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2013 Objectives:  
 

I.  Update and promulgate extension educational materials specific to olive knot. 

II.  Investigate survival potential of P. savastanoi in gall tissue. 

III.  Assess epiphytic populations of P. savastanoi throughout year and determine whether 

epiphyte populations reflect disease severity in orchards. 

IV.  Determine potential for two polymer products to mitigate cold damage to olive. 

V.  Efficacy of film-forming polymers as physical barriers to infection, as well as for 

enhancing persistence of copper on leaf surfaces. 

 

Progress in Year 2:  

 

I. Update and promulgate extension educational materials specific to olive knot. 

 

I reviewed the UC IPM Pest Management Guidelines for olive knot and added a peer-reviewed 

Pest Note to the system.  Research results were also presented in a poster at the American 

Phytopathological Society meetings in Providence, RI in August 2012. Results will be presented 

mailto:ejfichtner@ucdavis.edu
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at Olive Grower’s Council Mtg in September 2013 and written up for publication in trade journal 

and UCCE newsletters in 2014. 

 

II. Investigate survival potential of P. savastanoi in gall tissue.  

 

In order to generate galls of equal age for commencement of a pathogen survival study, exposed 

leaf scars on mature 'Manzanillo' branches were inoculated in April 2011.  Five branches were 

flagged on each of seven trees, and 10 pairs of leaf scars were exposed on flagged branches.  

Leaf scars were inoculated by misting with a 10
6
 cfu/ml suspension of P. savastanoi.  The 

inoculum cocktail was composed of 9 isolates of the pathogen, all collected from the UC Davis 

Ag Experiment Station (Solano Co., CA).  Symptoms were not observed until October 2011.  

Quantification of bacterial populations in galls was conducted in Dec 2011, Feb 2012, May 

2012, Nov. 2012, and Feb. 2013. To assess bacterial populations, galls were removed from  

branches with a razor blade the fresh weight was recorded. Gall tissues were then surface 

sterilized for 30 s in a 0.5% sodium hypochlorite solution and rinsed three times in sterile 

distilled water. Galls were then sliced and macerated with a surface disinfested razor blade and 

hammer. The macerated tissue was incubated in 1 ml of PBS in a microfuge tube for 1 hour with 

gentle shaking. The suspension was then distributed on PVF (selective) and KB media using a 

spiral plater and incubated at 30C for 2-3 days before enumeration of colonies. The gall tissue 

was then oven dried for 2 days for dry weight determination.  Bacterial populations were then 

expressed as number of colony forming units per dried gram of gall tissue. 
 

 Psv populations did not change significantly between December 2011 and the May 2012; 

however, populations within galls exhibited a 10 fold reduction over the summer survival period 

spanning May 2012 through November 2012.  Populations maintained the same order of 

magnitude over the winter spanning sampling between Nov 2012 and Feb 2013.   

 

Our group was unable to track pathogen survival over a second “oversummering” period.  The 

trees that had been tagged and inoculated in 2011 were on the UCD campus and the orchard was 

pushed out during the 2013 season.  My group was not notified of the intent to remove the trees 

and therefore lost the opportunity for a final sampling.   

 

III  Assess epiphytic populations of P. savastanoi throughout year and determine whether 

epiphyte populations reflect disease severity in orchards. 

 

A leaf wash technique was employed to quantify populations of Psv on olive leaves.  The 

technique was employed in May and November 2011 to assess epiphyte populations at two sites 

in Arbuckle, CA.  In January 2012, the sampling was expanded to 12 sites ranging from Tulare 

County to Tehema County, and was conducted again in June 2012, Nov. 2012, and Feb. 2013 at 

11 sites.  Five trees were flagged in each of 11 orchards with varying levels of disease for 

repeated sampling over time.  The canopy of each flagged tree was divided into 4 quadrants, and 

25 leaves were sampled from each quadrant for a total of 100 leaves per tree. To assess bacterial 

populations over equal leaf surface areas, a single 1.2 cm diameter leaf disk was cut from each 

leaf, and the 100 leaf disks from a given tree were constantly shaken in phosphate buffer for 2 h 

at 200 rpm.  The resulting bacterial suspension was dilution plated onto both KB and PVF media 

using a spiral plater.  KB medium was utilized to quantify total bacterial populations on leaf 
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surfaces, whereas PVF was utilized to assess fluorescent Pseudomonads, and specifically Psv. 

Populations of Psv, as indicated by colony growth on PVF media, varied between sites over time.  

Although region did not significantly influence population dynamics, population data is 

illustrated by region ease of visualization.  The only site in the state with detectable summer 

populations of the pathogen was in Arbuckle, CA, only 2 miles from the Nickels Site which 

remained asymptomatic until October 2013. Of the 8 sites with high disease severity, only two 

exhibited population levels  ≥ 10,000 cfu/ml in Jan 2012.  Population levels did not significantly 

increase during the winter of 2012-2013, as indicated by the Feb. 2013 sample time.  The low 

winter/spring rainfall during the 2012-2013, in combination with extreme heat events during the 

2012 summer likely resulted in reduced survival of epiphytic populations of the pathogen.   

 

Preliminary results suggest that epiphytic populations may not serve as a predictor of disease 

severity or potential risk of disease. Additionally, in most CA orchards, epiphytic populations 

decline to undetectable levels during the summer months. No influence of geographic area on 

epiphytic populations has been observed, suggesting that factors other than pathogen population 

(ie. weather) may be more important predictors of disease risk.      

 

**Note that epiphyte data from leaves collected in November 2013 is not yet available for 

inclusion in this report.   

 

IV. Determine potential for two polymer products to mitigate cold damage to olive. 

 

Two controlled studies were conducted to determine the potential for either of two polymer 

products to offer cold protection to olive.  Potted ‘Manzanillo’ plants were purchased in late 

summer (August 2012) and Spring (March 2013) in order to test polymer products on plants of 

different phenology. Plants were exposed to three treatments, a coating with either Anti-Stress 

550 or FreezePruf, or an untreated control sprayed with water. After polymer products were 

applied, plants were exposed to natural sunlight for approximately 10 hr to allow for product 

polymerization on the plant surface.  Plants were then placed in a cold chamber at -5 
○
C and 5 

replicate plants of each treatment were removed from the cold chamber 0 hr (control), 0.5 hr, 1 

hr, 3 hr, and 6 hr after cold exposure in the first experiment, and after 0 hr, 1 hr, 3 hr, and 6hrs in 

the second experiment.  Plants were assessed for cold damage upon removal from chambers, and 

then again 1 week, 2 weeks, and three weeks after cold exposure.  A rating scale was developed 

to quantify cold damage: (0) no damage, (1) less than half of leaves browned, (2) ½ to ¾ leaves 

browned, (3) over ¾ leaves browned, and (4) dead.  Each experiment was run twice. 

 

 

Cold damage on olive was consistently noticed after 3 hr exposure to -5 
○
C.  In the first 

experiment, utilizing plants with the phenology of entering the cold season, less damage was 

observed on those treated with water as opposed to either polymer product.  Over two runs of the 

experiment, both the Anti-Stress 550 and the FreezePruf products exacerbated cold injury on 

olive.  Cold damage was influenced by an interaction of product coating and duration in cold 

(P≤0.0001), and values varied depending on the duration after cold exposure that data were 

collected.  In the second experiment, utilizing plants with the phenology of exiting the cold 

season, the duration of cold exposure over time significantly affected plant damage (P≤0.0001).  

Neither polymer treatment affected cold injury (either positively or negatively) in the second 

Epiphyte Populations:  Jan 2012 
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study.  FreezePruf contains five cryoprotective ingredients (including a polymer compound) and 

has been shown to enhance plant resistance to cold injury and mortality (Francko, et al 2011).  

The results of our study indicate that neither product offers cold protection to olive under the 

parameters utilized in the study.   

 

V. Efficacy of film-forming polymers as physical barriers to infection, as well as for 

enhancing persistence of copper on leaf surfaces. 

 

 Two experiments (potted plant and tagged branch/whole tree) were conducted in 2011and 2012 

to elucidate the efficacy of film-forming polymers as physical barriers to infection, as well as 

tank additives to enhance persistence of copper on leaf surfaces. These experiments concluded in 

December 2012..   

 

For the potted plant experiment, olive seedlings were treated with a suite of polymer/copper 

treatments and exposed to natural inoculum from January through April in 2011 and 2012. A 

complete factorial treatment design comprising of two copper levels (no copper control; 4.2 g 

Kocide/L) and 4 polymer treatments (no polymer control; 1% VaporGard; 0.11% Nu Film P; 

2.5% Anti-Stress 550) was utilized both years; however, in 2012 we included an cryoprotectant 

polymer-containing product called FreezePruf. Initial spray treatments were conducted on 

December 24, 2010 and on December 23, 2011. Spray treatments in 2011 were repeated on the 

following dates:  January 16, 2011 and February 28, 2011.  Spray treatments in 2012 were 

repeated on the following dates:  February 15, 2012 and April 17, 2012.  Twenty pairs of leaf 

scars were exposed prior to each spray application to test whether polymers created a physical 

barrier to infection and assess when leaf scars are most susceptible to infection. After each spray 

application, foliage was sampled to determine the influence of polymers on Cu persistence. 

Climatologic data (precipitation, temperature, solar radiation) was collected throughout the 

experiment.   

 

For the potted plant experiment, disease incidence and severity were assessed in November 2011 

and December 2012.  In 2011, the majority of infections of leaf scars occurred during the spring 

rain events (>5%), whereas, less than 1% of leaf scars were infected between Dec 24, 2010 and 

Feb 28, 2011.   

