factorial with ANOVA 

iii. See: Attachment I: Trained Olive Hedgerow Map (page 18)  
1. 3 replications of 3 rows each 
2. 2 harvesters and a hand harvest control(HHC) 

a. OCC 
b. ENE TS 
c. HHC  

3.  4 tree training treatments within each row.  
a. Attachment I: Olive Hedgerow Plot Map 
b. Experimental design:  

i. (3  Reps/Blocks/)x(3 harvest TX)x(4 training 
TX)  

1. 3 x 3x 4 = 24 samples (bins) 
iv. Harvesting procedure: 

1. Preharvest pull test, leaf water potential and trunk moisture will 
be taken from 4 trees per row. 

2. Trees will be harvested as closely in time as possible. 
a. Hand harvested rows harvested; weighed   
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b. Machine harvested rows (within 8-tree training 
treatment sets) will be: 

i. Machine harvested trees will be timed, weighed 
ii. Ground checked for catch frame losses (< 2 lbs. 

will not be collected and weighed). 
iii. Hand harvested; weighed 
iv. Bins will be reweighed at receiving station and 

given a grade and value. 
v. 2, 20 pound sample sets drawn for 2 processors. 

1. 1 fresh process and 1 stored process. 
2. Processed samples submitted to Lee and 

Guinard for sensory and consumer 
testing if necessary. 

 
Desired Outcome:  
Determine the relative final harvest efficiencies, and effects on fruit grade, value and 
processed quality of both harvesters in four different trellised training treatments. 
 

2. Hand Pruned Orchard: evaluation of both harvesters 
a. OCC harvester (Contact: Brent Borboa) 

i. Machine improvements (Rosa)  
b. ENE trunk shaker (ENE TS) harvester (contact: Erick Nielsen) 

i. Machine improvements (Rosa) 
c. Harvest trial: (Ferguson, Rosa, Krueger, JH Ferguson,) 

i. Experimental Design: RCB with ANOVA 
ii. Trees will be pruned in spring under direction of Krueger, Ferguson, 

Nielsen.  
iii. Plot will be divided into 3 blocks of 3 rows 

a. Experimental design: RCB analyzed with ANOVA 
i. (3 blocks) x ( 2 harvesters + HHC)  

1. 3 x 3 = 9 samples (bins) 
iv. Harvesting procedure: same procedures as trial above except samples 

will not be submitted for processing. 
1. Preharvest pull test and trunk moisture on 4 trees per row. 
2. Trees will be harvested as closely in time as possible 

a. Hand harvested rows harvested    
b. Machine harvested rows will be: 

i. Machine harvested, timed and weighed 
ii. Ground checked for catch frame losses (< 2 lbs. 

will not be collected and weighed). 
iii. Hand harvested; weighed 
iv. Bins will be reweighed at Musco receiving 

station, graded and adjusted price/ton 
calculated. 

 

 5



Ferguson.Full COC Proposal.2010 

Desired Outcome:  
Determine the relative final harvest efficiencies, and effects on fruit grade and value of 
OCC and ENE TS harvesters in a hand pruned orchard. 
 

3. Mechanically Pruned Mature Orchard: evaluation of OCC 
a. OCC harvester (Contact: Brent Borboa) 

i. Machine improvements (Rosa)  
b. Harvest trial: (Ferguson, Rosa, Ficthner, JH Ferguson,) 

i. Experimental Design: Split plot with 6, 89 tree rows, each. 
1. western half of plot is mechanically pruned; 6 rows 
2. eastern half of plot is hand pruned control; 6 rows  

ii. Half the plot will be mechanically topped, hedged on the eastern row 
side and skirted by Laux Pruning in May/June (Pascoe, Ferguson, and 
Ficthner).  

1. Experimental design: Randomized Complete Block Split Plot 
Design (RCBSPD) with ANOVA 

                                                       See: Att. II: Mechanically Pruned Olive Hedgerow (pg. 19)                             
2. (2 blocks: pruning TX) x (2 harvester TX.) x (3 replications) 

a. 2 x 2 x 3 = 12 samples (bins) 
iii. Harvesting procedure: same procedures as previous trials. 

1. Preharvest pull test on 4 trees per row. 
2. Trees will be harvested as closely in time as possible 

a. Hand harvested rows (6) harvested, weighed.    
b. Machine harvested rows (6) will be: 

i. Machine harvested, timed and weighed 
ii. Ground checked for catch frame losses (< 2 lbs. 

will not be collected and weighed). 
iii. Hand harvested; weighed 
iv. Bins reweighed at Musco receiving station, 

graded and adjusted price/ton calculated. 
 
Desired Outcome:  
Determine the relative final harvest efficiency, and effect on fruit grade and value, of OCC 
harvester in a mechanically pruned orchard versus a hand pruned hedgerow orchard. 
 
II. Tree Training and Pruning Evaluations; effects on yield, fruit quality and value 

1. Hedgerow Orchard with 4 different training treatments:  
 
Plans and Procedures: 
Continuing trial evaluating the yield of young olives trained four different ways: 10th year 
 
Training Treatments    
1.  Freestanding Traditional 
2.  Espalier - no trellis  
3.  Espalier - trellis, woven, no tying 
4.  Espalier – trellis with tying 
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• Experimental Design: Randomized Complete Block with ANOVA:  
• Map: Attachment I. 

o 3 blocks consisting of 3 rows with 30 trees each  
 each row has 4 training treatments of 7-8 trees each 

• 4 treatments x 3 replications/rows 
• (4) x (3) = 12 bins 

 
These rows generating this data are also the hand harvest control (HHC) rows when the ENE TS 
and OCC harvesters are evaluated in a hedgerow orchard: 
 
See: Page 4: Top – I.1. Harvester Evaluations; OCC and ENE TS  
 
See: Attachment I: Trained Hedgerow Olive Orchard Plot Map, page 18. 
 

iv. Harvesting procedure: 
1. Preharvest pull test on 8 trees per row; 2 per training 

treatment.. 
a. Hand harvested rows harvested; weighed   

i. Bins will be reweighed at receiving station and 
given a grade and adjusted value/ton. 

ii. 2, 20 pound sample sets drawn for 2 processors. 
1. 1 fresh process and 1 stored process. 
2. Processed samples submitted to Lee and 

Guinard for sensory and consumer 
testing if necessary. 

 
Desired Outcome: 
Determine the effect of young tree training on yield, fruit size, quality and value and 
processed fruit quality. 
 

2 Mechanically Pruned Mature Orchard:  
a. Continuing evaluation of a mechanically pruned orchard: 3rd year. 
b. Harvest trial: (Ferguson, Rosa, Ficthner, JH Ferguson,) 

i. Eastern 6 rows hand pruned control 
ii. Western (6 rows) will be mechanically 

a.  topped at 12’ 
b.  hedged on the east side 6’ from the trunk 
c.  skirted at 4’  

i. Laux Pruning in May/June Pascoe, Ferguson, 
and Ficthner).  

2. Experimental design: Randomized Complete Block Split Plot 
Design (RCBSPD) with ANOVA 

a. (2 blocks: pruning TX)  x (6 replications) 
b. 2 x 6 = 12 samples (bins) 
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These rows generating this data are also the hand harvest control (HHC) samples when the OCC 
harvester is evaluated in a mechanically pruned hedgerow orchard: 
 
See: Top page 6: Objective I. 3. Harvester Evaluations; OCC harvester 
 
See: Attachment II: Mechanically Pruned Olive Hedgerow Orchard Plot Map, page 19. 
 

iii. Harvesting procedure: same procedures as previous trials. 
1. Preharvest pull test on 4 trees per row. 
2. Trees will be harvested as closely in time as possible 

a. All rows harvested, weighed.    
i. Bins reweighed at Musco receiving station, 

graded and adjusted price/ton calculated. 
 
Desired Outcome: 
Determine the effects of annual topping, hedging and skirting on long term tree yield and 
fruit grade and value/ton.  
 
III. Complete Sensory and Consumer Evaluations of ENE TS Fruit Harvested in 2009. 
The complete methods for conducting sensory and consumer panels can be viewed at the project  
website: http://groups.ucanr.org/olive_harvest/files/71639.pdf
 
The diagrams below give the basic outline of how the samples will obtained and how they will 
be tested. 
 
The data will be analyzed using Principal Component Analysis (PCA), a method for delineating 
the most important characteristics that define a product.  

