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PLANT FOOD SYSTEMS, INC.—ZELLWOOD, FL., the nation’s  premier acidulator 
of potassium hydroxide introduces to California a unique chemistry in molecular 
form and e�cacy, K-PHITE 7LP Systemic Fungicide Bactericide. Through the 
development of  “Continuous Flow Reactor Manufacturing”, Plant Food Systems, 
Inc. brings to the citrus industry viable alternatives to disease control and plant 
health. A registered pesticide, KPHITE 7LP contains unique patented technology 
and is the product of groundbreaking molecular research regarding the 
manufacturing processes and development of co-polymeric phosphite 
molecules which display specific pathogenic activities not duplicated by other 
phosphites. University researched, field proven.   

THE MOST EXTENSIVE EPA, CA. DPR LABELED POTASSIUM PHOSPHITE IN THE INDUSTRY: While the trade is afloat 
with numerous nutrient labels illegally alleging increases in plant health, K-PHITE 7LP  a�ords citrus growers and PCAs a 
legal, safe, low cost solution to address multiple citrus diseases. K-PHITE 7LP shows e�cacy and is registered for control 
of the following diseases:  

Alternaria alternata

Anthracnose

Botryosphaeria dothidea 

Fusarium 

Hyphoderma sambuci 

Phytophthora (soil borne and aerial

      phases including brown rot)

Pseudomonas syringae 

Pythium 

Rhizoctonia 

Xanthomonas ssp. (including citri) 

K-PHITE 7LP is a clear, pH 
neutral, linear polymer potassium 
phosphite exhibiting molecular 
stability and pathogenic activities 
that common materials do not 
display. 

K-PHITE 7LP contains no sodium 
or chlorides for safe and 
compatible applications without 
rind stain.  RE-NEW can be tank 
mixed with most pesticides, 
including fungicidal cop-per 
(maintain pH >6.2).  

EFFECTIVE CONTROL, LESS DISEASE, MORE YIELD 

NEW GENERATION K-PHITE 7LP 
BRINGS SUPERIOR EFFICACIES  TO 
DISEASE CONTROL FOR CALIFORNIA CITRUS GROWERS
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Great Roots. 
Great Fruits.

Great Team.
From order to delivery, WN Citrus has the team to meet 
your citrus seedling, budwood and tree planting needs. 
Order now for 2021! 

Contact Leonard Massey at 661.369.2035 or 
LeonardM@wncitrus.com. 

wncitrus.com | 661.327.9345         @wncitrus        @wn_citrus   #wncitrus
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Reproduction or reuse of any photos 
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magazine is prohibited without the expressed
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On the Cover: This issue of Citrograph 
focuses on the value that the Citrus 
Research Board (CRB) brings to 
California citrus growers. Pictured 
are Justin Brown, a central California 
grower who currently serves as 
chairman of the Citrus Research 
Board, along with his wife, Danelle, 
and daughters, seven-year-old 
Adelyn (left) and ten-year-old 
Ainsley, in their grove near Orange 
Cove. Brown's Chairman's View 
column on "COVID-19 and Strategic 
Streamlining" may be found on 
page 10.

     Cover photo by Kaycee Maye
     www.kayceemaye.com •      @kcmaye
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Citrus Research Board Member List 
By District 2019-2020  (Terms Expire September 30)

The Mission of the Citrus Research Board:
Ensure a sustainable California citrus industry for the 

benefit of growers by prioritizing, investing in and 
promoting sound science.