 

During the 2011 season, Anti-Stress 550 enhanced Cu persistence on the leaf surface when 

applied prior to several consecutive days of incoming solar radiation.  This polymer, however, 

did not enhance copper persistence if applied within 48 h of a rain event. Consequently, in 2012, 

all polymer treatments were conducted in advance of at least two days of low cloud cover. In 

2012, none of the polymer treatments affected Cu persistence on the plant surface.  In 2011 and 

2012 only Cu had a significant effect on disease incidence (P≤0.01), but Cu had no effect on 

disease severity (ie. size of gall) in either year. 

 

In the mature-tree trial initiated in April 2011 and April 2012, exposed leaf scars on mature 

'Manzanillo' trees were treated with the same compliment of polymer/copper treatments and then 

artificially inoculated with P. savastanoi. In April 2012 an additional polymer treatment 

'FreezePruf' was be included in the study. A randomized complete block design was utilized, 

with each of 12 trees serving as a block.  Treatments were therefore "nested" on individual trees. 
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On each tree, treatments were challenged with two inoculum levels of P. savastanoi, 10
4
 and 10

8
 

cfu/ml.  In 2011 disease incidence was influenced by an interaction of polymer, presence of Cu, 

and inoculum level (P≤0.045); however, in 2012, disease incidence was only affected by Cu 

(P≤0.001). In both seasons, none of the four polymers protected leaf scars from infection at 

either inoculum level, nor did any polymers enhance the efficacy of Cu in reducing disease 

incidence.  Cu did significantly affect disease severity (P≤0.05) in 2012 but not in 2011. 

 

 

 

 



Figure 2. Epiphytic populations of Pseudomonas savastanoi were quantified in January, June, and 
November 2012, and February, August and November 2013 at 10 orchards in three olive growing regions 
in California:  A) southern San Joaquin Valley, B) southern Sacramento Valley , and C) northern Sacramento 
Valley.  Population estimates were determined by collection of 100 leaves from each of 5 trees at each site.  
**Note data for November 2013 collection not available at time of report submission. 
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Figure 1. Leaf scars were inoculated in April 2011 with a 106 cfu/ml bacterial suspension of 9 isolates of Pseudomonas savastanoi in order to 
document pathogen survival in galls of uniform age over time. Error bars represent standard error. 
**Trees were removed during Summer 2013; consequently, we were unable to assess a second oversummering phase in gall tissues. 
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Figure 3. The potential for topical coatings of a film-forming polymer (Anti-Stress 550) or a cryoprotectant (FreezePruf) to 
mitigate cold damage on non-acclimatized plants was assessed by exposure of treated plants to varying durations of cold 
exposure in controlled environment chambers at -5○C.  Symptoms of cold damage were assessed 1 week (A), 2 weeks (B), and 3 
weeks (C) after cold exposure. Cold damage was rated on scale of 0-4: 0) no damage, 1) < 50% leaves brown, 2) 50% to 75% of 
leaves brown, 3) > 75% of leaves brown, 4) dead. Cold damage was influenced by a significant interaction of product coating and 
duration in cold (P≤0.0001), as determined with a repeated measures analysis of variance. Results did not vary over two 
independent experimental runs; consequently, graphs represent combined data from two runs.  
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Figure X. The potential for topical coatings of a film-forming polymer (Anti-Stress 550) or a cryoprotectant (FreezePruf) to 
mitigate cold damage on cold-acclimatized plants was assessed by exposure of treated plants to varying durations of cold 
exposure in controlled environment chambers at -5○C.  Symptoms of cold damage were assessed immediately after exposure, as 
well as 1 week, 2 weeks, and 3 weeks post-exposure. Cold damage was rated on scale of 0-4: 0) no damage, 1) < 50% leaves 
brown, 2) 50% to 75% of leaves brown, 3) > 75% of leaves brown, 4) dead. Cold damage was significantly influenced by duration 
of cold exposure over time (P≤0.0001), as determined with a repeated measures analysis of variance. Neither Anti-Stress 550 nor 
FreezePruf affected cold damage of cold-acclimatized plants. Results did not vary over two independent experimental runs; 
consequently, graphs represent combined data from two runs.  
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Figure 4. A complete factorial treatment design was utilized to assess the potential for three film-forming polymer 
products in combination with Cu (Kocide 3000) to protect potted plants of ‘Manzanillo’ and ‘Arbequina’ cultivars from 
infection by Pseudomonas savastanoi  when exposed to natural inoculum in an infested orchard from Dec 24, 2010-April 
12, 2011. Treatment applications were made on 12/24/2010, 1/16/2011, and 2/28/2011.  The number of galls formed 
per plant was determined in November 2011.  An analysis of variance demonstrated no significant effect of block 
(P≤0.32), polymer (P≤0.12), or cultivar (P ≤0.44) (P≤0.01); however, presence of Cu significantly reduced disease severity 
(P≤0.01) as measured by the number of galls forming on each plant. 
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Figure 5. A complete factorial treatment design was utilized to assess the potential for three film-forming polymer 
products in combination with Cu (Kocide 3000) to protect exposed leaf scars from infection by Pseudomonas savastanoi 
when inoculated at either 104 (A) or 108 cfu/ml (B) bacterial suspension. Leaf scars were manually exposed by leaf 
removal at petiole attachment on 4/12/2011 and  inoculated on 4/13/2011 with a cocktail of 9 isolates of P. savastanoi.  
Percent infected nodes was assessed in August 2011.  An analysis of variance on arcsine transformed data illustrated a 
significant interaction of polymer, Cu, and inoculum level (P≤0.04) on disease incidence, as represented by percent of 
nodes infected.   



RESEARCH REPORT TO THE CALIFORNIA OLIVE COMMITTEE 

 

Project Title: Investigation of Combinations of NAA and Ethrel for Fruit Loosening Without 
Excessive Leaf Drop in Table Olives 

Principle Investigator: 

William Krueger 
UCCE Emeritus 
3748 County Road MM 
Orland CA 95963 
530-520-3281 
 
Key Words: Olives, Mechanical Harvest, Loosening agent 

Commodity: Olives 

Problem and Significance: 

Mechanical harvest is necessary for table olives because of availability and cost of labor.  The 
two most promising types of mechanical harvesters (trunk shakers or canopy shakers) suffer 
from low removal percentages which have ranged from about 50 to 75%. Much effort has been 
devoted to finding a suitable loosening agent to facilitate mechanical harvest.  Ethylene 
releasing compounds have been shown to be effective in reducing fruit detachment force (FDF) 
but have often resulted in unacceptable defoliation.  This study looked at using Ethephon (an 
ethylene releasing compound) in combination the synthetic auxin, Napthalene Acetic Acid 
(NAA), in hopes of improving fruit removal efficiency while minimizing defoliation. 

Materials and Methods: 

 A block of uniform Manzanillo  trees approximately 10 years old located about 2 miles north of 
Orland was selected.  Treatments were applied to uniform trees on Oct. 4 approximately 14 
days before the scheduled harvest.  The eight treatments included an untreated control (UTC), 
NAA (K salt formulation) at 20, 40 and 100 ppm, Ethrel ( Ethephon 2) at 1250 ppm  alone and  in 
combination with 20, 40 and 100 ppm NAA.  The treatments were applied in a randomized 
complete block design with 4 single tree replicates with an unsprayed guard tree between 
treatments.  The Treatments were applied using a 200 gallon sprayer equipped with a 
pressurized handgun.  The trees were wetted to drip (approximately 400 gallons per acre).   All 
treatments included .05 Silwet adjuvant.  Fruit detachment force (FDF) was measured using a 
Imada DPA-11 digital force 3 gauge (Imada, Northbrook, IL) at 0,3,8,12 and 17 days after 



application.  To accomplish this, twigs from treated trees were removed and taken to the 
laboratory.  Olive fruit were clipped from the branches to include at least 1-cm pedicel and 
inserted into the gauge, and the pedicel pulled parallel to the fruit axis until it separated from 
the fruit.   The force necessary to remove the fruit from the pedicel was recorded in grams of 
force.  Defoliation was evaluated 10, 18 and 17 days after treatment application using a 
subjective leaf abscission rating of  0 to 5 where  0 equaled not defoliation,1  light defoliation, 2 
moderate  and 3 severe defoliation, 50% or greater leaf loss and  up to 5 which would indicate 
complete defoliation.  The trees were mechanically harvested 17 days after treatment 
application using a side by side trunk shaking harvester (a modified commercial prune and 
pistachio harvester).  Fruit removal was estimated on a percentage basis.   Temperature was 
monitored in the orchard throughout the trial using Hobo Pro v2 data loggers.  In the spring of 
2014 return bloom was evaluated using a subjective bloom score of 0 to 5 where 0 was no 
bloom and 5 was an extremely heavy bloom.  The data was analyzed as a completely 
randomized design.  Analysis of variance and a multiple range tests were used to test 
significance between treatment means.    

Results and Discussion: 

Average maximum, minimum and overall average temperatures for the duration of the trial 
were 78, 62 and 67 degrees F. respectively.   

There were no significant differences in FDF for any of the treatments on any of the dates 
measured (Table 1.).  Differences in the amount of defoliation were apparent on the first day it 
was rated (Oct 14, 10 days after application) and increased up to the final reading which was 
taken, post-harvest,  17 days after application ( Table 2).  All treatments treated with Ethephon 
had higher levels of defoliation than the UTC or any of the treatments which received NAA 
alone.  There were no differences between any of the treatments which received Ethephon and 
there no significant differences between the UTC and the treatments which received NAA only.  
As an example of the differences, on the last reading immediately after the mechanical harvest 
the Ethephon treatments had an average defoliation rating of 2.9 compared to an average  
rating of 1.0 for the UTC and NAA only treatments.  These results were reflected in the harvest 
removal estimations with the Ethephon treatments averaging an estimated 82% removal 
compared to an estimated 64% when Ethephon was not included.  Although the results were 
more variable the Ethephon treatments tended to suppress the return bloom with the 
Ethephon treatments having lower numerical values than the treatments which did not receive 
Ethephon.  The UTC and NAA 40 ppm treatment were statistically better than the all of the 
treatments which received Ethephon.  

