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Problem and its Significance:  Alternate bearing (AB), production of a heavy "on-crop" (high 
yield, ON trees) followed by a light “off-crop” (low yield, OFF trees), occurs in perennial fruit 
and nut crops and in forest species (where it is called “masting”). AB is a serious problem of 
significant economic consequence to table olive growers, and probably oil olive growers (Sibbett 
2000). Industry-wide, yield can vary from 46,300 tons one year to 195,000 tons the next (USDA 
NASS 2011 CA Olive Probability Survey Report). In ON years, trees produce a large number of 
small size fruit with reduced commercial value. In OFF years, trees produce large fruit but too 
few to provide a good income to the grower. For olive, the ON-crop takes longer to mature, 
attain size and accumulate oil. The delayed harvest further exacerbates AB.  
 

There is a recurring need to mitigate the problem of alternate bearing. Alternate bearing is 
initiated by external factors (freeze; lack of chilling; low or high temperatures at bloom, 
pollination or fruit set; diseases etc) that cause poor flowering or pollination or excessive flower 
and fruit drop, resulting in an OFF-crop that is typically followed by an ON-crop, depending on 
how long it takes the trees to recover from the stress causing the loss of yield. Conversely, 
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optimal conditions during bloom and fruit set such that normal crop thinning fails to take place 
result in an ON-crop, which is followed by an OFF-crop. Since climate is a factor initiating AB, 
the need for a corrective strategy reoccurs.  

 

Summary of research results to date. The results of our earlier COC-funded research have 
provided the following information about alternate bearing in olive, confirming the report of 
Sibbett (2000) and providing significant new information. 

 Summer vegetative shoot growth is inhibited in a manner directly related to total fruit 
number (crop load) (Sibbett 2000). 

 Inhibition of summer vegetative shoot extension growth reduces the number nodes (sites) 
that can bear inflorescences the next spring (Sibbett 2000). 

 Nonbearing shoots that do not set fruit in spring on OFF-crop trees produce the greatest 
amount of summer shoot extension growth and the greatest number of inflorescences the 
next spring. 

 Fruit exert both a localized effect on the shoots that set them and a whole tree effect 
attributable to the total number of fruit on the tree. 

 Bearing shoots, which are the majority of the shoots on ON-crop trees, produce the least 
amount of summer vegetative shoot extension growth and fewest inflorescences the 
following spring due to the combined inhibitory effects of fruit set on the shoots 
(localized effect) and all the fruit on the ON-crop tree (crop load effect). 

 Nonbearing shoots, which are few on ON-crop trees, are subject only to the inhibitory 
effect of the On-crop on the tree and produce an intermediate amount of summer 
vegetative shoot growth and inflorescences at return bloom compared to nonbearing 
shoots on OFF-crop trees and bearing shoots on ON-crop trees (Table 1). This is an 
important fact: For ON-crop trees, the return bloom and crop is produced by buds on 
shoots that did not set fruit; shoots that set fruit contribute little return bloom. Buds on 
nonbearing and bearing shoots on ON-crop trees are physiologically different. 

 Our results also suggest that fruit inhibit spring bud break in a manner related to crop 
load. Spring PGR treatments increased inflorescence number to a greater degree on 
nonbearing shoots than bearing shoots on ON-crop trees (Table 1). 

 Our results identified PGR treatments that significantly increase the number of 
inflorescences produced by nonbearing shoots on ON-crop trees 2-fold compared to 
nonbearing shoots on untreated ON-crop control trees and 40% greater than nonbearing 
shoots on untreated OFF-crop control trees (Table 1). These same PGRs increased the 
number of inflorescences produced by bearing shoots on ON-crop trees 5-fold compared 
to bearing shoots on untreated ON-crop control trees. However, this degree of flowering 
was still only 1/3 to 1/4 of the maximum flowering attained by nonbearing shoots on 
OFF-crop control trees. This is an important fact: It confirms that buds on nonbearing 
and bearing shoots on ON-crop trees are physiologically different.  

 Results of the fruit removal experiment that is part of this project (fruit are removed 
monthly through harvest October) revealed that the greatest amount of summer 
vegetative shoot extension growth occurs between June and July (Table 2). Removing the 
fruit progressively later reduces shoot growth. This is an important fact: PGR 
treatments designed to stimulate vegetative shoot growth must be applied by mid-June, 
which is earlier than we previously applied them. 

 When the bloom data collected in spring are analyzed, we anticipate that inflorescence 
number will be related to shoot extension growth and also to the percent spring bud 
break. We also expect to identify a point beyond which fruit removal does not increase 
inflorescence number. A study conducted in Israel with ‘Cortina’ olive revealed this point 
to be 120 days after full bloom (15 August) (Dag et al. 2010). However, the research did 
not determine what happened to the floral buds when fruit remained on the trees longer 
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than 120 days to harvest. Our data shows that PGR treatments in February increase 
flowering, suggesting that at least a subset of buds are viable floral buds that are only 
dormant.  
 

Critical missing information to be obtained in Year 2 of this project. At issue is whether buds 
on bearing shoots on ON-crop trees (the majority of shoots), which produce very few flowers the 
next spring (Table 3) and do not respond strongly to the PGR treatments (Table 1), are viable 
floral buds that are only inhibited from undergoing spring bud break by hormones that 
accumulate in the buds (dormant; expression of key floral genes is normal, i.e, equal to that of 
nonbearing shoots on OFF-crop trees) or whether floral development is irreversibly inhibited 
(expression of key genes in the floral development pathway is inhibited relative to nonbearing 
shoots on OFF-crop trees) resulting in buds that are not viable after some point between floral 
induction (phase transition, which occurs in the summer) and bloom. Our research will identify 
the point (calendar date and phenological stage) when floral development becomes inhibited.  
 
Resolution of this issue is critical for understanding and mitigating AB and achieving more 
consistent yields. We know that reduced flowering following the ON-crop is due to inhibition of 
summer vegetative shoot growth. Our data also provided evidence that the ON-crop inhibits 
spring bud break. If this is correct for the majority of floral buds of ON-crop trees, then AB can 
be mitigated with dormancy-breaking plant growth regulators. However, if floral development is 
irreversibly inhibited in a significant proportion of buds on bearing shoots at some point between 
floral induction and bloom, then fruit thinning (removal) will be required prior to the point of 
irreversible inhibition (which will be identified in this research) and future research efforts 
should include determining the proportion of fruit that must be thinned prior to this time to 
mitigate AB in addition to the development of PGR treatments. In the latter case, fruit thinning 
will improve the results obtained with PGRs because it will increase the number of nonbearing 
shoots on ON-crop trees, which respond very well to the PGR treatments (Table 1).  
 
Objectives for Year 2: Objective (1) - the fruit removal experiment will be completed at spring 
bloom to identify when the ON-crop of fruit exerts its negative effect on vegetative shoot 
extension growth and return bloom; (2) to determine whether buds on bearing shoots on ON-crop 
are viable floral buds only inhibited from undergoing bud break or become nonviable floral buds 
due to inhibition of floral development by quantifying the expression of key genes in the floral 
development pathway; and (3) to test the ability PGR treatments applied as foliar sprays to break 
the AB cycle by increasing vegetative shoot length (node number) during the ON-crop year and 
bud break the next spring to increase floral intensity and yield the year following the ON-crop to 
produce high back to back yields. NOTE: We used the fruit removal study to create sufficient 
ON-crop trees to do this research in 2014.  
 
Plans and Procedures: To meet Objective 1, we removed the ON-crop (from ‘Manzanillo’ olive 
trees at the Lindcove REC in Exeter, CA, monthly from June to harvest in October. We are 
quantifying the effect of the time of fruit removal on vegetative shoot growth, percent bud break 
and the number of inflorescences produced at return bloom in spring to identify when the ON-
crop of fruit is exerting its negative effect on vegetative shoot development, bud break, and floral 
development at the level of the whole tree. This objective will be completed at spring bloom. In 
meeting Objective 2 with branch injections of PGRs, our results provided evidence that buds on 
bearing shoots on ON-crop trees do not respond strongly to the PGR treatments, whereas as 
those on nonbearing shoots on ON-crop trees respond well. Therefore to meet Objective 2, this 
year we plan to quantify floral gene expression to determine whether buds on bearing shoots on 
ON-crop trees are viable (floral gene expression is normal relative to nonbearing shoots on OFF-
crop trees) or are not viable (floral gene expression is inhibited relative to nonbearing shoots on 
OFF-crop trees). We have a student, who is trained to do this research and will conduct the 
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research for his MS thesis. He has his own personal support. The buds necessary to complete this 
research have been collected. Samples have all been ground. All primer pairs necessary to 
complete the research are available and we have confirmed their validity by DNA sequencing of 
the PCR products and also by quantitative real time polymerase chain reaction (qRT-PCR) 
analyses of total RNA extracted from leaves, buds and flowers. We will use qRT-PCR to follow 
the expression (accumulation of mRNA) of floral timing genes that inhibit flowering 
[FLOWERING LOCUS C (FLC) and TERMINAL FLOWER (TFL)] and promote flowering 
[FLOWERING LOCUS T (FT) and SUPPRESSOR OF OVEREXPRESSION OF CONSTANS 
(SOC1)], the floral meristem identity gene APETALA 1 (AP1)], and floral organ identity genes 
PISTILLATA (PI) and AGAMOUS (AG), the final gene in the pathway required for carpel 
formation. The expression of olive actin and ubiquitin serve as reference genes to normalize the 
data. To meet Objective 3, we are now ready to test the ability of the four best PGR treatments 
(identified in our branch-injection research; Table 1) as foliar sprays applied in summer and/or 
spring, respectively, to increase inflorescence number and yield following the ON-crop year. The 
goal is to produce strong blooms and good yields back to back.  
 
