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AGENDA 
 

PRODUCTION RESEARCH COMMITTEE TELECONFERENCE MEETING 
CALIFORNIA AVOCADO COMMISSION 

 

Wednesday, July 15, 2020 
9:00 a.m. — 12:00 p.m. PDT 

 

Location: 
Per Governor Newsom’s Executive Order N-29-20, local and state legislative bodies are authorized to hold public meetings via 

teleconference, with all requirements in the Bagley-Keene Act and Brown Act expressly or impliedly requiring the physical presence 
of members, the clerk or other personnel of the body, or the public as a condition for participation in or quorum for public meetings 

thereby waived. 
 

This meeting is being held strictly as a teleconference meeting, where any participants, including 
members of the public, may participate in the teleconference by phone: 

 
Conference Call #: 888.537.7715 
Participant Passcode: 28068387# 

 
AS OF FRIDAY, JULY 10, 2020, THE FOLLOWING INDIVIDUALS HAVE ADVISED THE 
COMMISSION THEY WILL PARTICIPATE IN THIS MEETING VIA TELECONFERENCE: 
 
Committee Members Participating via Teleconference: 
 1.   Leo McGuire (Chair)  6.  Tom Roberts 
 2.  Bryce Bannatyne   7.  Ed McFadden 
 3.  John Burr    8.  Ryan Rochefort 
 4.  Dan Grant    9. Jason Cole 
 5.  Darren Haver   10.  Derek Knobel 

 
9:00 a.m. 1. CALL TO ORDER  

A. Roll Call / Establish Quorum  
B. Introductions          

 
9:10 a.m.  2. OPPORTUNITY FOR PUBLIC COMMENT 
 

Any person may address the Committee at this time on any subject within the jurisdiction of the 
California Avocado Commission. 
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9:15 a.m. 3. APPROVAL OF MINUTES 
A. Consider Approval of Production Research Committee Meeting Minutes of April 9, 2020 

   
9:25 a.m. 4.  RESEARCH PROGRAM DIRECTOR’S REPORT 

A. Updates on UC scion and rootstock funding 
B. Update on avocado herbicide trial 
C. Updates on CAC DST system and Cal Poly rootstock trial funding 

 
9: 45 a.m. 5.  ACTION ITEMS 

A. Consider funding request for UC Ag Experts Seminars 
B. Consider research funding request for avocado lace bug pesticide trials 
C. Consider research funding request for avocado tissue culture 
D. Consider research funding request for avocado branch canker trial 

 
12:00 p.m. ADJOURN MEETING 
 
 
The times listed for each agenda item are estimated and subject to change.  It is possible that some of the agenda items may 
not be able to be discussed prior to adjournment.  Consequently, those items will be rescheduled to appear on a subsequent 
agenda. All meetings of the California Avocado Commission are open to the public and subject to the Bagley-Keene Open 
Meeting Act. 
 
All agenda items are subject to discussion and possible action.  For more information, or to make a request regarding a 
disability-related modification or accommodation for the meeting, please contact April Aymami at 949-341-1955, California 
Avocado Commission, 12 Mauchly, Suite L, Irvine, CA 92618, or via email at aaymami@avocado.org.  Requests for disability-
related modification or accommodation for the meeting should be made at least 48 hours prior to the meeting time.  For 
individuals with sensory disabilities, this document is available in Braille, large print, audiocassette or computer disk.  This 
meeting schedule notice and agenda is available on the internet at 
http://www.californiaavocadogrowers.com/commission/meeting-agendas-minutes and 
http://it.cdfa.ca.gov/igov/postings/detail.aspx?type=Notices. 
  
If you have questions on the above agenda, please contact Tim Spann tim@spannag.com or 863-258-5950. 
 
SUMMARY DEFINITION OF CONFLICT OF INTEREST 

 

It is each member’s and alternate’s responsibility to determine whether they have a conflict of interest and whether they 
should excuse themselves from a particular discussion or vote during a meeting.  To assist you in this evaluation, the following 
Summary Definition of Conflict of Interest may be helpful. 
 
A Commission member or employee has a conflict of interest in a decision of the Commission if it is reasonably foreseeable 
that the decision will have a material effect, financial or otherwise, on the member or employee or a member of his or her 
immediate family that is distinguishable from its effect on all persons subject to the Commission’s jurisdiction. 
 
No Commission member or employee shall make, or participate in making, any decision in which he or she knows or should 
know he or she has a conflict of interest. 
 
No Commission member or employee shall, in any way, use his or her position to influence any decision in which he or she 
knows or should know he or she has a conflict of interest. 

mailto:aaymami@avocado.org
http://www.californiaavocadogrowers.com/commission/meeting-agendas-minutes
http://it.cdfa.ca.gov/igov/postings/detail.aspx?type=Notices
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CALIFORNIA AVOCADO COMMISSION 
PRODUCTION RESEARCH COMMITTEE 

MEETING MINUTES 

April 9, 2020 

A teleconference meeting of the Production Research Committee (PRC) of the 
California Avocado Commission (CAC) was held on Thursday, April 9, 2020 with the 
following people participating: 

MEMBERS PARTICIPATING 
VIA TELECONFERENCE: 
Bryce Bannatyne 
John Burr 
Jason Cole 
Jim Davis 
Dan Grant 
Darren Haver 
Derek Knobel 
Ed McFadden 
Leo McGuire  
Tom Roberts  
Ryan Rochefort  

CAC STAFF PARTICIPATING VIA 
TELECONFERENCE: 
Dr. Tim Spann 
Tom Bellamore 
Ken Melban 
April Aymami 

CALL TO ORDER 

Leo McGuire, Production Research Committee (PRC) Chairman, called the meeting to 
order at 9:00 a.m. with a quorum present. 

OPPORTUNITY FOR PUBLIC COMMENT 

There were no public comments. 

APPROVAL OF MINUTES OF SEPTEMBER 5, 2019 PRODUCTION RESEARCH 
COMMITTEE MEETING 

MOTION 
To approve the minutes of the September 5, 2019 Production Research 
Committee meeting. 

(Knobel/Burr) MSC Unanimous 
Motion 20-4-9-1 
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RESEARCH PROGRAM DIRECTOR’S REPORT 

Dr. Spann informed the Committee that the CAC office had been closed since March 18 
with all staff working remotely due to the COVID-19 situation. Dr. Spann also informed 
the Committee that CAC had developed a COVID-19 information page on its grower 
website, which houses all ag-related news and information about the disease situation.  

A. Updates on the Gem avocado variety

Dr. Spann informed the Committee that the University of California (UC) had reached 
out to provide an update on the question of whether California-grown Gem fruit could be 
exported outside the U.S. The UC had previously made the determination that their 
license agreement with Westfalia did not prohibit the export of California-grown Gem 
fruit to countries where the UC has granted a license to Westfalia. However, through 
further research, the UC came to the conclusion that their license to Westfalia would 
preclude the marketing of California-grown Gem fruit under the name Gem in the 
countries where Westfalia holds a license due the name Gem being trademarked 
outside the U.S. CAC staff agree with the UC’s interpretation of the potential trademark 
infringement. The UC has communicated this recent interpretation to the California 
handlers, and it would be up to each handler to rebrand Gem fruit if they wished to 
export it.   