 

 

Materials (Experimental design and sampling plan)

Row
#1

Row
#2

Row
#3

Row
#4

Row
#5

Row
#6

Each row was randomly assigned to either
“hand harvest” or “machine harvest”

Half were treated at “Processor A” and                      
the other half at “Processor B”

Half were processed as “fresh olives” and the other 
half  as  “stored olives”

Harvesting 
method

Processor

Processing 
method

x

x

8 differently treated olives/ row

*Olives from different rows (#1‐6) which 
went through the same treatment were 

 
 
 
 
 
 
 
 
 
 
 
 

8

pooled together

“Commercial olives” from each 
Processor

2 commercial olives

*The olives were standard 
products to be compared against 
mechanically‐harvested ones

 
 
 
 
 

http://groups.ucanr.org/olive_harvest/files/71639.pdf
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Sample 
abbreviation

Processor Commercial Harvesting 
method

Processing 
method

A_Comm A Commercial ‐

A_Hand_F ‐ Hand Fresh olives

A_Hand_S Stored olives

A_Mach_F Machine Fresh olives

A_Mach_S Stored olives

B_Comm B Commercial ‐

B_Hand_F ‐ Hand Fresh olives

B_Hand_S Stored olives

B_Mach_F Machine Fresh olives

B_Mach_S Stored olives

Table 1. Ten olive samples

 
The outline and table above demonstrates how samples were collected in 2009 and were handled 
in 2009. 
 

a. A trained sensory panel is able to detect characteristics listed below in the 10 olive 
samples. 

 

Table 2. Descriptors for olives

* Mixed with olives

Methods (Continued)
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b. A consumer panel will determine what consumers like, or do not like about 
the 10 olives samples. 

 

Methods

• Dates: To be tested on Picnic day at UC Davis (April 18th) and from 
June 25th to July 3rd at Farmer Market

• N = 100
• Recruitment pool: Picnic Day visitors and Davis Farmers’ Market 
customers

• Screening criteria
Over 18 years of age
American or US Resident
Users and likers of black olives

 

Methods (Continued)

• Tested 11 samples (10 treatments + 1 primer)
Note that the first sample was used as a primer to avoid ‘first order 
effect’ (i.e., people tend to rate the first sample higher)

• Presentation order: Randomized complete block design
• Rated: Overall degree of liking

Liking for appearance, flavor (taste and smell) and texture
• Scale: modified 9‐point hedonic scale
• Exit Survey (Usage and Demographics questions)
• Serving: 2 whole olives/ sample @ Room Temp (20 °C)

Crackers and water were provided for cleansing palate.

 
c. Data will be analyzed using Principal Component Analysis (PCA).  

 
Desired Outcome: Determine if a trained sensory panel or consumer panel can detect the 
difference between mechanically and hand harvested olives. 
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IV. Develop an interactive, online cost study and extension education program 
Klonsky will continue to develop and update the cost study and ranging analysis she developed 
in 2009:  http://groups.ucanr.org/olive_harvest/files/71637.pdf  by incorporating the information 
obtained Objectives I-III listed below:   
 

1) Data collected on harvester operating parameters, and efficiency evaluations in Objective I 
a. Time per tree, acre and ton 
b. Harvester final % efficiency 
c. Adjusted price per ton  
d. Additional costs for mechanical harvesting 

i. postharvest copper spray 
ii. hand pruning during harvest to remove unharvestable branches, clear 

trunks lift tree skirts 
e. Machine ownership and contracting costs  
 

2) Data collected on effects of hedgerow orchard pruning and training in Objective II 
a. Establishment costs for developing density hedgerow orchards 
b. Mechanical pruning and other costs for modifying existing orchards into 

hedgerows 
 

3) Data collected on fruit quality in Objective III 
a. Demonstration the trained sensory panels cannot distinguish between hand and 

mechanically harvested fruit 
b. Demonstration that consumer panels cannot distinguish between hand and 

mechanically harvested fruit. 
c. Demonstration of what factors characterize the processed California black ripe 

table olives consumers prefer. 
 
Zalom, of the UC Research and Information Center, (FNRIC), Plant Sciences will continue to 
develop and maintain:  
 
The cost studies will be available at this project website:  
http://groups.ucanr.org/olive_harvest/
 
The UC Agricultural Economics Cost Studies Website: 
http://coststudies.ucdavis.edu/files/olivesv09.pdf
 
Links with multiple UC Davis websites including: 
http://ucce.ucdavis.edu/datastore/datastoreview/showpage.cfm?reportnumber=612&catcol=2806
&categorysearch=Olive
http://www.olivecenter.ucdavis.edu/
 
UCCE County Websites: 
http://ceglenn.ucdavis.edu/newsletterfiles/newsletter196.htm
http://cetulare.ucdavis.edu/newsletterfiles/newsletter715.htm
http://cebutte.ucdavis.edu/newsletterfiles/newsletter1057.htm

 11

http://groups.ucanr.org/olive_harvest/
http://coststudies.ucdavis.edu/files/olivesv09.pdf
http://ucce.ucdavis.edu/datastore/datastoreview/showpage.cfm?reportnumber=612&catcol=2806&categorysearch=Olive
http://ucce.ucdavis.edu/datastore/datastoreview/showpage.cfm?reportnumber=612&catcol=2806&categorysearch=Olive
http://www.olivecenter.ucdavis.edu/
http://ceglenn.ucdavis.edu/newsletterfiles/newsletter196.htm
http://cetulare.ucdavis.edu/newsletterfiles/newsletter715.htm
http://cebutte.ucdavis.edu/newsletterfiles/newsletter1057.htm


Ferguson.Full COC Proposal.2010 

An extension education program will be developed using these costs studies and presented at the: 
1) Annual UCCE Olive Days in Glenn and Tulare counties in April 
2) Annual UCCE Preharvest Meetings in Glenn and Tulare 
3) Other UCCE and COC trainings and meetings 
4) National and International Meetings 

 
Desired Outcome: 
Development of accurate, interactive cost studies based on the information developed in 
this trial for posting on multiple online outlets and presentation at multiple meetings and 
trainings. 
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BUDGET REQUEST 
 

Budget Year:  2010-2011 Funding Source: California Olive Committee 

Supplies & Expenses: 
Kitren Glozer: Field assistance and statistical analysis     2,000.00  
Karen Klonsky: Interactive cost study development     2,500.00  
Janet Zalom: Website development, updating and hosting     3,000.00  
 
Contractor Support for Ferguson 
 Mechanical pruning at Rocky Hill Ranch in June 2010     2,500.00  
  
 Mechanical skirting at Cilker Ranch in June 2010      2,500.00  
  
 Harvesting supplies; tags, bags, gloves, water, tape, misc.     1,750.00  
  
 Hand harvesting crews at Nickels Soils Laboratory      5,000.00  

   (To be contracted and negotiated in season) 
  
 Hand harvesting crews and fruit compensation at Rocky Hill  10,000.00  

   (To be contracted and negotiated in season) 
 
  Hand harvesting crews and fruit compensation at ENE Orchards   2,000.00  

   (To be determined, contracted and negotiated in season) 
  
 Mechanical harvester use and transportation: ENE Inc.    8,000.00  

  1 location X 2 days @ 8 hours/day @ 500 hour  
      
 Mechanical fabrication costs: ENE Inc.    20,000.00 
                   

Mechanical harvester use and transportation: Oxbo    15,000.00  
  3 locations X 1 day @ 8 hours/day @ 500 hour 
   (Plus transportation) 
 
Consulting Engineer: Uriel Rosa PhD 
 3 months @ 10,000/month    30,000,00  

 

Supplies and Expenses:  Sub3   104,250.00  

Travel for Experimental Trials: 
L. Ferguson:  California experimental research travel,    12,500.00  
industry meetings, and presentations. 
William Krueger:           Field assistance and travel   10,000.00  
Elizabeth J. Fichthner:  Field assistance and travel     2,500.00  
Sub5            25,000.00  

 TOTAL  $129,250.00  
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2010-2011 Budget Continued 

J.X. Guinard: Sensory Evaluations of Processed Fruit  
 
Salaries & Benefits: 
 Graduate Student Research (GSR) assistantship for   14,985.00  
    9 months: 
 Subtotal Sub2   14,985.00  

Employee benefits:   Sub6        420.00  

 TOTAL  15,405.00  

Supplies & Expenses: 
 Descriptive analysis      1,500.00  

Supplies and maintenance for instrumental measurements     1,800.00  
 Quality assessment with industry experts and buyers      1,500.00  
 Consumer testing      1,500.00  
 Sensory data collection software (maintenance contract)        540.00  
 SAS license (statistics)         300.00  
Supplies and Expenses  Sub3   7,140.00  

 

Equipment   Sub4            0.00  

  TOTAL  22,545.00  

TOTAL BUDGET     $151,795.000*  

* This is the 4th/4 experimental years.  
 
