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MESSAGE FROM THE EXECUTIVE 
DIRECTOR 

 
First, I want to thank the industry for their continued support 

of the California Apple Commission.  In June of 2014, the California 
Department of Food and Agriculture (CDFA) announced the 
continuation of the Commission for another five years. With 
substantial support from the industry and no opposition towards the 
program during testimony, the department ruled to approve the 
continuation of the Commission once again. Thank you. 
   Additionally, the industry made great strides in the 2013-
2014 year.  The California Apple Commission continues to provide 
research on important issues such as fire blight, and quarantine and 
pre-shipment requirements.  Additionally, the Commission 
continues to oversee export programs, providing the necessary 
oversight and cooperation with both foreign and U.S. government 
agencies.   
 The Commission continues to represent the needs of the 
industry in important issues that have a direct impact on growing, 
harvesting, and marketing of California apples.   
   The California Apple Commission is pleased to present you 
with its annual report for the 2013 – 2014 year.  Again, thank you for 
your continued support and please do not hesitate to contact us to 
provide feedback on how we may continue to assist you and the 
industry.   
 
High Regards,   

 
Alexander J. Ott 
Executive Director    
  

 
Alexander J. Ott, Executive Director 
of the California Apple Commission. 
 

STATE APPLE ACREAGE:* 
Butte  30 acres 
Calaveras   12 acres 
Contra Costa 20 acres 
El Dorado/Alpine 850 acres 
Fresno  448 acres 
Humboldt  32 acres 
Inyo/Mono 6 acres 
Kern  1,110 acres 
Kings  65 acres 
Lassen   1.5 acres 
Los Angeles 35 acres 
Madera  120 acres 
Marin  7.26 acres 
Mariposa  60 acres 
Mendocino 254 acres 
Merced  2 acres 
Modoc  20 acres 
Monterey  83.25 acres 
Nevada  7.5 acres 
Kings  46 acres 
Placer  47 acres 
Plumas/Sierra 10 acres 
Riverside  23 acres 
Sacramento 346 acres 
San Benito 245 acres 
San Bernardino 282 acres 
San Diego  286 acres 
San Joaquin 3,610 acres 
San Luis Obispo 170 acres 
San Mateo 14.45 acres 
Santa Barbara 38 acres 
Santa Clara 120 acres 
Santa Cruz 2,128 acres 
Shasta   40 acres 
Siskiyou  3.86 acres 
Solano  146 acres 
Sonoma  2,195 acres 
Stanislaus  687 acres 
Sutter  16.5 acres 
Tehama  19.5 acres 
Trinity  3 acres 
Tulare  35 acres 
Tuolumne  154 acres 
Ventura  310 acres 
Yolo  179.75 acres 
Yuba  9 acres 
TOTAL  14,271.57 acres 
 

*Total CA Apple Acreage is based on the 2012 County 
Crop Reports and makes no distinction between fresh, 
processed and farmers markets.  The California Apple 
Commission only represents growers that produce 
40,000 pounds or more of fresh apples. 

3



 

 

 

 

THE CHAIRMAN’S CORNER 

 
 

 

 

The California Apple Commission was approved by the California Department of Food and 
Agriculture to continue its activities for another five years.  Although the industry continues to face 
challenges including: pests and diseases, drought, labor and increase costs just to name a few; the 
Commission continues to move forward on these important issues all while facing reduced resources.  
However, our continued working relationships with the California Blueberry industry and the California 
Olive industry continues to show what industries can do when they work together. 

In addition, the Commission continues to “do those things that an individual grower can’t”, 
such as overseeing our government export programs, obtaining grants for research and market access 
issues, educating government and regulatory officials and consumers, and being our liaison between 
the industry and the government which continues to provide a vital asset to the California apple 
industry.   

It continues to be a pleasure to serve the industry as your Chairman and I continue to look 
forward in assisting the industry in the months ahead. 
 
 

Sincerely, 
 
 
 
 

Dr. Steve Blizzard, Chairman 
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CALIFORNIA APPLE COMMISSION STAFF 

 
Staff        
 

 
Alexander J. Ott 
Executive Director  
aott@calapple.org 
 
 
Janette Ramos 
Office Manager 
jramos@calapple.org 

 

Todd Sanders 
Director of Trade and Technical Affairs 
tsanders@calapple.org 
 
 
Carrie Schellenburg 
Research Coordinator 
carrie@calapple.org 

 
Katherine Trockey 
Intern 
ktrockey@calapple.org 
 
 
 
 
Office 
California Apple Commission 
2565 Alluvial Ave., Suite 182 
Clovis, CA  93611 
(559) 225-3000 Tel. 
(559) 456-9099 Fax 
website: www.calapple.org 
email:    calapple@calapple.org 
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CALIFORNIA APPLE COMMISSION 

BOARD OF DIRECTORS 
2013 - 2014 

 

 
DISTRICT 1   DISTRICT 2   DISTRICT 3 
Producer Members  Producer Members  Producer Members 

David Rider   Chris Britton   Jeff Colombini 
Bruce Rider & Sons  BK Partners    Lodi Farming 
Term:  7/ 2012 – 6 /2016  Term: 7/2010 – 6/2014  Term: 7/2013 – 6/2017 
 
Lance Shebelut   Virginia Hemly Chhabra Larry Stonebarger 
Trinity Fruit Sales   Greene & Hemly   Chinchiolo Stemilt CA 
Term:  7/ 2012 – 6 /2016  Term: 7/2010 – 6/2014  Term 7/2010 – 6/2014 
 
Tad Kozuki    VACANT    Steve Chinchiolo 
Kozuki Farming, Inc.       Riverbend Orchards 
Term:  7/ 2013 – 6 /2017  Term: 7/2012 – 6/2016  Term: 7/2010 – 6/2014 
 
Handler Member   Handler Member   Handler Member 
 
Bill Denevan      Dr. Bruce Hesse     Tim Sambado 
Denevan Apple   Farmington Fresh   Prima Frutta 
Term:  7/ 2013 – 6 /2017  Term: 7/2012 – 6/2016  Term: 7/2013 – 6/2017 
 
Alternate Member   Alternate Member   Alternate Member 
 
Tim Huebert   VACANT    VACANT  
Huebert Farms 
Term:  7/ 2013 – 6 /2014  Term:  7/ 2013 – 6 /2014  Term:  7/ 2013 – 6 /2014 
 
 
PUBLIC MEMBER 
Dr. Steve Blizzard 
Lagomarsino Group 
Term: 7/2013 – 6/2017
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STATEMENT FOR ACTIVITIES 
FISCAL YEAR ENDED JUNE 30, 2013 
 

ASSETS 

• CASH          $180,771 
• ACCOUNTS RECEIVABLE        $35,117 
• PREPAID EXPENSES        $3,500 

 
• RESTRICTED CASH DUE TO PENDING LAWSUIT     $1,480,098 

 
• PROPERTY AND EQUIPMENT NET OF ACCUMULATED 

DEPRECIATION OF $33,786 IN 2013 AND $30,089 IN 2012   $6,270 
 

TOTAL ASSETS         $1,705,756 
 

 
LIABILITIES 
 

• ACCOUNTS PAYABLE        $9,870 
• ACCRUED COMPENSATED ABSENCES      $9,632 

 
TOTAL CURRENT LIABILITIES        $19,502 
 
 

NET ASSETS 
 

• RESTRICTED 
- ESCROW ACCOUNT        $1,480,098 
 

• UNRESTRICTED         $206,156 
 
NET ASSETS          $1,686,254 
 
 
 

TOTAL LIABILITIES AND NET ASSETS      $1,705,756 
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STATEMENT OF REVENUES 
 
 
REVENUES 
 

• ASSESSMENTS         $505,478* 
• GRANT INCOME – TASC        $70,581 
• OLIVE MANAGEMENT FEES       $70,000 
• BLUEBERRY MANAGEMENT FEES      $45,000 
• BLUEBERRY ASSOCIATION MANAGEMENT FEES     $6,000 
• MAP REIMBURSEMENTS       $1,008 
• STARCH-IODINE GRANT        $60,222 
• INTEREST         $1,750 
• OTHER          $3,850 

 

TOTAL REVENUES         $763,889 
 

 
*Includes restricted revenues received pending current lawsuit.  Restricted funds  
shall not be used in operating budget and are stored in a separate escrow account.  
 These funds may not be released until lawsuit is finalized. 
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STATEMENT OF EXPENSES 
 
EXPENSES 
 

• EXPORT/MARKET DEVELOPMENT      $209,953 
• EDUCATION         $34,610 
• OLIVE MANAGEMENT        $52,779 
• BLUEBERRY MANAGEMENT       $39,025 
• RESEARCH         $90,761 
• SALARIES, PAYROLL TAXES, BENEFITS      $204,127 
• OPERATING EXPENSES        $101,341 
• DEPRECIATION         $3,697 

 

TOTAL EXPENSES         $736,293 
 

 
 

CHANGES IN NET ASSETS        $27,596 
 
NET ASSETS, BEGINNING OF YEAR      $1,658,658 
 
NET ASSETS, END OF YEAR       $1,686,254 
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CALIFORNIA APPLE COMMISSION 
RESEARCH SUMMARY  

2013-2014 
 
In 2013-2014, the California Apple Commission focused on several research projects. Some projects are 
continuations from prior research, while other projects began during the season.  

The Research Committee for the California Apple Commission approved three research proposals 
during the 2013 year. A fourth was conducted under the California Blueberry Commission Research 
Committee but included apples within the research. All research projects are included within this 
packet.   
 
These projects included: 

1) Evaluation of new bactericides for control of fire blight of apples caused by Erwinia 
amylovora and evaluation of new postharvest fungicides for pome fruits – Dr. Jim 
Adaskaveg1 

 

2) Systems-based strategies for postharvest insect control: Mortality and removal of light 
brown apple moth, codling moth, brown marmorated stink bug, and other insect pests in 
California apples during packing and export – Dr. Spencer Walse 

 

3) The postharvest treatment of California apples with cylinderized phosphine to control 
Oriental fruit moth (OFM)– Dr. Spencer Walse and Steven Tebbets 

 

4) The postharvest fumigation of California blueberries to eliminate insects with potential to 
serve as export trade barriers – Dr. Spencer Walse and Steven Tebbets2 
 

 

 

  

1 $8,000 was provided by Arysta LifeScience to complete this project 
2 Funding for this research project was provided by the California Blueberry Commission. Though not specifically mentioned 
in the project title, it also demonstrates the effect of postharvest fumigation of California apples to eliminate insects with 
the potential to serve as export barriers. 
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Annual Report - 2013 
Prepared for the California Apple commission 

 

 
Project Title:  Evaluation of new bactericides for control of fire blight of apples caused by Erwinia 

amylovora and evaluation of new postharvest fungicides for pome fruit 

Project Leader: Dr. J. E. Adaskaveg, Department of Plant Pathology, University of California, Riverside 
CA 92521.  

Cooperators:  L. Wade (Arysta Life Science), Dr. H. Förster, D. Cary, and D. Thompson 
 
 
 

SUMMARY 
Fire blight 

1. All strains of E. amylovora were found to be sensitive against the antibiotics oxytetracycline and 
kasugamycin; whereas some strains were streptomycin-resistant and persisted in commercial orchards. 

2. In toxicity studies with three biocontrol agents against chemicals used for fire blight control in our field 
studies, streptomycin, oxytetracycline, kasugamycin, captan, and mancozeb at 40 ppm were all inhibitory 
against Streptomyces lydicus (Actinovate) and Bacillus amyloliquifaciens (Double Nickel 55). In contrast, 
Aureobasidium pullulans (Blossom Protect) was not inhibited in growth by the three antibiotics at 40 ppm, but 
was inhibited by captan and mancozeb. These data indicate that in field applications only Blossom Protect 
could be safely used in combination with the three antibiotics. 

3. In a field trial on the management of fire blight on Granny Smith and Fuji apple, kasugamycin continued to be 
highly effective. The product performed well by itself, but also in mixtures with copper, Firewall, or Actigard. 
Registration of Kasumin is expected for 2014.  

4. The phosphonates Prophyt, K-phite, and Ko-phite did not show significant activity in a field trial. 
Postharvest decay control 

1. Postharvest experimental packingline studies focused on new treatments for the management of major 
decays to provide solutions for conventionally treated and potentially also for organic fruit production. 
Treatments are being developed based on anti-resistance strategies. The final pre-mixture formulation of 
fludioxonil and difenoconazole (e.g., Academy), the new multi-pack formulation of fludioxonil and TBZ 
(e.g., Scholar Max MP), the bio-fungicide polyoxin-D, and a new active ingredient for postharvest decay 
control (i.e., N-1) were evaluated. The latter two are exempt from tolerance by the US-EPA. 