District 1 – Northern California

District 2 – Southern California – Coastal

Member Expires
Jim Gorden   2020
Kevin Olsen   2020
Jason Orlopp   2020
Jeff Steen   2020
Joe Stewart   2020
Justin Brown, Chairman 2021
Scott Carlisle   2021
Greg Galloway   2021  

Member Expires 
John Konda, Vice Chairman 2021
Etienne Rabe   2021
Keith Watkins   2021
Andrew Brown  2022
Dan Dreyer   2022
Justin Golding   2022
Zac Green   2022 

Member Expires
John Gless III  2020
Mike Perricone  2020

Member Expires
Alan Washburn  2021

Member Expires
Chris Boisseranc  2020 

Member Expires
Mark McBroom, Secretary-Treasurer 2022

District 3 – California Desert

Public Member
Member      Expires
Melissa Cregan         2020

Citrus Research Board  |  217 N. Encina St., Visalia, CA 93291
PO Box 230, Visalia, CA 93279

(559) 738-0246  |  FAX (559) 738-0607
Info@citrusresearch.org  |  www.citrusresearch.org



www.CitrusResearch.org  |  Citrograph Magazine   7

BCS_MOV_M9_2185_Citrograph_R1.indd 1-3-2019 4:59 PMSaved at NonePrinted At Client  Bayer
Media Type  Magazine
Live  7.5” x 10”
Trim  8.5” x 11”
Bleed  9” x 11.5”
Job Title  2019 Movento Print Production
Pubs  Citrograph
Ad Code None

DEPARTMENT:

APPROVAL:

Art Director Copywriter Acct. Manager Studio Artist Proofreader Traffic Production

Addl. Notes:  None

© 2019 Bayer Group. Always read and follow label instructions. Bayer, the Bayer Cross, and Movento are registered trademarks of the Bayer Group. Not all products are registered for use in all states. For additional 
product information, call toll-free 1-866-99-BAYER (1-866-992-2937) or visit our website at www.CropScience.Bayer.us. Bayer CropScience LP, 800 North Lindbergh Boulevard, St. Louis, MO 63167.

UNTOUCHED
THAT’S HOW CITRUS FEELS WITH MOVENTO.®

The same Movento® insecticide that manages red scale and nematodes also protects 
against Asian citrus psyllids, which can cause a devastating and fatal disease, 

Huanglongbing. With its unique two-way movement upward and downward, Movento 
provides allover protection for high-quality fruit and long-term tree health. 

For more information, contact your retailer or Bayer representative or visit www.Movento.us.



8   Citrograph Vol. 11, No. 3  |  Summer 2020

CALENDAR OF EVENTS 2020
July 15 
Citrus Pest and Disease Prevention Committee  
(CPDPC) Meeting
For more information, visit 
www.cdfa.ca.gov/citruscommittee 

August 12
Citrus Research Board Meeting 
For more information, contact the CRB at 
(559) 738-0246 or visit www.citrusresearch.org

August 20 
California Citrus Quality Council (CCQC) Board Meeting 
Doubletree Hotel, Bakersfield, California. For more 
information, visit http://ccqc.org

September 9-10 

Citrus Post-harvest Pest Control Conference
Visalia, California. For more information, contact the 
CRB at (559) 738-0246 or visit www.citrusresearch.org 

September 11 
California Citrus Quality Council (CCQC) 
Preseason Export Meeting
Visalia, California. For more information, visit 
http://ccqc.org 

September 16  
Citrus Pest and Disease Prevention Committee 
(CPDPC) Meeting
Riverside/San Bernardino, California. For more 
information, visit www.cdfa.ca.gov/citruscommittee

September 22 
Citrus Research Board Annual Meeting  
Lindcove Conference Room, Exeter, California. For 
more information, contact the CRB at (559) 738-0246 
or visit www.citrusresearch.org

October 14
California Citrus Conference 
For more information, contact the CRB at 
(559) 738-0246 or visit www.citrusresearch.org

October 22 
California Citrus Quality Council (CCQC) Board Meeting 
Doubletree Hotel, Bakersfield, California. For more 
information, visit http://ccqc.org



www.CitrusResearch.org  |  Citrograph Magazine   9

Trusted Citrus  
Solutions Advisor

Helping packers maintain freshness  
from orchard to consumer

Please contact a Pace Representative for more information: 1.800.936.6750
Visit paceint.com for more information on all our products and services.