 
 
 
 
 
 
        _12/08/09_____________ 
Originator’s Signature     Date  
 
 
 
 
_______________________     ______________ 
Department Chair:      Date 
 
 
 
_________________________    ________________ 
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Scope of Work: This section is required by UC Davis Office of Sponsored Research  
 
Louise Ferguson: Project Co-Director: 
 Responsible for designing all aspects of the project with co-directors and cooperators, 
obtaining industry cooperators, and negotiating contracts with independent contractors, 
(harvester rental, picking crews, equipment rental and crop loss compensation to industry 
cooperators).  Responsible for directing execution of the field experiments, delivering the 
samples to industry processor cooperators, collecting the data from same, submitting data for 
analysis, and collating all reports into final form for approval of Research Coordinator Steven T. 
Sibbett and COC Liaison Officer, Marshall Johnson and COC Manager, Alex Ott by requested.    
 
Jean Xavier Guinard: Project Co-director 
 Responsible for processed fruit quality evaluations, sensory evaluations, and 
standardization of methodology for participating in execution of Objective III at UC Davis and in 
cooperation with  both processors’ food technology personnel.  Funds are to cover costs of 
student, laboratory costs and conducting sensory evaluations.  Will analyze data and submit a 
final report to Research Director Steven T. Sibbett and COC Liaison Officer, Marshall Johnson 
and COC Manager, Alex Ott by requested date 
 
Cooperating Personnel 
 
William H. Krueger: Glenn County Farm Advisor Cooperator 
 Local Farm Advisor participating in execution of field work of Objective I, II, III and IV 
in Glenn and Colusa Counties; estimated at 8 weeks time.  Funds are to cover his time, travel 
costs and miscellaneous expenses. 
    
Elizabeth Ficthner: Tulare County Farm Advisor Cooperator 

Local Tulare Farm Advisor participating in execution of field work of Objectives I and II 
in Tulare County; estimated at 4 weeks time.  Funds are to cover his time, travel costs and 
miscellaneous expenses. 
    
Kitren Glozer: Project Scientist: Plant Sciences Department 
 Responsible for analyzing the data and assisting with writing and data presentation.  
Funds are to cover her time doing this work.  
       
Karen Klonsky: Agricultural Economist: Department of Agricultural Economics 
 Responsible for developing interactive cost studies with data from in the field studies.  
Funds are to pay for SRA, Peter Livingston, to work on the cost studies.     
 
Janet Zalom MS: Programmer II: Fruit and Nut Research and Information Center 
 Responsible for developing, maintaining and hosting project website. Funds are to cover 
her time at 35.00 per hour.      
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Commercial Contractors:  
 
Commercial Consultants: Contract not negotiated or signed yet. 
 
Uriel Rosa PhD*: Consultant 
Rosa Engineering Consultants 
273 Cottage Circle Davis 95616 
Office: 530-758-3420 
Mobile Phone: 530-219-1628 
UrielARosa@Gmail.com
 
*Former UCD agricultural engineer, now a private consultant, who has, and will continue 
cooperate with ENE Inc and Oxbo to improve their picking technology and harvesters through 
the months proceeding the field trails in charge of harvester evaluation during the trials.  Funds 
are to cover his professional fees at $7,500.00 per month for four months. 
 
 
Harvesting Machinery Contractors: these have been secured but contract is not written 
 
Erick Nielsen 
Erick Nielsen Enterprises 
WWW.ENEinc.com 
4453 County road O  
Orland CA 95963 
Office Phone: 800-844-9409 or 530-865-9409 
Mobile Phone: 530-624-6320 
Fax: 530-865-4845 
ene@eneinc.com
 
Brent Borboa 
Oxbo International 
www.Oxbocorp.com 
14344 South Bethel Avenue 
Kingsburg, CA 93631 
Office Phone (559) 897-7012 
Mobile Phone: 559-281-1883 
Fax: 559-897-9350 
BBorboa@OxboCorp.com 
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Pruning and Harvesting Crew Contractors: these have been secured but contracts have not 
been written 
 
Alfonso Valencia 
Valencia Trucking 
23508 Ave 178 
Porterville CA 93257 
Office Phone: 559-364-6427  
Cell Phone: 559-361-8758 
Fax: 559-793-1962 
A.Valencia16@Yahoo.com
 
Gary Laux 
Laux Management 
1359 West Teapot Dome Ave. 
Porterville, CA 03257-0378 
Office: 559-781-0500 
Mobile: 559-783-3212 
Lauxmanagement@clearwire.net 
 
 
Pruning and Harvesting Crew Contractors have not been located or secured in Colusa, and 
Glenn Counties: we may be able to pay these through Nickels Soils Laboratory as a 
recharge and through ENE Inc. as we are doing experimental work on ENE Inc.’s ranch  
as well as contracting with them for harvester rental. 
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Attachment I. Trained Hedgerow Olive Orchard Plot Map 

Practice HHC  OCC 

* OLI VE: 
HEDGEROW 
TRIAL MAP HHC

ENE 
TS Extra OOC HHC

 
OCC 

ENE 
TS Extra Practice

 I  ENE TS          
             

S 3 3 1 1 1 S S 4 4 2 2 2 
3 3 3 1 1 1 S 4 4 4 2 2 2 
3 3 3 1 1 1 S 4 4 4 2 2 2 
3 3 3 1 1 1 S 4 4 4 2 2 2 
3 3 3 1 1 1 S 4 4 4 2 2 2 
3 3 3 1 1 1 S 4 4 4 2 2 2 
3 3 3 1 1 1 S 4 4 4 2 2 2 
1 1 1 1 1 1 S 3 3 3 2 2 2 
1 1 1 2 2 2 S 3 3 3 4 4 4 
1 1 1 2 2 2 S 3 3 3 4 4 4 
S 1 1 2 2 2 S S 3 3 4 4 4 
1 1 1 2 2 2 S 3 3 3 4 4 4 
1 1 1 2 2 2 S 3 3 3 4 4 4 
1 1 1 2 2 2 S 3 3 3 4 4 4 
1 1 1 2 2 2 S 3 3 3 4 4 4 
2 2 2 4 4 4 S 1 1 1 3 3 3 
2 2 2 4 4 4 S 1 1 1 3 3 3 
2 2 2 4 4 4 S 1 1 1 3 3 3 
2 2 2 4 4 4 S 1 1 1 3 3 3 
2 2 2 4 4 4 S 1 1 1 3 4 3 
S 2 2 4 4 4 S S 1 1 3 3 3 
2 2 2 4 4 4 S 1 1 1 3 3 3 
4 4 4 4 4 4 S 2 2 2 3 3 3 
4 4 4 3 3 3 S 2 2 2 1 1 1 
4 4 4 3 3 3 S 2 2 2 1 1 1 
4 4 4 3 3 3 S 2 2 2 1 1 1 
4 4 4 3 3 3 S 2 2 2 1 1 1 
4 4 4 3 3 3 S 2 2 2 1 1 1 
4 4 4 3 3 3 S 2 2 2 1 1 1 
4 4 4 3 3 3 S 2 2 2 1 1 1 
             
             

Note:  
Planted 7-8-01.  
Tree spacing = 12'x18' or 202 trees/ac    

 S = Sevillano (pollinators) center row budded to Sevillano 07-03   
 Manzanillo cultivar; Sevillano pollinators       N 

 
Plot is located on Greenbay Avenue; Nickels Soils Laboratory, 
Arbuckle, Colusa County 
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Attachment II: Mechanically Pruned Olive Hedgerow Orchard Plot Map 

Rocky Hill Ranch: Block 17-W: western 13 rows   North        

   

Split Plot design with 6 replications per pruning treatment and two harvest treatments: HHC (hand harvest) 
control and OCC (Oxbo) 
   
WEST            STRoad EA  
Mechanically Pruned---------------------------------------------------------
-------- 

Conventionally Pruned-----------------------------------------------------------
----  

   1 2 3 4 5 6 7 8 9 10 11 12 13  
B B B B B B B B B B B B B  
Border  OCC HHC HHC OCC OCC HHC HHC OCC OCC HHC OCC HHC  
Row              
              
Machine               
Practice              
              
              
              
              
B B B B B B B B B B B B B  
             Road 
Key:             
     

 
        

12 X 26 spacing 
Planted: 1994         
             
              
          
               
B = (Border) Trees   South        
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AES/CE  Mar  84              
Workgroup/Department: 

 
University of California 

Division of Agricultural Sciences 
 

PROJECT PLAN/RESEARCH GRANT PROPOSAL 
 
Project Year:   2010-2011                        Anticipated Duration of Project:     1 year 
 
Project Leader:   Art Hutcheson                      Location:     Tulare County  
Mailing Address: 1425 W. Marinette, Exeter, CA  93221 
Phone: home (559) 594-5849,   cell (559) 909-1909,   fax (559) 592-1415,    
E-mail:  oldirondad@verizon.net     
 
Cooperating Personnel:  Louise Ferguson and Uriel Rosa 
 
Project Title:   Development and Performance Evaluation of the Hutcheson Mechanical Olive 
Harvester 
 
Keywords:  mechanical harvest
Commodity (s):   Olives   Relevant AES/CE Project No. 
 