2. Experimental packingline studies again demonstrated that re-circulating high-volume drench applications are 
the most effective method to provide excellent coverage and decay control. 

3. Applications with Academy, Scholar Max MP, Scholar, and Penbotec were all highly effective in reducing 
blue mold (caused by TBZ-sensitive and -resistant strains of P. expansum) and gray mold. Academy and 
Scholar Max MP also reduced the incidence of bull’s eye rot to low levels. 

4. Academy, Scholar Max, and Scholar were also highly effective against Alternaria rot and bitter rot (caused 
by Colletotrichum acutatum). This further broadens the spectrum of activity of the fludioxonil-
difenoconazole pre-mixture Academy that includes now blue mold, gray mold (TBZ-sensitive and –resistant 
pathogen populations), bull’s eye rot, Alternaria rot, and bitter rot. 

5. Polyoxin-D was less effective against gray mold in this year’s studies as compared to last year, but highly 
effective against Alternaria rot. In a timing study, however, polyoxin-D was very effective against gray mold 
when applied within 10 h of inoculation. It is suggested that fruit cultivar and maturity are critical for the 
optimum performance of this compound and these parameters need to be further evaluated.  

6. N-1 showed moderate efficacy against blue mold and good efficacy against gray mold and Mucor rot. This 
compound was also more effective when treatments were applied after shorter post-inoculation incubation 
periods. As with polyoxin-D, further studies are needed to optimizing performance of this compound. This 
is important because both polyoxin-D and N-1 potentially could be used for organic production and they 
also could be used in mixtures to prevent resistance of gray mold to fludioxonil.   
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INTRODUCTION 
 

Epidemiology and management of fire blight. Fire blight, caused by the bacterium Erwinia amylovora, is a very 
destructive disease of pome fruit trees worldwide. It is one of the most difficult diseases to manage. The infection 
period is long, and moreover, very few effective treatments are available. Integrated programs that combine sanitation 
and orchard management with chemical and biological controls are the best approaches. If the disease is in its early 
stage and only a few twigs are blighted, it often can be eliminated by pruning. Thus, aggressive and regular scheduled 
pruning of diseased tissue is essential for keeping inoculum levels low in an orchard.  
 Current chemical control programs for fire blight control are based on protective schedules, because available 
compounds are contact treatments and are not systemic. Control with copper compounds is only satisfactory when 
disease severity is low to moderate. Copper treatments can be effective, especially under lower disease pressure, but 
are not commonly being used because they may be phytotoxicity on fruit and cause russeting. New formulations of 
copper, however, allow for reduced rates based on the metallic copper equivalent (MCE) and thus, extended usage 
past the bloom period may provide an effective rotational treatment or mix-partner without causing phytotoxicity. 
Additionally, copper products are approved for organic production and will have to be more extensively used because 
antibiotic use may become restricted in the future.  
 The antibiotic streptomycin has been used for many years; whereas the less effective antibiotic 
oxytetracycline (terramycin) has been used on apples for the last 7 years in California. Because of lack of alternative 
control materials, resistance developed against streptomycin at many locations in California. We identified a new 
streptomycin-resistance mechanism in California and this is currently being summarized in a manuscript. In our 
previous antibiotic resistance surveys over several years, we also detected strains of E. amylovora with reduced 
sensitivity to oxytetracycline at several locations. At one of these locations field treatments with oxytetracycline 
(e.g., Mycoshield, Fireline) were reported to be ineffective in controlling the disease. Thus, field resistance has 
occurred in some locations.  
 In the past years, in our evaluations of new materials for fire blight control, kasugamycin (Kasumin) was 
identified as the most effective alternative treatment with an efficacy equal or higher to streptomycin or 
oxytetracycline. This compound also showed very good efficacy in controlling fire blight in field trials in other pome 
fruit growing areas of the country. Although concerns have been expressed by regulatory agencies regarding the use 
of antibiotics in agriculture, kasugamycin is not used in human and animal medicine and has a different mode of 
action from streptomycin or oxytetracycline (no cross-resistance). Through our efforts, registration of Kasumin in 
California is pending in 2014. Kasugamycin was again effectively used in our field trials in 2013. It was applied by 
itself or in mixtures with selected other materials, including other antibiotics, copper, mancozeb, and Actigard that is 
enhancing host defense mechanisms in some plants. These evaluations were done to identify effective mixture 
treatments that would reduce the potential for resistance development. In the past, we also successfully evaluated 
rotation programs with Kasumin. In 2013, we also tested the phosphonates Prophyt, K-Phite, and Ko-phite, the 
biocontrols Blossom Protect and Actinovate, and several mixture treatments.  
 

Management of postharvest decays. Apples, like other pome fruit, can be stored for some period of time using the 
correct storage environments. Still, postharvest decays caused by fungal organisms can cause serious crop losses. The 
major postharvest decays of apples include Penicillium expansum, Botrytis cinerea, Alternaria alternata, and Mucor 
piriformis causing blue mold, gray mold, black mold, and Mucor decay, respectively. Bull’s eye rot caused by 
Neofabraea species can be a major problem in apple growing areas of the Pacific Northwest, but can also cause losses 
in California. Bitter rot caused by Colletotrichum acutatum mostly occurs in wet climates.  

New postharvest fungicides including Penbotec (pyrimethanil - 2005), Scholar (fludioxonil - 2005), and 
Judge (fenhexamid – 2007) were developed by us and others because Captan at the registered postharvest rate of 2 
lb/200,000 lb is ineffective against blue mold and TBZ-resistance (Mertect 340F or Alumni) is widespread in 
populations of B. cinerea and P. expansum. These new treatments are just recently being utilized in California and 
the Pacific Northwest (PNW) because many countries had to establish maximum residue limits (MRLs) to allow 
the import of fruit.  
 Although five fungicides (Captan, TBZ, Scholar, Penbotec, Judge) are now registered for postharvest use 
on apple, only two of them (Scholar, Penbotec), are highly effective against TBZ-resistant blue mold. Resistance 
to Penbotec in the field and in the packinghouse, however, has already been reported in other pome fruit growing 
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areas of the US (e.g., PNW). Anti-resistance strategies include the use of fungicide rotations and mixtures. For 
this, we are identifying additional potential postharvest fungicides, and we continued our evaluation of the sterol 
biosynthesis inhibitor difenoconazole. We have been working in close collaboration with the registrant of Scholar 
and difenoconazole. One goal is to ultimately provide a pre-mixture of these fungicides that is both highly 
efficacious and cost-effective. For this, we have been optimizing usage rates, application methods, and we have 
been evaluating different fludioxonil-difenoconazole pre-mixture formulations for managing gray mold, blue 
mold, Alternaria rot, and bull’s eye rot. Although this latter decay is only of sporadic importance in California (but 
very important in the Pacific Northwest), management strategies need to be known in the event of a disease 
outbreak.  

As an additional alternative, we are evaluating the bio-fungicide polyoxin-D that has obtained an exempt 
registration status in the United States as a potential postharvest treatment for organic production. We obtained 
excellent gray mold reduction in previous studies using this compound, and in 2013 we continued its evaluation. 
Furthermore, another compound (N-1) was evaluated as a postharvest treatment on pome fruit and other crops. N-1 
is known for its activity against Penicillium species and it has been used as a food additive for many years. The 
compound has the potential to obtain an exempt status and an organic registration because it is a natural fermentation 
product. Furthermore, over all the years in use, resistance in Penicillium species against N-1 has not occurred. N-1 
was never evaluated on pome fruit and thus, we conducted studies on its use as a postharvest treatment.  

These latter two alternative treatments could also be used as components of anti-resistance management for 
currently registered fungicides. Thus, for fludioxonil (Scholar), difenoconazole has been developed to prevent 
resistance in Penicillium populations. Polyoxin-D or N-1 could take this role for B. cinerea, because difenoconazole 
has little activity against gray mold. Thus, in 2013, our apple postharvest research focused on new treatments for the 
management of major decays to provide solutions for conventionally treated and potentially also for organic fruit 
production. Treatments are being developed for long-term usage because they are integrated with anti-resistance 
strategies. 
 

OBJECTIVES FOR 2013 
Fire blight research 

1. Evaluate the efficacy of treatments for managing fire blight and characterize antibiotic resistance. 
A.   Laboratory in vitro tests to evaluate the bactericidal activity of antibiotics with and without biofilm 

inhibitors such as 2-aminoimidazole using spiral gradient dilution assays. 
B.    Small-scale hand-sprayer tests using different treatment-inoculation schedules to evaluate bio-film 

inhibitors in combination with antibiotics and/or low MCE copper products. 
C.  Field trials with protective air-blast spray treatments:  

i. New formulations of copper (e.g., Kocide 3000, Badge X2) with and without antibiotics.  
ii. Plant defense activators (e.g, ProAlexin, Actigard, PM-1) with and without antibiotics.  

iii. Evaluate the efficacy of biological controls (e.g., Actinovate, Blossom Protect, Double Nickel 55), 
and natural products (e.g., Cerebrocide) in integrated programs using antibiotics and low MCE 
copper products.  

 D. Characterization of streptomycin- and oxytetracycline-resistant strains using molecular approaches: 
characterize plasmids that harbor the resistance genes and compare to E. amylovora populations from 
other parts of the country. 

Postharvest research 
2. Comparative evaluation of new postharvest fungicides  

A. Evaluate difenoconazole, fludioxonil, and difenoconazole-fludioxonil pre-mixtures at selected rates 
against gray mold, blue mold, Alternaria decay, and bull’s eye rot and compare to pyrimethanil.  

B. Evaluate polyoxin-D and Nm-1 against gray mold, Alternaria decay, and bull’s eye rot and compare to 
pyrimethanil and fludioxonil. 

C. Evaluate treatment effects on fungicide residues on apple fruit – determine the effect of temperature 
differences between treatment solution and fruit on uptake of fludioxonil and difenoconazole of 
different apple cultivars. 

D. Determination of baseline sensitivities. Baseline sensitivities for fludioxonil and difenoconazole will 
be continued to be developed for additional isolates of Alternaria spp. that are collected. 
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MATERIALS AND METHODS 

Isolation of E. amylovora, bacterial culturing, and verification of species identity. Diseased apple blossoms 
with fire blight symptoms were obtained in the spring and early summer of 2013. Surface-disinfested, infected 
plant material (fruit, stems, and pedicels) was incubated in sterile water for 15 to 30 min to allow bacteria to ooze 
out. Suspensions were streaked onto YDC plates. Single colonies were transferred and the identity of strains as E. 
amylovora was verified by colony morphology and by PCR (using primers for the E. amylovora plasmid pEA29). 
Detection of a DNA fragment using gel electrophoresis confirmed a positive identification.  
Laboratory studies on the toxicity of bactericides against E. amylovora. Kasugamycin (Kasumin 2L, Arysta Life 
Sciences, Cary NC), streptomycin (Sigma, St. Louis, MO), oxytetracycline (Sigma), and the biofilm inhibitor 2-
aminoimidazole (along with an analog) were evaluated for their in vitro toxicity using the spiral gradient dilution 
method. For this, a radial bactericidal concentration gradient was established in nutrient agar media in Petri dishes 
by spirally plating out a stock concentration of each antimicrobial using a spiral plater (Autoplate 4000; Spiral 
Biotech, Inc., Norwood MA). After radially streaking out suspensions of the test bacteria (10 µl of 108 cfu/ml-
based on optical density at 600 nm and use of a standard curve) along the concentration gradient, plates were 
incubated for 2 days at 25ºC. Measurements were visually taken for two inhibitory concentrations: i) the lowest 
inhibitory concentration (LIC; the lowest concentration where inhibition of bacterial growth was observed, i.e., 
where the bacterial streak became less dense visually), and ii) the minimal concentration that inhibited growth by 
>95% (MIC). The actual antibiotic concentrations were obtained by entering the radial distances of inhibition 
(measured from the center of the plate) into the Spiral Gradient Endpoint program (Spiral Biotech, Inc.).  
Toxicity of chemicals used for fire blight control in our studies against three biocontrol agents. The spiral gradient 
dilution method was used to evaluate the toxicity of streptomycin, oxytetracycline, kasugamycin, captan, and 
mancozeb against Streptomyces lydicus (Actinovate), Aureobasidium pullulans (Blossom Protect), and Bacillus 
amyloliquifaciens (Double Nickel 55). Stock concentrations of the chemical were used that resulted in maximum 
concentrations in the agar medium of approximately 40 ppm. The biocontrol agents were radially streaked along the 
concentration gradients, and plates were evaluated after two days. When growth of the biocontrol was inhibited, it 
was considered sensitive to the chemical. 
Field studies on fire blight using protective treatments during the growing season. In a field study in an 
experimental orchard at KARE, treatments were applied at 25% bloom (3-18) and 85% bloom (3-25-13) to cv. 
Granny Smith and at 20% bloom (3-25) and 95% bloom (4-3-13) to cv. Fuji using an air blast sprayer at 100 
gal/A. Trees were inoculated with E. amylovora using an air-blast sprayer on 4-1-13. Disease was evaluated on 4-
22-2013, the number of diseased spurs per tree was counted, and potential phytotoxic effects of the treatments 
were recorded. Data were analyzed using analysis of variance and LSD mean separation procedures of SAS 9.1. 