The PGR treatments to be tested are: (i) 6-benzyladenine (6-BA) in mid-June plus 6-BA 
combined with tri-iodobenzoic acid (TIBA) in February; (ii) 6-BA in mid-June plus 6-BA 
combined with the natural auxin-transport inhibitor (NATI) in February; (iii) the proprietary 
cytokinin (PCK) in mid-June and PCK combined with TIBA in February; and (iv) PCK in mid-
June plus PCK combined with NATI in February. NOTE: Though not demonstrated to be as 
effective as other PGR combinations proposed for testing, the natural auxin-transport inhibitor 
(NATI) and the proprietary cytokinin, which is also a natural product, if proven efficacious 
should be easier, less expensive, and faster to register than plant growth regulators, which are 
classified as pesticides. Thus, this treatment merits testing. NOTE: Our data (Table 1) suggest 
that application of an auxin-transport inhibitor in summer is not efficacious for olive. 
 

All foliar-applied PGR treatments, including the ON- and OFF-crop control trees, will be 
replicated on 15 individual trees (replications) in a randomized complete block design. At bloom 
in 2015, we will quantify the number of floral shoots on five shoots with and without fruit on 
untreated ON- and OFF-crop control trees and PGR-treated trees at the Lindcove REC. This 
current year we paid to have fruit removed from trees in our fruit removal experiment and trees 
not being used in our research in order to have sufficient ON-crop trees with which to conduct 
the proposed research. We will pay to have the remaining trees harvested this October to have 
OFF-crop trees. During bloom in 2013 and again in 2104 and 2015, we will also sample flowers 
to determine treatment effects on the number of perfect vs. staminate flowers. Results obtained 
the branch-injected PGRs provided evidence that several PGR treatments increased the number 
of perfect flowers. This needs to be confirmed. Taken together, these data will help to identify 
the best PGR treatment/s and the optimal time to spray the foliage, and determine whether or not 
fruit thinning will be required in the future to mitigate AB in olive.  
 

Expected outcomes: If olive responds to these PGR treatments like ‘Nules’ Clementine 
mandarin and ‘Hass’ avocado (Table 4), we anticipate that foliar-applied PGR treatments applied 
in summer plus spring will increase fruit size of the olives on ON-crop trees (and possibly yield, 
which occurs with avocado but not citrus) and increase yield and the yield of large size fruit in 
the following year, such that 2-year cumulative total yield and 2-year cumulative yield of large 
size fruit is greater than that of untreated ON- and OFF-crop control trees. We anticipate that the 
results will indicate that trees should be treated annually. We anticipate that the results of our 
fruit removal research will identify the point beyond which fruit removal does not increase 
flowering and that the floral gene expression data will indicate that this is due to stronger bud 
dormancy, not inhibition of floral development.  
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BUDGET REQUEST – Lovatt and Fichtner 
Budget Year: 1 February 2014 – 31 December 2014 

 

Funding Source: California Olive Committee 

   Salaries and Benefits:    

   Postdocs/RA's    

Toan Khuong- Assistant Specialist @ $ 3,811/mo. variable time equivalent to 100% x 1 mo.                          3,811                       
 (Under my supervision, assists in laying out the experiment in the  
     orchard, making maps, treatment applications, bud sample collection, 
     bud sample processing, return bloom data for trees with fruit removed in 2013, 
     harvest, fruit size determination, data management, data sheets, data entry, 
     and statistical analyses of the data.)            

    

    SRA’s and Lab/Field Assistance   

Christopher Jordan- Lab Assistant II @ $ 2,773/mo. variable time equivalent to 100% x 1mo.                       2,773 
   (To assist with laying out the experiments in the orchards, treatment applications,   
     bud sample collection, bud sample processing, bloom data for trees with fruit 
     removed in 2013, harvest, fruit size determination)  
 
TBA Lab Assistant I @ $ 2,498/mo. variable time equivalent to 100% x 1 mo.                                 ____ 2,498 
   (To assist with laying out the experiments in the orchards, treatment applications,   
     bud sample collection, bud sample processing, bloom data for trees with fruit 
     removed in 2013, harvest, fruit size determination.) 
 
Graduate Student Researcher (GSR); Student has his own personal support.                                                         0                           
  (Under my supervision, the GSR will conduct the research on floral gene expression 
    to determine if floral buds are viable but inhibited from undergoing bud break or 
    become nonviable due to inhibition of floral development (floral gene expression) 
    for his MS thesis to be completed in August 2014.) 

 

Subtotal  Sub2                                      9,082   

   Employee benefits:   

  TK = $3,811 x 75.55%                   2,879 
  TBA Lab Asst II = $2,773 x 64.14                   1,779   
  TBA Lab Asst I = $2,498 x 34.5%                                                         862 
  GSR  = 0                                                                                                     0 

                                                                                  

 Sub6                                      5,520 

 TOTAL                                    14,602 

 

    Supplies and Expenses  Sub3                                     9,902 

Field supplies, PGRs, Silwett L-77 wetting agent, sample jars and FAA to store 
bud samples to quantify perfect vs. staminate flowers. 
Lab supplies and chemicals for bud sample processing and q-PCR analyses  
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Table 1. Effect of plant growth regulators injected into main branches of 
‘Manzanillo’ olive trees in summer (July) vs. summer + spring (February) at the 
Lindcove REC vs. spring only in a commercial orchard in Exeter on the number 
of inflorescences per shoot at spring bloom expressed as a percent of the 
number of inflorescences produced by nonbearing shoots on OFF-crop control 
trees representing the two different orchards and years, which is set at 100%.  

Treatments Application time 

Number of inflorescences per 
shoot expressed as a percent of 
the inflorescences produced by 

nonbearing shoots on OFF-
crop control trees  

  % Control 
Nonbearing shoots   
 OFF control     100.0 cdz 
 ON control      63.0 de 
 TIBAy Summer       13.4 ghij 
 TIBA Summer + Spring       41.0 efg 
 TIBA Spring     96.1 cd 
 NATI Summer         39.2 efghi 
 NATI Summer + Spring       18.4 ghij 
 NATI Spring     56.6 ef 
 6-BA Summer           27.6 efghij 
 6-BA Summer + Spring         7.2 ghij 
 6-BA Spring   143.0 ab 
 PCKy Summer         25.8 fghij 
 PCK Summer + Spring 144.1 a 
 PCK Spring       18.0 ghij 
 TIBA + 6-BA Summer       18.6 ghij 
 TIBA + 6-BA Summer + Spring         23.6 fghij 
 TIBA + 6-BA Spring   106.0 bc 
 TIBA + PCK Summer         40.8 efgh 
 TIBA + PCK Summer + Spring       17.8 ghij 
 TIBA + PCK Spring 102.7 c 
 NATI+ 6-BA Summer         25.0 fghij 
 NATI + 6-BA Summer + Spring       14.2 ghij 
 NATI + 6-BA Spring     109.6 abc 
 NATI + PCK Summer       17.6 ghij 
 NATI + PCK Summer + Spring           29.2 efghij 
 NATI + PCK Spring     56.3 ef 
Bearing shoots   
 ON control          5.5 ghij 
 TIBA Summer    0.8 j 
 TIBA Summer + Spring         6.6 ghij 
 TIBA Spring           30.7 efghij 
 NATI Summer       15.2 ghij 
 NATI Summer + Spring       3.8 hij 
 NATI Spring         25.1 fghij 
 6-BA Summer     1.4 j 
 6-BA Summer + Spring     1.6 j 
 6-BA Spring           26.7 efghij 
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 PCK Summer     1.6 j 
 PCK Summer + Spring           33.3 efghij 
 PCK Spring       13.8 ghij 
 TIBA + 6-BA Summer       15.0 ghij 
 TIBA + 6-BA Summer + Spring       10.0 ghij 
 TIBA + 6-BA Spring         23.0 fghij 
 TIBA + PCK Summer     1.2 j 
 TIBA + PCK Summer + Spring         9.0 ghij 
 TIBA + PCK Spring           31.7 efghij 
 NATI + 6BA Summer       11.4 ghij 
 NATI + 6BA Summer + Spring     3.0 ij 
 NATI + 6BA Spring         24.9 fghij 
 NATI + PCK Summer     2.6 ij 
 NATI + PCK Summer + Spring       16.0 ghij 
 NATI + PCK Spring       13.3 ghij 
P-value  <0.0001 

z  Values in a vertical column followed by different letters are significantly 
different at the specified P-values by Fisher’s Protected LSD Test. Data were 
transformed before ANOVA. 

y Plant growth regulators were supplied at 1g/branch: TIBA, tri-iodobenzoic 
acid; NATI, natural auxin-transport inhibitor; 6-BA, 6-benzyladenine; and 
PCK, proprietary natural cytokinin.     