A Subsidiary of Valent BioSciences
A Sumitomo Chemical Company
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COVID-19 and 
Strategic Streamlining

Justin Brown 

COVID-19
When this issue of Citrograph went to press, citrus 
industry members, along with all Californians, were 
faced with the ever-changing social and economic 
environment of COVID-19. California has been following 
a “stay-at-home” order with all non-essential businesses 
and activities shuttered. Agriculture was deemed an 
essential business. 

During this time, please know that the Citrus Research 
Board (CRB) offices in Visalia and laboratories in Riverside 
have remained open to conduct essential operations 
on your behalf, such as pest exclusion and detection, 

CHAIRMAN'S VIEW

Justin Brown
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Justin Brown 

plant protection, rapid response, management and diagnostic functions. All 
staff members are following the recommended social distancing guidelines, and 
meetings are being held electronically.

Our popular Grower Seminar Series, which should have been taking place shortly, 
has been canceled for 2020, but we look forward to holding the meetings again 
in the summer of 2021. CRB is still planning to hold the Citrus Post-harvest Pest 
Control Conference and the California Citrus Conference this fall. However, since 
the existence of COVID-19 has been a very fluid situation, things are likely to 
change as we move forward. We will keep you posted via our monthly e-newsletter 
and special emails.

Strategic Planning
This past February 13-14, the CRB Board, along with President Marcy L. Martin, met 
in Pasadena to dive into an intensive and productive two-day strategic planning 
session. Holding this session was a step toward progress and the ensured success 
of the CRB. With the leadership of President Martin, I’m very satisfied with the 
results of the strategic planning session.  The dialogue, information and path 
forward established during the meeting will serve our industry well.

The primary outcome of the strategic planning meeting was to create efficiencies, 
streamline our committees, and address Board governance protocols and our 
processes for proposals and approvals. Moving forward, Board committees will 
consist of:

• BSL-3 Science Screening/Review
• Citrus Clonal Protection Program
• Executive
• Finance
• Joint Agency Biological Control Task Force
• Laboratory Horticultural
• New Varieties Research 
• Nominating
• Pest Management Research
• Production and Post-harvest Technologies Research
• Quality Assurance Program
• Research Priority Screening
• Vectored Diseases Research

We also focused our efforts on our objectives for the next one to two years, with 
an emphasis on pest management, production efficiency, food safety, post-harvest 
and varietal development. Moving forward, we plan to review our state marketing 
order, streamline Board operations and governance, and focus on clearly 
communicating CRB-funded research to all of our stakeholders.

Board Nominations
Lastly, I’d like to call your attention to the “Board Nominations” article on page 34 
of this issue. If you’d like to be involved in the process, and you are interested in 
helping to ensure the sustainable future of the California citrus industry, I strongly 
encourage you to apply for any open Board positions. Due to the COVID-19 
restrictions in place, we currently are unable to schedule a specific date for the 
public nomination meetings. Please check our monthly e-newsletter and any 
special mailings for updates on these gatherings, as well. 

Justin Brown is a citrus grower near Orange Cove, California, and serves 
as chairman of the Citrus Research Board. For more information, contact 
citrusfarmer@aol.com
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2017 INCOME
$11,799,998