Problem and its Significance: 
 
The number one problem as we in the olive industry all know is the high cost of hand harvesting 
canning olives. This cost varies from year to year depending on crop size, labor availability, and 
the quality of that labor. In many other crops, machine harvesting has been implemented to solve 
this problem. As we try to infuse mechanical harvesting into the olive industry we have to be 
cognizant of the fact that the olives are tender; and any machine made to harvest the crop must 
do so in a way that produces the quality equal to or better than hand harvesting. It also must 
remove at least 95% of the fruit and not damage the tree any worse than the hand crews. 
 
In May of 2004, I started working on a picking head that would mimic the finger action of a 
human picker, my answer came in the form of a four foot long head with 100 spring loaded 
fingers driven hydraulically and mounted to a fork lift. I first tried it out on a few trees, dropping 
the fruit onto a tarp. The quality looked to be good. The fruit was kept for one week to see if 
bruising appeared which there was little found. To really see if this would work in a commercial 
environment, I felt I had to build a complete machine to test the head. 
 
During a brief test period in October of 2009, I observed several deficiencies in the design of the 
picking head which I plan to correct this year. This new project is a continuing effort to fully 
evaluate my harvester in field conditions which did not happen this past season due to problems 
with the head.   
 
 
 
 



Objectives: 
 
The following objectives are needed to resolve the deficiencies found in during the test period: 

1. Improve functions of current rotary picking head 

2. Construction of an alternate picking head 

3. Put both to use under harvest conditions in a commercial orchard 
 
Plans and Procedures:  
 
The following procedures are necessary to achieve the above objectives: 

Objective 1. Improve functions of current picking head 
a. weld end plates to picking drum to reduce limb wrapping 
b. reduce length of picking fingers 
c. evaluate the merits of reduced rows of picking fingers 
d. evaluate alternate picking motions and rotations 
 

     Objective 2.  Construction of an alternate picking head 
       a.  build single row comb with oscillating fingers 
       b.   build single row comb with stationary fingers 
      
     Objective 3.  Put both to use under harvest conditions in a commercial orchard 

      a. test the machine efficiency with field tests in January on oil       
             varieties and in October under harvest conditions 
 
      Location: Cilker Orchards, Exeter, California 
 
      Experimental Design: 12 (trees/row) total rows will be randomly assigned to 

Treatment I.   Hand Picking 
Treatment II. Mechanical Picking 

 
Experimental Procedures:  In June the six tree rows assigned to mechanical harvest        
  will be skirted to four feet. 

In October both sets of experimental trees will be    
harvested: 
 The 6 hand harvested rows will be harvested by hand, and the total            
 row weight taken. 

-  the bins from each lot will be combined into a single lot: 
-  the bins will be graded as a single lot at the receiving station 

 The 6 machine harvested rows will be harvested and the                 
 total row weight taken. 
 The time to harvest the six rows will be recorded to determine    
 harvest time per tree. 

      -  the bins will be combined into a single lot. 
-  the bins will be graded as a single lot at the receiving station. 

 
If significant fruit remains on the ground after the machine harvest it will be collected and 
weighed. 



The machine harvested trees will be hand harvested and weighed. 
 

The following calculation will determine the efficiency of the mechanical harvester: 
 

  Weight Machine Harvested   
(Weight of machine harvest  +  hand gleaned fruit weight)  =  harvester efficiency 
 

The receiving station grade of the two, six row sets will be statistically analyzed to 
determine the effect of harvesting on fruit quality and grade.    
 

                  The analyzed data should give: 
1. The harvest efficiency of the mechanical harvester. 
2. The harvest time per tree. 
3. The effect of machine harvest on fruit quality. 

 
                   This experiment can be done with different tree spacing or tree heights.   



BUDGET REQUEST 
Budget Year 2010 

 
Funding Source:  California Olive Committee 
      Art and Justine Hutcheson 
 
Salaries and Benefits:  
     Art Hutcheson    (90 hours @ $40/hour) 
     Machine Shop    (30 hours @ $70/hour) 
     Hydraulic Shop  (10 hours @ $65/hour)                                                    $ 6,350.00 
Materials: 
     Hyd. motor, valve, hose, and fittings              ($850) 
     Picking fingers                                                 (125 @ $12) 
     Steel, fasteners, rubber hose, hose tips, misc.  ($575)                                   2,925.00                                         
Supplies: 
     Welding rod, oxy/acet, grinding wheels, paint, misc.                                       550.00 
Travel: 
     Fuel expense                                                                                                      150.00 
 
TOTAL REQUESTED:                                                                                 $ 9,925.00   
 
 

    Date:    December 7, 2009 
Originator’s Signature 
 
 
 
UCCOC LIAISON OFFICER: ___________________        Date:   _______________ 
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University of California 

Division of Agricultural Sciences 

PROJECT PLAN/RESEARCH GRANT PROPOSAL 

Project Year:  2010-2011      Anticipated Duration of Project: 9/2009-9/2011 

Project Leader:  Alyson Mitchell, Ph        

   Professor Department of Food Science & Technology, University of  

   California, Davis CA, 95616       

   Phone: 530-752-7926        

   Fax: 530-752-4759        

   Email; aemitchell@ucdavis.edu

Location:   University of California Davis, Food Science and Technology Department, Room  

  2204 Robert Mondovi Institute South  

  

Project Title:    Improving California-Style Black Olive Quality 

 

Cooperating Personnel: Dan Flynn:  Director of the UC Davis Olive Center 

    Suthawan Charoenprasert:  Graduate Student Researcher  

 

Keywords:   Black-Olive, phenolics, oleuropein, hydroxyltyrosol, Acrylamide 

 

Commodity(s):  Manzanilla, Siviallano, Mission, Ascolano    

 

Problem and its Significance: 

 

Traditional California-style processing methods are designed to remove naturally bitter 

compounds which include many of the phenolic compounds with biological potential. The main 

phenolics found in olives include oleuropein, hydroxytyrosol, tyrosol, luteolin and rutin.  The 

predominate phenolics in a California-style table olives are tyrosol, while hydroxytyrosol is the 

main phenolics in other style of table olives. Hydroxytyrosol has been shown to reduce the risk 

of chronic diseases such as cardiovascular disease and cancer, while tyrosol does not show any 

appreciable effect.  California-style olives have low levels of these phenolics as compared to 

University of California, Davis 
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other table olives as most of the hydroxytyrosol is oxidized during color fixation by ferrous ions 

(ferrous gluconate). 

The concentration of phenolic compounds in table olives depends on various factors such as 

olive cultivar, degree of ripening, and processing method. Unprocessed olives contain a range of 

phenolic antioxidants with health-promoting properties (most studies have been done using 

olives grown in Spain). Information on the antioxidant composition of California grown 

Manzanilla, Siviallano, Mission, and Ascolano olives is critical for understanding and improving 

the phenolic composition of table olives. To date, no specific information is available on the 

phenolic profiles of CA Sicilian-style and CA green-ripe olives. However, this information is 

critical for supporting health claims and consumer information relating to California table olives.  

Information gained from these types of studies will be used to support future development of 

lower sodium olive processing techniques. 

California-style processing leads to the formation of acrylamide. Acrylamide is a known 

carcinogen and neurotoxin and is listed as a Proposition 65 (Safe Drinking Water and Toxic 

Enforcement Act of 1986) chemical in California. Traditional California-style black ripe olive 

processing method consists of a treatment with sodium hydroxide followed by iron-salt treatment 

and air-oxidation. The method is designed to remove oleuropein, a naturally bitter compound in 

olives, however, acrylamide is formed during this process.  