 
Table 2. Effect of OFF- and ON-crop tree status, the absence of 
fruit on nonbearing shoots, the presence of fruit set on bearing 
shoots, and monthly fruit removal from entire ‘Manzanillo’ olive 
trees at the Lindcove REC.  

Treatments July August September 

 
Cumulative growth (node number) since 

June  

Nonbearing shoots    

OFF control 2.2 az 2.9 ab    3.3 ab 

ON control 0.6 b   0.7 cde   0.7 d 

June 2.8 a      3.3 a   3.6 a 

July 0.0 b 1.8 bc     2.3 bc 

August 0.0 b      0.0 e   1.0 d 

Bearing shoots    

ON control 0.2 b  0.5 de    0.6 d 

June --- --- --- 

July 0.0 b  1.6 cd     2.3 bc 

August 0.0 b 0.0 e     1.2 cd 

P-value <0.0001 <0.0001 <0.0001 
z Means in a vertical column followed by different letters are 
significantly different at the P-value specified by Fisher’s LSD 
Test. 
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Table 3. Effect of OFF- and ON-crop tree 
status, the absence of fruit on nonbearing 
shoots, and the presence of fruit set on 
bearing shoots on inflorescence number at 
spring bloom. (Exeter, CA)  

Treatments in crop 
 Year 2011 

No. of 
inflorescences  

per shoot  at spring 
bloom 2012 

Nonbearing shoots  

OFF control  15.4 az 

       ON control 13.2 a 

Bearing shoots  

ON control 0.8 b 

P-value 0.0018 
z Means in a vertical column followed by 
different letters are significantly different at 
the P-value specified by Fisher’s LSD Test. 

 
 
Table 4. Results of our first experiment testing the effects of foliar applications of the 
proprietary cytokinin (PCK) alone or with the natural auxin-transport inhibitor (NATI) 
or tri-iodobenzoic acid (TIBA) (all applied at 58 g/ha) in July and again in January of 
the ON-crop year on yield and fruit size of the ‘Hass’ avocado. Fruit weighing 213-269 
g per fruit are commercially valuable. Trees were treated in the ON-crop year only. 
Given the positive effect of the PGR treatments on yield and fruit size, we learned that 
trees should be treated annually. The yield increase in Year 2 was not as high as desired 
and attempts to improve efficacy are underway. These efforts will benefit our work on 
olive. 

Treatment Year 1  2-year cumulative 
 Total 213-269 g  Total 213-269 g 
 kg per 272 trees per hectare 
ON Control  21,091 bz   4,639 b  21,722 b   4,911 c 
PCK   26,199 ab   9,063 a    27,649 ab     9,819 ab 
PCK + NATI 31,928 a     6,815 ab  32,959 a     7,267 bc 
PCK + TIBA   28,828 ab 10,443 a  31,995 a 12,074 a 
P-value 0.0783 0.0464  0.0379 0.0154 

z Values in a vertical column followed by different lower case letters are 
significantly different at P-value specified by Fisher’s LSD Test. 
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Problem and its Significance: 

'Manzanillo' olives often fail to set fruit in under high temperatures, but cross pollination with 
'Sevillano' pollen seems to reduce this failure.  Researchers in Croatia have evidence that the 
problem is not  due to ovule viability or the stigmatic surface.  They suggest that the problem is 
the style.  These results may be relevant to California olives, but this is not certain since the 
Croatian scientists investigated ‘Oblica’ olives.  The research proposed here will focus on 
‘Manzanillo’ olives and obtain structural and developmental data currently lacking.    
 
This failure to set fruit under high temperatures has become a large problem for olives and will 
likely persist if the trend of ten or more years of record high temperatures continues.   If we 

mailto:LFerguson@ucdavis.edu


(researchers, growers, and processors) knew more about this phenomenon, the industry will be 
better prepared to devise possible solutions.   
 

 

Objectives: To follow microscopically the pollen tube pathway (1) in self-pollinated “Manzanillo” 
olive flowers and early stage developing fruits and (2) in “Manzanillo” cross-pollinated with 
‘Sevillano” pollen, paying particular attention to the female structures the pollen tube has to 
traverse.   

Plans and Procedures:   

Plant growth:  Established pots of Manzanillo olive trees and Sevillano trees will be grown in a 

Plant Science greenhouse or lathhouse (for chilling) on the UC Davis campus.  Plants will be 

watered and fertilized according to the currently accepted schedule.  Temperature and day 

length will be monitored, and supplemental lighting supplied as necessary.   

Pollination and crossing:  When approximately 50% of the Manzanillo flowers are open, 

selected newly opened flowers will be self-pollinated (Treatment A) or emasculated and cross-

pollinated with Sevillano pollen (Treatment B).  A equal number of Manzanillo flowers will be 

emasculated and covered to prevent stray pollen (Treatment C), while other Manzanillo flowers 

will be tagged but otherwise unmanipulated (Treatment D).  At least 100 flowers will be used for 

each treatment.    

Sample collection:  Beginning on the day of pollination and daily for the first week post-

pollination, flowers will be detached, placed in plastic bags with most paper towels, and 

transported in a cooler to the lab.  In the lab, outer floral parts (sepals, petals and stamens) will 

be removed. The pistil still attached to the pedicel will be fixed (chemically killed), dehydrated, 

and embedded for sectioning.  Ten of the sampled pistils will be fixed in 70% FAA (formalin-

acetic acid-ethanol) for 24 hours, dehydrated, and embedded in paraffin for subsequent 

sectioning at a thickness of 10 microns.  Five of the sampled pistils will be fixed in 2.5% 

glutaraldehyde, rinsed in phosphate buffer, dehydrated, and embedded in Technovit resin for 

sectioning at 2 microns.   

Staining and microscopy:  To follow pollen tube growth in the style, pistils fixed in FAA will be 

rinsed, softened with sodium hydroxide, and squashed in 0.1% aniline blue.  Paraffin sections 

will be stained with 0.1% aniline blue in 0.1N potassium phosphate for callose and with safranin-

fast green-crystal violet for  general anatomical examination.  Technovit resin sections will be 

stained with PAS (periodic acid-Schiff’s) for carbohydrates and with PAS-toluidine blue O for 

general anatomical examination.  Other resin sections will be stained with 0.07% calcofluor for 

cellulose.  Sections and squashes stained with aniline blue and with calcofluor will be observed 

by epifluorescence microscopy using appropriate filter sets.  Sections stained with safranin-fast 

green-crystal violet, PAS, and toluidine blue will be examined using bright field (white 

transmitted light) microscopy.  Images will be captured using a MicroFire digital camera.   



Analysis:  Sections and squashes will be examined for tissue integrity (vs. senescence), location 

and extent of transmitting tissue (stigma, style and ovary), location and direction of pollen tube 

at sampled time points, number and location of callose plugs in pollen tubes, presence and 

location of callose deposits in pistil (other than pollen tubes), and location and extent of vascular 

tissue in pistil.   

Interpretation:  Treatment A (self-pollinated Manzanillo) will document the normal course of olive 

pollination and pollen tube growth in this cultivar in these growing conditions.  Treatment B 

(Manzanillo cross-pollinated with Sevillano pollen) will allow determination of differences in 

Sevillano pollen tube growth in Manzanillo styles (vs. Manzanillo pollen tubes in Manzanillo 

styles) and differences in Manzanillo stylar response to Manzanillo pollen compared to Sevillano 

pollen.  Treatment C (emasculated and covered) will document changes in the pistil when 

pollination and fertilization fail, to provide characteristics which might aid in recognizing and 

assessing early stages of pollination failure in Treatments A and B.  Treatment D is included to 

assess the stages of natural, unmanipulated self-pollination and fertilization in Manzanillo olives.  