ASSESSMENT INCOME: $8,964,14576 %

CPDPP GRANT INCOME: $1,555,65113.2 %

FEDERAL GRANT INCOME: $1,054,3138.9 %

INVESTMENT INCOME: $39,1700.3 %

OTHER INCOME: $186,7191.6 %

2017 EXPENSES
$11,079,055

RESEARCH EXPENSES: $8,450,37676.3 %

OPERATIONS EXPENSES: $942,4968.5 %

COMMUNICATIONS EXPENSES: $337,6523 %

ADMINISTRATIVE EXPENSES: $1,324,06812 %

OTHER EXPENSES: $24,4630.2 %

INCREASE (DECREASE) IN NET ASSETS

ASSESSMENT 
RATE: $0.045

ASSESSMENT 
RATE: $0.053  

ASSESSMENT 
RATE: $0.048  

2018 INCOME
$12,474,361

ASSESSMENT INCOME: $9,521,283A76.3 %

CPDPP GRANT INCOME: $2,050,403C16.4 %

FEDERAL GRANT INCOME: $651,4545.2 %

INVESTMENT INCOME: $51,9270.4 %

OTHER INCOME: $199,2941.7 %

2018 EXPENSES
$11,189,982

RESEARCH EXPENSES: $8,199,08573.3 %

OPERATIONS EXPENSES: $1,185,88310.6 %

COMMUNICATIONS EXPENSES: $391,2123.5 %

ADMINISTRATIVE EXPENSES: $1,368,47312.2 %

OTHER EXPENSES: $45,3290.4 %

2019 INCOME
$14,663,216

ASSESSMENT INCOME: $10,254,84969.9 %

CPDPP GRANT INCOME: $2,428,54916.6 %

FEDERAL GRANT INCOME: $1,179,2908 %

INVESTMENT INCOME: $58,9700.4 %

OTHER INCOME: $741,5495.1 %

2019 EXPENSES
$12,273,677

RESEARCH EXPENSES: $7,935,87164.7 %

OPERATIONS EXPENSES: $1,217,7939.9 %

COMMUNICATIONS EXPENSES: $1,244,24510.1 %

ADMINISTRATIVE EXPENSES: $1,554,72812.7 %

OTHER EXPENSES: $321,0402.6 %

$720,943

ASSETS
LIABILITIES
NET ASSETS20

17

$9,226,639
$3,086,040

$6,140,599

ASSETS
LIABILITIES
NET ASSETS20

18

$9,624,843
$2,199,865

$7,424,978

ASSETS
LIABILITIES
NET ASSETS20

19

20
17

20
18

20
19

$12,034,428
$2,219,911

$9,814,517

INCREASE (DECREASE) IN NET ASSETS

$1,284,379
INCREASE (DECREASE) IN NET ASSETS

$2,389,539
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BY THE NUMBERS:FINANCIAL REPORT
This data represents the audited financial statement of the Citrus Research Board for the years ended September 30, 2017, 2018 and 2019. A 
complete copy of the financial audit is available for viewing at the Citrus Research Board office located at 217 North Encina Street, Visalia, 
California 93291. You are welcome to visit us at any time to discuss any elements of the program and explore our portfolio of work. This 
program is paid through your grower assessment dollars, and the board welcomes your feedback.
-Marcy L. Martin, CRB President

FY 2018-19
RESEARCH

INSTITUTIONS
FUNDED

12

FY 2018-19
RESEARCH

INVESTMENT
$6.7

MILLION

FY 2018-19
RESEARCH
PROJECTS
FUNDED

42
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How CRB-Funded Projects 
Translate into Multi-Million Dollar 
Nationally Funded Projects.
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     Multi-Million Dollar Nationally 
         Funded Projects.
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NIFA FUNDS OF $12,429,382

ANTIMICROBIALS
CRB INVESTMENT FUNDS $1,777,110 

599% ROI
NIFA FUNDS OF $3,518,395
851% ROI

NIFA FUNDS OF $7,968,396
1,272% ROI

NIFA FUNDS OF $3,941,090
569% ROI

NIFA FUNDS OF $9,304,219
2,337% ROI

NEW VARIETIES
CRB FUNDS $588,992

HORTICULTURAL
PRACTICES
CRB FUNDS $370,00

PLANT PATHOLOGY
CRB FUNDS $580,806
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into Multi-Million Dollar Nationally 
Funded Projects.
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Introduction 
Citrus production in California is not for the faint of heart. Droughts, pests, 
disease, state regulations, federal regulations and trade issues all must 
be addressed and managed in order to produce a flavorful, 
nutritious, good-looking and profitable citrus crop each 
year. Crop rotation is not a short-term option; and 
perhaps for that reason, California citrus 
growers have a long history of research 
investment to understand how to 
improve upon their efforts. 

Figure 1. A demonstration of California growers' return on research dollar 
investments, as it relates to the securing of federal research funding.