Efficacy of postharvest treatments and application methods using single fungicides and mixtures. The efficacy of 
Academy (the final formulation of a difenoconazole-fludioxonil pre-mixture), Scholar Max MP (a new multi-pack 
formulation of fludioxonil and TBZ) was evaluated in comparison with Scholar 230SC and Penbotec. 
Applications were done using high-volume in-line drench and low-volume CDA spray applications on an 
experimental packingline using the suggested commercial rates. Granny Smith apples were wound-inoculated with 
TBZ-resistant isolates of P. expansum (5x105 conidia/ml), or with B. cinerea (105 conidia/ml), Neofabraea 
perennans or M. malicortices (106 conidia/ml), Alternaria alternata (105 conidia/ml), or Colletotrichum acutatum 
(105 conidia/ml) incubated for 15-17 h at 20°C, and then treated. Fungicides were applied on an experimental 
packing line at KARE as aqueous solutions using in-line drench applications that were followed by low-volume 
spray applications with fruit coating (Decco 231, a carnauba-based coating) or by low-volume CDA spray 
application at a rate of 25 gal/200,000 lb fruit. For N-1, two formulations (a 50% powder and a 5% liquid 
formulation) were used and applications were done using either method or a combination of the two.  
 A timing study was conducted with polyoxin-D and N-1 on apple fruit. Fruit were inoculated and 
incubated for selected times (4, 6, 9, or 12 h) at 20C. Treatments with aqueous fungicide solutions were done 
using a hand-sprayer. After treatment, fruit of all studies were stored at 20°C, 95% RH for 6 to 14 days and then 
evaluated for the incidence of decay. Data were analyzed using analysis of variance and least significant difference 
mean separation procedures of SAS 9.1.  
 

 
 
RESULTS AND DISCUSSION 
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Antibiotic sensitivity among E. amylovora strains collected in California. Strains of E. amylovora were 
confirmed for species identity by PCR amplification of a 1-kb DNA fragment using specific primers for plasmid 
pEa29 that is ubiquitously found in this bacterium. All strains were found to be sensitive against the antibiotics 
oxytetracycline and kasugamycin; whereas some strains were streptomycin-resistant. Thus, streptomycin-resistant 
strains are persistent in commercial orchards. The biofilm inhibitor 2-aminoimidazole along with an analog reported 
to be similar were shown to be not toxic to the pathogen.  
Toxicity of chemicals used for fire blight control in our studies against three biocontrol agents. Results from our in 
vitro assays indicated that streptomycin, oxytetracycline, kasugamycin, captan, and mancozeb at 40 ppm were all 
active against Streptomyces lydicus (Actinovate) and Bacillus amyloliquifaciens (Double Nickel 55) (Table 1). In 
contrast, Aureobasidium pullulans (Blossom Protect) was not inhibited in growth by the three antibiotics at 40 ppm, 
but was inhibited by captan and mancozeb. These data indicate that in field applications only Blossom Protect could 
be safely used in combination with the three antibiotics. 

 
Field 
studies 
on fire 
blight 
using 
protecti
ve 
treatm
ents 
during 
the 
growin
g 
season. 

In a field trial on Granny Smith and Fuji apple, 23 and 11 treatments were evaluated, respectively. Kasumin continued 
to perform very well and was numerically the best treatment on cv. Fuji (Fig. 1). The product was also very effective 
in mixtures with copper, Firewall, or Actigard. Still, there was no additional disease reduction when Kasumin was 
used with copper or Actigard as compared to using Kasumin by itself. Mixtures of Kasumin with Firewall or copper 
can be considered anti-resistance strategies because each mixture component is active against the pathogen. Actigard 
is a systemic acquired resistance compound (SAR) and stimulates host defense systems in some plants. It has no 
direct effect on the pathogen and is generally not very active against fire blight when used by itself. Thus, there is no 
benefit of using this material in mixture treatments with Kasumin (Fig. 1A,B). Actigard also did not improve the 
performance of Firewall (Fig. 1A).  
 The biocontrol Blossom Protect was also among the best treatments (Fig. 1A,B). The biocontrol Actinovate 
was effective when used by itself at the 6-oz rate (Fig. 1A), but not in mixtures with Kasumin (Fig. 1A,B) or copper 
(Fig. 1A), reflecting the in vitro inhibition of Streptomyces lydicus by kasugamycin (see above; copper was not tested 
in this assay). Copper oxychloride/copper hydroxide (Badge) used by itself also significantly reduced the amount of 
disease from the control, but the phosphonates Prophyt, K-Phite, and Ko-phite did not show significant activity (Fig. 
1AB). The biofilm inhibitor 2-aminoimidazole was not evaluated in the field due to high costs, low amount of 
material available, and non-inhibitory results in laboratory assays (see above). 
 
 

Table 1. Activity of chemicals used for fire blight control against three biocontrol agents

Biocontrol product and 
agent

Streptomycin Oxytetracycline Kasugamycin Captan Mancozeb

Actinovate (Streptomyces 
lydicus ) +* + + + +

Blossom Protect 
(Aureobasidium pullulans ) - - - + +

Double Nickel 55 (Bacillus 
amyloliquifaciens) + + + + +

* - Activity was determined using the spiral gradient dilution assay. + = chemical is active against the 
    biocontrol agent, - = chemical is not effective at maximum concentration of 40 ppm tested.
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Treatments were applied at 25% bloom (3-18) and 85% bloom (3-25-13) to cv. Granny Smith and at 20% bloom (3-25) and 95% bloom (4-3-13) 
to cv. Fuji using an air blast sprayer at 100 gal/A. Trees were inoculated with E. amylovora using an air-blast sprayer on 4-1-13. Disease was 
evaluated on 4-22-2013, and the number of diseased spurs per tree was counted. 

 

0 1 2 3 4 5 6

Fig. 1. Efficacy of bactericides for fire blight management on Granny Smith and Fuji apple 
in a field trial at Kearney Ag Center 2013
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No. Treatment Rate/A

1 Control

2 Prophyt 3 qts = 96 fl oz

3 K-Phite 3 qts = 96 fl oz

4 Actinovate + Kocide 3000 12 oz + 1.25 lb

5 Kasumin 2L + Badge X2 100 ppm + 8 oz
6 Ko-Phite 3 qts = 96 fl oz
7 Blossom Protect + Buffer + ProAlexin 1.25 lbs + 9.35 lbs + 133 ml

8 Kasumin 2L + Actinovate 100 ppm + 12 oz

9 Kasumin 2L + Actinovate 100 ppm + 24 oz

10 Actinovate + NuFilm P 12 oz + 8 oz

11 Badge X2 8 oz

12 Kasumin 2L + Prophyt 100 ppm + 96 fl oz
13 Fireline 200 ppm

14 Kasumin 2L + Fireline 100 ppm + 200 ppm

15 Blossom Protect + Buffer 1.25 lbs + 9.35 lbs

16 Firewall + Actigard 100 ppm + 2 oz

17 Kasumin 2L + Manzate ProStik 100 ppm + 2 lb

18 Kasumin 2L 100 ppm

19 Actinovate + NuFilm P 6 oz + 8 oz

20 Fireline + Firewall 200 ppm + 100 ppm

21 Firewall 100 ppm

22 Kasumin 2L + Firewall 100 ppm + 100 ppm

23 Kasumin 2L + Actigard 100 ppm + 2 oz
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5 Kasumin 2L + Actinovate 100 ppm + 12 oz

6 Fireline 200 ppm

7 Kasumin 2L + Actigard 100 ppm + 2 oz
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 In summary, our project on the identification of integrated fire blight programs with copper, fungicides, 
antibiotics, and biocontrols has identified new treatments that can be adopted by the California pome fruit industries. 
Registration of Kasumin for use in California is pending in 2014.  
Evaluation of postharvest treatments using single-fungicides, mixtures, and pre-mixtures. Experimental packing 
line studies using Granny Smith apples were conducted to evaluate new pre-mixture treatments in comparison with 
single-fungicides, as well as polyoxin-D and a new active ingredient for postharvest decay management, i.e., N-1. 
Decays studied included blue mold, gray mold, bull’s eye rot, and Alternaria rot. The latter decay can be quite 
serious on injured pome fruit, but was never before included in out postharvest studies. We also evaluated the 
efficacy against bitter rot. This disease occurs in California but is a major problem in wetter climates. 

For the evaluation of the final pre-mixture formulation of fludioxonil-difenoconazole (i.e., Academy) and of 
a new fludioxonil-TBZ multi-pack formulation (i.e., Scholar Max MP) in comparison with fludioxonil (Scholar) 
alone, the efficacy was compared using re-circulating, in-line drench versus low-volume, CDA spray applications 
(Figs. 2-3). In all cases, the efficacy of each treatment was increased when applied as a drench application. During 
the application on a roller bed, the apple fruit did not rotate well on the roller bars, and thus, fungicide coverage of 
the inoculation site was poor using a low-volume spray application. Under commercial conditions, certain devices 
are used to improve fruit rotation during fungicide application, and thus, efficacy of low-volume applications is 
likely higher. Still, re-circulating high-volume drench applications are the most effective method to provide excellent 
coverage and decay control.  

In-line drench applications with Academy, Scholar Max MP, Scholar, and Penbotec were all highly 
effective in reducing blue mold (caused by TBZ-resistant strains of P. expansum) and gray mold (Fig. 2). Decay 
incidence was reduced from almost 100% in the control to less than 20%. Penbotec was also highly effective. As 
indicated previously, Scholar is not effective against bull’s eye rot. However, the fludioxonil-difenoconazole mixture 
Academy and the fludioxonil-TBZ mixture Scholar Max reduced the incidence of decay to low levels on fruit 
inoculated with N. perennans or N. malicorticis, similar to Penbotec (Fig. 3). Resistance against pyrimethanil has 
developed in some populations of the three decay fungi at some locations and thus, Penbotec has to be rotated with 
different modes of action. Although difenoconazole is not effective against gray mold, and generally did not provide 
an additive effect in blue mold control when used in mixtures with Scholar as compared to using Scholar alone, 
registration of the pre-mixture will be an important tool to decrease the risk of fungicide resistance to develop in 
populations of Penicillium spp. 

 
Fruit were inoculated with conidia of a TBZ-resistant isolate of Penicillium expansum (5 x 105 conidia/ml) or with a TBZ-sensitive isolate 
of B. cinerea (105 conidia/ml) and were incubated for 15-17 h at 20C. Treatments with aqueous fungicide solutions were done by in-line re-
circulating drench applications that were followed by a CDA application with carnauba fruit coating (Decco 231). CDA applications were 
done using 25 gal/200,000 lb fruit and treatments were done in carnauba fruit coating. Rates for CDA applications are for 200,000 lb fruit. 
For Scholar Max MP rates are given separately for the two components, whereas for the pre-mixture Academy the rate is given as a total of 
the two components. 10 fl oz Scholar = 180 ppm, 16 fl oz = 480 ppm, 16 fl oz Academy = 480 ppm = 10 fl oz Scholar + 10.7 fl oz 
A8574D. Fruit were then incubated at 20 C for 6 days. 