Comparison of Treatments A (self-pollinated) and D (unmanipulated) will allow assessment of 

artificial pollination versus natural self-pollination (the situation in orchards without pollinator 

trees such as Sevillano) in terms of pistil condition and pollen tube growth.    

 

 

 



BUDGET REQUEST 

Budget Year:  2014-2015 

Funding Source:  California Olive Committee (COC) 

   Salaries and Benefits:    

   Postdocs/RAs                0           

   SRAs                  0 

   Lab/Field Assistance (Undergraduate Student Assistants)       $10,000                                                                                             

      Subtotal  Sub2    $10,000 

Employee benefits:  (1.3%) Sub6    $    130 

 TOTAL   $10,130 

Supplies and Expenses (chemicals, stains, slides, coverslips, confocal  

microscope time, SEM consumables, SEM beam time)  Sub3   $ 6,000 

Equipment   Sub4             0 

Travel   Sub5         300 

 TOTAL   $  6,300 

UCD Overhead (11 %)                   1,807.30  

       Total Budget          $18,237.30 

 

Department account number: 

 

Judy Jernstedt (signed)             Date: 20 Sept. 2013 

Originator's Signature 

 

COOPERATIVE EXTENSION                     

County Director: ____________________________________  Date ________________ 



 Program Director: __________________________________       Date ________________ 

 

AGRICULTURAL EXPERIMENT STATION  

Department Chair: __________________________________  Date _________________ 

 

 UC COC LIAISON OFFICER:   _____________________________  Date _________________ 

 

 



 

 

 
 

 

University of California, Davis 
College of Agriculture and Environmental Sciences 
UC Davis Olive Center 
 
PROJECT PLAN/RESEARCH GRANT PROPOSAL 
 
Project Year: May 2014 – November 2014      Anticipated Duration of Project: 6 months 
 
Project Leaders: 
 
Gary Takeoka PhD, Research Chemist, USDA, ARS 
gary.takeoka@ars.usda.gov 
800 Buchanan Street, Albany, CA 94710 
510-559-5668 
 
Selina Wang PhD, Research Director, UC Davis Olive Center 
scwang@ucdavis.edu 
One Shields Avenue, Davis, CA 95616 
530-752-0612 
  
Project Title:  
Determination of Ethanol in Table Olives as a Simple, Rapid and Dependable Method to Detect 
Low Quality Olives and Development of a Standard to be Used by USDA Inspectors 
 
Keywords: Fermentation, ethanol, table olives, sensory 
Commodity(s): Table Olives     Relevant AES/CE Project No.: 
 
Problem and its Significance: 
 
The United States Department of Agriculture (USDA) has inadequate tools for enforcing a 
quality standard for black-ripe olive quality in the United States, which limits the ability of the 
agency to identify poor-quality product from being sold in the U.S.   The USDA’s standard for 
quality is vaguely defined as “reasonably good flavor,” and enforcement relies on the 
individual inspector’s sensory judgment.  Using these tools, USDA inspectors reject less than 
one percent of the black-ripe product imported into the United States. 
 
The UC Davis Olive Center and the USDA have engaged in a multi-phase project to develop 
better standards and methods by which to evaluate quality: 
 

Phase I, begun in 2009, found that a large number of imported samples had sensory 
defects such as soapy, alcohol and metallic, and the imported samples had lower levels 
of consumer liking than California black-ripe olives.   The UC Davis Olive Center 
provided sensory training to USDA inspectors from throughout the US in 2010, led by 
Dr. Jean-Xavier Guinard. 

 
Phase II, which began in 2010, identified chemical flavor compounds of imported and 
domestic black-ripe olives, finding that defective samples included chemical markers 
associated with significant levels of fermentation.   In assessing the volatile 
constituents, we observed that some imported olives had wine-like, vinegary, fruity, 



 

 

 
 

 

musty, earthy, and ethanolic flavor notes. These notes seemed to be correlated to the 
presence of fermentation-derived volatiles such as ethanol, ethyl 2-methylbutanoate, 
ethyl 3-methylbutanoate, 3-methylbutyl acetate, 1-octen-3-one, ethyl hexanoate, (Z)-3-
hexenyl acetate, hexyl acetate, ethyl cyclohexanecarboxylate, benzyl acetate, and 4-
ethylphenol.  Phase II also identified elevated levels of styrene in imported samples. 
 
Phase III, embodied in this proposal, is aimed at developing a quick and inexpensive 
enforcement test for USDA inspectors to assess quality based on what we have learned 
about the fermentation-derived volatiles in Phase II.   In particular, we detected high 
amounts of ethanol (by both analytical and sensory methods) in some imported olives 
in Phase II, but  the analytical method we used was not suitable for quantifying the 
concentration of ethanol in the samples for practical enforcement purposes. It would 
be worthwhile to quantify the concentration of ethanol in domestic and imported 
olives as there may be a correlation between the concentration of ethanol and other 
fermentation-derived volatiles, i.e., higher ethanol concentrations may be correlated to 
higher concentrations of fermentation-derived volatiles. Therefore, olives with high 
concentrations of ethanol may be more likely to have sensory defects such as alcohol, 
oak barrel, and artificial fruity/floral.  We are hopeful that the quantification of ethanol 
will be a simple, rapid and dependable way for USDA inspectors to detect low quality 
olives.  

 
Objectives: 
 
The first objective is to determine the concentration of ethanol in thirty imported and 
domestic black-ripe olive samples using static headspace sampling coupled with GC-MS (gas 
chromatography-mass spectrometry). The second objective is to determine if there is a 
correlation between the ethanol concentration, the sensory properties and consumer 
acceptance of black-ripe table olives.  The third objective, should the first two objectives be 
met, is to propose a standard for ethanol that could be considered by the California Olive 
Committee and the USDA. 
 
Plans and Procedures: 
 
Thirty samples of imported and domestic black-ripe olives will be provided to the UC Davis 
Olive Center Laboratory. 
 

The most precise way to perform quantitative measurements of volatiles is by using stable 
isotopomers of the analytes as internal standards (called stable isotope dilution assays). Each 
assay consists of the following steps: after the food sample or its extract has been spiked by 
the addition of known amounts of the corresponding labelled odorants, the volatiles are 
isolated (i.e., static headspace sampling, solid phase microextraction (SPME), dynamic 
headspace sampling, solvent assisted flavor evaporation (SAFE)); the volatiles can be further 
enriched by column chromatography or multidimensional gas chromatography; and finally 
the sub-fractions containing the mixture of unlabelled analytes and their isotopomers are 
analyzed by gas chromatography-mass spectrometry (GC-MS). To differentiate between 
unlabelled and labelled (ethanol-1-13C) ethanol selected ion chromatograms would be plotted 
at m/z 45 and m/z 46, respectively.  

 



 

 

 
 

 

Olive samples (30-35 g) will be added to 75 mL of Milli-Q water and blended for 30 s in a 
Waring blender.  One milliliter of internal standard (1200 mg of ethanol-1-13C in 50 mL of 
75:25 water:methanol; corresponding to an internal standard concentration of 800 g/g (or 
800 ppm) of sample (30 g sample)) will be added to the mixture which will then be blended 
for an additional 30 s. The olive slurry will be added to a 500 mL beaker containing 54 g of 
NaCl (previously heated at 130 °C for 5 h to remove volatiles). The blender will be rinsed with 
an additional 75 mL of Milli-Q water which will be added to the beaker. The beaker will be 
covered with aluminum foil and the slurry will be stirred for 10 min to dissolve the salt. Ten 
milliliters of the olive slurry will be added to a 20 mL glass screw-top headspace vial and 
sealed with a PTFE/silicone septum. Vials will be placed in an automated headspace sampler. 
Various vial temperatures, incubation times, and headspace injection volumes will be tested 
to determine the optimum sampling conditions. Samples will be analyzed by gas 
chromatography-mass spectrometry (GC-MS). MS will be effective in differentiating between 
the unlabelled and labeled ethanol by monitoring m/z 45 and m/z 46, respectively.  Once the 
most efficient vial temperature, incubation time and injection volume are selected, samples 
will be analyzed in triplicate. We will also spike an olive sample (with no detectable ethanol) 
with 100, 200, 400, 600, 800 and 1000 ppm of ethanol-1-13C. A calibration curve will be 
plotted and response linearity will be evaluated.   