DISCUSSION ITEMS 

A. Avocado Decision Support Tools

Dr. Spann began the discussion by reviewing the history of the decision support tools 
(DST) system, the current usage of the system, and the ongoing cost of the system. He 
also shared with the group two 6-month extension options provided by SureHarvest to 
keep the DST system operational while a long-term decision on the future of the system 
is debated. The Committee discussed why grower adoption has not been greater, 
positing that a large percentage of growers are not computer savvy and would need 
hand holding to become familiar with the system. Dr. Spann reminded the committee of 
the outreach and education activities CAC has undertaken since the system was 
launched. The question was raised about what would happen with the data in the 
system if funding for the system doesn’t continue. Dr. Spann informed the group that 
CAC has access to the system and most of the data could be captured on the backend 
of the system prior to it going offline. The point was made that several private 
companies — Agrian and Nutrien for example — are working on or already have similar 
systems available to their customers. The UC also has a system of its own called Crop 
Manage. These may be competition that are keeping users from adopting CAC’s DST 
system. Committee member Haver suggested that it may be possible to add avocados 
to the UC’s Crop Manage system using the models developed by David Crowley. It was 
also mentioned that the DST system is fairly complex and may require an ongoing 
commitment to grower education and training to maintain grower involvement.  

Item 3.A-2
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MOTION 
To accept SureHarvest’s first 6-month extension offer to keep the DST system 
active for 6-months at a cost of about $10,000.  

(Davis/Burr) MSC 8 Yea, 3 Nay, 0 Abstention 
Motion 20-4-9-2 

B. 2020-21 Research Needs

Chairman McGuire polled the committee members for any ideas that should be pursued 
for research funding in the next fiscal year. Following discussion, the following items 
were agreed to be top priorities to explore for potential research funding: 

• Salinity, specifically how to combat chloride toxicity
• Screening currently registered pesticides for use against the avocado lace bug
• Fertility, specifically the benefit of calcium applications and various sources of

potassium (e.g., potassium acetate vs. potassium thiosulfate)

Dr. Spann agreed that he would explore these topics with some researchers and by 
reviewing the literature to help develop potential requests for proposals.  

ACTION ITEMS 

A. Consider research proposals and funding requests in response to Avocado
Establishment and Production Cost Studies request for proposals

The committee had two proposals to review that were submitted in response to the 
request for proposals on avocado cost studies. Dr. Spann started the discussion by 
reminding the committee that the proposals were requested based on discussions at 
two prior meetings. These studies have been historically done about every 10-years by 
the University of California with industry support. However, there was general 
agreement that the studies produced by the University were of little value to growers, 
thus the current request for proposals. Discussion ensued and there was general 
agreement that the potential benefit from updating these studies did not justify their 
expense. There was no support to recommend funding either proposal.    

B. Consider funding request from Cal Poly San Luis Obispo for rootstock trial

Dr. Spann started the discussion by reminding the committee that, as part of the funding 
provided to Dr. Patricia Manosalva, five new plantings of experimental rootstocks would 
be established in 2020. Cal Poly had approached CAC about being a possible site for 
one of these plantings as they had a block of old avocados that was severely affected 
by phytophthora root rot. Cal Poly raised private funding in the amount of $25,000 to 
remove the old trees and prepare the ground for the new planting and is asking CAC for 
the balance of the funds necessary to establish the trial. Additionally, Cal Poly had 

Item 3.A-3
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recently secured the donation of a filtration system for the project. Dr. Spann explained 
that the filtration system donation reduced the budget request that was before the 
committee from $42,143 to $31,643 to complete the planting. Discussion ensued, and it 
was pointed out that CAC has been trying to establish a relationship with Cal Poly for 
some time so this would be a good opportunity. In addition, the university would be a 
good location since it is public and could be easily accessed for field days and grower 
workshops.  

MOTION 
Motion to fund the Cal Poly request for the revised budget as presented by Dr. 
Spann.  

(McFadden/Davis) MSC Unanimous 
Motion 20-4-9-3 

ADJOURN MEETING 

Leo McGuire, Production Research Committee (PRC) Chairman, adjourned the meeting 
at 11:59 a.m. 

Respectfully submitted, 

__________________________________ 
Timothy Spann 
Research Program Director 

EXHIBITS ATTACHED TO THE PERMANENT COPY OF THESE MINUTES 

EXHIBIT A April 9, 2020 Production Research Committee AB 2720 Roll Call Vote 
Tally Summary 

Item 3.A-4



CALIFORNIA AVOCADO COMMISSION 
Production Research Committee 

AB 2720 Roll Call Vote Tally Summary 
To be attached to the Meeting Minutes 

Meeting Name: 
California Avocado Commission 
Production Research Committee 
Meeting 

Meeting Location: 
Teleconference 

Meeting Date: 
April 9, 2020 

Attendees Who Voted     MOTION 
20-4-9-1

MOTION    
20-4-9-2

MOTION    
20-4-9-3

Leo McGuire, Chair Yea Nay Yea 

Bryce Bannatyne Yea Yea Yea 

John Burr Yea Yea Yea 

Jason Cole Yea Yea Absent 

Jim Davis Yea Yea Yea 

Dan Grant Yea Yea Yea 

Darren Haver Yea Yea Yea 

Derek Knobel Yea Yea Yea 

Ed McFadden Yea Yea Yea 

Tom Roberts Yea Nay Yea 

Ryan Rochefort Yea Nay Yea 

Outcome  Unanimous 8 Yea 
3 Nay Unanimous 

Item 3.A-5



June 25, 2020 

To: Leo McGuire, CAC Production Research Committee 

From Ben Faber: UCCE Farm Advisor 

Leo, 

The UC Integrated Pest Management Program has been coordinating and hosting a series of 
monthly pest presentations by a variety of UC educators - “What are the UC Ag Experts Talking 
About?”.  These webinars are primarily focused on citrus and avocado, but include generic 
topics like “Ground Squirrel Management” and “Reading Pesticide Labels”.  These one-hour 
presentations are for the general grower population, but are principally avocado and citrus 
growers and PCAs, based on surveys.  Participants can obtain DPR and CDFA CEU units and the 
seminars are free.  Participation is anywhere from 80 to 200.  Below is a description of these 
regular, monthly meetings hosted by IPM. 

“What are the UC Ag Experts Talking About?” 

Join a series of 1-hour webinars, designed for growers and Pest Control Advisers, which 
highlight various pest management and horticultural topics for citrus and avocados. During 
each session, a UC Expert on the subject makes a presentation and entertains write-in 
questions via chat during and/or after the presentation. As we develop this program, we may 
expand to other crops.   

Topics: pests and diseases of citrus, avocado and other crops 

Register for the series at: https://ucanr.edu/sites/ucexpertstalk/ 

Here’s a list of upcoming presentations: 

October Phoebe Gordon Reading soil analysis reports 

September 9 Mark Hoddle invasive species and persea mite/avocado mites 

August 19 Ashraf El-kereamy PGRs in citrus 

July 8 Mark Hoddle Ants of citrus 

June 17 Roger Baldwin Ground Squirrel Management 

Here is a list of archived topics, viewable at any time. Enjoy. 

Item 5.A-1
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The initial funding for these seminars was through UC-IPM, and more recently has been 
supported with a $10,000 donation from the Citrus Research Board at the beginning of 2019. 
The time spent by IPM works out to $1,500 per hour of webinar or $18.000 for the year.  UC 
funds are more and more limited and we are reaching out to CAC to see if funds similar to those 
from CRB could be provided as a donation to IPM for these webinars. 
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The Huntington Library, Art Museum and Botanical Gardens 

Micropropagation of 
California avocados 

Project Proposal submitted by Raquel Folgado (07/10/2020) 
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Background 

Avocado propagation is very slow and labor-intensive, which limits the 

availability of plants for growers and increases their final cost. Furthermore, 

the avocado field collections are the conventional way to conserve genetic 

resources. Still, they are in danger due to climate change, natural disasters, 

new pests, and diseases, which makes the protection of these valuable 

collections imperative. Various protocols have been reported to initiate and 

root some avocado clones of interest. However, the mass propagation of 

avocado has not been optimized for most of the commercial rootstocks and 

cultivars. 