16   Citrograph Vol. 11, No. 3  |  Summer 2020

Today, the Citrus Research Board (CRB) manages a diverse 
research project portfolio to advance growers’ knowledge 
and industry practices. Current research ranges from the 
development of new varieties, to stopping the spread of 
vectored diseases, keeping pests of concern for production 
and export markets under control, and all aspects of citrus 
production and potential post-harvest technologies. This 
diverse portfolio – 44 different projects for the 2019-20 
fiscal year – not only varies by research topic, but also in 
the timelines needed to complete the various projects and 
the deliverables to the industry. While some projects cover 
immediate needs – support to the Citrus Clonal Protection 
Program (CCPP) for clean budwood to nurseries, for 
example – others aim to address longer-term threats to the 
industry, working to prevent problems before they arrive 
rather than manage them once they are here. 

Some of the issues and threats that California citrus growers 
face also are national concerns. In those cases, federal 
support, when available, can provide an added benefit to 
California growers. With the right initial support for a well-
conceived, well-designed research idea, that project can 
expand into a more thorough and informative research 
project with even greater benefits for the California and U.S. 
citrus industries. This report highlights just some examples 
of how state support of projects has received a boost at 
the national level. For space purposes, we can’t highlight 
all of the collaborative work going on among CRB-funded 
researchers, but much of the CRB-supported work underway 
benefits from collaborative efforts within California and 
across the U.S.

Three separate U.S. Department of Agriculture (USDA) 
programs with three different support mechanisms are 
described below and highlight how initial California research 
investments can expand for the benefit of the industry here 
in California, as well as across the U.S.

TASC Projects 
The oldest of the three programs is the USDA Technical 
Assistance for Specialty Crops (TASC) Program. Initiated 
in the early 2000s, this program is designed to support 
“projects that address sanitary, phytosanitary or technical 
trade barriers that prohibits or threatens the export of U.S. 
specialty crops that are currently available on a commercial 
basis” (TASC 2019). TASC grants require in-kind industry 
support at a minimum of $150,000 per year, and the related 
grower-funded CRB projects associated with TASC funded 
research regularly exceed that minimum (Figure 2). Led by 
Spencer Walse, Ph.D., a CRB-managed five-year grant, “Critical 
Pest-related Trade Barriers for California Citrus Exports,” 
has provided an additional $2.2 million in federal support 
linked to CRB-funded projects that develop treatments 
and strategies to control pests of export concern.  Some 
of the work conducted under this grant has measured the 
effectiveness of different fumigation protocols on the Fuller 
rose beetle, clarified the role of cold treatments on bean 

thrips viability and validated compounds for use as foliar and 
soil treatments for Phytophthora. A new grant application 
has been submitted this year, and we hope to continue 
coordinating with this program to address the California 
industry’s export needs.

HLB-MAC Projects
The Huanglongbing (HLB) Multi-Agency Coordination (MAC) 
Group was initiated in 2013. From the start, it was designed 
to bring together key state and federal stakeholders to 
“jointly establish research priorities, coordinate activities 
and collect, analyze and disseminate information” (USDA 
2020). With an emphasis on “shovel-ready” projects, this 
program supports short-term research that provides 
immediate and practical tools for citrus growers. A number 
of projects specifically designed to address California’s needs 
have been supported through this program, augmenting 
work that otherwise may need to be supported at the 
state level. Projects to support California have shifted over 
time. Initial efforts focused on the establishment of the 
statewide biocontrol program and CCPP activities. As HLB 
has progressed, field testing of early detection technologies 
across California groves, along with field testing of HLB-
detecting canines, comprise one area receiving HLB-MAC 
support that has complemented CRB-related projects. An 
overview of HLB-MAC supported projects based in California 
is presented in Figure 3 and illustrates the focus in California 
on psyllid control, early detection of HLB and germplasm 
development.  