It was surprising that, although FDF declined over the period of measurement, there were no 
significant difference in the FDF despite there being significant differences in estimated harvest 



percentage and defoliation.  The reason for this result is not completely understood.  We chose 
the ethephon concentration of 1250 ppm due previous results where the lower rate of 1000 
ppm did not always result in significant reduction in FDF ( Burns et. al., 2008). 

We had planned on applying the NAA treatments three days in advance of the Ethephon 
treatments thinking that this might give the NAA a chance to become active before the 
Ethephon was applied.  Unfortunately, strong winds on the day of the planned application 
prevented this from happening and it is not known if the results would have been different. 

The combination of NAA and Ethephon, as it was applied in this trial, did not result in reduced 
leaf loss with improved fruit removal but behaved as they would if applied alone.  The levels of 
defoliation in the Ethephon treatments approached 50% and had a negative impact on the 
return bloom. 

 
 
 
 
 
Table 1.    

 
   

 Fruit Detachment Force In Grams  
   

     
                  Treatment Date 
                 Days After Treatment 
Treatment 

Oct-4 
0 

 

Oct-7 
3 

 

Oct-12 
8 

 

Oct-16 
12 

 

Oct-21 
17 

 
UTC  633 604 615 527 492 
NAA 20 ppm 612 623 529 523 574 
NAA 40 ppm 668 625 529 561 570 
NAA 100 ppm 560 598 563 503 482 
Eth. 1250 ppm + NAA 20 ppm 633 550 527 510 484 
Eth. 1250 ppm + NAA 40 ppm 643 578 596 507 524 
Eth. 1250 ppm + NAA 100 ppm  646 684 537 544 508 
Eth. 1250 ppm  639 598 603 537 528 

 
ns ns ns ns ns 

 
There were no statistically 
significant differences at the 5% 
level      
 
 
 
      



 
 
 
Table 2. 
 

Defoliation, Fruit Removal and Return Bloom Summary 

         Defoliation rating  14-Oct 17-Oct 21-Oct Est % Removal Return Bloom 

 
UTC 0a 0a 1.0a 65a 3.0a 

 
20 ppm NAA 0a 0a 1.0a 62.5a 1.75abc 

 
40  ppm NAA 0.125a 0.125a 1.0a 57.5a 2.88a 

 
100 ppm NAA 0a 0a 1.125a 70ab 2.0ab 

 
Eth 1250 ppm+20 ppm NAA  0.875b 1.375b 3.0b 81.7b 0.88bcd 

 
Eth 1250 ppm+40 ppm NAA  0.875b 1.375b 2.75b 75ab 0.25d 

 
Eth 1250 ppm+100 ppm NAA  0.75b 1.0b 2.75b 82.5b 0.75bcd 

 
Eth 1250 ppm  1.0b 1.625b 3.125b 89.5b 0.5cd 

       
 

Treatments applied 10-4-2013 
    

 
Defoliation rating 10-14, 10-17,10-21 

   
 

Est. fruit removal 10-21 
     

 

Letters followed by different letters are significantly different at the 5% level 
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Overview. Olive knot has first been reported in California over a hundred and twenty years ago. The 

disease is caused by the bacterial pathogen Pseudomonas savastanoi pv. savastanoi (Psv) and is distributed 

in many olive production areas worldwide. With the recent establishment of high-density plantings and 

mechanical over-the-row harvesting and pruning operations to optimize yields and reduce labor costs, the 

associated increase in bark injuries has contributed to severe outbreaks of olive knot. Furthermore, olive 

growing areas have expanded into the northern Central Valley floor that is more prone to winter freezes.  

Symptoms of olive knot include galls or “knots” that can develop on branches, trunks, and leaves. 

Severe infections can result in hundreds of knots per tree resulting in defoliation and twig and branch dieback 

with subsequent reductions in crop yield. All varieties are susceptible, but there are differences. Mission and 

Ascolano are less susceptible and Manzanillo, Sevillano, and Nevadillo are more susceptible. Among newer 

varieties, Arbequina, Arbosana, and Koroneiki are very susceptible to the disease. 

Pathogen biology. The pathogen is a gram-negative, motile, rod-shaped bacterium with an optimum 

temperature for growth of 23 to 24C. Due to some host specificity, pathovars have been proposed for the 

pathogen occurring on olive, oleander, and ash. The genetic variability of the pathogen has never been 

investigated in California and it is not known if a single clone or if several genotypes are present.  

Epidemiology. The pathogen is a wound colonizer. Common entry points include leaf and fruit scars 

(abscission scars), freeze cracks, and hail damage. With the development of mechanical harvesters, injuries 

of the bark caused by equipment have become major sites for entry of the pathogen into the plant. We are 

determining the duration of susceptibility of injuries to infection and when injuries are protected by wound 

healing. This is important because it will define when protective treatments during favorable environmental 

conditions need to be applied after injuries occur at harvest or from other causes such as hail storms. Once 

the bacteria enter the plant, they multiply and produce indole acetic acid (IAA), a plant growth regulator that 

causes host cells to enlarge and multiply, resulting in the formation of a gall. Galls (knots) are survival sites 

and reservoirs for new inoculum. The bacterium exudes to the gall surface during periods of wetness and is 

readily water splash-dispersed or may be disseminated by insects or birds. The wetness duration needed for 

the bacterium to exude to the gall surface is being investigated as part of our studies. The organism can also 

survive on leaves where it can be found at high populations in the spring. In California, infections occur 

mailto:jim.adaskaveg@ucr.edu
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mostly in the rainy late fall, winter, and spring seasons, but knots do not develop until new growth occurs in 

the spring and summer. Infection can occur over a wide range of temperatures and therefore, wetness is the 

main environmental factor favoring disease development.  

Disease Control. Management of olive knot is difficult. Sanitation and prevention are the most 

successful strategies. Pruning and removal of the knots should be done during dry periods (i.e., summer and 

early fall). This will reduce inoculum and will avoid re-infection at pruning sites. Because the bacteria may 

be carried on pruning shears, frequent disinfection of equipment is necessary. Horticultural practices such as 

proper irrigation and fertilization that promote growth and minimize tree stress and result in less leaf drop 

will reduce infections. Painting galls with Gallex is a successful therapeutic treatment but is very labor 

intensive. Spray applications of copper-containing bactericides to protect leaf scars and other injuries can 

minimize the disease, but they may need to be repeated to protect new wounds as they appear. A minimum of 

two applications is usually necessary: one in the fall before the rainy season starts and one in the spring when 

most leaves have been shed. New copper formulations (e.g., Kocide 3000, Badge X2, etc.) have been 

developed to reduce the metallic copper equivalent used in the grove and to ultimately reduce the amount of 

copper in the environment. Based on insufficient disease control after copper applications, resistance of Psv 

against copper is thought to be common in California, but the extent of resistance is not known. Populations 

of Psv from different olive groves have been characterized as having low, moderate, or high resistance to 

copper in our initial reports.  

Based on our efforts, advances have been made in bacterial disease control with the identification 

and development of the antibiotic kasugamycin (commercial name Kasumin) for fire blight management on 

pome fruit and other bacterial diseases of agronomic crops. The US-EPA registration of Kasumin is pending 

in 2014. This antibiotic has high activity against Erwinia and Pseudomonas and moderate activity against 

Xanthomonas species and other plant pathogenic bacteria. Our research continues on fire blight and walnut 

blight and we are currently evaluating the antibiotic against bacterial canker and blast of sweet cherry caused 

by Pseudomonas syringae pv. syringae with promising results. As part of this research project we are 

evaluating this antibiotic for the management of olive knot and data are presented in this report. 

Additionally, we are also working on sanitation and biological controls of bacterial diseases of tree 

crops and we have identified promising materials in laboratory, greenhouse, and field trials. Sanitation 

treatments are evaluated to be used for mechanical harvesting and pruning equipment in olive production. 

These treatments can potentially kill bacterial cells within seconds even when bacterial ooze from knots is 

smeared on hard surfaces. Sanitizers could be automatically applied to equipment with built-in application 

systems on the harvesters and pruning machinery, minimizing the dissemination of the pathogen. Although 

sodium hypochlorite solutions are effective, they are highly corrosive to metallic equipment due to the strong 

oxidation potential. Other sanitizers such as quaternary ammonium compounds are not corrosive but are also 

highly toxic to bacteria. Biocontrols have several different mechanisms to prevent disease including site 

exclusion by prolific growth and possibly production of antimicrobial metabolites. Additionally, their 

persistence could provide a continuous level of protection for extended periods. We evaluated several 

biocontrols and report on the results obtained.  

Overall, we hope to develop effective management programs for olive knot that integrate products 

with different modes of action to prevent the selection of resistance to any one product. Strategies are 

evaluated to increase the level of disease control and to allow for mechanical harvesting and pruning in high-

density olive production systems in California. This report mostly covers studies that were initiated in the fall 

of 2012 and were evaluated in the summer of 2013.  

 

RESEACH OBJECTIVES 

1) Collection and characterization of strains of P. syringae pv. savastanoi -  

a. Survey and collection of strains from major olive producing counties. 

b. Determine genetic variability of populations using molecular approaches. 