The Huntington holds 33 different avocado cultivars, clones with importance 

in the history of the avocado industry in California. Besides, we have had 

access to the UC Riverside collection of rootstocks.  

Over the last years, The Huntington has dedicated resources to improve our 

existing tissue culture and cryopreservation program. The CAC grant is 

allowing the creation of the first in vitro repository of California avocados. The 

work that is being carried out includes the introduction of adult trees in tissue 

culture, and the optimization of shoot multiplication methods, which is 

allowing for an establishment of an in vitro repository, apart from field 

collections. Thus, the avocado genetic resources might be used as a source of 

avocado plants by the California avocado industry, including growers and 

breeders. Besides, a partnership with the University of Queensland is allowing 

the development of cryopreservation methods for avocado clonal varieties. 

Indeed, the tissue-cultured avocados at The Huntington will be used for 

cryopreservation studies, which aims for the long-term conservation of 

avocado genetic resources. 

Furthermore, the development of tissue culture protocols for different avocado 

varieties and rootstocks allows the shortage of avocado propagation cycle, 

which might have a positive impact on the California avocado industry. 

Item 5.C-2
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Objective (s) 

The primary objective is to develop tissue culture protocols that would tissue 

bank avocado materials. 

Other objectives: 

- Increase the knowledge on the mineral nutrition of avocado under

tissue culture conditions, would allow mas propagation of cultivars of

interest.

- Tissue banking other genotypes would allow time for useful pest control

options to be developed before the diversity is lost.

- Optimization of rooting for avocado rootstock of interest would

facilitate:

o Shorting the propagation cycle

o the P. cinnamomi and salinity seedling screening

- The optimization of an in vitro protocol would enable future

cryopreservation studies, to further safeguard avocado genetic

resources that are under threat in the field.

Research plan 

Ms. Josette Tin, the full-time laboratory research technician, will perform the 

micropropagation studies, and Dr. Folgado (Cryopreservation research 

botanist) will oversee them. Mr. Lahmeyer (Conservation Specialist) will give 

support to the project as a laboratory manager. Other Botanical staff from 

The Huntington will support this project by helping with the acclimation 

process, maintenance of field collections, data recording from ex vitro plants. 

Dr. Manosalva (UCR) will ship rootstock material from UCR to be used in the 

experiments. 

Schedule: 

November 2020 to April 2021 

Optimization of rooting of the initiated shoots. Microshoots from the selected 

rootstocks will be submitted to various conditions to continue the studies of 
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the rooting process. Based on previous results, different plant growth 

regulators will be tested. The results will be published in plant science 

journals (i.e., Horticultural Science).  

Other cultivars will be introduced into the tissue culture system. Plant 

material (buds) will be collected and sterilized before the initiation in tissue 

culture.  

Mineral studies with selected cultivars. The growth of the selected clones will 

be optimized based on the effect of selected minerals (i.e., sulfate, 

ammonium/potassium, Calcium/Magnesium, micronutrients). The design of 

experiments will be based on our previous studies. 

April 2021 to October 2021 

Multiplication of the selected clones through shoot micropropagation. We will 

focus on the effect of selected minerals and combinations of plant growth 

regulators. The obtained results will be published in plant science journals 

(i.e., In vitro Cellular and Developmental Biology-Plant), and they will be 

shared with the avocado industry through their organizations (i.e., report to 

the California Avocado Commission).  

Chronogram 

Activity Year 1 

Tissue banking of new cultivars 

Optimization rooting 

Mineral studies 

Multiplication studies 

Reports 
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Detailed budget 

The Huntington seeks research support to continue our investigations that 
might short the avocado propagation cycle by providing innovative cultural 
solutions for cultivars of interest. The requested support includes the salary 
and benefits for a research technician and laboratory supplies. The total 
amount is $47,786. 

The whole research project includes other expenses that will be covered by 
The Huntington (i.e., salaries of other staff involved in the research and other 
research equipment), and they are not specified in the budget. 

Category Amount 
requested 

Description 

Salary $35,003 Research Technician: 
37.5hrsx$17.95x52wkx, not incl. OT/DT 
($35,003) 

Benefits $12,433 

Supplies 
(<$5,000/unit) necessary to achieve 
project objectives. 

$350 Supplies include media costs, including 
consumable lab supplies ($350). 

Total Funds Requested $47,786 
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Third-year Proposal to The CALIFORNIA AVOCADO COMMISSION 

Project contract number: 65127-00-000 
Project title: Developing and recommending integrated management strategies 
against Botryosphaeria branch canker and dieback and Anthracnose blight in 
California avocado nurseries and orchards 

Project start date: 1 November 2020 
Project end date: 31 October 2021 
Project Leader: Themis J. Michailides 
Position Title: Plant Pathologist 
Address: University of California, Davis, Kearney Agricultural Research & Extension Center, 9240 
South Riverbend Ave., Parlier, CA 93648 
Primary Telephone Contact Number: 559-646-6546 (mobile 559-351-2569) 
E-mail Address: tjmichailides@ucanr.edu
Major Collaborator: Herve Avenot [Assistant Project Scientist/UC Davis & Kearney Agric. Research
and Extension Center (KARE)]; E-mail Address: hfavenot@ucanr.edu

Cooperators: Dr. Mary Lu Arpaia (Ext. Specialist, UC Riverside, KARE), James Davis (PCA, San 
Diego County), Ben Faber (UCCE Ventura and Santa Barbara Counties); Christopher Greer (UCCE San 
Luis Obispo); California Avocado Growers and nursery managers. 

1. Abstract:
Botryosphaeria (Bot) branch canker and dieback and anthracnose blight are two diseases threatening the
health and productivity of avocados, with increased incidences been reported in California over the last
decade. Symptoms observed worldwide include death of graft union, leaf blight, dieback, and cankers.
The causal fungal pathogens can infect mature trees directly or through pruning-wounds. In addition to
pruning management practices, drought and bark sunburn injuries in commercial orchards and wounds
during grafting in propagation nurseries provide infection courts that, in optimum conditions can lead to
successful fungal infections. Our recent survey of California avocado nursery, old and young orchards
showed that these pathogens can exist as latent infections in asymptomatic propagating materials (seeds,
budwoods, grafted plants, twigs) and be ubiquitous in symptomatic tissues (failed graft plants, infected
twigs, sunburned twigs and dead young trees) across the main avocado-producing counties. The absence
of effective and registered materials to control the above diseases is a serious concern for California
avocado farmers and nurserymen, and preventative measures for disease-free trees are critically needed
for managing these infections. Cultural management practices should include fungicidal treatments of
pruning and grafting wounds and other applications in adequate pastes/paints for sunburn injury
protection in young and old trees. By planting “clean material” growers can avoid losing their
investment. Thus, the objectives of the proposed research are to provide chemical, biological and
sanitation recommendations for the management of Bot branch canker and anthracnose-causing
pathogens in avocado nursery, young, and old orchards. Project outcomes will be communicated through
extension activities and success will be measured by the ability of producers to generate healthier crops,
thus supporting the sustainability of their industry.

2. Background information: (Please see Appendix 1)
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3. Justification/Relevance:  
The primary beneficiaries are an approximate 3500 avocado growers represented by the California 
Avocado Commission and orchard and nursery managers who need innovative solutions to maintain 
high quality crop and reduce losses caused by the above two destructive plant pathogenic groups, 
Colletotrichum spp. and Botryosphaeriaceae fungi. Growers are interested in having healthier orchards 
and producing fruit with low or no chemical residues and of high quality for consumers, thus increasing 
marketable yields by integrating practices that reduce disease epidemics.  