 

Treatment A. i. Method and rate

Control (water)  ---- ---

Scholar 230SC fludioxonil Drench 10 fl oz

Scholar 230SC fludioxonil CDA 16 fl oz

Academy 384SC flud. + difenoc. Drench 16 fl oz

Academy 384SC flud. + difenoc. CDA 16 fl oz

Scholar Max MP flud. + TBZ Drench 10 + 16 fl oz

Scholar Max MP flud. + TBZ CDA 16 + 16 fl oz

Penbotec pyrimethanil Drench 500 ppm

0 20 40 60 801000 20 40 60 80100

Fig. 2. Evaluation of postharvest applications with new fungicide pre-mixtures for 
management of blue and gray mold decay of Granny Smith apples in 

experimental packingline studies

Blue Mold

Incidence of decay (%)

Gray Mold
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Fruit were inoculated with conidia of Alternaria alternata, Colletotrichum acutatum, Neofabraea malicortices (all at 105 conidia/ml), or N. 
perennans (106 conidia/ml) and were incubated for 15-17 h at 20C. Treatments with aqueous fungicide solutions were done by in-line re-
circulating drench applications that were followed by a CDA application with carnauba fruit coating (Decco 231). CDA applications were done 
using 25 gal/200,000 lb fruit and treatments were done in carnauba fruit coating. Rates for CDA applications are for 200,000 lb fruit. For 
Scholar Max MP rates are given separately for the two components, whereas for the pre-mixture Academy the rate is given as a total of the two 
components. 10 fl oz Scholar = 180 ppm, 16 fl oz = 480 ppm, 16 fl oz Academy = 480 ppm = 10 fl oz Scholar + 10.7 fl oz A8574D. Fruit were 
then incubated at 20 C for 6 days. 

For control of Alternaria rot where non-fungicide-treated fruit developed 100% decay, Scholar, Academy, 
Scholar Max, and Penbotec were similarly effective (Fig. 3). Difenoconazole and fludioxonil were tested last year 
for their in vitro activity against Alternaria sp. and the low EC50 values obtained (0.01 to 0.04 ppm for 
difenoconazole, 0.011 to 0.025 ppm for fludioxonil) support their high effectiveness against this decay. Bitter rot 
was also reduced to low levels using Scholar, Academy, or Scholar Max (Fig. 3). This further broadens the spectrum 
of activity of the fludioxonil-difenoconazole pre-mixture with blue mold, gray mold, bull’s eye rot, Alternaria rot, 
and bitter rot. Studies on Alternaria rot will need to be repeated next year. Gray mold, blue mold, bull’s eye rot, and 
Alternaria rot (but not Mucor decay or bitter rot) are also controlled by Penbotec. Resistance against pyrimethanil, 
however, has developed in populations of Penicillium, Botrytis, and Neofabraea spp. at some locations and thus, this 
fungicide has to be rotated with different modes of action. 

 
Fruit were inoculated with conidia of a TBZ-resistant isolate of Penicillium expansum (5 x 105 conidia/ml), B. cinerea (105 conidia/ml) or 
Alternaria alternata (100,000 conidia/ml) and were incubated for 15-17 h at 20C. Treatments with aqueous fungicide solutions were done by 
in-line re-circulating drench applications that were followed by a CDA application with carnauba fruit coating (Decco 230). For 
difenoconazole, the A8574D formulation was used. 10 fl oz Scholar = 180 ppm, 10.7 fl oz A8574D = 300 ppm. Fruit were then incubated at 20 
C for 6 days. 

 

Treatment A. i. Method and rate

Control (water)  ---- ---

Scholar 230SC fludioxonil Drench 10 fl oz

Scholar 230SC fludioxonil CDA 16 fl oz

Academy 384SC flud. + difenoc. Drench 16 fl oz

Academy 384SC flud. + difenoc. CDA 16 fl oz

Scholar Max MP flud. + TBZ Drench 10 + 16 fl oz

Scholar Max MP flud. + TBZ CDA 16 + 16 fl oz

Penbotec pyrimethanil Drench 500 ppm

0 20 40 60 80 1000 20 40 60 80 100

Fig. 3. Evaluation of postharvest applications with new fungicide pre-mixtures for 
management of Alternaria decay, bitter rot, and bull’s eye rot of Granny Smith apples in 

experimental packingline studies

Alternaria rot
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azole

Control (water)  ---  ---

13.5 fl oz  ---  ---

6.75 fl oz  ---  ---

3.4 fl oz  ---  ---

3.4 fl oz 10 fl oz  ---

6.75 fl oz 10 fl oz  ---

3.4 fl oz 10 fl oz 10.7 fl oz
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Fig. 4. Evaluation of polyoxin-D (CX-10440) as a potential new postharvest treatment 
for management of blue mold, gray mold, and Alternaria rot of Granny Smith apples in 

experimental packingline studies
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In-line drench applications

Alternaria rotGray mold
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In a postharvest packing line study with CX-10440 (polyoxin-D), this treatment was moderately effective 
against gray mold when used by itself at the 13.5-oz rate or in combination with Scholar (Fig. 4). In last year’s 
studies, it was shown to be highly effective. This indicates that fruit maturity may be critical for the effectiveness of 
this treatment (see below). Polyoxin was highly effective against Alternaria rot (Fig. 4).  

 
Fruit were inoculated with conidia of a TBZ-resistant isolate of Penicillium expansum (5 x 105 conidia/ml) or with B. cinerea (105 conidia/ml) 
and were incubated for 15-17 h at 20C. Treatments with aqueous fungicide solutions were done by in-line re-circulating drench applications 
that were followed by a CDA application with carnauba fruit coating (Decco 231). Fruit were then incubated at 20 C for 6 days. 

N-1 is a new active ingredient for postharvest use that we evaluated for the first time in 2013. In-line 
drench treatments or drench-CDA combination treatments were very effective against gray mold and moderately 
effective against blue mold and Mucor decay (Figs. 5,6). In mixtures with low concentrations of Scholar (8 fl oz = 
approx. 150 ppm) decay was reduced to very low levels. As with polyoxin-D, the efficacy of this compound may 
be highly dependent on fruit maturity and the best application strategies still need to be defined.  
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ia/ml), B. cinerea (5 x 104 conidia/ml) or M. piriformis (105 spores/ml) and were incubated for 15-17 h at 20C. Treatments with aqueous 
fungicide solutions were done by in-line re-circulating drench applications that were followed by a CDA application with carnauba fruit 
coating (Decco 231). Fruit were then incubated at 20 C for 6 days. 

In a timing study where treatments with polyoxin-D or N-1 were applied to apple fruit selected times after 
inoculation, efficacy was shown to be highly dependent on the timing. Thus, for N-1, treatments applied 4 or 6 h 
after inoculation were significantly more effective than when applied after 9 or 12 h (Fig. 7). A trend for better 
efficacy in the 4-h timing was also observed for polyoxin-D. Considering that highly susceptible, senescent fruit 
were used in this latter study, higher efficacy is expected when treating fruit immediately after harvest. Thus, both 

Fig. 5. Evaluation of two formulations of N-1 as a potential new postharvest 
treatment for management of blue and gray mold decay of Granny Smith 

apples in experimental packingline studies

Drench application CDA application

Control (water) Wax only

N-1 50% form. 1000 ppm Wax only

N-1 5% form. 1000 ppm Wax only

N-1 5% form. 500 ppm N-1 5% form. 500 ppm in wax

N-1 50% form. 500 ppm N-1 5% form. 500 ppm in wax

 --- N-1 5% form. 1000 ppm in wax
N-1 50% form. 500 ppm 

+ 8 fl oz Scholar SC Wax only
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Fig. 6. Evaluation of two formulations of N-1 as a potential new postharvest treatment 
for management of blue mold, gray mold, and Mucor decay of Granny Smith apples in 

experimental packingline studies
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compounds will have to be continued to be evaluated. This is important because both potentially could be used for 
organic fruit production. They also could be used in mixtures to prevent resistance of gray mold to fludioxonil in 
packinghouses using conventional treatments. Fludioxonil is currently the only highly effective gray mold 
material used commercially where no resistance has been found. Thus, its activity needs to be protected with 
registration of additional materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fruit were inoculated with conidia of a TBZ-resistant isolate of Penicillium expansum or with B. cinerea (105 conidia/ml each) and were 
incubated for selected times at 20C. Treatments with aqueous fungicide solutions were done using a hand-sprayer. Fruit were then 
incubated at 20 C for 6 days. 

Control

N-1 4 h

N-1 6 h

N-1 9 h

N-1 12 h
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Fig. 7. Effect of application timing after inoculation on the efficacy of postharvest 
treatments with polyoxin-D and N-1 for management of blue mold and gray mold 

in laboratory studies
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Executive Summary.   
 
An overall metric of treatment efficacy was developed, via combining the individual contributions from 
preharvest and postharvest processes, to evaluate systems-based strategies for insect control in fresh 
commodities, including apples. Systems-based strategies have potential overcome trade barriers for 
export of apples and will reduce the amount of chemical used to control an insect pest. 
 
 
Background. 
 
The detection and elimination of insect pests is necessary to ensure the safe movement of agricultural 
commodities from infested to non-infested areas through marketing channels. All treatments are subject 
to both regulatory and market-driven concerns, including commodity value. A treatment that is 
acceptable today may not be acceptable in the future. Over the last 20 years a framework based on 
biology was developed to assess and mitigate the risk posed by insects. This “systems approach” (Jang 
et al. 2006; Jang 1996; Jang and Moffitt 1994; Vail et al. 1993; Moffit 1990) was developed largely to 
support risk-assessments and mitigations that could occur in a broader based “system” of activities that 
cumulatively meet the quarantine requirements of the importing country. This approach provides both a 
framework for harmonizing risk assessment and mitigation, as well as a forum for oversight when 
disagreements exist (FAO 2011). We have expanded on this work via a toxicological-based approach 
where each event of protection, beginning in the field and ending at the point of sale, can be combined 
into a quantitative metric of insect control in order to meet the requirements of quarantine security.  
 
Results and Discussion. 
 
Research was conducted to quantify the control of key apple pests in various segments of the “system”, 
which includes production, packing, and shipping. Approaches for quantifying the cumulative effect of 
multiple events in a system on pest control (or risk associated with no control) have been limited to 
those instances when low prevalence of the pest in the field has been quantified. The proposed research 
provides a means for such quantification when low prevalence does not exist, as events are considered 
retrospectively from the final postharvest treatment event. 
Using the general rule for the multiplication of probabilities (Rosenthal 1978; Finney 1948) on 
combining results (probabilities) of independent events, data from respective events were combined to 
quantify the cumulative effect of consecutive events on the “systemic” joint probabilities of control. For 
each event, the observed likelihood (expressed as a percentage) of finding a live insect, the theoretical 
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percentage of mortality calculated at the 95% level of confidence (LOC) by the method of Couey and 
Chew (1986), and the associated probability, , could be tabulated. The Probit values at the 95% 
LOC and the confidence interval associated with Probit 9 treatment efficacy were calculated for each 
event as described in Liquido and Griffin (2010). In the case where one event, , had no effect on the 
probability of the other(s), the joint probability of mortality associated with multiple treatment events, 

, was calculated from the multiplication of the simple probability of each event (Finney, 
1948):  
 

(Eq.1). 
 
Given equation 1, the special multiplication rule for independent events, the probability of insect 
mortality following the joint occurrence of two or more treatment events was calculated for any 
combination of events to meet (or supersede) control efficacies > 99.9968%, a statistical benchmark of 
phytosanitary treatment efficacy (Follet and Neven 2006; Couey and Chew 1986). An alternative 
approach to calculating the joint probability of multiple treatments, , involves multiplying the 
simple probability of the first event times the conditional probability of the second event, , given the 
first, 
 

:  (Eq. 2). 

 
It is critical to note that even greater mortality is expected if a pair or series of events was evaluated 
conditionally (equation 2) versus independently (equation 1), because treatment survivors often are not 
fully healthy and are more susceptible to the subsequent treatment (Finney 1948).  
 
Last year (Walse 2013 final report), we applied these models to the control of brown marmorated stink 
bug (BMSB) control on apples.  Results can be used to support APHIS risk assessments and 
negotiations with foreign governments regarding BMSB-related phytosanitary issues. The research 
should enable The California apple industry to retain key export markets without a need for fumigation 
if BMSB is detected in production areas.  Several series of postharvest events typically employed by 
California industry are highlighted and yield removal/mortality efficacies > 99.9968%, a statistical 
benchmark of phytosanitary treatment efficacy. This research can be provided to regulators and 
trading partners to quantify the reduction in risk/threat of BMSB as apples move from production areas 
through packing operations toward export markets.  
 