2) Epidemiology – occurrence of inoculum availability, and period of susceptibility of selected injuries 

(leaf scars, pruning injuries, etc.) to infection  
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a. Monitor galls for production of inoculum over time in relation to favorable environments 

(e.g., rainfall). 

b. Duration of susceptibility of injuries under different environmental conditions (multiple year 

studies at different locations and at different times of the year).  

3) Evaluate populations of the pathogen for laboratory sensitivity to chemicals and biological agents: 

a. Copper compounds - fixed and non-fixed formulations 

b. Develop baseline sensitivities of the pathogen to appropriate selected agricultural chemicals 

and antibiotics such as kasugamycin (Kasumin). 

c. Sanitizing agents – quaternary ammonium (Deccosan), titanium dioxide (AgriTitan), Citrox 

– toxicity in direct exposure studies and efficacy in disinfecting contaminated hard surfaces.  

d. Biologicals - Blossom Protect (Aureobasidium pullulans), Actinovate (fermentation product 

of Streptomyces lydicus), Double Nickel 55 (Bacillus amyloliquifaciens), and potentially 

others. 

4) Evaluation of the efficacy of protective treatments such as new copper formulations, antibiotics such 

as Kasumin and Mycoshield, biologicals (biocontrols as indicated above; natural products – 

Regalia), SAR compounds (acibenzolar-S-methyl - Actigard), ProAlexin, PM-1, quinoxyfen), and 

combination treatments to determine optimal usage strategies for obtaining high efficacy. 

a. Field trials with and without adjuvants to determine optimal performance (i.e., rates) 

b. Protective (pre-infection) vs. post-infection activity of treatments 

c. Timing studies: Treatment at spring leaf drop or after harvest.  

d. Persistence of different copper treatments with and without the addition of lime or other 

additives under simulated rain conditions.  
 

MATERIALS AND METHODS: 

1. Collection and characterization of strains of Psv. In a survey, olive knots from 26 groves were 

collected in collaboration with farm advisors and PCAs. Knots were surface-sterilized with sodium hypochlorite, 

internal tissue was removed, suspended in sterile water, and the suspension was plated onto King’s medium B 

(KMB). Single bacterial colonies were cultured and species identity was verified using primers that target the 

IAA-lysine synthase gene (Penyalver et al., 2000). Genetic variability of the collected isolates was determined 

using rep PCR with ERIC, REP, and BOX primers. Amplification products were separated in agarose gels and 

banding patterns were analyzed for polymorphisms. 

2. Epidemiology – occurrence of inoculum availability and period of susceptibility of branch 

injuries to infection. Inoculum availability in knots was evaluated in the laboratory after periods of wetness. 

One-year-old olive knots were collected from UCR’s experimental olive grove. Knots were surface sterilized 

with bleach. Sterile water was then applied to the knot surface to provide wetness. Knots were washed after 0, 1, 

4, 8, and 24 h using 500 µl sterile water. Each wash solution was collected and plated onto KMB agar for colony 

enumeration after 3 days of incubation.  

In trials on wound susceptibility based on wound age and micro-environments (i.e., wetness), leaf 

scar and lateral wounds were made to ca. 1 year-old olive branches. Wounds were inoculated with Psv after 

0, 10, 20, or 30 days. One row of trees received overhead irrigation for a duration of 3 h, 16 and 24 h after 

each inoculation time as well as natural rainfall. Another row of trees received no irrigation, and wetness was 

only provided by natural rain during the period of the trial.  

3. Evaluate populations of the pathogen for laboratory sensitivity to chemicals and biological 

agents. To test copper sensitivity, casitone yeast extract agar (a medium with low copper binding affinity) was 

amended with copper sulfate pentahydrate equaling 10, 20, 30, or 50 ppm metallic copper equivalent. Bacterial 

suspensions (2 x 108 cfu/ml) were streaked onto each of the plates and allowed to grow for 2 days. Isolates were 

considered tolerant to each copper concentration when growth was visible. A total of 127 isolates of Psv was 

tested for copper sensitivity using this method. 

For in vitro sensitivity to oxytetracycline, streptomycin, and kasugamycin, the spiral gradient dilution 

(SGD) method was used. Suspensions of Psv were plated onto agar plates in radial streaks across a concentration 
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gradient of antibiotic. Inhibitory concentrations were determined using a computer program after 2 days of 

incubation.  

The quaternary ammonium compounds Deccosan 315 and Deccosan 321 were tested using a direct 

contact assay. Suspensions of Psv were incubated in selected concentrations of the compounds for selected 

times, the mixture was diluted 1:100 with sterile water, spiral-plated onto KMB, and allowed to grow for 2-3 

days before bacterial colonies were enumerated. Colony forming unit counts (CFU) from treated suspensions 

were compared to water controls. Data for chemical toxicity were analyzed using ANOVA and LSD mean 

separation procedures of SAS 9.2.  

4. Evaluation of the efficacy of new bactericides such as different copper formulations, 

antibiotics, biologicals, SAR compounds, and combination treatments in field trials. Trials were 

performed in experimental olive orchards at UC Davis and UC Riverside and in commercial orchards and 

were initiated in the fall of 2012. Compounds tested included the copper products Kocide 3000, Badge X2, 

and Cueva (mixed or not mixed with Manzate or lime), the antibiotic Kasumin 2L (kasugamycin), the 

sanitizer AgriTitan, the natural products Citrox and Cerebroside, as well as Regalia, Quintec, polyoxin-D 

(Ph-D), and the biocontrols Double Nickel 55 (Bacillus amyloliquifaciens), Actinovate (Streptomyces lydicus), 

and Blossom Protect (Aureobasidium pullulans). Selected mixtures were also evaluated. Lateral wounds to 

olive branches were made using a razor blade or knife, and leaf scar wounds were made by removing leaves. 

Wounds were first treated and then inoculated or first inoculated and then treated. Inoculations were made 

with a bacterial suspension adjusted to 107 or 108 cfu/ml. In most of the studies a copper-sensitive isolate of 

Psv was used, but in one experiment, an isolate with reduced sensitivity to copper [growth at 50 ppm metallic 

copper equivalent (MCE) using CuSO4] was used. Treatments and inoculum were applied using a hand 

sprayer. 

In a trial on the persistence of copper and Regalia treatments under ambient environmental 

conditions, inoculations were done 7 days after treatment. For one treatment, copper was used in a mixture 

with lime. In the UC Davis plot, the persistence of selected treatments under ambient conditions (natural 

rainfall only) was compared to simulated rain conditions. Treatments were applied as described above, trees 

were overhead irrigated to provide simulated rain for 30 min, and were then inoculated.  

Systemic acquired resistance (SAR) compounds evaluated included ProAlexin, PM-1, Actigard 

(acibenzolar-S-methyl), Quintec (quinoxyfen), and Regalia (Quintec and Regalia were also tested in trials 

described above in comparison with other protective treatments because their mode of action – direct or 

indirect – is not well-described). For this, inoculations were done two days after treatment to allow time for 

activation of the plant defense system before challenge with the pathogen. 

A commercial air-blast sprayer application of selected treatments was done to trees with inoculated 

branches. Treatments included AgriTitan, Kasumin, a mixture of Kasumin with Kentan, and the grower 

standard (4 lb Kocide 3000 + 2.5 lb zinc + 4 lb lime). Applications were done at a volume of 70 gal/A. 

For all trials, knot formation was evaluated in summer of 2013. The incidence of olive knot was 

based on the number of knots formed of the total number of inoculations done for each inoculation method. 

Data were analyzed using ANOVA and LSD mean separation procedures of SAS 9.2.   

RESULTS AND DISCUSSION 

1. Collection of strains and genetic diversity of Psv. To date, our Psv collection contains 127 

strains obtained from olive knots in 23 groves in Butte, Colusa, Glenn, Tehama, and Sutter/Yuba County. All 

isolates were verified for species identity by using IAA-lysine synthethase-based primers in PCR reactions 

(Penyalver et al. 2000).  

Genotypic diversity of Psv populations was investigated using primers amplifying repetitive DNA 

sequences. Based on REP primers with 121 isolates, four unique fingerprint patterns could be identified (Fig 

1). Two of the fingerprint patterns were commonly present in Psv populations, occurring at approximately 

equal frequency. The other two patterns were unique and to date are represented only by a single isolate 

each. Using BOX primers, no differences among isolates were observed because only large fragments were 

amplified. We are currently trying to cleave these fragments with different restriction endonucleases to 

obtain smaller fragments that hopefully can be resolved into distinct banding patterns 
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2. Epidemiology – occurrence of inoculum availability and period of susceptibility of branch 

injuries to infection. Olive knots are the primary source of Psv inoculum but the amount of inoculum 

exuded after defined wetness periods is not known. In our assay, surface-sterilized knots started releasing 

inoculum immediately after providing wetness and continued to do so over the experimental period of 24 h 

(Fig. 2). The average concentration measured was within a relatively narrow range from 8 x 106 to 1.7 x 107 

CFU/ml. Thus, the release of inoculum was continuous and steady over this time period. This indicates that 

once favorable environmental conditions (mainly wetness) are provided, bacteria in the knots multiply at 

high rates or alternatively, high populations already exist inside the knots that are diffusing out in wet 

environments. These two explanations can be tested experimentally by determining the amount of bacteria 

within knots before wetness exposure. The large amount of inoculum released from olive knots indicates that 

Psv has a highly effective infection strategy where inoculum is readily dispersed to wound sites by rain 

splash and possibly other vehicles such as insects. 

Field studies were conducted on the effect of wound healing on susceptibility to infection by Psv. 