Given the current and widespread incidence of Botryosphaeria branch canker and dieback in 
California and the pathogen’s potential to devastate entire orchards, Botryosphaeria species could 
ultimately dismantle the California avocado industry if left untreated. Such an event would be 
reminiscent to the collapse of the pistachio industry in Butte county in the early 1980’s during the Bot 
panicle and shoot blight epidemic. High virulent Colletotrichum species on avocado shoots could also 
become problematic if they were to become prevalent in avocados, especially in high humidity areas. 
Moreover, all species were found to be pathogenic on avocado fruit (Avenot et al. Unpublished data). In 
addition, other fungi like Phomopsis and Fusarium spp. were also recovered from cankered tissues. 
Therefore, there is an urgent need to find effective management solutions against the main causal agents 
of avocado branch canker and anthracnose and to develop integrated disease control strategies. In this 
project, we will test the efficacy of commercially available chemical, biological control (BCPs) and 
sanitation products against canker and anthracnose pathogens. Thus, our goal is to offer growers 
effective, safe, sustainable, and environment-friendly control solutions for these diseases. In other hosts 
such as almond or pistachio, foliar fungicides have been evaluated for pruning wound protection against 
canker-causing pathogens (Olmo et al. 2017, Trouillas, personal communication). Currently, there are 
no registered chemical or biological control methods for these branch canker and anthracnose blight in 
avocados. Only product like Lysol is currently being recommended. In our proposed project, we aim to 
test and monitor the efficacy of available and new products, which will help for their registration on 
avocados, even for consideration for registration under section 18. To shield the California avocado 
industry from a major crop production shift, it is necessary to initiate the proposed integrated 
management practices at the nursery level and utilize them in old and newly established groves. These 
preventative measures will be essential to produce disease-free plants and for pathogen control, thus 
reduce or eradicate the sources of pathogen inocula and infections in nurseries and orchards at harvest or 
postharvest. 

Fungicides are key component for controlling plant diseases, but their usefulness is only 
sustainable if correctly used. Consumer concerns regarding the excessive use of pesticides and the risk 
fungicide resistance development would require that growers use fewer fungicides. Development of 
fungicide resistance management programs is recommended before the commercial use of the product as 
their overuse can lead to the selection of pathogens’ isolates with reduced sensitivity to certain active 
ingredients. More than 60% of the registered fungicides to control diseases caused by Colletotrichum 
spp. and Botryosphaeria spp. in other woody crops (almond, pistachio, walnut) in California are site-
specific fungicides that belong to six chemical classes, namely the benzimidazoles, succinate 
dehydrogenase inhibitors (SDHIs), demethylation inhibitors (DMIs), quinone outside inhibitors (QoIs), 
phenylpyrroles and anilinopyrimidines. According to the Fungicide Resistance Action Committee 
(FRAC) these single-site fungicides present medium to high risks of resistance development following 
frequent applications. Thus, an integrated approach is best recommended by using fungicides in 
combination with cultural and biological control measures, and by establishing baseline sensitivity 
values and characterizing the fungicide molecular target genes upon detection of fungicide-resistant 
phenotypes. Although no QoI- and SDHI fungicide-resistant isolates have so far been found in 
Botryosphaeria, some isolates showed low resistance to Topsin (Twizeyimana et al., 2013; Avenot et al. 
2020, unpublished data). Regarding Anthracnose, some fungicide-resistant isolates of Colletotrichum 
fungi have been reported in other crops (vegetables, ornamentals, landscape), and spread of these strains 
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into avocado orchards can potentially occur. Thus, with the goal of developing molecular tools for 
fungicide resistance detection, we will characterize the molecular basis of resistance in potential 
fungicide-resistant isolates of Botryosphaeria and Colletotrichum fungi that may be eventually 
encountered in avocado settings. This project will also develop IPM practices to reduce the use of at-risk 
fungicides in avocado nursery and orchards by testing the efficacies of biological and physical products 
that can lead to better disease control, especially for protection of shoot injuries created  during grafting 
in nursery or pruning in the field. The use of effective materials in combination with robust IPM 
programs will help to reduce the number of fungicide applications within a season. Thus, biological 
products formulated with micro-organisms and plant extracts, that can limit field workers’ exposure to 
toxic chemicals, will be tested. In the same way, products that alter the micro-environment conducive 
for pathogen infection can serve as an alternative for the avocado growers. For instance, water-repellant 
treatments using terpenic-polymers as kaolin can alter the plant surface environment or simply protect 
plant from heat stress experienced during summers, which consequently may reduce problems attributed 
to Colletotrichum and Botryosphaeriaceae pathogens. Benefits of this research will also reach other 
stakeholders, such as diagnosticians, Pest Control Advisers (PCAs), Farm Advisers, cooperative 
extension agents, nursery managers, and crop protection manufacturers. All these groups need updated 
information about how to quickly diagnose these diseases, which fungicides are efficient in controlling 
the causal agents and alternative management strategies to better control diseases and reduce the risks 
associated to pathogen resistance to fungicides. They recognize the necessities of protecting grafting and 
pruning wounds with chemical and biocontrol solutions to promote sustainable production of avocados. 
For avocado farmers, selection of trees free of disease and appropriate controls against pruning wounds 
and sunburn a few years after tree planting is necessary to achieve high yields. These stakeholders will 
continue to be a source of information regarding field and nursery outbreaks. This research will help us 
to complete and summarize data on the extent and importance of these diseases in avocado-growing 
regions of California, finalize and document comprehensive data on the fungal genera and species 
involved in causing these diseases in field grown and nursery avocados as well as which ones pose the 
greatest threat to avocado health and survival. Different active ingredients found in pesticides target 
different groups of fungi so knowing the identity and prevalence of the causal species can guide the 
selection of an efficient chemical control product. The project will validate pathogen-specific molecular 
markers initiated in the second year of funding for use in culture-independent methods to directly detect 
and identify canker pathogens from wood samples. Increased accuracy of diagnosis will allow 
nurserymen and growers to adopt control methods most adapted to their respective settings. Plant 
diagnosticians, extension agents, and growers will have access to these new molecular diagnostic 
techniques for rapid and accurate identification of avocado canker and anthracnose pathogens, in 
contrast to laborious isolation procedures. The final goal is to offer growers effective, safe, and 
environment-friendly control solutions. Project outcomes will be shared at grower’s field days, in 
magazines articles, and through the Statewide IPM Program freely available to growers, farm advisors, 
PCAs, and the academic communities at the University of California webpages. Thanks to the IPM-
based solutions that this project will generate, the California fruit industry will greatly benefit, as they 
will be able to reduce yield losses, thus increasing the productivity and sustainability of this important 
commodity. 
 
4. Objectives:  
 
Objective 1: Complete the characterization of Botryosphaeria and Colletotrichum spp. regarding their 
phenology of infections, diversity and molecular identification, and impact on avocado cultivars. 
Objective 2: Develop integrated management strategies by evaluating the efficacy of chemical, 
biological, and physical treatments as pruning wound and sunburn protective paints/sprays against these 
two diseases in avocado orchards and nurseries. 
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Objective 3: Develop educational materials / programs through extension to stakeholders in the 
California Avocado Industry. 
 
5. Procedures:  
 
Objective 1: Complete the characterization of the pathogens regarding their phenology of 
infections, diversity and molecular identification, and impact on avocado cultivars. 
 