 Last year we also developed a mathematical model that predicted fumigations at 1.7 ± 0.5 °C ( sx ± ) 
with 1.5 mgL-1 (1000ppmv) required ~3 d treatment times for “quarantine” control of OFM eggs (i.e., ≥ 
99.9986% mortality) per the equation: 
 

                        ln(y +0.01) = 3.67 + 2.2x1 – 2.6x1
2 – 1.15x2 – 0.26x2

2  + 1.35x1x2    (Eq. 3) 
  
 
 
 
which is graphically depicted below. 
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Importantly, a 2-d treatment under these conditions is needed to control OFM larvae (Walse 2014 final 
fumigation report). If we are able to confirm 96.8% mortality of 10,000 OFM eggs following a 2-d 
fumigation at 1.7 ± 0.5 °C ( sx ± ) with 1.5 mgL-1 (1000ppmv) PH3, as the equation 3 predicts, than we 
can use equation 1 or 2 above to estimate the probability of removing OFM eggs during packing that is 
needed to demonstrate that industry achieves Probit 9-level control (99.9986% mortality). Of course this 
will only be necessary should the egg life stage ever occur, or be considered to occur, in the marketing 
channel.  If we assume that 300,000 boxes annually are shipped to export partners concerned with OFM, 
industry only needs to demonstrate that < 300 or < 310 OFM eggs enter the export marketing channel 
annually based on solving equation1 or 2, respectively.  
 
County inspections for OFM support this assumption. Moreover, research was conducted to record the 
occurrence of OFM eggs entering a packing line to estimate the number of OFM eggs, given a two-leaf 
box tolerance (3.5g leaf per box), which are shipped in the 300,000 export boxes. For the past three years 
we have collected 750 lbs/year (wet weight) (340 kg) of leaf litter grated from packing lines, inspected 
the litter for OFM eggs, and incubated the litter under optimal rearing conditions for OFM. We have 
recorded two eggs, only one of which successfully hatched into a neonate, which translates into 0.002 
OFM eggs/kg leaf. Based on the above logic, 2.1 OFM eggs can be expected in the 300,000 export boxes, 
more than 100-fold lower than what is needed to prove that OFM eggs could be controlled at a Probit-9 
level of security following a postharvest fumigation with 1.5 mgL-1 (1000ppmv) PH3 for 2 d at 1.7 ± 0.5 
°C ( sx ± ). 
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Executive Summary.  
 
A new postharvest treatment option to control OFM has been developed for California apple 
growers/packers.  Packed-boxes can be fumigated at cold-storage temperature for 48 h. A report 
can now be drafted and presented to industry (and thereafter APHIS) for consideration.  
Currently, market options include those countries willing to fumigate with phosphine on arrival 
(e.g., Chile, Australia). ARS is working with industry and USEPA to gain registration for PH3 so 
that fumigations can be done at the packinghouse. 
 
Abstract. 
 
Oriental fruit moth (OFM), Grapholita molesta (Busck) is a pest of concern to countries that 
import apples from California. Fruit were infested with OFM larvae (97% 5th instar), buried 
amongst uninfested fruit in export cartons, and then the cartons were fumigated with PH3 at 1.7  
± 0.5 °C ( sx ± ). Fumigations resulted in 0 survivors from 9,965 (n) treated OFM larvae (probit 
8.43, 95% level of confidence) when headspace concentrations were maintained at levels ≥ 1.5 
mgL-1 (1000ppmv) phosphine (PH3) for 48 h.  Data is discussed in the context of quarantine 
control of OFM following cylinderized PH3 fumigation of commercial apple exports. 
 
Materials and Methods.   
 
Insects and infestation.  OFM colonies originated from wild specimens captured in Fresno 
County, California USA. OFM was cultured as described in Yokoyama et al. (1987) and USDA 
(2010).  Larvae were extracted for fruit infestation 14-15 days after neonates were placed on diet 
contents in rearing cups.  Fourth (0.425-0.600mm) and fifth (0.725-0.825 mm) instar head 
capsule widths, were typically extracted from the respective colonies for fumigation. To simulate 
naturally occurring OFM infestation, apples were cored with a #4 cork borer at 6 equidistant 
points, equatorially around the fruit, and predominantly 5th instar specimens (97%) were placed 
at the center, near the core, of each cavity.  Larvae were sealed into the fruit by inserting a fruit 
plug, created with a #5 cork borer, until flush with the fruit skin.  
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Confirmatory export fumigations.  To simulate a commercial scenario, fumigations were 
conducted using 241.9-L steel chambers housed in a walk-in environmental incubator with 
programmable temperature and humidity (USDA, 2010).  The chamber was first loaded with six 
0.5 ft3 sand bags each wrapped in plastic packaging that displaced ~84.9 L total of chamber 
volume. On the same day that they were packaged for export, two volume bushels (17.2 
kg/carton, ct 113) of tray-packed “Granny Smith” apples (50.8 x 32.5 x 30.5 cm, 50.4 L each)  
were obtained from commercial wholesale sources in California. Fruit (~75) were removed from 
each of two cartons, infested as described above, transferred back into the respective cartons, and 
the cartons were loaded into a chamber. The chamber load was estimated as a fractional 
percentage, 64.2 ± 0.8% ( x  ± s), of the volume occupied by the load relative to the chamber 
volume (i.e., VL 1)( −

chamberV  x 100) (Monro, 1969).   
 
Chambers loaded with test specimens and uninfested fruit as well as control specimens were 
acclimated to fumigation temperature of ~1.7 °C (~35.1°F) for 12 h prior to treatment (i.e., 
tempered) within the incubator described above.  Fruit pulp temperature was confirmed prior to 
fumigation by each of three probes (YSI scanning tele-thermometer) that recorded the respective 
pulp temperature in three uninfested fruit distributed at different locations within the load of the 
fruit undergoing treatment.   Temperature probes were then removed and chamber lids clamp-
sealed in preparation for treatment. The chamber ventilation valve was opened and chambers 
were filled with a volume of fumigant from a  cylinder of 1.6 % (v/v) PH3 balanced with 
nitrogen (Cytec Canada, Inc., Niagara Falls, Ontario, Canada)  to achieve the requisite dose of 
2.2 mgL-1 (1500 ppmv) as predetermined in preliminary calibration studies.  The valve was then 
closed which marked the beginning of the exposure period.  Gas samples (40 mL) were taken 
from the chamber headspace through a LuerLok® valve using a B-D® 100 mL gas-tight syringe 
and quantitatively analyzed for PH3 with GC-PFPD at standard intervals corresponding to 5 
(initial), 60, 480, 1440  (1-d end), or 2880 (2-d end) min.    Fumigant exposures were expressed 
as concentration × time cross products, “CTs”, and calculated by the method of Monro (1969). 
 
After completion of the fumigation, chamber valves were opened to atmosphere and vacuum was 
pulled to aerate the chamber until headspace concentration of the fumigant was below the 
mandated ventilation requirements of 0.3 ppm (0.45µg/L) phosphine.  Chamber lids were 
opened, the treated and non-treated control specimens were collected, and then transferred to an 
incubator at 27.0 ± 1.0 °C and 80 ± 2% RH ( x  ± s).   
 
Mortality evaluation.  One day following fumigation, larval specimens were retrieved from 
treated and untreated controls and placed in a plastic dispo-Petri® dish lined with a filter paper 
for evaluation.  Mortality was diagnosed visually by discoloration, while survivability of larvae 
was diagnosed by locomotion or by prodding-induced motion. Larvae were categorized as 
moribund if the survivability was inconclusive.  Moribund larva were placed inside a labeled 
plastic snap-cap cage with fruit plugs to provide substrate and moisture prior to incubation under 
the conditions above until additional evaluation the following day. For the confirmatory trials, 
Abbott’s method (1925) described by Finney (1944 and 1971) was used to estimate the 
percentage mortality of larvae used in Probit calculations, as the mortality of control specimens 
was assumed to be equal to that in fumigation trials.  The total number of specimens that were 
treated for each exploratory- or confirmatory-trial was estimated by summing the numbers 
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treated, while the total number of specimens treated (n) across confirmatory-trials was estimated 
by summing the numbers from each respective trial. 
 
Chemicals and chemical analysis.  A 300-lb cylinder of 1.6 % (v/v) PH3 balanced with nitrogen 
was obtained from Cytec Canada, Inc. (Niagara Falls, Ontario, Canada) and used as the source 
for gas chromatography calibrations as well as fumigations.  PH3 levels in headspace of 
fumigation chambers were measured using gas chromatography; retention time (PH3, tr = 3.2 ± 
0.2min) was used for chemical verification and the integral of peak area, referenced relative to 
liner least-squares analysis of a concentration – detector response curve, was used to determine 
concentration (Walse 2012 & 2013).  Detector response and retention indices were determined 
each day in calibration studies by diluting known volumes of known concentrations of PH3 into 
volumetric gas vessels. PH3 analyses were with a Varian 3800 and splitless injection (140 °C) 
using a gas sampling port with a 10 µL-sample loop, a Teflon column (L = 2 m, OD = 2 mm) 
packed with Porpak N (80/100 mesh) held at 130 °C for 10 min, and a PFPD detector (13 
mL/min H2, 20 mL/min air, and 10.0 mL/min N2 make-up) at 250 °C that received only 10% of 
the 15 ml He/min column flow.  

 
Results and Discussion.  

 
Confirmatory export fumigations.  Confirmatory PH3 fumigations of commercially-packaged 
apples were conducted in the context of verifying control of OFM larvae, the life stage with 
potential to be in postharvest marketing channels (Yokoyama et al. 1987).  PH3 fumigations at 
1.7  ± 0.5 °C ( sx ± ) with headspace concentrations maintained at levels ≥ 1.5 mgL-1 
(1000ppmv) for 48 h resulted in > 99.969% mortality of OFM larvae (probit 8.43 at 95% level of 
confidence (LOC), probit 9 at 27% LOC) based on 0 survivors from 9,965 (n) treated as 
calculated by the method of  Couey and Chew (1986) and Liquido and Griffin (2010) (Table 1).  
It is important to note that demonstrating 99.9968% (i.e., Probit 9 at the 95% LOC) mortality of 
quarantine insect pests is often requested to qualify phytosanitary treatment efficacy, particularly 
when commodity is moved internationally (Couey and Chew, 1986; Follet and Nevin, 2006). 
 
Headspace concentrations of PH3 in commercial chamber fumigations of palletized fresh 
produce at load factors ≤ 65%, regardless of produce and packaging type, lose ~ 200 ppmv from 
chamber headspace per day (due to leakage, reactivity, and/or residue formation). Therefore, in 
the context of commercial considerations, observation of Probit 9-level mortality of OFM larvae 
in commercial PH3 fumigations lasting at least 48 h will likely require a single compensatory 
applied dose  > 2.2 mgL-1 (1500 ppmv), or alternatively, maintenance of steady-state headspace 
concentrations ≥ 1.5 mgL-1 (1000ppmv)  via multiple (daily) applications. 
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Table 1.  Complete control of 9,965 OFM larvae resulted from fumigation of infested apples 
with 2.2 mgL-1 (1500ppmv) phosphine for 48 h at 1.7 ± 0.5°C ( sx ± ). 
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The postharvest fumigation of California blueberries to eliminate insects with 
potential to serve as export trade barriers * 

 
 

Work group / Department:  USDA-ARS-SJVASC, Crop Protection and Quality Unit 
 
Project Year: October 31, 2014                            Anticipated Duration of Project: Year 2 of 2 
 
Project Title:  The postharvest treatments of California blueberries to eliminate insects with 
potential to serve as export trade barriers  
 
Principle Investigator: Spencer S. Walse                                 
 
USDA-ARS-SJVASC, 9611 S. Riverbend Ave, Parlier, CA 93648,  
(559) 596-2750, fax (559) 596-2792, spencer.walse@ars.usda.gov 
 
Cooperating Investigators:  
 
Steve Tebbets, USDA-ARS-SJVASC, (559) 596-2723, steve.tebbets@ars.usda.gov 
 
 

*The postharvest fumigation of California blueberries to eliminate insects with potential 
to serve as export trade barriers final research report was under final review as of the 
time this annual report was published. A copy of the final report will be sent out after 
completion. If there are any further questions, please contact the Commission office. 
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CALIFORNIA APPLE COMMISSION  
FUTURE RESEARCH 2014-2015 

 
On May 2, 2014, the Research Committee for the California Apple Commission discussed current and 
future research projects. Two projects were recommended for extension to the Board of Directors for 
approval for the 2014-2015 season. All of the projects are a continuation of 2013-2014 season. These 
projects include: 
 

1) Evaluation of new bactericides for control of fire blight of apples caused by Erwinia 
amylovora and evaluation of new postharvest fungicides for pome fruits - Dr. Jim Adaskaveg   

 
 
 
2014/2015         Amount   
 
Jim Adaskaveg- Evaluation of Bactericide…   $ 16,0001   
 
 
FISCAL IMPACT FOR 2014/2015:    $ 16,000  
 
Complete research projects and completed research thus far are included within this report. 
 