 Acrylamide is usually found in food which undergoes heat processes. Free amino acids, 

mainly asparagine, and reducing sugars have been suspected to be the main precursors through 

Maillard reactions. However, the mechanism of the formation of acrylamide in California-style 

black ripe olives seems to be different since the amount of free amino acids and reducing sugars 

in raw olives does not correlate to the amount of acrylamide found after sterilization. The 

precursors as well as the precise mechanism of the formation of acrylamide in California-style 

black ripe olives are still unclear. We are currently testing our hypothesis that acrylamide 

precursors are being formed through the oxidation of lipids during lye processing and 

pasteurization results in the conversion of the precursors to acrylamide. It is our hypothesis that 

the levels of acrylamide can be decreased through the addition of appropriate antioxidants prior 

to pasteurization and color fixation. Addition of antioxidants during the right stage of processing 

will: (1) decrease the degradation of the naturally occurring olive polyphenolics and (2) decrease 

the oxidative formation of acrylamide precursors and ultimately acrylamide in processed olives. 

University of California, Davis 
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We believe it is possible to use olive waste materials (e.g. leaves) obtained during processing as 

an economical source of antioxidants (e.g. hydroxytyrosol) thereby reducing processor waste and 

improving industry sustainability.  

 

Objectives: 

 

 (I)  Characterize the antioxidant composition of California grown Manzanillo,  Sevillano, 

 Mission, and Ascolano olives and especially their derived table olive products (e.g. CA 

 Sicilian-style, CA green-ripe). 

(II) Evaluate olive pomace and waste stream materials (e.g. leaves, stems, etc) as 

 economical sources of hydroxytyrosol and develop methods for its extraction from 

 these materials. 

(III)  Determine how California-style olive processing contributes to losses in olive 

 phenolics and the formation of the carcinogenic compound acrylamide, and if the  

 addition of olive phenolics or other antioxidants during lye treatment and prior to  

 sterilization and color fixation has the potential to improve the nutritional and 

 functional value of California-style olives without altering flavor. 

  

Plans and Procedures: 

  Fresh and Californian-style processed olives have been collected from Bell Carter and 

Musco.  Laboratory scale models mimicking California-style black ripe olive processing have 

been developed. 

 

 Understand the phytochemical composition and nutritional value of California-style olives. 

1.1. Investigate the change of phenolic compounds during Californian style olive processing. 

1.1.1. Compare the concentration of phenolic compounds in olives from different 

processing steps and in different cultivars.  We have established HPLC and LC-

MS/MS methods for the quantitative analysis of olive phenolics, and general 

spectrophotometric methods for measuring total phenolics in our laboratory. 

Additionally, we have 10 year experience analyzing phenolics and vitamins in a 

variety of foods and agricultural crops. 
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1.1.2. Processing diagram and proposed data collection steps 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Washing

Iron‐salt Treatment & Air

Washing

Lye Treatment & Air

Brining

Fresh

Canning &

Sizing

1.2. Determine the optimum concentration of hydroxytyrosol to add to olives to decrease 

losses in olive phenolics. 

 

1.2.1. Add various concentrations (to be determined) of hydroxytyrosol to olives during 

processing and evaluate phenolic concentration and composition in final products. 

1.2.2. Proposed hydroxytyrosol addition step 

 

 

 

 

 

 

 

 

Iron-salt treatment & Air 
id i

Washing 

Sizing 

Sterilization

Hydroxytyroso
l
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1.2.3. Identify a proper concentration of hydroxytyrosol which can provide appreciable 

and acceptable phenolic values in the end products (i.e. processed California-style 

olives). 

1.3. Investigate the stability of hydroxytyrosol in the end products.  

1.3.1. A subset of canned Californian-style olives will be collected and levels of   

oleoprein, hydroxytryrosol, and tyrosol  will be evaluated during 12 months of 

canned storage. 

 

2. Evaluate olive pomace and waste stream materials (e.g. leaves, stems, etc) as economical 

sources of hydroxytyrosol and develop methods for its extraction from these materials. 

 

2.1. Proposed sources of hydroxytyrosol: olive waste and water waste received from table 

olive processing. 

2.2. Quantitatively determine the concentration of hydroxytyrosol in various waste stream 

materials and to explore cost effective methods for extraction and concentration of 

hydroxytyrosol from these materials. 

 

 

3. To reduce the concentration of acrylamide in Californian style olives 

 

3.1. Identify the influence of the use of ferrous gluconate and high temperature during 

canning on acrylamide formation in ripe olive processing. Acrylamide will me measured 

using establish LC-MS/MS methods which are currently in use in our lab.  My graduate 

student, Suthawan Chamenprasert, was trained in these analyses during this past year 

and has successfully adapted them to the measurement of acrylamide in California-style 

olives. 

3.1.1. Evaluate the acrylamide content of sterilized products treated with ferrous 

gluconate and without the treatment of ferrous gluconate.  

3.1.2. Proposed comparison methods 
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 Ferrous Gluconate High temperature 
during sterilization 

1 Yes Yes 
2 No Yes 
3 No No 
4 Yes No 

 

3.1.3. Proposed data collection step. 
Fresh Olives 

Brine-stored olives 

Lye-treatments 

Washings 
3

Sizing Iron-salt treatment and air oxidation 

Washings Canning and Sterilization 4

Sizing End product 

Canning and sterilization 
2

End product  
 1

3.2. Determine a method to reduce acrylamide formation in canned ripe olive 

3.2.1. Proposed method: adding excess hydroxytyrosol to inhibit acrylamide formation 

3.2.2. Proposed hydroxytyrosol addition step: The same step as proposed to improve the 

concentration of hydroxytyrosol in end products 

 

 

 

 

 

 

 

 

Washing 

Sizing 

Sterilization 

Hydroxytyrosol 

Iron‐salt treatment & air oxidation 
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3.2.3. Determine the concentration of acrylamide in end product after added extra 

hydroxytyrosol. 

 

Expected outcomes 

 

1. Identify Californian-style olive cultivars with high levels of health beneficial phenolic 

compounds   

2. Produce Californian-style olives with lower levels of acrylamide and higher levels of 

hydroxytyrosol 

3. Provide an economical method for improving the nutritional and toxicological profiles of 

Californian style olives 

4. Translate these methods to improve the concentration of olive phenolics to other table olive 

products. 
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BUDGET REQUEST 

Budget Year:2010 

Funding Source:  The project goals outlined in our original proposal form the foundation for 
the development of a PhD thesis and was estimated to take three years. We are beginning the 
second year of this study and would like to ask the California Olive Committee to continue 
funding the graduate student working on this project (Suthawan Charoenprasert) for an 
additional year, and for funding related to supplies and analytical measurements related to this 
work. 

 1.  Salaries and Benefits:    

 Postdocs/RA's  

Suthawan Chamenprasert (RA) will be responsible for analyzing phenolics and acrylamide in 
olives and derived products. Student fees and salaries are set by the University. 

Salary ($1,763 / month @ 12 month  = $21,156) 

Fees ($1,589 / month @ 3 month $4,767) 

Lab/Field Assistance   

Olive Center staff time to assist in  preparing materials to convey research updates and 
results to the California Olive Committee, present research updates and results to the California 
Olive Committee (40 hours @ $64/hour = $2560). 

      Subtotal  Sub2______$28,483_________ 

Employee benefits:  
Benefits ($53 / month @12 months $636) Sub6______$636___________ 

 TOTAL_____$29,119_______ 
2. Supplies and Expenses  

General laboratory supplies for the analysis of olive phenolics and acrylamide are  estimated to 
be $650 / month.  These monies will be used to purchase general laboratory supplies 
(consumables), analytical reagents, standards, HPLC columns, fitting, lamps, guard columns 
solvents, solvent waste removal costs, compressed gasses and corresponding tank rental costs. 
  
 Sub3_______$7,800.00____ 
 
 TOTAL_____$36,919.00_ 
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PROJECT PLAN/RESEARCH GRANT PROPOSAL 

 
Project Year:  2010-2011  Anticipated Duration of Project:  1 year 
 
Project Leader: Prof. William Ristenpart   Location: U. C. Davis 
Mailing Address: 3202 Robert Mondavi Institute, Dept. of Food Science & Technology, Davis, CA 
    3012 Bainer Hall, Dept. of Chemical Engineering & Materials Science, Davis, CA  
Phone: 530.752.8280 FAX: 530.752.1031   E-mail:  wdristenpart@ucdavis.edu 
 
Project Title:  Recovery of Olive Oil from Wastewater Streams 
 
Cooperating Personnel: n/a 
 
Keywords:  separation, electric fields  
Commodity(s): olives       Relevant AES/CE Project No.:  n/a 
 
Problem and its Significance: 
 
Olive processing facilities generate enormous amounts of wastewater.  For example, during production the 
Musco Family Olive Company generates approximately 500,000 gallons of wastewater per day.  This 
wastewater, including all of the trace organic materials, is currently discarded at great cost.   
 