The aim of this objective will be to complete our ongoing field and molecular studies on the phenology 
of infections by Botryosphaeria branch canker and anthracnose blight, the molecular identification of the 
associated causal fungal species, that we recovered during our surveys of commercial avocado nurseries 
and young orchards, summarize and prepare final report on the incidence, and assess their virulence and 
genetic relatedness. The characterization of the pathogens, identification of inoculum sources and factors 
contributing to infection in avocado nursery and orchards, as investigated during the past two years of 
funding, are allowing us to understand the life cycle of these pathogens and develop science-based, 
effective cultural practices and new effective and timely fungicide and biological sprays 
recommendations for preventing infections in nursery and young and old orchards. Several isolates 
isolated during our survey of commercial avocado nurseries and young orchards in California counties 
were identified at the genus level by using traditional methods. Few isolates were identified through 
sequencing and the obtained sequence data are being used to develop new PCR diagnostic tools for fast 
and reliable identification of the causal canker (Botryosphaeria, Phomopsis, Fusarium) and anthracnose 
(Colletotrichum) pathogens from pure cultures, in asymptomatic (latent infections) or infected wood 
tissues. These methods will be used to complete the identification to the species level of all remaining 
Botryosphaeria and Colletotrichum isolates saved in our fungal collection. DNA extractions of these 
isolates were already performed and ready to be used for PCR amplifications. Genetic relatedness 
studies will be completed using available SSR markers to fully understand the origin and movement 
source of inoculum within avocado settings and to determine the significance of nursery inoculum 
sources in avocado canker epidemiology in young avocado orchards. Virulence studies will be 
completed on avocado cultivars using representative isolates. We will complete our ongoing field 
experiment at the Pine Tree Ranch aimed at determining the mode and phenology of infection of 
avocado shoots by Bot branch canker and anthracnose pathogens.  
 
Objective 2: Develop integrated management strategies by evaluating the efficacy of chemical, 
biological, and physical treatments as pruning wound and sunburn protective paints/sprays 
against these two diseases in avocado orchards and nurseries. 
We will evaluate the efficacy of old and newly developed materials in controlling anthracnose blight and 
Botryosphaeria branch canker and dieback in avocado through laboratory, lathhouse/ greenhouse, and 
field experiments. 
 
2a. In-vitro chemical efficacy.  
We will first evaluate the in vitro sensitivity of Botryosphaeriaceae and Colletotrichum isolates to 
fungicides representing five Fungicide Resistance Action Committee (FRAC) modes of action (FRAC1, 
Benzimidazoles; FRAC3, Demethylation inhibitors; FRAC7, Carboxamides = SDHI; FRAC11, 
strobilurins = QoIs; and FRAC12 (phenylpyrroles). We will use a collection of up to 3 of isolates (for 
each identified species) recovered during the surveys of young/old avocado orchards and nurseries. PDA 
plates amended with the fungicides at various concentrations will be prepared to assess pathogen growth 
inhibition. Four-mm diameter agar plugs, with three-day old hyphal growth, will be placed in the center 
of agar plates and incubated at 25°C for seven days. The effective dose that inhibits 50% of the pathogen 
growth (EC50 values) will be calculated for individual isolates. Discriminatory concentrations of the 
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fungicides will be established and used to test more isolates. Each treatment will consist of three 
replications per isolate and the assay will be repeated twice. Similarly, spore germination assay will be 
performed to evaluate the activity of SDHI fungicides against spore germination of Colletotrichum 
(n=5) and Botryosphaeriaceae (n=5). The most effective chemicals from the in vitro assays will be 
chosen for further investigation. We will investigate the molecular basis of resistance (if any) to the 
above fungicides in field-collected isolates of Colletotrichum (n=24) and Botryosphaeriaceae (n=24) in 
any are found. PCR amplification of target genes will be done with relevant available primers and 
polymorphism analyses will be performed to reveal genotypes associated with resistance. 
 
2b. Detached branch segments chemical assay. The activities of the above fungicides or mixtures (i.e., 
Abound®; Scholar® SC; Switch® 62.5WG, …) and those of different biological control products (i.e., 
BCPs: Actinovate® AG; Aviv™; Serenade® ASO; Tenet™) labelled for use on avocado will also be 
evaluated using label rates on detached avocado organs. Organs sprayed with water will serve as 
controls. Twenty detached tissues (shoots, leaves) will be pre-treated with label rates of the products, 
followed by inoculations with spore suspension (100 μl; 105 spores/ml) or mycelial plugs of the 
pathogens. Two inoculation strategies will be followed; the first will be an immediate inoculation that 
will occur the same day as the branch chemical immersions, while the second will be a delayed 
inoculation that will occur seven days after branch chemical immersions to test residual efficacy. 
Detached branch segments (25 cm long) of similar diameter (1.5 cm) from avocado cultivar and 
rootstock will be surface-sterilized, wounded with a 4 mm core borer, and dipped into selected 
conventional chemical solutions in the FRAC groups above, and at least two organic chemicals 
including Serenade for five minutes. Subsequently, branch segments will be inoculated with the 
pathogen isolates with two inoculation strategies (immediate and delayed). For the delayed inoculations, 
detached branch segments will be placed inside plastic, one-gallon bags, stored in the greenhouse before 
inoculation. Hyphal agar cores (4 mm), from three-day-old cultures, will be placed at the branch wound 
position and wrapped with Parafilm. Wrapped branch segments will then be placed inside plastic 
crispers with moistened paper towels for moisture retention and stored in a dark incubator at 25°C. 
Replicated branch segments will be stored in different bags to avoid any potential chemical 
volatilization contamination. Lesion lengths will be measured two weeks post-inoculation, and isolations 
will be conducted on lesions to confirm Koch’s postulates. Negative control with be inoculated with 
agar plugs. Anthracnose or Bot canker severity (lesion size) or incidence will be recorded after 1 to 4 
weeks depending on the avocado tissue. Experiment will be repeated twice, for each chemical treatment 
in a complete randomized block design, with 5 replicates per treatment. Statistical differences will be 
analyzed using analysis of variance (ANOVA) in SAS and means comparison will be separated using 
Fisher’s LSD at P=0.05. 
 
2c. Chemical field trials. The most effective fungicides and BCPs will be tested for their ability to 
protect pruning wounds as well as sunburn protectants (Surround WP) under field conditions. Lignified 
branches (2nd to 3rd year wood) of 10-year-avocado trees will be pruned to make a flat wound. 
Materials will be applied after wounding, 24 hours before inoculation with 100 μl of Botryosphaeriaceae 
and Colletotrichum inocula at 105 spores/ml. Shoots will be pre-treated with label rates of the products 
as spray applications (treated with the fungicide and BCP) and as wound sealant applications in 
combination with kaolin clay, followed by inoculations with spore suspension (100 μl; 105 spores/ml) of 
the pathogens. One isolate (most aggressive) of each pathogen will be selected for these assays. Two 
controls will be also included as treatments, a wounded negative control with no branch inoculation (or 
water) or chemical treatment, and a positive control, which will include a pathogen inoculation with no 
chemical. Six replicates per treatment will be made in a randomized complete block design. Treated 
branches will be collected approximately 16 weeks after inoculation and brought to the laboratory for 
fungal isolations. Presence (1) or absence (0) of the inoculated fungal species will be recorded and 
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averaged for each treatment. Low rates of fungal recovery will be correlated with high product efficacy. 
The activities of the above FRAC fungicides or mixtures will be evaluated using label rates. 
Anthracnose or Bot canker severity (necrotic area length) or incidence will be recorded after 4 months. 
Analyses of variance of mean number of lengths of discoloration will be done and compared with 
Fisher’s LSD test at μ=0.05. At an experimental orchard lots of avocado 'Hass', grafted on Toro canyon 
at the Pine Tree Ranch in Santa Paula will be used for these field trials.  
 