1 Research report amount will also increase with inclusion of organic Fireblight research by approximately $6,000. 
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AES/CE MAR 84       Workgroup: Apple                                

                     Department: Plant Pathology/UCR  
 

University of California 

Division of Agricultural Sciences 
PROJECT PLAN/RESEARCH GRANT PROPOSAL 

 

 

Project Year:    2014         Anticipated Duration of Project:    3
rd 

year of 4 years                       
 

Principal Investigators: J. E. Adaskaveg            

Cooperating: D. Thompson, D. Cary, and H. Förster        
 

Project Title: Evaluation of new bactericides for control of fire blight of apples caused by Erwinia   

amylovora and evaluation of new postharvest fungicides for pome fruits                       
 

Keywords:  Chemical and biological control           
 

 

JUSTIFICATION/ BACKGROUND 
 

 Epidemiology and management of fire blight. Fire blight, caused by the bacterium Erwinia amylovora, is 

one of the most destructive diseases of pome fruit trees including apples. The disease causes a blackening of twigs, 

flowers, and foliage and is indigenous to North America but has since spread worldwide. In addition to cankers, 

the pathogen overwinters in flower buds, diseased fruit, small twigs, and branches. In the spring, blossoms are 

infected through natural openings in nectaries and pistils. After destroying the blossom, the bacteria spread into the 

peduncle, spur, and twig. During warm, humid weather, ooze droplets consisting of new inoculum are exuded 

from the peduncles and other infected tissues. Inoculum is spread by wind, rain, insects, birds, or by man, e.g., by 

means of contaminated pruning tools. Secondary infections may occur throughout the growing season.  

 Current chemical control programs for fire blight control are based on protective schedules, because 

available compounds are contact treatments and are not systemic. Control with conventional copper 

compounds is only satisfactory when disease severity is low to moderate. These treatments are only used 

during dormant and bloom periods because phytotoxicity commonly occurs on fruit as russeting. To date, there 

is no copper resistance in pathogen populations. Antibiotics for blight control include streptomycin and the less 

effective oxytetracycline (Mycoshield, Fireline) that both target sites in the protein biosynthesis pathway of the 

pathogen. Others have indicated that the latter antibiotic is not persistent and degrades under UV light and 

rainfall in short periods of time (Christiano et al. 2009, Plant Disease 94:1213-1218). Pathogen resistance 

against streptomycin is widespread in California. We characterized streptomycin resistance in current 

California populations of the pathogen on a molecular base. We found that the same resistance genes are 

involved as described from other locations, however, these genes are located on a different plasmid that 

previously has not been reported to harbor streptomycin resistance anywhere else in the world. Thus, resistance 

in California populations of E. amylovora is based on a novel mechanism of the pathogen. Additionally in 

recent years, we detected isolates of E. amylovora with reduced sensitivity to oxytetracycline at four California 

locations. At one of these locations, field treatments with oxytetracycline were reported to be ineffective in 

controlling the disease and thus, field resistance has occurred in some locations. Furthermore from a regulatory 

perspective, streptomycin and oxytetracycline are currently being removed from the approved list of organic 

treatments of apples and pome fruit by the National Organic Standards Board (NOSB). Thus, organic growers 

will have only limited choices for disease control strategies.   

 New materials for fire blight control need to be developed for organic and conventional growers in 

order to practice resistance management and to ensure resistance to oxytetracycline does not spread in the 

pathogen population. Furthermore, the incidence of resistance against streptomycin can possibly be reduced if 

more rotational treatments are available, making this important management tool more effective again. Our 

survey data on streptomycin resistance in the pathogen population indicated a direct correlation of high 

incidence of resistance with high-disease occurrence (e.g., 2007, 2009, and 2011). As previously described and 

modeled by several researchers, incidence of disease is directly related to favorable environments, namely 

warming temperatures during the bloom. Rainfall and insects exacerbate disease development. Although the 

incidence of resistance decreased in years of low disease occurrence, our data indicate that isolates resistant to 
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streptomycin appear to be fit and the resistant pathogen population is stable in locations that were repeatedly 

sampled over different seasons. 

 An ideal material should be effective, locally systemic, not be phytotoxic, should target multiple sites 

of action within the bacterial pathogen, and have a mode of action different from currently used bactericides. 

Materials with different modes of action could then be incorporated into a resistance management program. In 

our previous research, we evaluated a wide-range of materials. Kasugamycin was the material selected with the 

highest efficacy and registration potential. Kasugamycin is known to have high activity against bacteria, 

including species of Erwinia and Pseudomonas, and has some activity against Xanthomonas spp. Kasugamycin is 

not being used in human and animal medicine. Kasugamycin has a different mode of action from streptomycin or 

oxytetracycline and there is no cross-resistance known to occur. Federal and state registrations are pending in 

2014. Rates of the antibiotic, application volumes, and performance in rotations or mixtures with other antibiotics 

and fungicides have been evaluated. We also established the in vitro baseline sensitivity for kasugamycin using 

over 400 isolates of E. amylovora. All isolates showed a similar level of sensitivity.   

 In more recent research to complement antibiotics, the fungicide Quintec, presumably functioning as an 

SAR material, showed efficacy in combination with Kasumin. Other new systemic acquired resistance or SAR 

materials that deserve continued evaluation include Actigard and PM-1. These products have been shown to 

activate the plant’s defense system through the production of phytoalexins or certain pathogenicity-related proteins 

that are non-specific defense chemicals. Possibly these compounds can be used in combination with other 

bactericides to enhance their efficacy. Furthermore, SAR compounds may have a longer lasting effect on the 

plant’s defense activation. SAR research should continue as a supplemental program to a program based on 

bactericides. 

 New copper products that are re-formulated with reduced rates of metallic copper equivalent (MCE) and 

less contamination in their formulation that may cause phytotoxicity have been developed and are now available. 

These products need to be evaluated and tested for extended usage past the bloom period to determine if an 

effective mixture or rotational program with other bactericides can be developed without causing fruit russeting. 

Combinations of kasugamycin and selected copper products were tested in 2012 and 2013 and shown to be 

effective in some trials and less effective in other trials. Still only a few products were tested (Badge X2 and 

Kocide 3000) and newer copper products are now being marketed in the United States. These include CS-2005 

(Magna Bon, Inc.) and Previsto (Gowan Co.) that have reported efficacy without phytotoxicity. Thus, this research 

needs to be continued especially if antibiotics are no longer OMRI listed and organically approved. 

 In trials with biocontrols, Blossom Protect (Aureobasidium pullulans) was evaluated for the last several 

years and shown to be highly effective and one of the most consistent biologicals that we have evaluated. 

Actinovate (Streptomyces lydicus) also showed promise in some trials especially at low rates and in combination 

with a sticker adjuvant. Thus, our recent research on organic alternatives is quite promising. Biological controls 

that have been developed for fire blight in the United States include the registered Blight Ban A506 Biopesticide 

(Pseudomonas fluorescens strain A506), Serenade (fermentation product of Bacillus subtilis strain QST 713), as 

well as Bloomtime Biological FD Biopesticide (Pantoea agglomerans strain E325). Unfortunately they have been 

very inconsistent in their performance. These products are most effective under low inoculum levels and less 

favorable micro-environments. Thus, among biologicals Actinovate, Blossom Protect, and the newly registered 

product Double Nickel 55 (Bacillus amyloliquefaciens), should continue to be evaluated in 2014 in combination or 

rotation with new copper materials. The toxicity of antibiotics or copper used in fire blight control against new 

biocontrols has demonstrated selective incompatibilities and the testing needs to be extended among the 

biologicals and other products (e.g., antibiotics, copper formulations, etc.). Incompatibilities could prevent the use 

of biocontrols in rotations or application tank mixtures.  

 Our goal is to develop highly effective rotational programs for either organic farming practices with the 

use of copper and biologicals or conventional practices with the use of antibiotics alone or in mixtures with 

fungicides, copper, biologicals or potentially SAR compounds during bloom or as cover sprays during early fruit 

development. With the detection of isolates of E. amylovora with reduced sensitivity to oxytetracycline, the yearly 

fluctuations in incidence of streptomycin resistance, and the potential loss of efficacy of biologicals, we will need 

to continue monitoring programs, as well as conduct molecular characterization of resistant strains.  

 We are also planning to explore a new strategy for the management of fire blight that includes the use of 

novel chemistries that inhibit membrane function and possibly increase the activity of metallic cations such as 

copper or zinc. Several materials are available and include products coded as CTz and ZTz (registrant anonymity). 
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Thus, we plan to evaluate membrane disruptors in combination with low MCE compounds, antibiotics (e.g., 

Kasumin), and other products in mixtures or rotations to optimize in-season applications. 

 Management of postharvest decays. Apples like other pome fruit can be stored for some period of time 

using the correct storage environments. Still, postharvest decays caused by fungal organisms can cause crop losses 

that are economically detrimental to storing and marketing of fruit. The major postharvest pathogens of apples 

include Penicillium expansum, Botrytis cinerea, Alternaria alternata, Mucor piriformis, and Neofabraea spp. 

causing blue mold, gray mold, black mold, Mucor decay, and bull’s eye rot, respectively. Thiabendazole (TBZ) 

has been the main postharvest fungicide available for pome fruit for the last 35 years. Unfortunately, with 

extensive usage, TBZ-resistant populations of Penicillium and Botrytis spp. have developed and are commonly 

found in packinghouse storage rooms.  

 Although fungicides can reduce the incidence of decay when used preharvest, they are most effectively 

used as postharvest treatments. Through our research, new postharvest fungicides that were registered in recent 

years include the phenylpyrrole Scholar (fludioxonil) and the anilinopyrimidine Penbotec pyrimethanil), that 

are both effective against gray mold and blue mold, as well as the hydroxyanilide Judge (fenhexamid) that is 

only effective against gray mold. Like TBZ, these are all single-site mode of action fungicides that have a high 

risk for selecting for resistant pathogen populations when used exclusively. Unfortunately, this practice is often 

the case because pricing and marketing of fungicides with other postharvest treatments (e.g., sanitizers, fruit 

coatings) are major factors for packinghouse managers. We are continuing our evaluation and support of 

registration of new materials because not all of the fungicides have the same spectrum of activity against the 

various decays occurring on pome fruit. Additionally, there is widespread resistance against TBZ in 

Penicillium and Botrytis populations. More recently, resistance to pyrimethanil has been reported in both 

pathogens in packinghouses in the Pacific Northwest. Our laboratory studies also predicted a high resistance 

potential for pyrimethanil, but also for fludioxonil, and some of the resistant isolates competed well in the 

presence of sensitive wild-type isolates. Thus, new materials of different chemical classes are needed to 

combat resistance development. 

 In collaboration with the registrant of Scholar, Syngenta Crop Protection, and IR- 4 Specialty Crop 

Program, over several years we have been evaluating the DMI fungicide difenoconazole as a mix partner for 

fludioxonil. Difenoconazole is not effective against gray mold, but highly effective against blue mold and also 

bull’s eye rot (that is not controlled with fludioxonil). In fruit inoculation studies in 2013, we demonstrated the 

efficacy of the mixture of both fungicides to extend to Alternaria decay, bitter rot, and Bull’s eye rot. We have 

been successful in optimizing usage rates and evaluating several pre-mixture formulations, and these studies 

need to be repeated and finalized. Registration for difenoconazole is expected in the summer of 2014.  

 In initial studies in 2012, we found that polyoxin-D (Ph-D) was similarly effective to Penbotec in 

reducing the incidence of gray mold, but it was not effective against blue mold. In 2013, we showed that this 

compound and another one called N-1 are also highly effective against Alternaria species. Also, N-1 shows 

moderate efficacy against decays caused by Penicillium, Botrytis, and Mucor spp.  Polyoxin-D and N-1 have an 

exempt registration status and thus, both have the potential to be effective organic treatments if they become 

certified by the NOSB. Our goal is to continue to evaluate these products for the management of postharvest 

decays of apples. The registrants of these fungicides are supporting the development on fruit crops and are 

planning to submit for registration. N-1 has been used as a food additive to prevent mold growth, including 

Penicillium species, on dairy products for many years in the United States. Over all the years in use, resistance in 

Penicillium species against N-1 has not occurred. Thus, we plan to evaluate these very exciting new products for 

the management of postharvest decays of apples.  
 