Because the wastewater was used to process olives, a fraction of the wastewater, approximately 2%, is 
emulsified olive oil.  Although 2% might sound small, the scale of production indicates that a fortune in olive 
oil is being lost each day: 
 

(500,000 gallons wastewater / day) x (2% olive oil) = 10,000 gallons oil per day 
(10,000 gallons oil / day) x ($10 per gallon) =  $100,000 per day 

 
The challenge, however, is that the emulsified olive oil drops are very small (typically microns in size) and 
therefore difficult to separate.  Conventional separation techniques, such as centrifugation or distillation, are 
economically prohibitive.  A different and less expensive approach is necessary.   
 
The main goal of the proposed research is to test a separation technique based on electric fields (Fig. 1).   
Specifically, research over the past ten ye
cause solid particles to aggregate near ele
electrohydrodynamic (EHD) flow is genera
Rigid particles simply form clusters, but th
together and coalesce.   If coalescence occ
average size of the oil drops in the wastewa
 
Preliminary funding was generously provid
would cause olive oil droplets to coalesce
indeed coalesce under appropriate electric 
factor of ten for a single application of an ele
can work, but much remains to be done. 
 
 
Objectives: 
There are three main objectives for the prop
 
1) Test with wastewater.  The preliminary
performed on olive oil emulsions prepared
pure salt water.  In contrast, the actual was
since it contains approximately 5% solid c
chunks of pits), and material properties like
can change from hour to hour during produ
to determine how efficiently EHD flow caus

 

 

ars has shown that low-voltage AC fields (approximately 2 V) 
ctrodes.1-3  A type of electrically generated fluid flow known as 
ted around each particle, causing the particles to aggregate.  
e project leader hypothesized that liquid droplets would come 
urs, the EHD approach could be used to drastically increase the 
ter and make separation feasible. 

ed by Musco Family Olive Company to test whether EHD flows 
.  The preliminary results are highly encouraging: the droplets 
field conditions, with the average drop size increasing by up to a 
ctric field (Fig. 2).  These results suggest that the EHD approach 

   

Fig. 1 – Schematic of the proposed EHD separ-
ation apparatus.  A series of concentric electrodes 
causes droplets of olive oil to coalesce, simplifying 
their separation from wastewater. 

osed research. 

 experiments were 
 with pure oil and 
tewater is “messy,” 
olloids (e.g., small 

 the pH and salinity 
ction.  A key step is 
es the oil drops to 
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coalesce for actual wastewater, and to test how variability in the wastewater affects the coalescence 
efficiency. 

 
 
Fig. 2 – Optical microscopy images of olive oil droplets (average size 10 µm) coalescing next to an electrode with a 4 V, 60 Hz 
applied electric field.  Images are 5 seconds apart.  A lower electric field strength (2 V) first brought them together (not shown), then 
a jump in the field strength to 4 V caused them to coalesce.  Preliminary experiments funded by Musco Family Olive Company.  

 
The optimal electric field conditions determined in the preliminary experiments with pure olive oil emulsions 
will serve as a starting point for a systematic survey with waste water samples.   Electric fields with 
amplitudes between 0 – 5 volts and frequencies between 50 and 500 Hz will be tested to provide quantitative 
information about the corresponding rates of aggregation and coalescence for real wastewater.  Each 
sample of wastewater will also be characterized in terms of its pH, electric conductivity, total dissolved solids 
(TDS), and total volume fraction of olive oil.  If necessary, the samples of wastewater will be diluted (by 
adding water) or concentrated (by centrifugation) to alter the solid and oil volume fractions; this will allow the 
total aggregation and coalescence rates to be measured as a function of the overall concentration of 
material present in the wastewater. The main goal of these experiments will be to identify the optimal electric 
field conditions for wastewater and to provide information about the effects (if any) that fluctuations in the 
wastewater stream have on the separation efficiency.  
 
2) Optimize electrode material.  The preliminary tests were performed using electrodes made out of indium 
tin oxide (ITO), a material convenient for microscopy because it is electrically conductive and optically 
transparent.  A real separation device, however, is likely to be constructed out of stainless steel or a similar 
alloy.  It is therefore important to test how the olive oil drops interact on other electrode materials, and 
specifically to test for optimal electrode coatings (such as a thin layer of Teflon) that prevent the oil drops 
from sticking irreversibly to the electrode. 
 
To test different electrode coatings, we will use a reflection microscopy technique.  The bottom electrode will 
be (ITO) to allow us to observe the behavior of olive oil drops near the top stainless steel electrode. The 
stainless steel will be treated with different coatings with the intent of substantially preventing irreversible 
adhesion of the olive oil drops.  Specifically, we will try the following three coatings:  Teflon (available as a 
commercial spray), 3M Novec Electronic Coating Fluid (also available commercially and widely used in the 
semiconductor industry), and surface active monolayers with extremely hydrophilic head groups (which are 
readily formulated in the lab using standard techniques).    Different stainless steel electrodes will be coated 
with the appropriate coating, and the optimal electric field conditions found in the first phase will be used to 
gauge the efficiency of aggregation and coalescence on each type of coating.  Most importantly, the rate of 
irreversible adhesion to the electrode will be monitored using image analysis techniques (based on the fact 
that droplets which are adhered will cease moving by Brownian motion).  The goal will be to identify a 
coating that minimizes droplet and solid particle adhesion to the electrode while simultaneously maximizing 
the aggregation and coalescence rates. 
 
 
3) Design and test a flow-through device for scale-up.  Since the main goal is to separate the olive oil from 
500,000 gallons per day of wastewater, it is imperative that the final device is scalable.  The preliminary tests 
were performed under quiescent conditions, so experiments will be performed in an apparatus that allows 
fluid to flow through at a specified volumetric flow rate.  The goal will be to determine flow-through conditions 
that optimize both EHD coalescence and the overall through-put rate. 
 
The stainless steel / coating combination found in phase 2 will be used in a modified apparatus that allows 
wastewater to be pumped through.  Since the parallel electrodes are separated by an electrically insulating 
gasket (made out of rubber), to provide flow we will simply insert two tubes through either side of the gasket.  
The inlet tube will be connected to a syringe pump that provides precise control of the volumetric flow rate.  
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The flow rate will be systematically varied while the previously determined optimal electric field is applied, 
and the resulting aggregation and coalescence rates will be measured.  These experiments will allow the 
optimal flow rate (which maximizes throughput of coalesced droplets) to be determined, thus providing a key 
piece of information for scaling up an apparatus to the level of 500,000 gallons per day. 
 
 
Plans and Procedures: 
 
Samples of wastewater will be provided by collaborators at Musco Family Olive Company and potentially by 
other processors (e.g., Bell Carter). During production, the research assistant will drive to the processing 
plant periodically to take samples and transport them back to Davis.  All experiments will be performed in the 
project leader’s laboratory at U.C. Davis.   The laboratory is equipped with two transmission microscopes 
and a reflection microscope, as well as high-speed video systems to record the coalescence behavior.  The 
laboratory likewise has all of the requisite electrical equipment (oscilloscopes, function generators, etc.) 
necessary to test a wide range of possible electric fields, and various syringe and centrifugal pumps to test 
the effect of flow rate.  Standard procedures developed by the project leader will be used to induce EHD 
flows and to quantify the resulting coalescence dynamics.   
 
The budget is designed to provide for an undergraduate research assistant to work on the project 40 
hours/week during the summer and on average 10 hours/week during the school year.  The remainder of the 
budget is for supplies (electrodes, lab consumables, etc.), 1/2 month summer support for the project leader, 
and for travel expenses between U.C. Davis and Musco.   Funding is also included for Paul Vossen and Dan 
Flynn at the U.C. Davis Olive Center, who will oversee sensory evaluations of the oil separated from the 
wastewater. 
 
Expected Outcomes: 
 
The research is designed to provide the information necessary to assess whether the EHD approach can be 
scaled up to separate 10,000 gallons per day of olive oil from a wastewater stream.   It is expected that 
optimal operating parameters for the (1) the electric field, (2) the electrode material, and (3) the volumetric 
flow rate will be determined.  Once these key pieces of information are in hand, a cost-benefit analysis can 
be performed to assess whether the EHD separation technique will be economically feasible.  
 