HLB-MAC support was instrumental in setting up the 
biocontrol program in California, which is jointly managed 
today through collaborative efforts with the CRB, USDA, 
University of California at Riverside and the California 
Department of Food and Agriculture, providing almost $2.5 
million for associated projects. HLB-MAC also has provided 
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Figure 2. TASC grants require a minimum of $150,000 of industry 
support to be funded. The CRB and TASC investments are shown 
here.
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support for maintaining clean budwood (germplasm) to the 
industry, including through various projects at the CCPP.  
Psyllid control efforts within the state supported by HLB-
MAC include resistance monitoring, measuring effectiveness 
of regional scouting and biocontrol programs, canine 
detection of psyllids and fumigation trials. Early detection 
of HLB projects supported by HLB-MAC complemented CRB 
research efforts including the California 1 trials (McGuire 
and McRoberts 2019). The CRB also has leveraged funds 
from HLB-MAC to organize national meetings to standardize 
data collection guidelines among citrus breeders, as well as 
another meeting that brought regulators together to identify 
areas where the movement of germplasm could be sped up 
to improve breeding efforts for HLB-resistant or tolerant 
varieties.

NIFA Projects
Any discussion of federal research support for 
the U.S. citrus industry must include the support 
provided by the USDA National Institute of Food 
and Agriculture (NIFA) Citrus Disease Research and 
Extension Program introduced in the 2014 Farm 
Bill and renewed in the 2018 bill. This program has 
provided a significant influx of funding for researchers 
to develop HLB solutions at a level of support rarely 
seen for specialty crops. To date, 31 projects have been 
funded to understand all aspects of this disease system 
(NIFA 2020). 

A number of projects across a variety of disciplines 
previously and currently supported by NIFA were initiated 
or received significant support through CRB-funded 
projects. This support is highlighted in Figure 1 and 
illustrates how “proof of concept”-type research projects 
funded by the CRB have developed with significant 
additional research support at the federal level. NIFA 
grants are multi-researcher projects that utilize expertise 
from different disciplines and (usually) across different 
institutions, as well, to best support high-impact research 
that can find HLB solutions for the U.S. citrus industry. 
Some examples of CRB-supported projects from each of 
our Research Committees now receiving NIFA support 
are highlighted below. This is by no means a complete 
listing of work going on in California or by CRB-funded 
researchers, but highlights those projects initiated with 
CRB support and shows how that work can expand with 
federal support into research projects with a greater reach 
and impact.

New Varieties 
Breeding new citrus varieties requires a long perspective. 
Since 2013, the CRB has supported Chandrika Ramadugu, 
Ph.D., and her group, who have been working to develop 
and analyze hybrids using the Australian citrus relatives 
Microcitrus and Eremocitrus as a means to introduce HLB 
resistance into commercial citrus varieties. From the initial 
CRB-supported work between 2013-20 of more than 
$500,000, the NIFA-support has provided an additional 
$3.9 million to identify genetic regions associated with 
HLB resistance to speed breeding efforts. 
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Figure 3. California-based research projects funded by the USDA-APHIS 
Huanglongbing Multi-Agency Coordination (MAC) Group from 2013-19.
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Vectored Diseases
A number of researchers who explored the interactions 
between the plant, the vector and the pathogen (Asian citrus 
psyllid [ACP], which is the carrier of ‘Candidatus Liberibacter 
asiaticus’ [CLas]) with CRB-funded projects are now leading or 
involved in NIFA-supported projects as principal investigators 
and collaborators. Gitta Coaker, Ph.D., is studying the 
chemical interactions that make up the citrus-CLas signaling 
pathways to better understand (and thus exploit) the very 
early steps of plant-
bacterial interactions, 
with an aim to activate 
a more robust defense 
response by citrus 
in fighting off CLas 
infection. From initial 
CRB support in 2017-
18 at just more than 
$100,000, a NIFA grant 
awarded in 2019 is 
extending her lab’s 
work with additional 
support in the amount 
of almost $4 million. 
Wenbo Ma, Ph.D., also 
has looked at plant-
microbe interactions 
at a different point of 
infection, looking at the 
role of effector proteins released by bacteria after plants are 
infected, both to potentially activate plant defense responses 
and as a potential early detection method. From her initial 
CRB-supported work between 2011-16 of almost $500,000, 
her group received NIFA support of almost $4 million. 