A sensory scientist will conduct a sensory panel to evaluate the same olives that were 
subjected to analytical studies. Olives will be evaluated for aroma, flavor and preference (Lee 
et al., 2012). Analytical and sensory data will be evaluated to determine if there is a 
correlation between ethanol concentration and aroma, flavor and preference.  

 
Expected Outcomes 
 
The amounts of ethanol in domestic and imported black-ripe table olives will be quantified 
and correlated with sensory acceptance. With this knowledge we will be able to propose a 
standard for a rapid, simple and dependable testing protocol of ethanol that could be 
considered by the California Olive Committee and the USDA. 
 
Reference 
 
Lee, S. M.; Kitsawad, K.; Sigal, A.; Flynn, D.; Guinard, J.-X. Sensory properties and consumer 
acceptance of imported and domestic sliced black ripe olives. J. Food Sci. 77, S438-S448, 2012. 
 
Budget Request 
 
Budget Year: 2014 
Personnel (UC Davis Olive Center Laboratory staff): 12,500 
Supplies and Expenses (instrumental and chemical supplies): 10,000 
Travel: 500 
TOTAL: 23,000 
Office of Research @ 11 percent: 2530 
TOTAL: 25,530 
 
Administering Department Name: 
CAES Olive Center 
 



 

 

 
 

 

Department Financial Contact: 
Brian McEligot 
mceligot@caes.ucdavis.edu 
 
 
____________________________________           Date ___ 
Originator's Signature 
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CALIFORNIA OLIVE COMMITTEE 
REQUEST FOR PROPOSALS: 2014-15 FUNDING 

 
University of California 

Division of Agricultural Sciences 

 

PROJECT PLAN/RESEARCH GRANT PROPOSAL 

 

Project Year:  2014-2015    Anticipated Duration of Project: 3 Years 

 

Project Leader: Susan Langstaff  Location: 

Mailing Address: 5055 Business Center Dr. STE 108 #126, Fairfield, CA  94534 

Phone: (707) 344-0254  FAX: N/A  E-mail: sue@appliedsensory.com 

 

Project Title:  Revision of USDA Standard for Grades of Canned Ripe Olives and Sensory 

Training for USDA Inspectors 

Cooperating Personnel: 

Dan Flynn, Selina Wang, Gary Takeoka 

Keywords: Olive Flavor, Sensory Defect, Sensory Training 

Commodity(s): Canned Ripe Olives   Relevant AES/CE Project No.: N/A 

 

Problem and its Significance: 

The United States Department of Agriculture (USDA) has a Standard for Grades of Canned Ripe Olives 

which has been in place since 1983. Much of the standard refers to the visual quality of the olives. 

However, the quality factor of flavor is not rated by score points and is defined as either “good flavor” or 

“reasonably good flavor.” The written standard specifies that olives with good flavor have a “distinctive 

flavor characteristic of ripe type olives … which are free from objectionable flavors of any kind.” This 

vague definition confuses consumer liking criteria (“good”) with measurable sensory defects (such as 

“alcoholic aroma”). Due to the subjectivity of the current standard, USDA inspectors lack objective 

sensory parameters to adequately identify poor-quality product and they reject less than one percent of 

the black-ripe product imported into the United States. If quality is defined as the “absence of defects” 

(Lawless and Heymann, 1998) then it is critical to identify and define the specific flavor defects which can 

occur in black-ripe table olives. 

 



The UC Davis Olive Center and the USDA have engaged in a multi-phase project to develop better 

standards and methods by which to evaluate quality: 

Phase I, begun in 2009, found that a large number of imported samples had sensory defects such 

as soapy, alcohol and metallic, and the imported samples had lower levels of consumer liking 

than California black-ripe olives. The UC Davis Olive Center provided sensory training to USDA 

inspectors in 2010; the sessions were led by Dr. Jean-Xavier Guinard. 

 

Phase II, which began in 2010, identified chemical flavor compounds of imported and domestic 

black-ripe olives. The findings indicated that defective samples included chemical markers 

associated with significant levels of fermentation. 

 

Phase III is aimed at providing better tools for the USDA to apply the quality standard. This 

proposal seeks to improve the sensory standard currently used by the USDA by removing 

subjective liking criteria and identifying and defining the specific flavor defects which can occur in 

black-ripe table olives. In addition, this proposal would provide consistent, ongoing training of 

USDA inspectors in the sensory assessment of black-ripe table olives. There has been no 

training of inspectors since 2010, and to be effective, training must be an ongoing effort (Lawless 

and Heymann, 1998). 

 

Objectives: 

1. To work with the USDA to revise the current standard which will specify sensory flavor defects 

that can be evaluated using consistent and measurable procedures. 

2. To provide consistent sensory training for USDA inspectors to ensure that they meet measurable 

levels of proficiency in the evaluation of black-ripe table olives, with the goal of having inspectors 

be well-equipped to recognize and pull defective product. 

 

Plans and Procedures: 

Coordinate with USDA Branch Chief, Standardization in Fredericksburg, VA to revise the USDA Standard 

for Grades of Canned Ripe Olives. Use the data from Phase I (above) and the International Olive Council 

(IOC) Method of Sensory Analysis of Table Olives to identify and define potential flavor defects which 

could be included in the revised standard. The USDA has indicated that they are willing to work on 

developing standards that meet industry needs (e-mail communication with Tanya Ubick, USDA). 

Travel to various inspection ports around the US and provide sensory training to USDA inspectors. The 

USDA routinely conducts internal training and utilizes third party training to refresh and refine their skills 

(e-mail communication with Tanya Ubick, USDA). 

Analyze the sensory data and evaluate: 

• individual inspector discriminating ability 

• individual inspector reproducibility 

• individual inspector agreement with the panel as a whole 

• inspector panel discriminating ability 

• inspector panel reproducibility 

Additionally, sensory data will be analyzed to determine the effectiveness of the revision of the standard.  

 



References: 

Lawless, H.T. and Heymann, H. (1998), Sensory evaluation of foods: principles and practices, New York, 

Kluwer Press. 

 

BUDGET REQUEST 

                                                    Budget Year: 2014 

 

Salary  Sub1______$11,000_________ 

Supplies and Expenses (fee for sensory software) Sub2____$1500_____________ 

Travel  Sub3_______$7500___________ 

 TOTAL______$20,000__________ 

 

 

______________________________________         Date ___Oct, 28, 2013____ 

Originator's Signature 
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PROJECT PLAN/RESEARCH GRANT PROPOSAL 

 

 

Workgroup/Department: Olive / Plant Sciences, UC Davis      

 

Project Year        2014       Anticipated Duration of Project: 1 year: 7
th

 of 7 years 

      

 

Project Title:  Demonstrating Mechanical Pruning Can Produce Commercial Yields and              

Decrease Alternate Bearing 

 

Project Leaders: 

 

Louise Ferguson, Extension Specialist, Department of Plant Sciences, 2037 Wickson Hall, Mail 

Stop II, UC Davis, 1 Shields Ave., Davis CA 95616, (530) 752-0507 [Office], (559) 737-3061 

[Cell], LFerguson@ucdavis.edu 

 

Cooperating Individuals:  

Elizabeth Fichtner PhD: Tulare County Farm Advisor: EJFichtner@UCANR.Edu 

William Krueger MS: Glenn County Farm Advisor Emeritus: WHkrueger@UCNR.Edu 

 

Cooperating Ranches:  

Rocky Hill Ranch; Exeter California: Mark Pascoe; Pascoe32@MSN.com  

Nickels Soils Laboratory; Arbuckle: Stan Cutter; CutterFarms@Frontier.net 

 

Commodity: Olive                                                       Relevant AES/CE Project No.  

 

Year Initiated:  2014                       Current Funding Request:  24,087.00 

 

 

Problems and Significance: 

Developing mechanical harvesting is necessary if the California Black Ripe table olive industry 

is to survive, as manual harvest labor is increasingly expensive, unavailable and unskilled.  The 

components necessary for successful table olive mechanical harvesting are a harvester that 

successfully removes olives and tree training and pruning that increase harvester efficiency.  All 

the research thus far, including the most recent unpublished research from Israel, definitively 

demonstrates no effective abscission agents for decreasing olive fruit removal force have been 

identified.   

 

We have successfully developed two harvest technologies, trunk shaking and canopy contact 

heads, that are now being further developed by commercial harvester fabricators.  The training 

and pruning parameters that increase the fruit removal efficiency for trunk shakers were 

developed in the 50s and 60s.  And as the two data sets given below demonstrate, we are now 

mailto:LFerguson@ucdavis.edu


identifying the specific pruning and training methods that increase harvest efficiency for canopy 

contact harvester. 