For this, lateral and leaf scar wounds were used and trees received simulated rain or not. Susceptibility of 

both types of wound was very high (>95% incidence) when inoculations were done immediately after 

wounding (Fig. 3). Susceptibility dropped sharply for inoculations done after 10 days and were statistically 

similar after 30 days. Overall, leaf scars seemed to heal somewhat faster than lateral branch wounds because 

lower levels of infections were found for the leaf scar wounds starting with inoculations done 10 days after 

wounding. Furthermore, providing simulated rain in addition to natural rain did not have an effect on wound 

healing indicating that other physiological and environmental factors determine the speed of wound healing. 
Wetness apparently is only important immediately after inoculation. Our previous field experiments on 

wound healing had very similar results with a 75% reduction in disease in the 1-week after wounding 

inoculations and a 90% reduction in the 3-week inoculations. Thus, in management of olive knot, olive 

tissues need to be protected from infection mostly for the first ten days after injuries (e.g., pruning, harvest) 

occur.     

3. Evaluate populations of the pathogen for laboratory sensitivity to chemicals and biological 

agents. Studies on copper toxicity indicated that all 127 isolates were able to grow on casitone yeast extract 

plates amended with 10 ppm metallic copper equivalent (MCE). Five isolates were able to grow at 20 ppm MCE 

and one isolate (O1-113) still grew at 50 ppm MCE. Thus, most isolates in surveys of current populations of Psv 

were copper-sensitive, and only one isolate was considered copper tolerant.  

For the 112 isolates tested for sensitivity against kasugamycin, the lowest inhibitory concentration (LIC) where a 

visible reduction in bacterial growth occurred was 2.98 ppm on average with a range of 1.32 to 4.35 ppm (Table 

1). The minimal inhibitory concentration (MIC) where bacterial was inhibited by >95% was 4.23 ppm on 

average with a range of 1.87 to 6.29 ppm. 126 isolates were tested for sensitivity against oxytetracycline. The 

average LIC was 0.143 ppm (range 0.075 to 0.201 ppm) and the average MIC was 0.199 ppm (range 0.123 to 

0.537 ppm). For streptomycin, 117 isolates were tested. The average LIC was 0.150 ppm (range 0.108 to 0.274 

ppm) and the average MIC was 0.294 ppm (range 0.138 to 1.774 ppm (Fig. 3). Thus, kasugamycin was the least 

toxic to Psv. Still, as we demonstrated with other bacterial plant pathogens (e.g., E. amylovora), the toxicity of 

kasugamycin is more variable using different growth media as compared to the other two antibiotics. 

Considering that nutritional conditions on the plant are again very different, this finding can explain the high 

efficacy of kasugamycin against some bacterial diseases such as fire blight in field trials. Therefore, baseline 

sensitivity values are never absolute, but they are very important as a relative measure to be used in evaluating 

pathogen populations for the occurrence of resistance.  

Similar assays were conducted with the biocontrols Blossom Protect, Double Nickel 55, and Actinovate, 

and no inhibition of bacterial growth was observed. This indicates that the biocontrols do not directly parasitize 

Psv or produce antimicrobials active against Psv. These biocontrols also showed no or little efficacy in field trials 

(see below). The SAR compounds Actigard, quinoxyfen, ProAlexin, PM-1, and Regalia also did not show any 

direct inhibitory effect to Psv in SGD assays. This observation was predicted because these compounds are 

thought to up-regulate host defense mechanisms against bacterial pathogens but are not themselves antibacterial. 

The quaternary ammonia compounds Deccosan 315 and 321 were evaluated in a direct contact assay 

where bacterial suspensions were exposed to them for 1 min. As in our previous experiments, both compounds at 
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low concentrations (25 and 50 ppm) were highly toxic to Psv and growth was completely or almost completely 

inhibited (Fig. 4). Previously, they were also very effective in inactivating inoculum attached to solid surfaces 

(e.g., PVC tubing). This makes these compounds very good candidates as sanitation treatments for field 

harvesting equipment. A Special Local Need registration (Section 24c) for Deccosan 315 (quaternary 

ammonium) for disinfesting field equipment such as harvesters and mechanical pruners was approved by the 

state of California in March 2013 but rejected by the federal EPA and was subsequently withdrawn in April 

2013. Deccosan 315 was initially selected because it is a similar material and is registered in CA for use in 

postharvest packing facilities. Deccosan 321 which has a federal label and is used in Florida for disinfesting field 

equipment to prevent the spread of the bacterial disease citrus canker was submitted to the State of California for 

full registration.  

4. Evaluation of the efficacy of protective treatments in field studies. Field studies on olive knot 

are difficult to conduct due to the long lag period between initial infection/inoculation and knot development. 

The effect against natural infections is also very difficult to assess because epidemics build up slowly over 

years by continuous spread of inoculum. Thus, a single field study would have to be done over several years. 

Therefore, in our evaluation of new treatments against olive knot, branch injuries were inoculated with the 

pathogen.  

In all of our field efficacy studies copper was among the best treatments (Figs. 5-10). Higher rates of 

copper were more effective than lower rates when inoculations were done with a copper-sensitive isolate of 

Psv (Figs. 5,6). The addition of lime to copper reduced the performance of copper in one trial (Fig. 7), 

whereas the addition of mancozeb had no significant effect as compared to copper alone (Fig. 8). To date no 

isolates highly resistant to copper have been detected in California olive growing areas, but in inoculations 

with an isolate less sensitive to copper, a reduction in efficacy was found after copper treatments in most 

cases (Fig. 5). To prevent further resistance development in the pathogen and keep copper effective, we 

evaluated copper alternatives ranging from an antibiotic, a sanitizer, natural products, fungicides, biocontrols, 

and SAR compounds.  

The only other compound evaluated that resulted in consistent good efficacy was the antibiotic 

kasugamycin (Kasumin) (Figs. 5,6,9), especially when higher rates were used (Fig. 5,6). Kasugamycin is 

currently undergoing a limited federal registration on selected crops and registration on olive is being 

pursued.  

The sanitizer AgriTitan, polyoxin-D, the natural product Cerebroside, and the biocontrols Blossom 

Protect and Double Nickel 55 showed little or no effect in reducing the development of olive knots (Figs. 

8,9). The biocontrol Actinovate was similarly effective as Kasumin in one study (Fig. 8), but was not 

effective in another trial (Fig. 9). In a trial where olive twigs were wounded, treated, and overhead irrigated 

for 30 minutes before being inoculated, only copper (e.g., Kocide 3000) treatments were persistent enough to 

give adequate control of olive knot development (Fig. 7). Regalia had an intermediate efficacy in this test. 

Among SAR compounds Actigard, PM-1, Quintec, and Regalia, but not ProAlexin, showed promising 

results in reducing the incidence of knot formation when treatments were applied two days before inoculation 

(Fig. 11). In other studies with Regalia, however, this compound was not effective where inoculation was 

done 7 days after treatment (Fig. 10) or on the day of treatment (Figs. 5,6).  

In a field trial in an active olive production grove where treatments were applied under commercial 

conditions to inoculated branches, a mixture of Kentan DF and Kasumin gave exceptional control of olive 

knot (Fig. 12).  

In summary, copper products and kasugamycin (Kasumin) were the most consistent and effective 

compounds in reducing the incidence of olive knot. Higher rates of either material were more effective. SAR 

compounds showed promising results. Based on these data, field studies that were initiated in the fall of 2013 

included treatments with coppers, Kasumin, and SAR compounds in addition to other potential treatments 

that can be registered such as dodine (Syllit) and antibiotics (streptomycin, oxytetracycline).   
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Fig. 1. Genetic variability among isolates of  
P. syringae pv. savastanoi based on PCR 

amplifications using repetitive primers 

Fingerprint banding patterns of 24 isolates using primers REP 
1F1 and REP 2R1. The gel shows three distinct banding 
patterns. A fourth unique fingerprint was observed in additional 
isolates (not shown). 

Fig. 2. Inoculum availability from olive knots after selected wetness periods 

Approximately one-year-old olive knots were 
surface-sterilized with bleach. Sterile water 
was applied to the knot surface to provide 
wetness. Knots were washed after 0, 1, 4, 8, 
and 24 h using 0.5 ml sterile water, the 
wash solution was plated onto KMB agar, 
and bacterial colonies were enumerated 
after 3 days. Bacterial concentrations for 
each wetness duration are the average of 
10 olive knot washes. 
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(ppm)
MIC avg. 