2d. Kaolin field trial. Efficacy of 95% kaolin clay particles (Surround® WP, Engelhard Corporation; 
applied at 4% concentration) treatments against twig sunburn will be compared at two application 
frequencies (one and two applications). The experimental work will be carried out at Pine Tree Ranch in 
Santa Paula. Two-year old potted avocado (Hass on Duck 7) trees will be placed in the orchard during 
the summer of 2021 (July to August 2021). Thirty-three trees will be randomly selected for the study 
(completely randomized design): 11 random trees will treated with kaolin once (hereinafter Kaolin 1X; 
July 7); 11 random trees will be treated with kaolin twice (hereinafter Kaolin 2X; July 7 and Aug 1), and 
the remaining 11 trees will serve as untreated controls (Control). Surround WP (95% pure, processed 
kaolin, Engelhard Corporation) will be applied on the trees at a standard rate of 0.4 kg product to 10 L 
water without additives using a backpack mist blower. At the end of the summer, leaves will be removed 
first, and then stems will be inspected individually, and the incidence (number of twigs with sunburn) 
and severity (percentage of twigs with sun damage) will be calculated. Measurements on sunburn (%) 
will be determined, according to the following sunburn injury scale: S0: stems without damage. S1: 
stems with sunburn necrotic spots of up to 15 percent of the bark. S2: stems with sunburn dark necrotic 
spots between 16 and 75% and S3 percent of the bark with above 76%. The data will be analyzed by 
analysis of variance in SAS and subsequent mean separated with LSD test (α = 0.05) will be applied. 
 
Objective 3: Develop educational materials / programs through extension to stakeholders. 
Results will be disseminated to avocado stakeholders at local production meetings, statewide commodity 
meetings, workshops, field days, and grower meetings organized by UCCE county-based farm advisors. 
Newsletters, extension bulletin and factsheet materials related to the project findings will be prepared in 
cooperation with University Cooperative Extension personnel in relevant County to educate 
participating growers, nursery managers on how to diagnose the disease and avoid or reduce the sources 
of pathogen inoculum and educate industry personnel (UC Farm Advisors and Pest Control Advisers) on 
findings of this study and what can be done, cooperatively, to produce plant free of Botryosphaeriaceae 
fungi and Colletotrichum. Written and electronic materials on disease cycle and main symptoms of the 
disease will be developed as appropriate for target audiences. Extensive training activities will be 
conducted for stakeholder groups. Disease fact sheets and protocols of the new molecular detection tools 
will be shared with the entire community of plant diagnosticians and inspectors from private and public 
plant clinics, University extension agents, Department of Food and Agriculture Plant Pest Diagnostics 
Center, through publications in scientific and trade journals and in-person presentations. Results 
regarding the use of chemical and BCP products against avocado canker and anthracnose diseases will 
be disseminated to the entire community of growers, advisers and consultants involved in avocado 
production, providing new disease management guidelines to the avocado industry in California. 
Professional presentations will be made at the American Phytopathological Society's Annual Meeting. 
We will develop and disseminate educational and outreach materials on the outcomes of the project to 
stakeholders through several web pages, including University of California, Agricultural and Natural 
Resources home page (https://ucanr.org/), California Avocado Commission webpage 
(www.avocado.org) and Hofshi Foundation web site (www.avocadosource.org), presentations at field 
day and workshop. We will also write popular articles and refereed technical articles. 
 
6. Budget Narrative:  
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Funds are requested to support 50% of the project scientist salary and benefits, and the costs for 
conducting activities, including the determination of the identity of the isolates from nursery, old, and 
young orchards now our in our fungal collection, using PCR methods, their in-vitro sensitivity to 
fungicides, determination of fungicide efficacy on detached shoots, field trials and developments of 
educational materials. The designated Project Scientist will be responsible for designing and completing 
the work entailed in this project. Supply funds are to purchase materials for1) fungal isolation and 
molecular identification, purchase of plant and product materials for pathogenicity studies, to purchase 
DNA and PCR reagents, sequencing costs, and chemical products; 2) constructing educational outreach 
programs and publications; 3) Travel funds are based on rental of a car from the UC Fleet Services at a 
daily rate of $16.62 and 24 cents per mile. Overnight lodging and meals at per diem rates, or actual 
expenses, will be required for trips to the survey locations in Ventura and San Luis Obispo.  
 
Budget for Year 3: (1 November 2020 to 30 October 2021) 
 
Year 3 (2020 - 2021) Budget 
  
Personnel  

Project Scientist @ 50% time $37,527 
Project Scientist Benefits $14,435 

Laboratory Assistant @ 20% time $7,619 
Laboratory Assistant Benefits $3,916 

Personnel Subtotal $6,3497 
  
Materials and supplies $2,000 
Travel $2,200 

Year 3 Total: $67,697 
Total Budget: $67,697 

 
Milestone Table: 
 

Year 3  
Milestone Activities Scheduled 

Completion  
Budget 

1 - Validate the molecular detection method on 
DNA from pure cultures and artificially infected 
shoots and complete studies on 
Botryosphaeriaceae and Colletotrichum spp. (in 
collection) identity, diversity, and prevalence 
collected from nursery and orchards 
- Complete phenology of infection studies and 
virulence studies on diverse avocado cultivars. 
- Use available molecular marker to validate 
origin and movement of inoculum in avocado 
settings. 

January 2021 $16,924.25 

2 - In vitro sensitivity of isolates of 
Botryosphaeriaceae and Colletotrichum to 
various fungicides. 
- Establishment of baseline sensitivity and cross-
resistance profiles. 
- Characterize mutations associated with 
resistance in fungicide-resistant phenotypes if 
detected 

April 2021 $16,924.25 

3 - In vivo efficacies of chemical, BCPs, terpenic-
polymers on the inhibition of diseases caused by 

July 2021 $16,924.25 
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Colletotrichum and Botryosphaeriaceae isolates 
on avocado detached tissues. 

4 - Evaluation of the effect of pruning wound (BCPs 
and fungicides) and sunburn protectants in 
reducing or preventing infections by the 
pathogens in the field. 

October 2021 $16,924.25 

Year 3 Total: $67,697.00 
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APPENDIX 1 
 

Avocados (Persea americana Mill.) are produced commercially in the United States, being the fourth 
largest global producer in 2012, with 245,000 tons, following Mexico, Indonesia, and the Dominican 
Republic (FAOSTAT, 2013). Production in the United States occurs mainly in the state of California, 
which produces about 86 percent of the US-grown avocados, primarily of the Hass variety. Avocado is 
considered a very valuable California crop, contributing significantly in the state’s economy. In the 
2008–09 growing season, the California avocado industry occupied over 64,000 acres of producing 
orchards, planted mainly in San Diego, Riverside, Ventura, and San Luis Obispo counties, with an 
annual value of over $199 million (California Avocado Commission, 2008-2009). Avocado production 
is decreasing worldwide due to diseases (Pérez-Jiménez, 2008). In most avocado groves, avocado 
branch canker and dieback and anthracnose diseases represent a real threat for avocado production and 
are responsible for significant economic loss to the avocado industry. 