 

Objectives for 2014 

Fire blight research 

1. Evaluate the efficacy of treatments for managing fire blight and characterize antibiotic resistance. 

A.   Laboratory in vitro tests to evaluate the bactericidal activity of antibiotics or copper products with and 

without membrane disruptors such as CTz or ZTz using spiral gradient dilution assays. 

B.    Small-scale hand-sprayer tests using different treatment-inoculation schedules to evaluate membrane 

disruptors in combination with antibiotics and/or low MCE copper products. 

C.  Field trials with protective air-blast spray treatments:  
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i. New formulations of copper (e.g., Kocide 3000, CS 2005, Cueva, and Previsto) with and 

without antibiotics.  

ii. Plant defense activators (e.g, Actigard, PM-1) with and without antibiotics.  

iii. Evaluate the efficacy of biological controls (e.g., Actinovate, Blossom Protect, Double Nickel 

55) in integrated programs using antibiotics and low MCE copper products.  

  

Postharvest research 

2. Comparative evaluation of new postharvest fungicides  

A. Evaluate difenoconazole, fludioxonil, and difenoconazole-fludioxonil pre-mixtures at selected rates 

against gray mold, blue mold, Alternaria decay, and bull’s eye rot and compare to pyrimethanil.  

B. Evaluate polyoxin-D and N-1 against gray mold, Alternaria decay, and bull’s eye rot and compare 

to pyrimethanil and fludioxonil. 

C. Determination of baseline sensitivities. Baseline sensitivities for N-1 and polyoxin-D and other 

fungicides will be continued to be developed for additional fungal pathogens that are collected. 
 

Plans and Procedures 

 Evaluation membrane disruptors such as CTz or ZTz as toxicants with or without antibiotics or 

copper to E. amylovora in laboratory assays and small-scale field trials. Strains of E. amylovora that are 

sensitive kasugamycin, sensitive or resistant to streptomycin (high and moderate resistant strains), and sensitive or 

resistant oxytetracycline will be evaluated for their sensitivity to each of the three antibiotics or copper products 

with or without the addition of CTz or ZTz membrane disruptors. For determination of the in vitro sensitivity, we 

will use the spiral gradient dilution assay where a chemical concentration gradient is established on nutrient agar in 

a Petri dish. Suspensions of E. amylovora will be plated onto the medium in radial streaks across the concentration 

gradient. Inhibitory concentrations will be determined using a computer program.  

 In small-scale field tests in an experimental orchard, treatments using CTz or ZTz membrane disruptors in 

conjunction with antibiotics or copper products will be applied to run-off to open blossoms using a hand sprayer. 

Each replication will consist of one branch on each of four trees. After selected time periods, blossoms will be 

spray-inoculated with E. amylovora (10
6
 cfu/ml), inoculated branches will be bagged overnight, and disease will 

be evaluated based on the number of diseased blossoms per 100 blossoms evaluated per replication. The post-

infection activity of treatments will be evaluated by first inoculating blossoms and treating after 24 h. 

 Field studies on the management of fire blight using protective treatments during the growing season. 
Air-blast field studies on the relative efficacy of protective treatments will be conducted in an experimental apple 

orchard at the Kearney AgCenter where fire blight caused crop losses previously. Two applications will be done 

(at 10-20% and at 60-80% bloom). The relative efficacy of protective treatments of Kasumin (100 ppm) and 

selected SAR compounds such as Actigard and PM-1 will be used alone or in mixtures with antibiotics to evaluate 

the effect on efficacy and phytotoxicity. New copper formulations that use a reduced amount of copper including 

Kocide 3000 (0.5 lb/A), CS 2005 (150 ppm), and Previsto or Cueva (2 gal/A) will also be evaluated. The 

biological controls Actinovate, Blossom Protect, and Double Nickel 55 will be evaluated alone or in 

rotation/mixtures with other treatments to develop integrated programs for resistance management. Incidence of 

new blight infections on blossoms and leaves in addition to potential phytotoxic effects of the treatments (e.g., fruit 

russeting caused by copper) will be evaluated. Application timings will be determined based on temperature, 

rainfall, and host development. Treatments will be replicated four to six times on different trees. Data for 

chemical and biological control will be analyzed using analysis of variance and LSD mean separation procedures 

of SAS 9.1. 

  

 Efficacy of new postharvest fungicides for managing apple decays in storage. Fruit (cvs. Granny Smith 

and Fuji) will be treated similar to commercial practices concerning harvest, handling, packing, and 

temperature-management of fruit. Fruit will be wound-inoculated with conidial suspensions of several decay 

fungi (B. cinerea, P. expansum, N. perennans, Alternaria sp.) and treated after selected times. N-1 and the 

other fungicides (fludioxonil, difenoconazole, pre-mixtures fludioxonil/difenoconazole, and polyoxin-D) will 

then be evaluated in experimental packing line trials at Kearney Agricultural Center and 20-40 fruit for each of 

four replications will be used. For the new fludioxonil-difenoconazole pre-mixture, we will compare the 

efficacy of different application methods (in-line drench, CDA, and T-jet). Treatments will be compared to 
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pyrimethanil. Data will be analyzed using analysis of variance and averages will be separated using least 

significant difference mean separation procedures of SAS 9.2. 

 Determination of baseline sensitivities. Baseline sensitivities for fludioxonil and difenoconazole as well as 

polyoxin-D and N-1 will be continued to be developed for apple pathogens that are collected with a goal of 70 

isolates for each pathogen. We will use the spiral gradient dilution method that allows for efficient, high- 

throughput evaluation of isolates to determine EC50 concentrations.  
 

Benefits to the industry  
 Fireblight research. Kasugamycin was registered in Canada in 2013 and with the approval of 

kasugamycin by the US-EPA in 2014, tolerances and MRLs for kasugamycin will be established on pome 

fruit, walnut, and tomato crops. With the limited number of materials available to pome fruit growers, this new 

active ingredient represents a major step forward for managing fire blight in an integrated approach before 

resistance develops in the pathogen population. Historically, the overuse of streptomycin led to resistant 

pathogen populations and the over-reliance of oxytetracycline as a substitute for streptomycin has led to the 

first detections of oxytetracycline resistance in the pathogen. Information from this research project will help 

to develop integrated programs for using kasugamycin in rotations or mixtures with other antibiotics, 

fungicides, biologicals, and possibly SAR compounds and new materials (e.g., membrane disruptors) that will 

hopefully minimize the risk for the development of resistant populations of the pathogen to this antibiotic, as 

well as any new material. The label of Kasumin 2L will include directions for 100 ppm usage rates (64 fl 

oz/100 gal/A) and up to 4 applications per season with no more than two sequential applications. The product 

label will include guidelines for optimal use (e.g., pH, buffers needed), suggested use with adjuvants, and use 

in rotation or combination with other available treatments. 

 With removal of antibiotics as treatments for organic production, research on organic alternatives 

including new formulations of copper and biologicals will help the organic segment of apple production. 

Research in this project has already identified biologicals with consistent and inconsistent performance. Newer 

biologicals (e.g., Actinovate, Blossom Protect) are consistent in performance and their usage with newer 

copper products will help the organic apple industry manage fire blight without antibiotics. 

 Postharvest decay management research. For the packer, the challenge is to develop management 

programs using new fungicides for control of gray mold, blue mold, Alternaria rot, and other decays of apple. 

The challenge to the industry is to store fruit and provide decay-free, wholesome fruit to local and distant 

markets. For this, fungicide management programs have to be developed and continually adapted for control of 

gray mold, blue mold, and other decays of apple based on new fungicides that are replacing or supplementing 

the previous postharvest standard TBZ (Mertect) and allow rotations and mixtures to prevent selection of 

resistance in postharvest fungal pathogens. The development of several effective postharvest fungicide 

treatments including materials that are exempt from tolerance, as well as pre-mixtures of new fungicides will 

improve performance and greatly decrease losses of fruit from various decays during storage in a durable 

program that will be effective for many years. Baseline sensitivities that we are establishing in pathogen 

populations will facilitate the early detection and prevent the spread of resistance. Another critical aspect of 

this research is improving the efficacy of each material using optimal application methods such as using 

postharvest re-circulating in-line drenches. Thus, information from this research directly benefits growers and 

packers by identifying and registering new materials, as well as development of improved application practices 

for control of postharvest diseases of apples.  
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Budget Request: 

Budget Year: 2014. 

Funding Source:    Apple Commission of California                        
 

Salaries and Benefits: Post-Docs/RAs             5,000 

  Lab/Field Ass't             2,500                                   

  Subtotal             7,500    

   Employees' Benefits            3,500        

          Subtotal     11,000       

Supplies and Expenses*                                           3,000      

Equipment                                                              0 

Operating Expenses/Equipment Travel (Davis Campus only)                0  

Travel                 2,000       

Department Account No.                                           Total      16,000      

 

* - Costs include expenses of $2000 for maintaining an apple orchard at the Kearney AgCenter.  

Originator's Signature                                            Date: 12-23-13                                                                                                     

          
Department Chair                                   Date: 12-23-13 

 

Liaison Officer                                                        Date:           
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PESTS, DISEASE & STANDARDIZATION 
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PESTS, DISEASE AND STANDARDIZATION 
 
 

Over the last few years, the Commission has been successful in obtaining grant dollars 
to address pest, disease, and standardization issues.  These grants have included starch-iodine 
studies which assisted the Commission in reducing subjective maturity standards, as well as 
Technical Assistance for Specialty Crop (TASC), and Market Access Program (MAP) to assist in 
the inspection process for Mexico and Taiwan pest inspection programs.   
 

In 2011, the California Department of Food and Agriculture agreed to the Commission’s 
request and officially repealed the mandatory standard. As a result, the industry was able to 
harvest Granny Smith apples based on the market and not a subjective test. 
 

In 2012, the California Apple Commission received an additional grant to study the 
economic impact of the removal of the starch iodine standard. Based on the results, and thanks 
to the California Apple Commission, the removal of the standard has saved the industry $18.7 
million. Prior to the removal of the standard, it is estimated that the industry lost nearly $18.7 
million or approximately $1 per box over the 13-year period. 
 

In 2013, the Commission applied for a specialty crop block grant to assess the impacts of 
shade cloth on California apples.  The Commission is pleased to announce that the industry was 
approved for this grant and began the program November 2014.  The three year project will 
study the impacts of shade cloth on California varieties and how the cloth reduces sun burn, 
assists in the reduction of overhead cooling (in an effort to save water) and crop protection 
products and potentially assists in the improvement of apple color for marketing purposes. The 
Commission will continue to update the industry as this project moves forward. 
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CALIFORNIA APPLE EXPORT MARKETS 
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CALIFORNIA APPLE EXPORT AND DOMESTIC 
MARKET OVERVIEW  

 
 
The California Apple Commission has culminated the final export numbers for the 2013/2014 season. 
California exported a total of 264,639 boxes. Out of the 15 countries that California exported to, most 
of them were at their normal or below averages. California is the second largest exporter of apples in 
the United States and actively receives Market Access Program dollars to help maintain these 
necessary export markets.  
 
Last season, the Commission through the US Apple Export Council received $916,447.00 for the 
2013/2014 program year and will receive roughly $1,104,764.00 for the 2014/2015 program year.  
 
California receives several benefits from the overall funding as we are the largest exporter on the 
Council and participate in almost every export program. Below is a list of the top five countries and U.S. 
states that California shipped to this season. Enclosed is an overview of each market that receives 
MAP, TASC, or EMP funding, and all statistical shipping and destination information. 
 
 Top Five Countries    Top Five U.S. States 
 
 1) Canada   (132,105)   1) California  (969,932) 
 2) Malaysia   (46,509)   2) Texas  (248,105) 
 3) Mexico   (31,184)   3) Washington  (59,851) 
 4) Sri Lanka    (11,680)   4) Illinois  (53,648) 
 5) Taiwan    (10,309)   5) Florida  (42,993) 
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FOREIGN AGRICULTURAL SERVICE  
The Foreign Agricultural Service (FAS) helps expand and maintain foreign markets for US agricultural 
products by helping to remove trade barriers and enforcing U.S. rights under existing trade 
agreements. The FAS works with foreign governments, international organizations, and the Office of 
the U.S. Trade Representative to establish international standards and rules to improve accountability 
and predictability for agricultural trade. Additionally, FAS partners up with cooperators like the US 
Apple Export Council to help US exporters develop and maintain agricultural export markets. The FAS 
distributes funding to these cooperators via the Farm Bill under programs such as the Market Access 
Program (MAP), Technical Assistance for Specialty Crops (TASC), and Emerging Market Programs 
(EMP). All of these programs keep US products more competitive and counter subsidized foreign 
competition in the international market.  