(ppm)
MIC range 

(ppm)

Kasugamycin 2.98 1.32 - 4.35 4.23 1.87 - 6.29

Oxytetracycline 0.143 0.075 - 0.201 0.199 0.123 - 0.537

Streptomycin 0.15 0.108  - 0.274 0.294 0.138 - 1.774

Table 1. In vitro sensitivity of Psv to kasugamycin, 
oxytetracycline, and streptomycin 

In vitro sensitivities were determined using the spiral gradient dilution assay. 
Suspensions of Psv were streaked across antibiotic concentration gradients in 
nutrient agar. 112, 126, and 117 isolates were used for kasugamycin, 
oxytetracycline, and streptomycin, respectively. Inhibitory concentrations were 
determined after 2 days of incubation. LIC= Lowest antibiotic concentration 
where there is a marked reduction in bacteria growth. MIC= Minimal inhibitory 
concentration where bacteria growth is inhibited by > 95%. 
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Fig. 4. Toxicity of Deccosan 315 and Deccosan 321 against Psv in a 
direct contact assay  

A suspension of Psv was 
incubated in 25 or 50 ppm 
Deccosan 315 or 321. After 1 
minute, the bacteria-Deccosan 
mixture was diluted 1:100 with 
sterile water, spiral-plated onto 
KMB, and bacterial colonies were 
enumerated after 2-3 days. 
Colony forming unit counts were 
compared to water control 
treatments.  
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Fig. 3. Effect of wound healing on susceptibility to infection by Psv  

In the fall of 2012, leaf scar and lateral twig wounds were inoculated with Psv after 0, 10, 
20, or 30 days. 16 and 24 h after each inoculation, trees received overhead irrigation for 
3 h in addition to natural rainfall, or trees received only natural rainfall. Olive knot 
formation was evaluated in summer of 2013 

Statistical significances for 
non-irrigated trees are in 
lower case letters, those 
for irrigated trees are in 
upper case letters. 
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Fig. 6. Efficacy of new bactericides for control of olive knot 

In the fall of 2012, 1-2 year old olive branches were wounded laterally using a knife or by 
removing leaves, treated using a spray bottle, and inoculated with a 10-uL droplet of a 

suspension of a copper-sensitive isolate of Psv (10
7
 cfu/ml). Knot formation was 

evaluated in summer of 2013. 
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Fig. 5. Efficacy of new bactericides for control of olive knot 

In the fall of 2012, 1-2 year old olive branches were wounded laterally using a knife or by 
removing leaves, treated using a spray bottle, and inoculated with a 10-uL droplet of a 

suspension of Psv (10
8
 cfu/ml) sensitive or less sensitive to Cu. Knot formation was 

evaluated in summer of 2013. Statistical significances for the copper-sensitive isolate are in 
lower case letters, those for the less sensitive isolates are in upper case letters. 
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Fig. 7. Efficacy of bactericide treatments applied before a rain event 

In the fall of 2012, lateral wounds on 
1- to 2-year old olive branches were 
treated using a spray bottle. Trees 
were overhead irrigated to provide 
simulated rain for 30 min and then 
inoculated with a suspension of a 
copper-sensitive isolate of Psv. Knot 
formation was evaluated in summer 
of 2013. 

Control

Citrox 1 %

AgriT itan 10 %

Double Nickel 55 1 lb

Polyoxin 6.2 fl  oz

Kasumin 200 ppm + Manzate 2.4 lb

Cueva 64 fl  oz

Cerebroc ide 1 %

Kasumin 200 ppm

Actinovate 12 oz

Badge X2 3.5 lb + Manzate 2.4 lb

Kocide 3000 3.5 lb

Badge X2 3.5 lb

Kocide 3000 3.5 lb + Manzate 2.4 lb
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Incidence of olive knot (%)
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Fig. 8. Efficacy of new bactericides for control of olive knot 

In the fall of 2012, olive 
branches (approx. 1 
year old) were wounded 
laterally using a razor 
blade, treated using a 
spray bottle, and 
inoculated with a 10-uL 
droplet of a suspension 
of a copper-sensitive 

isolate of Psv (10
7
 

cfu/ml). Knot formation 
was evaluated in 
summer of 2013. 

Fig. 9. Efficacy of new bactericides for control of olive knot 

In the fall of 2012, 1-2 year old olive branches were wounded laterally using a knife or 
by removing leaves, treated using a spray bottle, and inoculated with a 10 uL droplet 

of a suspension of a copper-sensitive isolate of Psv (10
7
 cfu/ml). Knot formation was 

evaluated in summer of 2013. 

Control

Blossom Protect 1.34 lb + buffer

Cerebrocide 1%

Actinovate 12 oz

Citrox 1%

Regalia 1%

Kasumin 100 ppm

Kocide 3000 3.5 lb

0 10 20 30 40 50 0 10 20 30 40 50 60 70

Incidence of olive knot (%)
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Fig. 10. Persistence of copper and Regalia in controlling olive knot development 

 In the fall of 2012, lateral wounds on 
1-2 year old olive branches were 
treated using a spray bottle, and 
inoculated after 7 days with a 
suspension of a copper-sensitive 
isolate of Psv. Knot formation was 
evaluated in summer of 2013. 
  

Control

Regalia 2 qt

Kocide 101 2 lb

Kocide 3000 3.5 lb

Kocide 3000 3.5 lb + lime 4 lb

0 10 20 30 40 50

Incidence of olive knot (%)

Lateral wounds

a

a

b

b

b

Fig. 11. Efficacy of systemic acquired resistance (SAR) compounds 
against olive knot development 

 In the fall of 2012, lateral wounds 
on 1- to 2-year old olive branches 
were treated using a spray bottle, 
and inoculated after 2 days with a 
suspension of a copper-sensitive 
isolate of Psv. Knot formation was 
evaluated in summer of 2013. 

Control

ProAlexin 1%

PM-1 2 fl oz

Actigard 7 oz

Quintec 7 fl oz

Regalia 4 qt

0 10 20 30 40 50 60

Incidence of olive knot (%)

Lateral wounds

a

a

b

b

b

b

Fig. 12. Efficacy of commercial field applications of bactericides for 
control of olive knot  

In the fall of 2012, olive 
branches (approx. 1 year old) 
were wounded laterally using 
a knife and inoculated with a 
copper-sensitive isolate of Psv 

(10
8
 cfu/ml). Trees were then 

treated using an airblast 
sprayer delivering 70 gal/A. 
Knot formation was evaluated 
in summer of 2013. 
* The grower standard was 4 
lb Kocide 3000 + 2.5 lb zinc 
sulfate + 4 lb lime. 

Control

AgriTitan 5%

Kasumin 2L 100 ppm

Grower Standard*

Kentan DF + Kasumin 100 ppm

0 10 20 30 40 50 60 70

a

a

a

b

b

Inc idence of olive knot (%)

Lateral wounds



Lovatt Fichtner COC Final Report 5-28-2014 (FINAL) 

Contains confidential information for the COC. Please do not post online. 
Department of Botany and Plant Sciences 

Relevant AES/CE Project No.: 4556  
 

University of California  
Division of Agricultural Sciences 

 
PROJECT PLAN/RESEARCH GRANT PROPOSAL PROGRESS REPORT 

 
Project Year: 2013 – 2014 Duration of Project: Year 1 of 2 
                 (6-month no-cost Extension to 30 June 2014) 
Project Leaders:  
Carol Lovatt, Ph.D.    Department of Botany and Plant Sciences-072 
 University of California 
 Riverside, CA 92521-0124 
 (O) 951-827-4663 FAX: 951-827-4437 (M) 951-660-6730 
 carol.lovatt@ucr.edu  
 
Elizabeth Fichtner, Ph.D.   University of California Cooperative Extension 

4437 S. Laspina St. 
Tulare, CA 93274 
(O) 559-684-3310 FAX: 559-685-3319 (M) 559-684-2057 
mailto:ejfichtner@ucdavis.edu 
 

Title:  Alternate Bearing in Olive - Determining when fruit exert their negative effect on return 
bloom, whether the effect includes inhibition of floral development or only inhibition of bud 
break, and refining PGR treatments to break AB ON/OFF cycles 
 
Cooperators: 
Lindcove REC                                    Commercial table olive grove, Lindcove  
 
2013 Objectives:  
(1) to determine more precisely when the ON-crop of fruit exerts its negative effect on vegetative 
shoot extension growth and on return bloom; and (2) to determine for shoots bearing fruit 
whether this effect includes inhibition of floral development or only inhibition of bud break. 
 
2013 Progress to Date:  
Research completed. 
We completed the fruit removal experiment. The experiment included OFF-crop control trees, 
which had no crop at harvest (the end of October) and ON-crop control trees, which had an 
average of 121 kg of fruit per tree at harvest. In addition, there were sets of ON-crop trees, with 
potential yields between 120 to 135 kg of fruit per tree, which had the entire crop of fruit 
removed starting on 15 June and continuing through 15 October. For shoots that set fruit (bearing 
shoots, +fruit) and shoots that did not set fruit (nonbearing shoots, -fruit), we quantified shoot 
growth monthly from June through December and then again the following spring starting in 
February through bloom in Mid-April. Nonbearing shoots (-fruit) provide information about the 
whole tree effect of crop load on a parameter (e.g., node number, percent bud break, floral bud 
abscission, inflorescence number), whereas bearing shoots (+fruit) reveal the localized effect of 
fruit set on a shoot combined with the whole tree effect of crop load. To assess the impact of 
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inhibition of summer vegetative shoot growth on return bloom, we quantified shoot growth as 
node pairs since each node pair has the potential to contribute typically two, but up to four, 
inflorescences to bloom the following spring. At the start of bloom (late March) when it was 
possible to identify floral buds, we determined the fate of every bud on the new spring vegetative 
shoot growth and the subsequent 24 nodes of nonbearing shoots of the OFF-crop control trees 
and nonbearing and bearing shoots on the ON-crop control trees. At full bloom we counted the 
number of inflorescences.  
 
In addition, for the past 2 years we collected buds on nonbearing and bearing shoots (24 node 
pairs) from OFF- and ON-crop trees. This year we quantified the expression of key genes that 
regulate floral development to determine which inactive buds remain viable floral buds.  
 
Research results. 
Effect of crop load and summer fruit removal on summer vegetative shoot growth. The greatest 
net increase in summer vegetative shoot growth as node pairs was from mid-June to mid-July, 
with the growth of nonbearing shoots on ON-crop trees with all fruit removed in mid-June 
increasing by 2.8 node pairs per shoot followed by nonbearing shoots on OFF-crop trees, which 
added 2.2 node pairs per shoot during this period (Table 1). Summer vegetative shoot growth on 
these trees decreased to less than 1 node pair per shoot from mid-July to mid-August and less 
than 0.5 node pair per shoot from mid-August to mid-September. There was no further summer 
vegetative shoot growth after September for any trees, with the following two interesting 
exceptions. Bearing shoots on ON-crop trees with all fruit removed in mid-July or mid-August, 
added 0.4 and 0.8 node pair per shoot from October through December, respectively (Table 1). 
Removal of the entire ON-crop after mid-August resulted in a significant reduction in node 
number for both nonbearing and bearing shoots by October.  
 