A second set of research efforts, both ongoing and 
completed, focuses on the screening and testing of naturally-
derived compounds and small, plant-derived molecules for 
anti-CLas effects in citrus. These projects aim to develop 
CLas-specific antimicrobial compounds derived from other 
microbes or citrus plants. Initial CRB support was provided to 
Goutam Gupta, Ph.D., Hailing Jin, Ph.D., and Caroline Roper, 
Ph.D. or their collaborators between 2008-16 in the amount 
of almost $1.8 million. Additional NIFA support for these 

research projects has provided another nearly $12.5 million 
in funds to further test these potential compounds. 

Production Efficiencies
Out of necessity, the Florida citrus industry has invested 
a significant amount of time and research looking at how 
to modify production methods for the benefit of growers 
dealing with HLB as an endemic disease. One horticulturally-
based project underway in both Florida and California 

that may inform California 
growers of alternative 
management options should 
HLB become endemic is 
“Citrus Under Protective 
Screen for HLB Management.” 
Led by Arnold Schumann, 
Ph.D., of the University 
of Florida, this project is 
comparing plant growth 
and pest pressures for 
commercial screenhouse 
production of citrus in 
both Florida and California. 
Through joint CRB and UC 
Division of Agriculture and 
Natural Resources support 
to project collaborator 
Philippe Rolshausen, Ph.D., 
a screenhouse is being 

constructed at Lindcove Research and Extension Center to 
facilitate this project and is expected to inform the industry 
about the effects of screenhouse growth and physical psyllid 
exclusion on key California varieties under San Joaquin Valley 
growing conditions.

Pest Management
Finally, the role of ACP in the movement of CLas from tree 
to tree has not been left unexplored by CRB- or NIFA-funded 
projects. Bryce Falk, Ph.D., expanded his initial CRB-funded 
work supported with more than $150,000 between 2012-15 
to lead a national group of researchers in exploring the role 
of RNA viruses from psyllids as a potential control point in 
the disease system. This work received more than $7 million 

Grower dollars that Grower dollars that 
are applied toward are applied toward 

research see a research see a 
massive return on massive return on 

investmentinvestment
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from NIFA for these additional studies. Michelle Heck, Ph.D., 
also has followed CRB-based research efforts supported with 
more than $220,000 between 2014-16 with a NIFA-funded 
project providing almost $2 million to examine the rates 
of CLas acquisition and transmission by psyllids and other 
psyllid characteristics involved in disease movement.

Summary 
Citrus growers understand the value of long-term 
investments – a new planting takes years to reach its 
full potential, and the results and implementation from 
research projects can require a similar, long timeline before 
the benefits are fully realized.  But by spreading research 
efforts across a wide range of approaches and research 
areas, by partnering with other state and federal agencies 
when long-term goals align, significant returns and the 
growth of valuable research areas have been realized. 
Initial investments provided through CRB grants have led 
to significant returns for research projects designed to help 
California citrus growers. Effective partnerships improve the 
quality and amount of research available to the industry. 

Thus, grower dollars that are applied toward research see 
a massive return on investment as illustrated in the chart 
on page 15. Through grower support for CRB research 
projects, which is then multiplied many times over through 
the utilization of beneficial federal assistance, the California 
industry can more effectively address issues and remain a 

proactive and forward-looking industry prepared for the 
challenges to come. 

References
McGuire, B. and N. McRoberts 2019. California-based EDT 
Experiment. Citrograph 10(4):44-49.

National Institute of Food and Agriculture (NIFA). 
Current Research Information System. https://cris.
nifa.usda.gov/cgi-bin/starfinder/0?path=fastlink1.
txt&id=anon&pass=&search=(GC=CDRE)%20AND%20
(IY=2014:2019)&format=WEBTITLESGIY Accessed 
April 24, 2020.