Due to the Sequester that took place in 2013, the California Apple Commission through partnering with 
the USAEC received $916,447.00 for the 2013-2014 season. Most, if not all, agricultural organizations 
received a reduced budget. This funding allocation covered 9 export markets, 6 of which California 
participated in. These monies funded programs such as the Mexico Inspection program, Taiwan 
Inspection Program, Import and Retail trade servicing within the export markets, Consumer 
Communication, Trade Missions, Education and Market Research. The overall allocation to the US 
Apple Export Council for the 2014-2015 program year was increased to $1,104,727.00.  
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CANADA       
Canada is California’s largest and most important market, comprising of almost 60 percent of California exports. 
In 2013-2014, California exported 132,105 boxes to Canada with the most popular variety being the Gala. The US 
Apple Export Council (USAEC) views Canada as a sustainable and viable market but with limited marketable 
access from all States. In 2013-2014, the USAEC contributed $132,000 to the promotion of US Apples in Canada. 
Since California is the primary exporter of apples to Canada, most of that funding is disseminated during the 
California season. In 2013, the USAEC representative in Canada, Ken Berger, visited California before the start of 
the California apple harvest. The purpose of the visit was to meet with the handlers intending on shipping to 
Canada and set up promotions with specified retailers in Canada. Throughout the season, the main goal of the 
USAEC in Canada is to try and have the retailers remain with California for slightly longer than they normally 
would.  This can be achieved by convincing the Canadian retailers to switch from Southern Hemisphere fruit 
earlier and by having the Canadian retailers stay with the California handler for a little longer as Washington 
State begins their harvest. In 2013, the USAEC shifted the focus of the MAP funding being provided to emphasize 
quality and the early availability of California apples in an attempt to extend the California season. Initially, this 
program worked but ultimately price and volume from Washington State began to slow shipments from 
California.     

In 2013, California Galas began arriving the last week of July and remained strong through most of August. 
Promotions and demos were timed to coincide with the arrival of California apples. The following targets and 
promotion were completed: 
• Loblaw Companies: In-Store sampling of Granny Smith and Fuji varieties, supported by flyer ads in up to 50 

stores and 4 banners across Canada  
• Overwaitea Food Group: Flyer ad funding on Gala, Granny Smith and Fuji varieties in 4 banners 
• Safeway: Flyer ad funding on Gala, Granny Smith and Fuji varieties  
• Westcoast: Flyer ad funding on Gala, Granny Smith and Fuji varieties in 2 banners 
 
The US and Canadian governments have been working together to set up new trade policies but with the 
introduction of new pests and diseases this could include a work plan. Fortunately, both governments want to 
streamline the trade process by eliminating the MRL differences and include known pest and disease similarities. 
In addition, recently the Farm Products Council of Canada proposed putting levies on imported strawberries. 
These levies and fees will be used to promote local strawberry production. Currently, a proposal has not been 
submitted for apples. The CAC has been actively involved in this area and will inform the industry of any 
changes.    
 
The USAEC will assist the California Apple Commission in attaining $126,935 for the 2014-2015 season. 
 

54



          
MEXICO   
 
In the 2013-2014 season, California exported 31,184 boxes to Mexico. This is slightly below the previous year 
but nowhere near the high of 100,000 boxes in 2008. Due to the proximity and ability to import lower 
marketable fruit, the Mexico market continues to be a high priority market for both the California Apple 
Commission and the US Apple Export Council (USAEC). In 2013-2014, the USAEC committed $110,000 to help 
maintain the Mexican market. As in previous seasons, the number one variety being sent to Mexico is the 
Granny Smith apple. Mexico importers have demonstrated significant demand during the California season but 
due to the high domestic prices shipments to Mexico have been diminished. 

Due to the increasingly defensive posture by the Mexican government, most funding is going directly to the 
Mexican Oversight Program. During the last season, the CAC, through funding received by the USAEC, spent 
close to $75,000 of the $110,000 budget on the Mexico Oversight Program. The CAC has been aggressively 
trying to remove or reduce the Oversight Program in California and has seemingly made progress for the 
upcoming season (2014-2015). The Mexican government has agreed to begin reducing the Mexico Oversight 
Program as long as there are zero findings for the 2014-2015 season. If all goes as planned and zero pests are 
found at the border, Mexico has agreed to reduce the Mexico Inspector by 50% in 2015-2016 and completely 
eliminate the inspector by 2016-2017. On paper this agreement seems amenable but unfortunately the CAC has 
yet to get a definition of what a 50% reduction means.  

The USAEC will assist the California Apple Commission in attaining $138,000 for the 2014-2015 season.  
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SOUTH EAST ASIA 
 
South East Asia (SEA) is a region that consists of Malaysia, Thailand, Indonesia, Singapore, Vietnam, and the 
Philippines. The SEA region is quickly becoming one of California’s largest markets. The SEA market is classified 
as a region due to its clear marketing relationships and partnerships between retailers and wholesalers. With an 
overall population of 523 million and a middle class that is expected to double by 2025, the USAEC considers this 
a growth market with a high priority. The USAEC provided $135,000 dollars in MAP/EMP funding for marketing 
support in SEA. In 2013-2014 California exported 81,045 boxes to the SEA region, most of which was the Granny 
Smith variety.  
 
Retail trends continue to remain unchanged in most of SEA. Although modern retail outlets are expanding into 
secondary cities and major towns throughout SEA, traditional retailers in the developed markets (Singapore & 
Kuala Lumpur) are shrinking. Due to proximity and price, China dominates the market but only among the Fuji 
variety. Major retailers within SEA (especially in the developed areas) are beginning to realize that to be 
competitive in the produce sector they should follow the structure established by the American retail market. 
This includes more varieties of apples, in well lit, upfront produce sections. The USAEC has been trying to 
capitalize on this notion by suggesting and introducing new varieties from States outside of Washington. These 
new varieties include Empire and Cripps Pink. For California, the main exported variety is still the Granny Smith. 
With the successful promotion of combining Peanut Butter and Granny Smith apples in Canada, the USAEC has 
discussed exploring a similar promotion campaign in SEA. 
  
The USAEC will assist the California Apple Commission in attaining $199,500 for the 2014-2015 season. 
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INDIA         

 
With India’s massive population (250 million middle class population), it is quickly becoming one of the major 
importers of US apples. India is set to become the largest importer of apples in the world in the near future. 
Because of this, the USAEC has been using MAP/EMP/TASC funding to try and capture some of the opportunity. 
In 2013-2014, the USAEC contributed $126,667 to the developing market.  
 
From a CAC perspective, the Indian market, although vast with potential, is more of a niche market. The logistics 
of shipping to such a far off destination is a very high risk and the volume of the varieties that California would 
ship would most likely not be pronounced. Although this will not be a market California focuses on, the USAEC is 
considering it a primary focus for the promotion and timing of varieties from other partner States within the 
USAEC. The SCS Group, the in-country trade representative for USAEC in India, is responsible for the following 
activities in the country: 
 
• Planning and executing promotional activities 
• Ensuring that the USAEC meets or exceeds its consumer and trade goals 
• Submitting monthly status reviews to the USAEC 
• Managing USA Apple affairs in India 
• Keeping in constant contact with the trade 
• Meeting with and assisting USA Apple growers and shippers while they are in India 
• Distribute POS materials and Branded Display items 
 
In conjunction with the SCS Group, the USAEC conducted a Reverse Trade Mission during September 13-17, 
2013. This trade mission comprised of 7 Indian importers and visited primarily the East Coast with the final 
destination being PMA. The SCS Group also represented the USAEC in the Aahar 2014 trade show in New Delhi 
and the Fresh Produce India 2014 conference in Pune, India during the 2013-14 marketing year. 
 
The USAEC India office also conducted in-store consumer promotion campaigns with 6 Food Hall stores in cities 
of Delhi, Mumbai, and Bangalore over a period of 15 days. Food Hall, dealing with premium and imported food 
is a part of the Future Group, India’s biggest retail company. This promotion campaign was very successful in 
generating awareness about USA Apples among target Indian consumers and increased sales by approximately 
40% during the promotion period. 
 
During July 2013 till May 2014 (as per availability of data from FAS), the export volumes touched nearly 180,000 
boxes with a value of US$ 4.18 Million, strengthening India’s position as one of the fastest growing markets for 
USAEC. The above figure leads to a ROI of 32.25% during the 2013-14 marketing year. 
       
The USAEC will assist the California Apple Commission in attaining $137,667 for the 2014-2015 season. 
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BRAZIL       
With the World Cup being held in Brazil and the upcoming Summer Olympics, the USAEC anticipated Brazil to be 
a fast growing market with enormous potential. In 2012, the USAEC began making a push to utilize MAP dollars 
in Brazil with the intention of focusing primarily on Eastern US red varieties. Any promotional campaigns and 
marketing relied on the notion that a Systems Approach for the treatment of apples into Brazil would be agreed 
upon. Unfortunately, a Systems Approach was not agreed to and all promotional and marketing efforts were put 
on hold. The USAEC currently has a representative only, to maintain a presence in the market and to keep 
pressure on the Brazilian government.  

If and when the treatment requirements are agreed to, the main competition for the US will be Southern 
Hemisphere stored apples and fresh apples from the European market. Europe currently enjoys a strong 
position in the Brazil market due to relatively low freight costs, favorable MRL tolerances, and close to zero 
tariffs. 

The CAC does not consider Brazil a market of priority for California but does view it as a potential market for the 
Eastern US. Due to the current population and the growth of the middle class, if the Brazilian market can open 
with limited restrictions, the volume of apples exported from the US could significantly help ease the pressure 
on the domestic market.  

The USAEC will assist the California Apple Commission in attaining $11,000 for the 2014-2015 season. 
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RUSSIA       
Russia is still the world’s largest importers of apples, importing roughly 1 million tons per year. From the US, 
most of these apples come from Washington State and enter through the Eastern port of Vladivostok. For 
California and the USAEC, Russia remains a low priority. Although Russia has demonstrated market potential, the 
logistics of shipping to Russia and the prices wanted are not attainable by most USAEC members. 

In August 2014, due to political unrest between Russia and the West, Russia prohibited all imports from Europe 
and the US for 1 year. This will have a tremendous effect on the world apple market considering Washington 
State alone exported close to 12 million boxes to Russia. Consequently, all apples from the West and Europe 
that would normally go to Russia will now be in other markets.  

The USAEC will maintain an in-country representative but all promotion and marketing activities will be 
terminated until the constraints have been lifted. The Commission anticipates that the export restrictions will be 
lifted by the 2015-2016 California apple season.   

The USAEC will assist the California Apple Commission in attaining $5,000 for the 2014-2015 season. 
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 CENTRAL AMERICA  
In 2013-2014, the USAEC began increasing activities in Central America. For the USAEC marketing program, the 
Central American market consists of Guatemala, Costa Rica, El Salvador, Honduras, Panama, Nicaragua, and the 
Dominican Republic. Over the last several years, Central America has become increasingly important to Michigan 
and the Eastern US. Due to the proximity of Central America and their willingness to purchase smaller sized fruit, 
the market has been increasingly attractive to many Eastern shippers.   

The in-country representative, Groupo PM, divided the 2013-2014 program into two sections: trade activities 
and consumer oriented activities. As part of the trade activities, Groupo PM oversaw the trade servicing, 
merchandising, and activities performed by the merchandising team with one merchandiser covering each 
market. This team gathered market information, delivered POS materials, and was in daily contact with the 
retailers and importers within each market. The consumer oriented activities included educational materials, 
POS materials, and in-store sampling. This allowed Groupo PM to reach out to the consumer and demonstrate a 
consistent message about the benefits of US apples. In October 2013, the USAEC hosted a Reverse Trade 
Mission to the Eastern US. The purpose of this mission was to introduce Central American importers during the 
beginning of the Eastern US season so that they could see the quality and the varieties being offered.  

Over the last several seasons, Central America has become less of a priority to California due to the domestic 
market prices being extremely strong. Unfortunately, the demand for California apples in Central America is 
clearly evident but the unwillingness of importers to meet the price demands of California exporters has 
extremely limited the exports. With market fluctuations, Central America could once again be relied upon to 
take some of California’s low-end fruit and therefore the CAC will continue to support program activities.  

The USAEC will assist the California Apple Commission in attaining $103,625 for the 2014-2015 season. 
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