Effect of crop load and summer fruit removal on spring vegetative shoot growth. The following 
spring, we quantified vegetative shoot growth (node pairs) from February to full bloom. The 
results were very interesting. Trees on which shoots grew the most during the period from mid-
June through mid-September (Off-crop control trees and ON-crop trees with all fruit removed in 
June or July) grew the least between February and full bloom. Growth during this period was ~ 
50% of the vegetative growth from June-December the previous year (Table 2). Trees that had 
shoots that grew from October to December (ON-crop trees with fruit removed in August and 
nonbearing shoots on ON-crop trees with fruit in September) produced and intermediate amount 
of new vegetative shoot growth from February to full bloom, ~120% of what they produced from 
June-December the previous year. Trees that produced the least vegetative shoot growth from 
June-December (bearing shoots on ON-crop trees with fruit removed in September and bearing 
and nonbearing shoots on ON-crop trees with fruit removed after September) produced the 
greatest amount of vegetative shoot growth from February to full bloom, > 400% of their growth 
during June-December the previous year (Table 2). However, note that nodes that develop in 
October or later do not contribute inflorescences to spring bloom. These results confirm the 
findings of Sibbett (2000, CA Olive Oil News. Vol. 3, Issue 12) that bud break of the shoot 
apical vegetative bud is inhibited and summer shoot growth is reduced in a manner directly 
related to the length of exposure to the fruit. Shoot growth as node pairs added by bearing 
shoots on ON-crop trees from June to October was inversely correlated with the length of time 
the fruit remained on the shoot and on the tree (r = -0.66; P < 0.0001). Inhibition of summer 
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vegetative shoot growth reduces the number of nodes that can contribute inflorescences to 
spring bloom.  
  
Effect of crop load and summer fruit removal on inflorescence number at full bloom the 
following year. Despite removing the entire crop from ON-crop trees as early as mid-July, the 
number of inflorescences produced by bearing shoots (+fruit) the following spring was 
significantly reduced compared to nonbearing shoots on the same trees and nonbearing shoots on 
the OFF-crop control trees (Table 2). Progressively later fruit removal reduced the number of 
inflorescences that developed per shoot, with bearing shoots producing significantly fewer 
inflorescences than nonbearing shoots in each case. Importantly, the experiment documented that 
the crop must be removed from ON-crop trees by mid-August to avoid a significant reduction in 
the number of inflorescences produced by nonbearing shoots on ON-crop trees. September fruit 
removal was too late to significantly increase bloom on these shoots. Percent bud break of floral 
buds at node pairs 1-5, 6-10 and 10-15 after the new spring vegetative shoot growth (see Fig. 1) 
was negatively impacted by the presence of fruit on a shoot (bearing shoot, + fruit) even if the 
entire ON-crop was removed as early as July (Table 2). For nonbearing shoots, percent bud 
break of floral buds was greatly reduced for node pairs 6-15 when removal of the ON-crop was 
delayed to September or later. It is clear that progressively later fruit removal reduces return 
bloom not only by reducing summer vegetative shoot growth, but also by inhibiting spring bud 
break of floral buds (Table 2). The number of inflorescences produced by bearing and 
nonbearing shoots on ON-crop trees at spring bloom was significantly inversely correlated 
with the length of time the fruit remained on the shoot and tree (r = -0.73 [P = 0.0004] for 
bearing shoots and r = -0.75 [P < 0.0001] for nonbearing shoots).  
 
Effect of crop load and summer fruit removal on the fate of all buds on a shoot. To determine 
whether additional mechanisms are also involved in reducing inflorescence number following 
the ON-crop year, we determined the fate of every bud on nonbearing shoots of OFF-crop trees 
and nonbearing and bearing shoots on ON-crop trees in March, approximately three weeks 
before full bloom. The objective was to quantify the number of buds that remained inactive 
(dormant), abscised, or produced vegetative shoots or inflorescences on each shoot, especially 
for the 24 nodes on the previous year’s shoots that have the potential to produce inflorescences 
(Fig. 1 and Fig. 2). 
 
For the apical 8 nodes from last year’s vegetative shoot growth, the effect of the crop load on the 
fate of the buds was stunning. Only buds on nonbearing shoots on OFF-crop trees produced 
inflorescences (52% of the buds) (P = 0.0007), with 43% of the buds inactive (P = 0.0004). For 
ON-crop trees, buds on nonbearing shoots were predominantly inactive (89%) (P = 0.0004). 
Strikingly, 75% of the potential floral buds on bearing shoots, the majority of shoots on ON-crop 
trees, had abscised by the start of bloom (P = 0.0001)!! 
 
For the apical 8 node pairs on nonbearing shoots ON-crop trees with all fruit removed in 
September, 41% of the buds produced inflorescences, 22% were inactive, but 31% abscised (data 
not shown). On bearing shoots, in contrast, only 24% of the buds produced inflorescences, 46% 
abscised and 25% were inactive. So fruit removal even as late as September had some benefit on 
bloom for this section of the shoot.  
 
For the mid 8 nodes, only buds on nonbearing shoots on OFF-crop trees produced inflorescences 
(35% of the buds) (P = 0.006), whereas 50% of the buds on these shoots remained inactive (P = 
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0. 0008). Buds on nonbearing shoots of ON-crop trees were predominantly inactive (67%) (P = 
0.0008). For mid region on bearing shoots on ON-crop trees, it was again striking that 76% of 
buds had abscised by the start of bloom (P = 0.0002)!! This was the same fate as the buds at the 
apical 8 nodes on these shoots. Taken together the contribution that bearing shoots on ON-crop 
trees can make to return bloom is dramatically reduced.   
 
For ON-crop trees with all fruit removed in September, 63% of the potential floral buds in the 
mid 8 nodes of nonbearing and bearing shoots had abscised before bloom (data not shown).  
 
For the basal nodes, which averaged 5 node pairs or less, only the nonbearing shoots on OFF-
crop trees produced any inflorescences (7% of the buds) (P = 0.0703). These shoots also had a 
great number of inactive buds (59% of the buds) (P = 0.0004). Nonbearing shoots on ON-crop 
trees were predominantly inactive (63%) (P = 0.0004). Bearing shoots on ON-crop trees either 
abscised (71%) (P = 0.0111) or produced vegetative shoots (23%) (P = 0.0672).  
 
For ON-crop trees with all fruit removed in September, 81% and 56% of the basal section buds 
on nonbearing and bearing shoots abscised, respectively (data not shown). Floral bud abscission 
in the mid and basal nodes significantly compromised floral intensity at return bloom when fruit 
removal was delayed to September. 
 
Of the total potential floral buds on the average shoot, only 35% of the buds produced 
inflorescences on nonbearing shoots of OFF-crop trees (the ON-bloom), another 50% remained 
inactive. For nonbearing shoots on ON-crop trees, 76% of all potential floral buds remained 
inactive. The results of our research suggest that these inactive buds are dormant viable floral 
buds since our PGR treatments could significantly increase the number of inflorescences 
produced by nonbearing shoots at spring bloom following the ON crop. For bearing shoots on 
ON-crop trees, 74% of all potential floral buds abscised. This explains why our PGR treatments 
had so little effect in increasing the number of inflorescences produced by the bearing shoots in 
the spring following the ON crop. Removal of the entire crop of fruit from ON-crop trees in 
September resulted in only 17% of the buds producing inflorescences, whereas 81% of the buds 
abscised. 
 
Floral gene expression as an estimate of floral bud viability. The expression (mRNA level) of 
key genes regulating floral development was quantified in buds on nonbearing shoots on OFF-
crop trees and nonbearing and bearing shoots on ON-crop trees. Thus far only the apical 8 buds 
have been analyzed for each shoot type for samples collected in Year 1. From October through 
one month before full bloom, genes classified as integrators of floral signal transduction were 
expressed in buds from nonbearing shoots from OFF-crop trees and nonbearing and bearing 
shoots from ON-crop trees. At one month before full bloom, two genes were expressed in buds 
from nonbearing shoots of OFF-crop trees that were not expressed in buds from nonbearing or 
bearing shoots of ON-crop trees. Further analyses are needed to clarify whether the failure of 
these two floral regulatory genes to be expressed in buds on nonbearing and bearing shoots of 
ON-crop trees means the buds are no longer viable floral buds or whether their development is 
simply delayed in dormant but viable floral buds. We are continuing our analyses of floral gene 
expression, including analysis of the buds collected in later months and in year 2 to confirm our 
results. 
  
Research to be conducted in Year 4. 
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These new results have implications for our research this year, which includes whole tree PGR 
treatments to increase floral intensity and yield following the ON crop. Based on the results of 
the fruit removal study, the first application of all PGR treatments will be made earlier (during 
the first week of June) than we have previously done.  

1) Due to the significant number of inactive (dormant) buds on the non-bearing shoots of the 
OFF-crop control trees, we have added a treatment to increase spring bud break, floral 
intensity and yield of OFF-crop trees. If successful, this treatment will prove valuable for 
increasing olive yields in general, not just during alternate bearing. The experiment 
includes untreated OFF-crop control trees. 