                                                 
1. Ristenpart, W. D., Aksay, I. A. & Saville, D. A. "Assembly of colloidal aggregates by electrohydrodynamic flow: Kinetic experiments 

and scaling analysis," Physical Review E 69, 021405 (2004).  
2. Ristenpart, W. D., Aksay, I. A. & Saville, D. A. "Electrohydrodynamic flow around a colloidal particle near an electrode with an 

oscillating potential," Journal of Fluid Mechanics 575, 83-109 (2007). 
3. Lecuyer, S., Ristenpart, W. D., Vincent, O. & Stone, H. A. "Electrohydrodynamic size stratification and flow separation of giant 

vesicles," Applied Physics Letters 92, 104105 (2008). 
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BUDGET REQUEST 

                                                    Budget Year:         2010-2011            

Funding Source:  COC 

   Salaries and Benefits:            (1/2 month summer salary for P.L.)                   $5,600                  

   Postdocs/RA's                                                                   - 0 -                           

   SRA’s                                     (undergrad research assistant)                   $8,800                  

   Lab/Field Assistance              (UCD Olive Center, sensory evaluations)                       $2,500                                                

      Subtotal  Sub2               $14,400                  

Employee benefits:  Sub6                      - 0 -                  

 TOTAL               $14,400                  

 

Supplies and Expenses  Sub3                $5,200                  

Equipment   Sub4                     - 0 -                  

Travel   Sub5                   $400                  

 TOTAL               $22,500                   

 
Department account number: 
 
 
 
 
 
                                                                                 Date            12 / 3 / 09                

Originator's Signature 

 

COOPERATIVE EXTENSION                     

County Director:                      not applicable                                  Date ________________ 

 Program Director:                                                                           Date ________________ 

 
AGRICULTURAL EXPERIMENT STATION  

Department Chair:                                Date            12 / 3 / 09            

(Chair, Dept. of Chemical Engineering & Materials Science) 

 

 

 UC COC LIAISON OFFICER:                                                             Date                                         
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PROJECT PLAN/RESEARCH GRANT PROPOSAL 
 

Project Year:  2010                                         Anticipated Duration of Project: 2010 
 
Project Leader: Dave Smith                                               Location: Tulare County 
Mailing Address: PO Box 639 Exeter, CA 93221       Email: dsedave@yahoo.com
 
Project Title: Improvement and Development of the DSE Mechanical Olive 
Harvester 
 
Cooperating Personnel: Don Forester, Labco; Steven Splawn, Splawn Belting; 
Robert Gonzales, Hydraulic Controls;  Phil Scott, Agright 
 
Keywords: mechanical harvest 
Commodity: Olives 
  
Problem and its Significance:  
 
       We are all aware of the expense of hand harvest labor which is estimated to 
be approximately 50% of a growers’ total cost. Limited manual laborers available 
for harvest results in higher costs and in low yield years some acreage not being 
harvested. With this in mind an efficient mechanical harvester is a goal worth 
pursuing.  
       In 2009 we continued to improve the harvester picking, retrieval and trash 
removal. These improvements are reflected in our graded packouts which were 
equal to hand harvested in quality. 
       At this point we have exhausted every design change suggested for the triple 
head style. Unfortunately there is no way to remove the gap between heads, 
which allows a band of unharvested fruit to remain on the tree. It is time to move 
forward with the dual head concept to eliminate these problems. 
 
Objectives:  
       1. Proceed to improve performance of the DSE mechanical olive harvester by  
           incorporating design changes resulting from field testing and in-depth 
           research into concept function and execution.                            
 
Plans and Procedures: 
 
Fabricate and install two custom built picking heads. Lower head to be Studer 
style with concave rod design to conform to existing olive trees with traditional 
pruning. Upper head built and installed on an angle allowing picking rods to 
intersect with lower head rods which eliminates any gap. A two joystick control 

mailto:dsedave@yahoo.com


versus three will be easier for the operator to manage. This style of harvester 
head allows machine to harvest young trees as well as more mature olive trees.              
Install updated catcher paddles allowing harvester to operate in closer  
proximity to tree trunk. Prototype paddles were tested during 2009 harvest and 
proved to be very beneficial. 
 
Fabricate and install hydraulic tilt mechanism on catcher assembly, which allows 
driver to maneuver under lower branches also aids in turning and road ability. 
 
Elevate joystick controls and operator approximately 4’ to obtain better visibility 
during harvest operation. 
 
To evaluate harvester efficiency three rows equal to approximately 1.5 acres 
will be mechanically harvested, bins tagged and delivered to the receiving 
station for grading. Subsequently the same acreage will be hand gleaned, fruit 
placed in designated bins and transported to the receiving station to be graded. 
This evaluation procedure will be overseen by Adin Hester of the Olive Growers 
Council. Adin will be responsible for tracking the fruit through the grading 
process and receiving results. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 

BUDGET REQUEST 
 

Budget Year: 2010 
                             
Funding Source: California Olive Committee 
 
Salaries and Benefits:                                                          27,480 
 
Engineering and CAD design:                                             3,200 
 
Materials:                                                                                 6,150 
 
Hydraulics:                                                                             8,870 
 
Supplies:                                                                                  1,830 
 
Two custom built picking heads                                        42,000 
 
                                                                        TOTAL           89,560 
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CALIFORNIA OLIVE COMMITTEE 

PROJECT PLAN/RESEARCH GRANT―FULL PROPOSAL 
 

Project Year:  2010-2011                                     Anticipated Duration of Project:  2 Years 
 
Project Leader: Victoria Y. Yokoyama, Ph.D.                              Location:  Parlier, CA 
 
Mailing Address:  USDA-ARS-SJVASC 
                              9611 S. Riverbend Ave., Parlier, CA 93648 
Phone: (559)596-2751   FAX: (559)596-2788    Email: vyokoyama@fresno.ars.usda.gov 
 
Project Title:  Development of Biological and Cultural Control of Olive Fruit Fly in 
the Central Valley of California 
 
Cooperating Personnel:  Pedro Rendόn, Ph.D.and Carlos Cáceres, Ph.D.  
                                   USDA-APHIS-PPQ-CPHST, Guatemala City, Guatemala; 
                                   Kent Daane, Ph.D., Xingeng Wang, Ph.D., Marshall Johnson, Ph.D  
                                   University of California Kearney Research Center, Parlier, CA; 
                                   Roger Vargas, Ph.D., USDA-ARS-PBARC, Hilo, HI 
 
Keywords:  Olive Fruit Fly, Imported Parasitoid, Biological Control, Cultural Control 
Commodity:  Olive 
 
Problem and Its Significance: 
  
 Biological control using imported parasitoids has potential to reduce olive fruit fly 
infestations in olives.  In 2008-2009, we mass produced the olive fruit fly larval 
parasitoid, Psyttalia humilis = P. cf. concolor, at the USDA-APHIS-PPQ, Moscamed, 
laboratory in San Miguel Petapa, Guatemala.  We imported and released the parasitoid in 
infested olive groves in five regions and nine counties in California.  To date, 
augmentative field releases of P. humilis has resulted in high rates of parasitism in some 
locations.  In 2010-2011, we intend to release the parasitoid in the central valley of 
California where olives are grown for canning and oil.  We have found reservoirs of olive 
fruit fly in the perimeter of the central valley where climatic conditions are favorable for 
the adults, including Bakersfield, Porterville, Lodi, and Oroville.  We will investigate the 
potential for P. humilis to reduce pest infestations in these locations near commercial 
olive orchards.   
 An egg parasitoid, Fopius ceratitivorus, and a larval parasitoid, P. corsyrae, are 
mass produced at the Petapa biological control laboratory in Guatemala, and international 
workers have reported parasitism of olive fruit fly by F. ceratitivorus.  Importation and 
further testing will be conducted in the quarantine facility at University of California at 
Berkeley to determine the suitability of these parasitoids for use against olive fruit fly in 
California.  
 We have reared and maintained large numbers of olive fruit fly on the formulated 
diet developed in the laboratory of Dr. Marshall Johnson.  This colony will be used to 
supply insects to investigators working on the development of the sterile insect technique, 
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sorting mechanisms to remove damaged fruit, and attractants that can be used for mass 
trapping.   
 We recently determined the dispersal capacity of the immature stages of olive 
fruit fly, and have begun evaluation of distances travelled by the newly emerged, non-
flying adults.  We will investigate cultural practices that can be used in olive orchards 
that may have potential to reduce pest numbers by restricting mobility and dispersal of 
these unique life stages.   
 The low olive fruit fly infestations in the San Joaquin and Sacramento Valleys are 
conducive to mass trapping as a method to reduce the number of adults in orchards.  A 
new type of trap, an inverted yellow pan with GF 120, has been provided by Dr. Roger 
Vargas, USDA-ARS, Hilo, HI.  The trap was shown to be effective in reducing 
infestations of subtropical fruit flies, and will be evaluated on olive fruit fly.   
 