Final Canopy Contact Harvester Efficiencies for Hedgerow Olive Orchards:  

A trial in 2013 demonstrated that the canopy contact mechanical harvesters can harvest 

topped and hedged trees in established orchards converted to moderate, 26 X 13 feet, 139 

trees to the acre hedgerows with a 4.1 ton per acre crop with 92% efficiency versus 80% 

for unprepared trees with a 12.8 ton per acre crop at the same spacing. 

 

A second trial in 2013 demonstrated that the canopy contact mechanical harvester can 

harvest topped and hedged hedgerow trees at a 12 X 18 spacing and a 4.2 ton/acre crop 

with 81% efficiency versus 79% efficiency for trees hand pruned to a hedgerow with a 3.7 

ton per acre crop at the same spacing. 

 

As the data above demonstrates we have achieved the needed 80% final harvest efficiency with 

the canopy contact harvester technology.   University of California research on the canopy 

contact harvesters has now been completed and further development into a field ready harvester 

is being assumed by the commercial harvester industry.   Dr. John Miles, Professor of Biological 

and Agricultural Engineering will release the final specifications for the canopy contact harvester 

head by January 2014. 

 

As of October 2013 Coe Harvesting of Gridley, CA has committed to developing a commercial 

canopy contact harvester.  Currently trunk shaking harvest efficiency remains below 70% in both 

commercial and private trials in California and Argentina.  A technology other than, or in 

addition to, trunk shaking that better removes olives from heavily cropped table olive trees is 

needed.   Preliminary trials have demonstrated the canopy contact harvesters alone, or in 

combination with trunk shaking can achieve this.  

 

Because our trials have clearly demonstrated mechanical pruning of established orchards, 

139 trees per acre, and developing moderate density hedgerow orchards, 202 trees per acre, 

increases both trunk shaking and canopy contact harvester efficiency we will continue to 

work with mechanical pruning of olive trees to demonstrate conclusively that mechanically 

pruning ‘Manzanillo’ hedgerow table olive orchards can: 

1. Produce commercial yields.  

2. Decrease alternate bearing.   

 

 

BACKGROUND: 

Effects of Mechanical Pruning on Olive Yields: 

That mechanically pruned olives can produce commercial yields is clearly being demonstrated 

by the data given in Tables 1 and 2 below.   In table 1 the 139 trees per acre mechanically pruned 

converted hedgerow orchard has averaged 4.2 tons per acre for 6 years.   In table 2 the 202 trees 

per acre orchard developed as a hedgerow has maintained 4.1 tons per acre yield for three years.  

One more year of data for the first orchard and three more years of data from the second should 

demonstrate these orchards could reliably produce commercial yields with mechanical pruning. 
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These additional years of data collection are also needed to demonstrate that just as in pistachios, 

mechanical pruning can significantly decrease alternate bearing in olives.  How is discussed 

below. 

 

 

Effects of Mechanical Pruning on alternate Bearing of Olive: 

Olives are among the fruit trees that bear crop on one-year old wood and simultaneously produce 

the shoot bearing next year’s crop from the single vegetative bud on the tip of the one-year old 

wood.  Olives are also apically dominant; growth from the shoot tip, not branching, produces 

virtually all new crop.  This combination produces alternate bearing.   

 

Pistachios, though deciduous, have the same growth and bearing habit as olives, and alternate 

bear even more regularly than olives.  Mechanical pruning has been demonstrated to decrease 

alternate bearing in pistachios using the following mechanical pruning method.  If mechanical 

topping and hedging is begun after the high crop year a high percentage of the flower buds that 

produce the coming low crop year are removed and the expected low crop is lower.   In the same 

year there is a strong vegetative shoot growth that produces less flower buds than normally 

alternate bearing trees would.  As a result the next year, the normal “on” year, the crop is again 

lower.  Also, due to decreased crop, the shoots of these “on” year trees produce more flower 

buds.  The next year, the normal “off” year these buds produce crop, and the expected low crop 

is higher.  Thus, it requires two years of lowered crop for the alternate bearing to be initially 

mitigated.  Once the alternate bearing swings have been decreased in amplitude regular 

mechanical pruning can maintain the decreased alternate bearing.  This is the pattern that has 

been successfully implemented using mechanical pruning in pistachios.  

 

The way mechanical pruning moderates alternate bearing without decreasing yields is by 

producing a better ratio of fruiting to non-fruiting shoots every year instead of allowing the 

majority of shoots on a tree to synchronize annually. 

 

The data given in Tables 1 below demonstrates beginning mitigation of alternate bearing in an 

existing olive orchard and table 2 demonstrates it in a newly developed hedgerow orchard. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

Table 1. 2007 – 2013: 

Effect of Mechanical Topping and Hedging on Yield and Alternate Bearing 
Year 2008 2009 2010 2011 2012 2013 Cumulative Average 

Annual 

Yield 

Yield T/acre 

 

T/acre 

 

T/are 

 

T/acre T/acre T/acre T/acre 

 

T/acre 

 

Harvest 

Method 

        

Mechanically 

Pruned 

1.3 

 

0.1 

 

9.5b 

 

7.9a 

 

0.4c 

(H+T) 

 

1.5b 

(H) 

 

0.9 

Average 

4.1c 

(T) 

 

6.4b 

 

 

5.26 

Average 

23.3 

 

 

26.7 

 

 

25.0 

Average 

3.9 

 

 

4.6 

 

 

4.2 

Average 

Hand 

Pruned 

Control 

1.5 

 

0.2 

 

12.4a 

 

2.8b 

 

2.3a 12.8a 32.0  

 

5.3 

 

Pruning 

Treatment 

Hedge 

West: 

6’ 

Top: 

12’  

Hedge 

East: 

6’ 

Top: 

12’ 

 

 

Hedge 

West: 

6’ 

 

Hedge 

East: 4’ 

Top  

#3,5,7, 

12’ 

 

 

 

Top 

#2,4,6 

11.5’ 

Difference 

+7.0 t/a 

Hand 

Pruned  

 

Difference 

+ 1.1 t/a 

Hand 

Pruned 

Significance NSD NSD P<0.05 P<0.05 P<0.05 P<0.05   

 

Table 1.   The table above demonstrates the effect of mechanical topping and hedging over 

a six-year period on annual yields, total cumulative yield and average annual yield.  While 

the crop failures in 2008 and 2009, and partial crop failure in 2012, affected the data it can 

be clearly seen that the 2008 and 2009 pruning treatments increased yields in both 2010 

and 2011.  Additionally the mechanical pruning in 2011 increased yields in 2013.   We 

predict, barring a fourth weather related crop failure the 2012 mechanical pruning 

treatments will increase yields in 2014 and there will be no significant differences in the 

average cumulative and annual yields per acre between the mechanically pruned and hand 

pruned trees, except that the mechanically pruned trees will have had much more marked 

annual swings in alternate bearing. 
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Table 2.  

Effects of Hand Pruning vs. Mechanical Pruning on Yield: 2011 – 2013 

Pruning Treatment Yield 2011, 2012 and 

2013 

Cumulative  

Yield  

 Tons/acre Tons/Acre 

Hand Pruned   

2011 

Hand Pruned Hedgerow 

0.8  

2012 

Hand Pruned Hedgerow 

5.1  

2013 

Hand Pruned Hedgerow 

+ 

Mechanically Hedged West 3’ from trunk and 7* 

angle at top 

 

5.1  

3 Year Average Annual Yield and Cumulative 3.7 11.0  

Mechanically Pruned   

2011 

Hedged East: 2‘ from Trunk 

Topped at 10’ 

0.4  

2012 

Topped at 11’ 

6.7  

2013 

Hedged West 3 from Trunk 

Two top hand cuts of highest branch 

5.3  

3 Year Total      4.1      12.4 
 

Table 2 above presents the effects of mechanical and hand pruning on yield and alternate 

bearing in a 12 X 18 hedgerow orchard established in 2001.  Treatments were begun as 

described below each year.  The data above demonstrates that thus far, through 3 years of 

6, mechanical pruning does not decrease yield.   Thus far it is too early to assess the effects 

of mechanical pruning on alternate bearing as at least three, two year cycles are required 

to see the effects of mechanical pruning on alternate bearing.  However, we predict in 2014 



the mechanically pruned trees will produce as well as the hand pruned trees with less 

alternate bearing, and at a lower cost for pruning. 

 

 

 

HYPOTHESIS: 

Mechanical topping and hedging can decrease alternate bearing of table olives without 

decreasing yield. 

 

OBJECTIVES: 

1.   

Evaluate effects of mechanical pruning on yield, fruit quality and value, and alternate bearing in 

a 19 year old, 139 trees per acre orchard spaced at 13 X 26 feet. 

II. 

Evaluate effects of mechanical pruning on yield, fruit quality and value, and alternate bearing in 

a 12 year old, 202 trees per acre hedgerow orchard spaced at 12 X 18 feet. 