Members of the Botryosphaeriaceae family can survive as saprophytes or parasites and some 
species can survive as endophytes or latent infections in symptomless tissues (Twizeyimana et al. 2013). 
In the Californian production of Hass avocado, Botryosphaeriaceae fungi can cause canker dieback in 
young and old avocado trees, affecting twigs, branches, and trunks. These pathogens are a major 
concern as higher disease incidences have been observed throughout the main avocado producing 
regions in California over the last decade (Avenot et al. 2019, 2020 unpublished data; MacDonald & 
Eskalen, 2011). Infections by Botryosphaeriaceae fungi have been reported to be closely associated with 
environmental stressors, such extreme temperatures, drought, pruning wounds and mechanical damage 
by wind or grafting (Slippers and Wingfield 2007; Niekerk et al. 2011; Amponsah et al. 2014; 
McDonald & Eskalen, 2011). The symptoms detected in the world are death of graft union; leaf blight, 
dieback, cankers, stem end rot and fruit rot (McDonald & Eskalen, 2011; Slippers & Wingfield, 2007). 
Symptomatic trees exhibit red-brown cankers and branch dieback associated with characteristic white 
exudate (MacDonald & Eskalen, 2011). This condition can affect the accumulation and availability of 
reserves, which are mainly located on the trunk and branches, and are necessary for the following 
fruiting season; thus, canker dieback can reduce productivity of the orchard. 

Understanding the etiology, modes of infection, sources, and movement of pathogen inoculum 
within tree and orchard in relation to avocado phenology, the occurrence of latent infections and the 
prevalence, impact, and genetic relatedness between pathogen isolates (year-1 project) is crucial in order 
to develop appropriate management strategies. The first stages of Botryosphaeriaceae infection are often 
caused by mechanical injuries and sunburn, which allow the access of pathogens, but wound exposure to 
pathogens is highest during pruning periods. Sources of primary inoculum causing infection(s) in mature 
trees and initiating disease epidemics are likely to be the pycnidial stage (asexual form that produces 
conidia dispersed through water-splash) erupting from the epidermal layers of branches and/or other 
woody tissues, and the pseudothecial stage (sexual form producing airborne ascospores) overwintering 
in dead and infected stems and blighted leaves, with spores dispersed by wind and rain from infected 
stems to wounds on healthy plants (Ahimera et al. 2004; Avenot et al. 2019). Botryosphaeriaceae stem 
infections can be latent in orchards, ranging from several weeks to several months, and depend on the 
pathogen’s virulence, host health, environmental conditions, and competition among the different 
pathogen species present (Luo et al. 2016; Valencia et al. 2019; Avenot et al. 2019, 2020, unpublished 
data). As intensive pruning, a practice associated with high-density planting, is becoming more common 
in the California avocado industry, it is likely that the dissemination of canker-causing 
Botryosphaeriaceae from tree to tree would increase, leading to an increase in canker incidence and a 
possible decrease in yield as cankered branches become unproductive and are pruned out (MacDonald & 
Eskalen, 2011). Identification Botryosphaeriaceae spp. based on morphological characteristics remains a 
difficult task; therefore, molecular sequence data and phylogenetic analysis are used to confirm the 
identity of the pathogens at the species level. Using these methods numerous species of 
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Botryosphaeriaceae, including Botryosphaeria dothidea, Neofusicoccum spp., Diplodia spp., Dothiorella 
spp., and Lasiodiplodia spp, have been identified and associated with avocado branch canker in old 
avocado orchards (McDonald & Eskalen, 2011; Avenot et al. 2019). Besides Botryosphaeriaceae 
species, other canker-causing fungal pathogens such as Diaporthe (=Phomopsis) and Fusarium spp., 
have been isolated from the cankered tissues (McDonald & Eskalen, 2011; Avenot et al. 2019; 2020, 
unpublished). We are currently using the obtained DNA sequence data to develop and validate accurate 
and rapid PCR detection methods for distinguishing Botryosphaeriaceae species from pure cultures and 
directly from infected tissues in avocado nurseries and orchards. As many avocado producers in 
California replant young trees next to older infected orchards, the latter can thus serve as sources of 
inocula for the newly established avocado groves and increase their chance of exposure to the above 
pathogens in a young age. Though the causal fungi may spread from nearby, old infected orchards, it is 
also possible that inocula might also be present without symptom development in the young trees sold 
by nurseries. Thus, understanding the modes of infection, sources, and movement of pathogen inoculum 
from nursery to the young orchards, the occurrence of latent infections in propagation materials and 
significance of nursery inoculum in avocado canker diseases in young orchards, and the prevalence and 
genetic relatedness between pathogen isolates is also vital to develop appropriate management strategies 
(year-2 project). 

In nurseries, Botryosphaeriaceae infections of propagating grape and blueberry plant material 
may take place in the field and during propagation; these species have been isolated from asymptomatic 
nursery plants with early infections taking place during the propagation of planting material, staying 
latent until the plants undergo abiotic or biotic stress (Tennakoon et al. 2017; van Niekerk et al. 2006). 
These reports are consistent with Bot canker epidemiology studies in avocado productions in Israel, 
where a spate of canker outbreaks, especially in young avocado orchards showed that infections caused 
by Lasiodiplodia theobromae originated from the nurseries that supplied the avocado plants. When stem 
sections were examined there was extensive staining of the xylem vessels, and these 
botryosphaeriaceous species were consistently isolated from symptomatic scion cutting, failed graft 
unions of avocado plants, and symptomatic tissues of young avocado plantings (Shtienberg, 2019, 
personal communication). In California, there are increasing reports of failed young grafts in California-
based avocado nursery and of young avocado trees dying due to graft union failure (Spann, pers. comm., 
2019). In some cases, loss can reach 10%. This, and other circumstantial evidence suggest that 
pathogenic fungi might have means of spread other than by external inoculum and perhaps these species 
are latently present (without inducing symptoms) in young avocados sold by propagation nurseries, 
despite the intensive measures nurserymen take to provide clean planting material. Trees, which became 
infected at this early stage, might remain symptomless and only develop canker immediately or few 
years after planting, possibly when plants undergo abiotic or biotic stress.  To determine the possible 
sources of inoculum, modes of infection, and extent of Botryosphaeria canker and anthracnose 
infections during the propagation of planting materials in avocado nurseries, whether or not latent 
infections occur in asymptomatic propagation materials, and the incidence and identity of pathogens 
involved in symptomatic scions or rootstocks, failed young grafts, and young trees in newly established 
orchards, we initiated and completed a survey of propagation nursery and of young orchards in the main 
Counties of production. Results from our surveys showed Botryosphaeriaceae and Colletotrichum spp. 
can exist as latent infections in asymptomatic tissues (seeds, budwood, and grafted plants). Furthermore, 
Botryosphaeriaceae species were the predominant fungal pathogens in symptomatic samples, including 
young grafted plants and young trees that sustained sunburn injuries. The recovery of Botryosphaeria 
and Colletotrichum species indicated budwood materials can be a source of inoculum; furthermore, 
wounds created during grafting could be a point of entry for these pathogens and sunburn damage can be 
an accelerator in symptom appearance and development. Thus, protecting wounds against pathogen 
infections during grafting and from heat injuries would be a viable protection measure to decrease graft-
union failures and reduce the chance of apparently healthy nursery trees developing symptoms after 
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planting in an orchard. Our monthly field inoculations with mycelial plugs along with our monitoring of 
the sources of inocula have confirmed wounding as an important factor in disease initiation and this can 
occur throughout the year, regardless of avocado phenological stage; also pathogen survival structures 
and latent infections can occur on avocado tissues (Avenot et al. Unpublished data). Therefore, materials 
are also needed to protect these pruning wounds against infections in old orchards.  