Objectives: 
 
 The objectives are to 1.) continue releases of the parasitoid, P. humilis, in 
locations with olive fruit fly infested olives in the central valley, 2.) import and evaluate 
F. ceratitivorus and P. corsyrae against olive fruit fly in the Berkeley quarantine facility, 
3.) maintain a colony of olive fruit fly to support research to develop control techniques, 
and 4.) develop cultural control techniques that further reduce pest populations.   
 
 Plans and Procedures:  
 
1a.  Parasitoid Rearing. 
 
 A USDA-APHIS-PPQ permit is in place to import and release P. humilis in 
California.  Permit applications are in process to import P. corsyrae and F. ceratitivorus 
from Guatemala into containment at the Berkeley quarantine facility.  The USDA-
APHIS-PPQ and the California Department of Food and Agriculture have informally 
reviewed the requests without objection. 
 The USDA-APHIS-PPQ, Moscamed biological control laboratory, in San Miguel 
Petapa, Guatemala will mass rear the larval parasitoids P. humilis and P. corsyrae on 
Mediterranean fruit fly.  Mediterranean fruit fly larvae are produced in the Moscamed 
rearing facility in El Pino, Guatemala.  The larvae are irradiated with 40 Gy to prevent 
the emergence of fertile adults.  The irradiated larvae are delivered to the Petapa 
biological control laboratory, and exposed in cages to oviposition by P. humilis or P. 
corsyrae.  The parasitized larvae are placed on rearing media until pupation.  The 
Mediterranean fruit fly pupae containing developing parasitoids are harvested and held in 
cages until the parasitoid adults emerge.  The parasitoids are collected, chilled, placed in 
waxed cups with honey for food and water, packed in shipping cartons and sent by air 
freight to California.  P. humilis will be shipped to the USDA-ARS, Parlier, CA and P. 
corsyrae will be shipped to the Berkeley quarantine facility.   
 The Petapa biological control laboratory will mass rear the egg parasitoid, F. 
ceratitivorus, from Mexican fruit fly produced in the adjacent rearing facility.  Punctured 
apples will be exposed to Mexican fruit fly adults for oviposition.  Apples with Mexican 
fruit fly eggs in the punctures will be exposed to F. ceratitivorus adults.  Following 
oviposition by female parasitoids the apples will be sectioned, placed over fruit fly diet 
for development of the parasitized larvae.  After pupation, the parasitized Mexican fruit 
fly pupae will be harvested, and placed in large cages until parasitoids emerge.  The adult 
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parasitoids will be collected, placed in shipping cups and containers and sent to the 
Berkeley quarantine facility. 
 
1b.  Parasitoid Field Releases. 
  
 In 2010-2011 suitable parasitoid release sites will be identified in the central 
valley of California by surveys and through contact with farm advisors, county 
departments of agriculture, pest control advisors, and growers.  Olives in the Sierra 
Nevada foothills at approximately 500 feet in elevation and adjacent to major olive 
production regions have been identified as potential reservoirs of the pest.  These sites are 
sources of continuous re-infestation and considerable effort will be made to locate and 
evaluate them for biological control.   
  The larval parasitoid, P. humilis, will be shipped to Parlier, California for release 
in olives infested with olive fruit fly.  Environmental conditions and olive fruit fly 
populations will be monitored in release locations with data loggers, adult traps, and 
larval fruit samples.  Rates of parasitism will be based on pre-release and post-release 
olive fruit fly larval infestations in fruit samples, and recovery of subsequent generations 
of parasitoids from olive fruit fly pupae that have emerged from fruit exposed to 
parasitoids.   Multiple releases will be conducted at locations with high rates of 
parasitism.  Olive fruit fly infestations in nearby trees will be compared with infestations 
in trees exposed to parasitoids to evaluate the level of control achieved by the 
introduction of parasitoids.  
 
2.  Evaluate New Parasitoids in Quarantine. 
 
 The egg parasitoid, F. ceratitivorus, and the larval parasitoid, P. corsyrae, will be 
for evaluated for parasitism of olive fruit fly in the Berkeley quarantine facility.  Olive 
fruit fly eggs and 1st-3rd instars will be exposed to parasitism in olive fruit at 21°C.  The 
exposed fruit will be held in containers and cages to allow the parasitoids to complete 
development.   Controls will be used to determine the number of olive fruit fly adults that 
develop from non-exposed fruit, and to calculate the percentage parasitism in the exposed 
fruit.  Percentage parasitism will equal the number of adult parasitoids that develop from 
exposed fruit divided by the total number of olive fruit fly adults emerging from non-
exposed fruit.  Rates of parasitism will be compared among the parasitoid species to 
determine the best candidates for biological control of olive fruit fly. 
   If parasitism of olive fruit fly is successful, other non-host fruit fly species will be 
tested as potential hosts of each parasitoid species including the crop pests, walnut husk 
fly, cherry fruit fly, apple maggot, and the beneficial seedhead fly and cape ivy fly that 
are used for biological control of weeds.  The effect on non-target fruit fly species will 
help determine the possibility of obtaining a USDA-APHIS-PPQ/CDFA permit for 
further field cage studies and potential releases on olive fruit fly in California.  
  
3.  Maintain Olive Fruit Fly on a Laboratory Diet. 
 
 Olive fruit fly will be reared and maintained on a laboratory diet that has been 
previously modified from a Greek diet.  Procedures will be developed to maximize 
economical production of larvae.  Presently, the colony has been maintained by the 
USDA-ARS in Parlier for >30 generations.  The laboratory diet consists of a brewer’s 
yeast based formulation with a non-nutritive filler, and other ingredients including soy 
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protein and preservatives added.  The diet is placed in trays and sprayed with a solution 
of olive fruit fly eggs.  The infested diet is placed in cloth covered plastic boxes in a 
temperature and humidity controlled rearing room until larvae develop to the pupal stage.  
The pupae are harvested, held under low temperature storage, and placed into 
ovipositional cages for adult emergence.  The females lay eggs through a waxed cone in 
the ovipostional cage and the eggs are harvested with water from the inside of the cone 
and used to start a new generation on diet.   
 Laboratory reared olive fruit fly will be supplied to researchers requesting 
different life stages.  The USDA-ARS laboratory in Albany will be provided with olive 
fruit infested with the olive fruit fly larval stages to develop a fruit sorter using x-ray 
technology.  The puparial stage will be supplied to these same workers who are 
developing an insect sterilization technique.   Olive fruit fly adult exudates produced 
during the rearing process are provided to a scientist studying potential attractants.   
 
4. Cultural Control of Olive Fruit Fly. 
 
 Experiments will be expanded to determine non-flight distances traveled by olive 
fruit fly adults and factors that limit the mobility of the immature stages.  The newly 
emerged adult is under study to determine distances traveled prior to flight.  In previous 
tests, this stage was found to walk through 20 foot pipes made of 0.75” PVC covered 
with foam insulated jackets.  Pipes of longer distances placed in aluminum channels will 
be tested.  The duration of motion of newly emerged adult will be evaluated through 
direct observation in the laboratory at different temperatures.  These observations will be 
used to determine methods and to control this stage thereby preventing flight and 
dispersal over great distances.   Ground covers and other mechanical procedures that can 
be used in the cultivation of olives will be tested in the greenhouse as potential control 
techniques to limit the dispersal and survival of olive fruit fly life stages that may occur 
in the soil. 
 A novel yellow pan trap with bait spray will be tested to determine the potential to 
reduce olive fruit fly numbers in San Joaquin Valley olive orchards.  The pan trap was 
developed by the USDA-ARS, Hilo, HI and tested on oriental fruit fly, melon fly, and 
Mediterranean fruit fly.  The yellow color of the pan attracts fruit fly adults and the 
underside of the pan is sprayed with GF-120 so the unit functions as an attract-and-kill 
device.  The olive fruit fly spiroketal lure for males and ammonium carbonate bait 
packets to attract females will be added.  The underside of the pan trap provides a shaded 
area which is preferable for olive fruit fly during the summer and the GF-120 is protected 
from weathering.  The traps will be tested in the greenhouse to determine attractiveness 
to olive fruit fly adults and used in comparative field studies to determine the effect on 
infestations in trees and orchards.  Larvae in fruit samples and adults captured in yellow 
sticky monitoring traps will be compared in trees with and without the pan traps.   
 
5.  Analysis of data. 
 
 Experiments will be replicated three or more times and results will be reported as 
the mean ± standard error of the mean.  Data will be analyzed by means comparisons 
among the tests or by t-tests between the tests.  Results will be reported in tables or 
figures.  Findings are expected to be submitted to peer review journals for publication. 
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Funding Source:  California Olive Committee 
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