 

 

Experimental Procedures: 

Objectives 1: evaluating yield and alternate bearing in 139-trees/acre-hedgerow orchard. 

Rocky Hill Ranch, Exeter, Tulare County: Manager, Mark Pascoe 

Block 17 W:  

19-year-old ‘Manzanillo’ orchard with ‘Sevillano’ pollinators  (irregularly placed) 

13, 83 tree, rows spaced at 13’ X 26’ (139 trees per acre) 

 

Experimental Design and Analysis: 

Split plot design with 6 replications of two  treatments analyzed with SAS ANOVA. 

 

Pruning Treatments: May-June 2014 

Split plot with 6 hand-pruned and 6 mechanically pruned rows (replications) 

Treatments: (late May to early June 2014 with Laux Pruning) 

I. Mechanically top 3,5,7 of the 6 rows 11’ from ground 

II. Mechanically hedge all 6 rows on west side 4’ from trunk 

III. Mechanically skirt all trees 4 feet from the ground 

a. Remove large shoots bearing crop between trees. 

b. Remove branches between 180 and 90* degrees extending directly into the row. 

IV. Hand prune control trees; 6 eastern rows.   

V. Crop will be thinned with NAA. 

 

Data Collection: September - October 2014. 

1) Fruit removal force and individual fruit weight will be determined on 100 individual 

fruits/row. 

2) All 13 rows will be individually hand harvested and bins per each row individually weighed 

a) Bins for each row will be delivered and reweighed at Musco Exeter receiving station.  

b) Bins for each row will receive a COC grade and adjusted value per ton at Musco 

receiving station. 
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Fruit quality and value of olives will be based on: 

Yield per tree/or acre 

Adjusted price per ton; based on fruit grading (size and quality) 

Total canning percentage 

 

 

 

Experimental Procedures: Objective II.  

Mechanical Pruning Trial with Canopy Contact Harvester: 202 trees per acre hedgerow. 

Nickels soils Laboratory, Arbuckle, Colusa County, California:  

Manager: Stan Cutter 

11 year-old ‘Manzanillo’ orchard with center Sevillano pollinator row 

Olive Hedgerow Block:  13, 31 tree, rows of spaced at 12’ X 18’ (202 trees per acre) 

 

Experimental Design and Analysis: 

Randomized complete bock design with each treatment replicated once within 4, 3 row 

replications, split into 15 tree hand-pruned and mechanically pruned N/S halves. 

Data analyzed with SAS ANOVA. 

 

Treatments: (late May to early June 2014 with ENE Inc.),  

I. Mechanically pruned treatments will be 

a. Hedge east side 2 feet from the trunk 

b. Topped as needed; to be determined after crop set 

II. Skirt all trees 4‘ from ground.   

a. All large shoots bearing crop between trees will be removed. 

b. All branches between 180 and 90* degrees extending directly into the row will be 

removed. 

III. Hand pruned control will simulate mechanical pruning but be done by hand. 

IV. Trees will be thinned with NAA 

 

Data Collection: September - October 2014. 

3) Fruit removal force and individual fruit weight will be determined on 25 individual fruits/row 

within each pruning treatment. 

4) All 12 rows will be individually hand harvested and bins per each row individually filed 

weighed within both pruning treatments. 

a) Bins for each row will be delivered and reweighed at Musco Orland receiving station.  

b) Bins for each row will receive a COC grade and adjusted value per ton at Musco 

receiving station. 

 

Fruit quality and value of olives will be based on: 

Yield per tree/or acre 

Adjusted price per ton; based on fruit grading (size and quality) 

Total canning percentage 

 

Desired Results:  



Demonstrate mechanical pruning can maintain yields while decreasing alternate bearing.
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BUDGET REQUEST:  2012 
BUDGET REQUEST – Part I 
Budget Year: 2013-2014                                                   Funding Source: COC 

 

Salaries & Benefits:  

William H. Krueger: Glenn County Farm Advisor Emeritus     2500.00 

Elizabeth J. Fichtner: Tulare County Farm Advisor                                                   2,000.00 

 Sub 1    4,500.00 

Equipment Supplies & Expenses:                                                                                                                  

Pruning and Harvesting Costs: (based on previous year’s cost)  

Mechanical pruning and brush shredding at Rocky Hill (Laux Pruning)   2,500.00 

 

Mechanical (ENE Inc.), and hand pruning, brush shredding: Nickels Estate  2,000.00 

 

Miscellaneous harvest supplies: water, gloves, tarps, buckets   1,000.00 

 

Total pruning and harvesting costs:                 5,500.00   

Sub 2               10,000.00 

 

Experimental Travel Costs: 

Annual Truck lease and gas: 50% split with pistachio projects                           9,000.00 

Travel costs during Rocky Hill Harvests: 3 people @ 150/day and 6 days          2,700.00   

 

Sub 3                11,700.00 

Sub 4            21,700.00 

   

   

 

UC Overhead @ 11%      Sub 5      2,387.00   

TOTAL BUDGET          24,087.00* 

* The budget for this project is dependent upon both Rocky Hill Ranch and  Nickels Soils  

Laboratory paying hand harvest costs as they did in 2013.  



 

UNIVERSITY OF CALIFORNIA 

 

 

 

    ________________________________ 11/06/2011 

     Originator’s Signature   Date 

 

 

Agricultural Experiment ________________________________    

 Station    Department Chair   Date 

 

    ________________________________    

     Liaison Officer   Date 
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Scope of Work 

 

Dr. Louise Ferguson:  

Responsible for overall coordination of the project, applying pruning treatments, executing 

harvest trials, data collection and analysis and writing final report. 

 

Dr. Elizabeth Ficthner: Responsible for assisting with hand harvest at Rocky Hill Ranch in 

Tulare County. 

 

William Krueger: Responsible for hand pruning treatment in Nickels trial and co-coordinator of 

harvesting trial in Colusa County. 

 

 

External Contractors: contracts to be secured after funding. 

 

Pruning Contract at Rocky Hill Ranch: Exeter, California 

Gary Laux  

Laux Management 

1359 W Teapot Dome Avenue 

Porterville, CA 93257-9378  

Office: 559-781-0500 or 781-3116 

Cell: 559-783-3212 

 

 

Pruning Contract at Nickels Soils Laboratory: Colusa, California 

Hillary Nielsen Porter 

ENE Inc. 

4453 County Road O 

Orland CA 95963 

ENE@EneInc.com 

Office: 800-844-9409 

FAX: 530-865-4845 

 

 

Harvest Contractor at Rocky Hill Ranch: Tulare County 

Antonio Villapando 

Villapando AGI 

Box 388 

Woodlake, CA 93286 

AVFarmLabor@yahoo.com 

Office: 559-564-8071 

FAX: 559-564-8050 

Mobile: 559-805-3224 

 

 

mailto:AVFarmLabor@yahoo.com


 CALIFORNIA OLIVE COMMITTEE 

 

PROJECT PLAN/RESEARCH GRANT PROPOSAL 

 

 

Workgroup/Department: Olive / Plant Sciences, UC Davis      

 

Project Year        2014                          Anticipated Duration of Project: 10 years 

 

Project Title: 
Propagating Dwarfing Olive Rootstocks and Establishing a Long Term Orchard  
 
Project Leaders: 
Louise Ferguson: Extension Specialist, Department of Plant Sciences, 2037 Wickson Hall, 
Mail Stop II, UC Davis, 1 Shields Ave., Davis CA 95616, (530) 752-0507 [Office], (559) 737-
3061 [Cell], LFerguson@ucdavis.edu 
Dr. John Preece: Curator, USDA National Clonal Germplasm Repository, Davis CA.  
John.Preece@ars.usda.gov, (530)-752-7009 
Mr. Dan Flynn: University of California Olive Center, Davis CA 
JDFlynn@UCDavs.edu;  (530)-752-5170 
Mr. James M. Jackson: Principal Superintendent, Plant Sciences Field Facility, UC Davis CA 
JMJackson@ucdavis.edu; (530)-753-2173 and (530)-681-2279 
 
Commodity: Olive                                                     Relevant AES/CE Project No.  
 

Year Initiated: 2013                   Current Funding Request: 24,975.00  

 

Problems and Significance: 

To facilitate mechanical harvesting the newest table olive orchards are planted in hedgerows and 

require regular mechanical pruning to keep the trees small.  Our 12 X 18’ foot research planting 

established at Nickels Soils Laboratory in 2002 has demonstrated to us this will be difficult with 

the ‘Manzanillo’ olive cultivar.  Such hedgerow ‘Manzanillo’ orchards designed for mechanical 

harvesting would be easier to maintain if they could be grafted on dwarfing rootstocks.  Among 

those olives with promise for use a dwarfing rootstocks are: Nikitskaya, Olea cuspidate, 

Verticillium Resistant Oblonga, and Dwarf D.   