In many woody trees including avocado, the use of commercial sprayers to apply fungicides to 
pruning wounds has been demonstrated to be an effective method to prevent or reduce infection by 
Botryosphaeriaceae fungal spores. These pathogenic species are very difficult to control once 
established in an orchard at epidemic (high) levels as they can colonize the host’s inner bark making the 
penetration of fungicides very difficult. In other words, residues of fungicides that are sprayed before the 
development of blight symptoms prevent the pathogens from establishing latent infections in the 
developing tissues and thus reducing disease at harvest and postharvest. In the case of avocado, 
reduction of latent infection is expected to lead to less branch canker, dieback, blight, and less disease by 
these pathogens on fruit after harvest and during storage or propagation. Thus, available fungicides need 
to be evaluated as wound protectants for preventing pruning and grafting wound infections by avocado 
canker pathogens. Fungicides with single mode of action (quinone outside inhibitors, QoIs, FRAC#11; 
anilinopyrimidines, AP, FRAC#9; succinate dehydrogenase inhibitors = SDHI, FRAC#7; and mixtures) 
have been tested against canker diseases caused Botryosphaeria in many woody crops, including 
avocado (Twizeyimana et al., 2013; Shtienberg, 2019, pers. comm.). Regarding avocado branch canker, 
in-vitro and in-vivo chemical inhibition of Bot canker pathogens have been studied on a wide array of 
chemicals in the past and showed differential fungicidal efficacy (Twizeyimana et al., 2013; Shtienberg, 
2019, pers. comm.). Azoxystrobin (QoI) and fludioxonil (in Switch) were found to be effective chemical 
options, but so far, no fungicides have been registered for use on California avocados. While much of 
this research is useful, a more comprehensive study of the efficacy of the most used fungicides against 
all Botryosphaeriaceae (and Phomopsis spp.) fungi found in avocados has yet to be performed. Rational 
selection of fungicides and continual testing of the efficacy of fungicides, as they become available, is 
required to assess their utility as pruning wound protectants against avocado canker pathogens and for 
fungicide resistance management. In our preliminary data obtained from our ongoing in-vitro fungicide 
sensitivity studies, we also showed that Switch, Rhyme, Scholar, and Topsin products are effective in 
controlling Botryosphaeria, Colletotrichum, and Phomopsis spp. Fluopyram and other carboxamide 
fungicides (SDHI, FRAC#7) were found ineffective in inhibiting mycelial growth of Botryosphaeria 
isolates from avocado ((Twizeyimana et al., 2013) and pistachio (Avenot et al. Unpublished data) in 
laboratory assay and as a canopy spray application during the spring (Twizeyimana et al., 2013). Thus, 
Activities of these SDHI fungicides against spore germination of Botryosphaeria spp. need to be 
investigated. Studies of fungicide sensitivity in Botryosphaeriaceae affecting grapevine in South Africa 
and almond in Spain showed ineffective mycelial inhibition for isolates tested on artificial media 
amended with iprodione, pyrimethanil, kresoxim-methyl and boscalid. All these active ingredients are 
widely used in several California crops (Bester et al. 2007, Olmo et al. 2017). To maximize the 
efficiency of wound protection against infections, there is also a need to screen the activity of fungicides 
and determine the critical timing of application of fungicides following pruning. In addition to the 
required pruning management practices, bark sunburn damage injuries caused by high temperature and 
direct solar radiation in old and young orchards have been shown to provide optimum conditions for 
successful fungal infections. To prevent these heat injury-related infections avocado growers use white 
paint, which efficacy has yet to be proven; it may also be phytotoxic to the avocado plant and with time 
weather and the pathogen may penetrate through the unhealed wound. As preventative measures are 
vital for pathogen control, ideal practices should include wound sealing alternatives, with fungicides 
embedded in safe and anti-sunburn products such as kaolin clay, which is a natural mineral, which 
treatments have been successfully applied in different fruit orchards to prevent sunburn damage 
(Colavita et al. 2011).  
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Past and recent surveys of commercial avocado orchards in California showed that while 
Botryosphaeria species were predominantly isolated from branch cankers and blighted shoots, about 
30% of the recovered fungi belonged to several Colletotrichum species (McDonald & Eskalen, 2011; 
Avenot et al. 2019). Isolations from cankered tissues suggested a potential role in canker formation. In 
this year survey of avocado nursery and young orchards, we recovered many Colletotrichum spp. Over 
the last two decades, Colletotrichum species have caused significant postharvest losses in avocado and 
other tropical crops due to anthracnose disease symptoms. Anthracnose is the most important post-
harvest disease of avocado worldwide and has been historically known to be caused by Colletotrichum 
gloeosporioides Penz. and Sacc. (Pérez-Jiménez, 2008). Colletotrichum species can easily infect their 
host through wounds, but they are also known for their ability to directly penetrate host tissue by 
producing appressoria and cause latent infections. Both ascospores from perithecia and conidia from 
acervulli are the primary sources of inoculum and can cause anthracnose. Typically, fruit infections are 
initiated in the field on unripe fruits but remain quiescent, as germinated appressoria, until fruit ripening. 
Field inoculations showed that these pathogens remain latent on avocado twigs and show symptoms on 
twigs and fruits only after wounding or in high humidity conditions or cause decays on fruits after 
harvest and storage (Avenot et al. Unpublished data). Although C. gloeosporioides has historically been 
considered the causal pathogen of anthracnose of avocado and other fruits, it is now known to represent 
a species complex. Our phylogenetic analysis of many Colletotrichum isolates recovered from 
California avocado orchards revealed several main species within the C. gloeosporioides and C. 
boninense complexes. These species are difficult to differentiate using morphological characteristics, but 
using molecular methods, we found that several species were  frequently recovered from infected leaves, 
fruits, and asymptomatic budwoods, including C. fructicola, C. siamense, C. gloeosporioides, C. 
aotearoa, C. perseae, C. alienum, C. karstii (Avenot et al. 2019, 2020 unpublished data). We are 
currently using the obtained DNA sequence data to develop and validate accurate and rapid PCR 
detection methods for distinguishing Colletotrichum spp. from pure cultures or directly from infected 
tissues in nurseries and orchards. All these species were pathogenic on detached avocado fruits; in other 
pathogenicity assays, performed in lathhouse on potted on avocado trees (Hass cv.), we showed that C. 
fructicola, C. siamense, C. gloeosporioides could colonize avocado xylem tissues, but the most virulent 
species on avocado stems was an isolate of C. fioriniae, which was isolated from pistachio (Lichtemberg 
et al. 2017). This species has not been detected in avocado in California, but avocado has been reported 
as a host (CDFA California Pest Rating, 2017). Under appropriate weather conditions, serious outbreaks 
of and heavy damage by C. fioriniae may occur in avocado groves. Since no fungicides are available for 
Colletotrichum control in avocados, there is a need for uncovering effective chemical treatments for 
proper control of these fungi. This critical information would be needed to devise appropriate measures 
for the anthracnose blight control or contain potential threat. Sensitivities of Colletotrichum spp. to 
various fungicides have been performed in many other crops and showed various sensitivities of the 
tested species. In avocado, isolates of C. gloeosporioides were found to present high resistance levels to 
QoIs, pyrimethanil (AP), and benomyl (MBC, FRAC#1) (Everett et al. 2005, Sanders et al. 2000). 
Likewise, on pistachio, C. fioriniae was found to present high resistance levels to multiple fungicides 
including, QoIs, anilinopyrimidines, and succinate dehydrogenase inhibitors (Lichtemberg et al. 2018). 
These reported studies emphasized the need to continually test and monitor variations in pathogen 
sensitivity to fungicides overtime. 

Thus, the overall aim of this proposal is to: (1) complete the characterization of Botryosphaeria 
and Colletotrichum spp. regarding their phenology of infections, diversity and molecular identification, 
and impact on avocado cultivars; (2) develop integrated management strategies by evaluating the 
efficacy of chemical, biological, and physical treatments as pruning wound and sunburn protective 
paints/sprays against Botryosphaeria canker and dieback and blight and anthracnose blight diseases in 
avocado orchards and nurseries; (3) develop educational materials / programs through extension to 
stakeholders in the California Avocado Industry. 

Item 5.D-12
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