2) The high abscission rate of potential floral buds on bearing shoots of ON-crop trees was a 
dramatic new result. We will determine that fate of all buds starting in June this year to 
quantify when the buds on bearing shoots on ON-crop trees abscise. Floral bud abscission 
is the key mechanism underlying alternate bearing in pistachio; it does not occur in citrus 
or avocado. Louise Ferguson and Lovatt developed and registered a foliar PGR plus urea 
strategy that increased bud retention 2.5 to 3-fold. To be on the safe side in case bud 
abscission occurs in the summer, we will also test the capacity of the treatment developed 
by Ferguson and Lovatt to keep olive floral buds from abscising and to increase return 
bloom and yield following the ON crop. Application will made the first week of June and 
the first week of July, which will have a positive effect on summer vegetative shoot 
extension growth and the number of nodes that can bear inflorescences next spring. 
Depending on when the floral buds abscise, alternate bearing in olive may incorporate 
mechanisms found in citrus, avocado and pistachio. If floral bud abscission occurs any 
time after harvest, alternate bearing in olive will be unique in this regard.   

3) We will complete the research quantifying floral gene expression to determine whether 
the inactive buds on nonbearing shoots on OFF- and ON-crop trees are viable floral buds.  

4) To increase spring bud break, PGR treatments will also be applied in February, the most 
efficacious application time determined by our previous research. 
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Table 1. Effect of removing the entire crop from ON-crop trees at progressively later times on summer vegetative 
shoot growth (node pairs). Each node pair has the potential to contribute typically two, but up to 4, inflorescences 
at return bloom the following spring.  

Treatment Total 
kg/tree 

Shoot 
status 

July August September October December 

   ---------------------- total no. of node pairs ---------------------- 
OFF-crop 0 -fruit 2.2 ay 2.9 ab 3.3 ab 3.3 ab 3.4 ab 
ON-crop fruit removedz       

June  -fruit 2.8 a 3.3 a 3.6 a 3.6 a 3.6 a 
July  -fruit . 1.8 bc 2.3 bc 2.4 abc 2.5 abcd 
July  +fruit . 1.6 cd 2.3 bc 2.3 bc 2.7 abc 
August  -fruit 0.0 b . 1.0 d 1.1 cd 1.3 cdef 
August  +fruit 0.0 b . 1.2 cd 1.3 cd 2.1 bcde 
September  -fruit . 0.0 e . 0.8 d 1.2 def 
September  +fruit . 0.0 e . 0.2 d 0.8 ef 
October 

135 
-fruit . . 0.0 d . 0.8 ef 

October +fruit . . 0.1 d . 0.5 f 
ON-crop 

121 
-fruit 0.6 b 0.7 cde 0.7 d 0.7 d 0.8 ef 

ON-crop +fruit 0.2 b 0.5 de 0.6 d 0.6 d 0.7 ef 
P-value 

 
 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

y  Values in a vertical column followed by different letters are significantly different at specified P levels by  
Fisher’s LSD Test. 

z Fruit removal was done on approximately the 15th of each month. Harvest of the OFF- and ON-crop 
control trees was at the end of October. 
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Table 2. Effect of removing the entire crop from ON-crop trees at progressively later times on return bloom the following spring 
and spring vegetative shoot growth (node pairs).  

Treatment Shoot 
status 

Total no. of 
inflorescences 

per shoot   
(24 node 

pairs) 

Bud break (%) Net vegetative 
shoot growth 
(node pairs) 

Feb-full bloom 

Net vegetative 
shoot growth 

Feb-full 
bloom as a % 
of vegetative 
shoot growth 
the previous 

Jul-Dec 

Node pairs 
1-5 

Nodes pairs 
6-10 

Nodes pairs 
11-15 

OFF-crop -fruit    9.3 ay 54.8 a     49.5 abc   12.1 bc 1.5 cd   55.9 d 
ON-crop fruit removed       

June -fruit 10.6 a 57.4 a     68.7 a     28.1 abc  1.4 cd   43.6 d 
July -fruit   9.4 a 56.4 a     60.6 abc   67.5 ab          1.0 d   52.3 d 
July +fruit     5.8 cd 32.9 b     40.0 bcde   5.6 c 1.3 d   57.8 d 
August -fruit     8.5 ab 58.7 a     65.8 ab 83.3 a 1.1 d 122.9 d 
August +fruit     5.4 cd   26.4 bc     42.3 bcd   25.0 bc   1.4 cd  100.9 d 
September -fruit     6.7 bc 52.8 a     37.4 cde   0.0 c   1.4 cd  128.6 d 
September +fruit     3.9 de   28.8 bc     18.5 def   20.8 bc     2.0 bcd    295.3 cd 
October -fruit     2.3 ef     12.5 cde     15.7 ef   0.0 c    2.9 ab      1165.0 a 
October +fruit   0.4 f 1.0 e       3.8 f   0.0 c  3.7 a    634.4 bc 

ON-crop -fruit     2.8 ef     20.9 bcd     19.8 def   0.0 c      1.9 bcd      412.4 bcd 
ON-crop +fruit   0.6 f   5.7 de       0.8 f   0.0 c    2.5 bc    823.6 ab 
P-value 

 
<0.0001 <0.0001 <0.0001 0.0162 0.0008 0.0020 

y  Values in a vertical column followed by different letters are significantly different at specified P levels by Fisher’s LSD Test. 
z  Fruit removal was done on approximately the 15th of each month. Harvest of the OFF- and ON-crop control trees was at the end 
   of October.  
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Fig. 1. Model of an olive shoot in spring. The number of inflorescences produced per node pairs spanning the 
apical, mid and basal 5 nodes pairs in Table 2 or 8 node pairs in figure 2 was determined at bloom. In addition, the 
fate of every bud, i.e., whether the bud remained inactive (dormant), abscised, or produced a vegetative shoot or an 
inflorescence, was determined for the new spring shoot growth and previous year’s shoot growth (24 node pairs) 3 
weeks before full bloom (see Figure 2).  

New spring 
growth 

Apical 8 node 
pairs 

Mid 8 node 
pairs 

Basal node 
pairs 
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Figure 2. Localized and whole tree effect of fruit on the fate of buds on the new spring vegetative shoot growth, and on 
the previous year’s vegetative shoot growth for the apical 8 node pairs behind the new spring growth, the mid 8 node 
pairs, and the remaining basal node pairs, i.e., whether the buds remained inactive (dormant), abscised, or produced a 
vegetative shoot or an inflorescence. Data were collected for nonbearing shoots of OFF-crop control trees (blue bars) 
and nonbearing shoots (red bars) and bearing shoots (green bars) on ON-crop control trees. Data were collected on 
March 25, 2014 at the Lindcove REC. Full bloom was mid-April.  
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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 
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Commodity: Olive                              Relevant AES/CE Project No.  
 
Year Initiated:  2013    Current Funding Request: 23,865.00  
 
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. 
 
Such plantings and mechanical harvesting could be facilitated if, rather than cultivars propagated 
by cuttings and grown on their own roots, they could be grafted on dwarfing rootstocks.  This 
could have favorable impacts on productivity in a manner similar to apples grafted onto dwarfing 
rootstocks. 
 
The National Clonal Germplasm Repository for Tree Fruits, Nut Crops, and Grapes is a USDA-
ARS facility that operates in collaboration with UC Davis and maintains the national collection 
of olives.  The collection consists of more than 200 genetically different olives, some with slow 
growth and potential as dwarfing rootstocks. 
 
Among those olives with promise for use a dwarfing rootstocks are: Nikitskaya, Olea cuspidate 
Verticillium resistant Oblonga Seedling and Dwarf D (20 rooted cutting.   
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We propose to propagate these rootstocks and test them for their dwarfing potential with 
'Manzanillo' to produce a tree that is more amenable to mechanical harvesting. 
 
This application for initial funding was for two purposes: 

I. Propagation and grafting of the rootstocks with ‘Manzanillo’ scions. 
II. Establishing the next generation olive hedgerow orchard on the UC Davis campus for 

evaluation of mechanical harvesters. 
 
Objectives: Experimental Procedures: 
 
Objective I: Develop the procedures for propagating the dwarfing rootstocks. 
 
Objective II: Establish a split plot 4 acre, 10 x 15 and 8 X 15 hedge row ‘Manzanillo’ table 
olive orchard at UC Davis.   
 
 
Progress Report Updated Through July 9, 2014: 
 
Objective I:  
Dr. John Preece successfully propagated Nikitskaya, Olea cuspidate Verticillium Resistant 
Oblonga Seedling and Dwarf D.  However we still need, 8 Nikitskaya, 10 Olea cuspidate 
Verticillium Resistant Oblonga Seedling and 12 Dwarf D rootstocks.  Dr. Preece is currently 
propagating these. 
 
Objective II: 
The orchard was planted May 19-21 2014 on the north side of Hutchinson Road the UC Davis 
campus.  The block was split into 4 replications of 13-tree rows of the following rootstocks, 
Nikitskaya, Olea cuspidate, Verticillium Resistant Oblonga Seedling and Dwarf D.   Two rows 
of Manzanillo were also included in each replication, one to be self grafted with Manzanillo and 
another to remain ungrafted.  The purpose is to determine if grafting has any effect on dwarfing.  
An excel map is attached.  Sevillano pollinizer rows are planted between each N-S replication 
and E-W between the two different spacing plots and in all the border rows.  The trees were 
staked, tree wraps installed and an irrigation system with 1, 2 gallon per hour dripper per tree 
installed.  Figure 2 below is the orchard being planted on May 21st, 2014.   
 
We are lacking 40 Sevillano pollinizers in the west and north border rows,.  As soon as our 
supplier has these they will be planted.    
 
The trees will be grown through the summer and fall of 2014 and grafted in the fall of 2014 by 
Dr. John Preece’s staff.   
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Fig. 1.  The four acre dwarfing rootstock trial being planted May 19th, 2014 on the north side of 
Hutchinson Road on the University of California Davis campus. 
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