 

In 2013 we proposed propagating these rootstocks and testing with grafted and non-grafted own 

rooted ‘Manzanillo’ controls for their dwarfing potential with 'Manzanillo' to produce a tree that 

is more amenable to mechanical harvesting.  The own rooted ‘Manzanillos’ and ‘Manzanillo’ 

grafted to ‘Manzanillo’ in this orchard could also serve as the next generation hedgerow trained 

mechanically pruned orchard for mechanical harvesting with trunk and canopy contact shakers.  

 

In 2013 year we were awarded funding to propagate the desired rootstocks and locate a suitable 

orchard site for establishment of the propagated trees.  Both objectives have been achieved but 

due to difficulty of propagation with some cultivars and difficulty in locating a site with proper 

infrastructure planting will be delayed until spring 2014. 

mailto:LFerguson@ucdavis.edu
mailto:John.Preece@ars.usda.gov
mailto:JDFlynn@UCDavs.edu
mailto:JMJackson@ucdavis.edu
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Progress through 9/30/2013: 

This application for initial funding was for two purposes: 

I. Propagation and grafting of the rootstocks with ‘Manzanillo’ scions. 

a. Dr. John Preece supervised the development of specific propagation techniques 

for 112 each of the following olive cultivars to be used as dwarfing rootstocks; 

Nikitskaya, Olea cuspidate, Verticillium Resistant Oblonga and Dwarf D.  Dr. 

Pilar Rallo, partially supported by 2013 season funding, participated in this work.   

II. Establishing the next generation olive hedgerow orchard for evaluation of 

mechanical harvesters. 

a. Three field sites were extensively tested for Verticillium; two were rejected and a 

third with no detectible inoculum was selected; Field 3556, a four acre block 

located in Plant Sciences Field Facility located on the UC Davis Campus and 

maintained by UC Davis Plant Sciences field personnel.  This site has the added 

advantage of being located adjacent to oil orchards being developed by the UC 

Olive Center.  Preseason preparation of the site was/is being done in fall 2013 in 

for a 2014 tree planting.  Attachment I: Field Map: 3556. 

Progress Summary: 

Planting will be delayed until spring 2014 as developing specific propagation methods and 

propagating the rootstocks required longer than anticipated and locating a convenient 

‘Verticillium’ free orchard location with the required support infrastructure required longer than 

anticipated.  However, the project is on target for an early 2014 planting. 

 

2014 Objective:  

Establish 4-acre, split plot ‘Manzanillo’ table olive orchard, at 2 different orchards 

spacings, grafted onto 4 different dwarfing rootstocks at the UC Davis Plant Sciences Field 

Facility: Attachment I: Field 3556 Plot Map 

 

Experimental Field Design:  

Split plot design with the north half of the field at spaced at 10 X 16’ and the south at 10 X 8’.   

 

Within each spacing block will be five replications 14-tree rows of: 

Four different dwarfing rootstocks grafted with ‘Manzanillo’ 

and   

Own rooted ‘Manzanillo’ and ‘Manzanillo’ grafted to a ‘Manzanillo’ grafting controls. 

 

A solid 29 row of Sevillano pollinizers will be planted at both the east and west ends of 

the block and between each block/replication and at the orchard midpoint, tree 15, in each 29 tree 

row. 

 

Data will be analyzed using ANOVA with an LSD means separation. 
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Experimental Procedures: 

Field 3356 in the Plant Sciences Field Facility on the UC Davis campus has been extensively 

tested for Verticillium, subsoiled to 4 feet, stubble disced and finish disced twice in fall 2013.  In 

late March 2014 the field will be finish disced twice before the planting is laid out, ridges made 

and drip and trellis installed for planting in late March or early April.  Once planted the trees will 

be staked, tied and trunks wrapped.   

 

Once planted the tree will be allowed to grow with no pruning except maintaining a clean, single 

trunk below. 

 

The only measurements to be taken in 2014 will be girth at 6” above the graft union and total 

height. 

 

Desired Result: 

At maturity the rootstocks will maintain tree size at 10 feet or less, and the trees can be harvested 

with trunk shakers or canopy contact harvesters.  The experimental design will also allow a 

determination of  ‘Manzanillo’ tree yields at 10 X 16’ and 8 X 16’ feet spacings. 

 

 

 

 

 

BUDGET REQUEST:  2014 
BUDGET REQUEST  
Budget Year: 2014                                      Funding Source: COC 

 

Irrigation System Repair and Modification:                     4,500.00 

 

225 ‘Manzanillo’ and 175 ‘Sevillano’ olive trees @ $6.00/tree                                            2,400.00 

 DeLeonardis Olive Nursery 

 

850 bamboo tree stakes, 116 mid-row stakes, 58 end poles, and wire                     4,000.00 

 300 stakes left over from establishing UC Olive Center Orchard                                

Sub 1                     10,900.00    

Orchard Maintenance Costs:                                                                                                             2,600.00             

UC Davis Plant Sciences Field Facility: 4 acres @ 650.00/acre per year                                        

 

Sub 2                                          13,500.00 

Travel and Extension Costs: UC Truck rental, gas and travel, cell phone @ 1,500/month:       9,000.00 

(50% split with California Pistachio Research Board funding)  

 

Sub 3                                           22,500.00 

 

UC Overhead @ 11%:                                                                                                                          2,475.00                   
  

Sub 5                                                                                                                                                     24,975.00   

TOTAL BUDGET REQUEST                                             24,975.00  



2013 Final Mechanical Harvesting Proposal 

Ferguson et. al. 
 

 4 

UNIVERSITY OF CALIFORNIA 

 

 

 

    ________________________________ 09/26/2013 

     Originator’s Signature   Date 

 

 

Agricultural Experiment ________________________________    

 Station    Department Chair   Date 

 

    ________________________________    

     Liaison Officer   Date 

 

 

 

Scope of Work 

 

Dr. Louise Ferguson and Mr. Dan Flynn:  

Responsible for overall coordination of the project and orchard management. 

 

Dr. John Preece: 

Responsible for directing propagation research. 

 

Mr. James M. Jackson: 

Responsible for orchard management implementation. 

 

 

 

 







Ern’s Pest Control 

 

Project Plan/ Research Grant Proposal 

 

Project Year: 2014 

 

Project Leader: Ernie Simpson 

Mailing Address: 320 County Road 15 Orland, California 95963 

Phone: 530-865-9829 Cell: 530-518-4685 

E-mail: ernsimp17@sbcglobal.net 

 

Commodity: Olive 

  

Problem and its Significance: 

 

Since the detection of Olive Fruit Fly in California in 1998, it has been a concern to olive growers in 

commercial orchards; preventative sprays are necessary. Trapping to monitor the Olive Fruit Fly 

populations in individual orchards is recommended. This will allow growers and PCA’s to follow trends to 

their orchards and help evaluate spray program efficacy. Having an idea of area-wide population trends will 

help growers and PCA’s interpret the results from their orchards. 

 

Objectives: 

 

1: Provide timely information to area growers regarding area-wide olive fruit fly population trends. 

2: Continue to develop a historical perspective of olive fruit fly populations for the area. 

 

Plans and Procedures: 

 

Starting in early April plastic McPhail traps using Torula yeast tablets dissolved in water as the bait will be 

placed in one tree at 12 sites (6 in Glenn County and 6 in Tehama County). The same sites that have been 

used in previous years will be monitored again to allow for comparison of current years trap catches to 

previous years. Earlier work in Glenn and Butte Counties has shown that the plastic McPhail traps catch 

more flies than the commonly used yellow panel trap. Traps will be checked and flies counted weekly. The 

results and field observations will be posted on the Glenn County UC website (Http://ceglenn.ucdavis.edu) 

and reported via email to the COC for further distribution. Trapping results will be reported as male and 

female flies for individual traps and combined and averaged by site for a graphic presentation of the data. 

Trapping and reporting will be continued through October or until trap catches decline for the year. 

 

Budget Request 

 

Budget Year: 2014 

 

Funding Source: California Olive Committee 

Salaries________________________________________________________$4500 

Supplies and Expenses: Trapping Supplies____________________________$ 300 

Travel 2745 mi. @ $.51/mi.________________________________________$1400 

This may vary due to fuel prices 

 

Total__________________________________________________________$6200 

 

Originator’s Signature_____________________________________________ 

    

                                   Ernie Simpson  

 

 

mailto:ernsimp17@sbcglobal.net
http://ceglenn.ucdavis.edu/