Technical Assistance for Specialty Crops (TASC) 2019. 7 C.F.R. 
§1487. https://www.ecfr.gov/cgi-bin/text-idx?SID=3fa1349d5be2
b0d518731d6432d01393&mc=true&node=pt7.10.1487&rgn=div5

United States Department of Agriculture. Multi-Agency 
Response to Devastating Citrus Disease. https://www.usda.
gov/topics/disaster/multi-agency-response-devastating-citrus-
disease Accessed April 24, 2020.

Melinda Klein, Ph.D. is the science editor of Citrograph and 
chief research scientist at the Citrus Research Board. For 
additional information, contact melinda@citrusresearch.org



20   Citrograph Vol. 11, No. 3  |  Summer 2020jhbiotech.com  |  info@jhbiotech.com  |  (805) 650-8933

Systemic Fungicide for Year-Round Control

FOSPHITE ®

YOUR BEST DEFENSE AGAINST DISEASE



www.CitrusResearch.org  |  Citrograph Magazine   21

THERE’S NO 
ROOM FOR 
MITES OR ACP.

NOW! 

3-DAY PHI

©2018 Nichino America, Inc. All rights reserved.  FujiMite and Nichino America logo are registered trademarks of Nichino America, Inc. Always read and follow all label 
directions. Refer to global MRL database for current established tolerances www.globalmrl.com/db#query | 888-740-7700 | www.nichino.net

NOW! 

3-DAY PHI



22   Citrograph Vol. 11, No. 3  |  Summer 2020

CRB-funded Research Projects 
for the 2019-20 Fiscal Year
Melinda Klein

At the annual board meeting on September 24th, the 
Citrus Research Board (CRB) approved research project 

funding for the 2019-20 fiscal year. This year, 16 new projects, 
24 continuing projects, three core programs and one 
pending U.S. Department of Agriculture (USDA) sub-award 
were approved in the amount of $6,156,500. (Tables 1 and 
2). Huanglongbing (HLB)-related projects remain a focus 
of the CRB research portfolio, with support going toward 
all aspects of the disease pathosystem – improved citrus 
varieties with HLB tolerance/resistance, effective bacterial 
management and strong Asian citrus psyllid (ACP) control 
(as the vector responsible for spreading the HLB-associated 
bacterium ‘Candidatus Liberibacter asiaticus’ [CLas]). Non-
HLB research projects addressing current production, 
impacts of Sustainable Groundwater Management (SGMA) 

and export market needs round out the overall CRB research 
portfolio. CRB-funded research projects are overseen by one 
of four CRB Research Committees – New Varieties, Vectored 
Diseases, Production and Post-harvest Technologies and Pest 
Management (learn more about three of these committees in 
Serving the Growers on page 28). The Citrus Clonal Protection 
Program (CCPP), a core program, is overseen by its own CRB 
committee. 

New Varieties Research (5200) 
Committee
Research projects within this committee focus on providing 
the California citrus industry with new varieties that 
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meet market demands. Eight continuing and three new 
research projects received support this year in the amount 
of $1,154,519 (Tables 1 and 2). Continuing projects focus 
on streamlining the process for interstate movement of 
new varieties; creating new citrus varieties via genetic 
engineering for improved fruit quality, early flowering 
and HLB tolerance/resistance; standardizing greenhouse 
methods for scion and rootstock variety testing; and field 
evaluations of rootstocks for HLB mitigation. 

New projects undertaken this year are designed to:
• enhance citrus tissue transformation techniques to 

introduce improved genetic traits (e.g., HLB resistance) 
into important California citrus cultivars, 

• generate a full ‘Washington Navel’ genome sequence to 
speed the process of varietal improvement and 

• identify and submit new, non-commercial citrus varieties 
to CCPP to limit the introduction of new diseases by 
citrus hobbyists through illicit budwood trade. 

This research committee also oversees the Integrated Citrus 
Breeding and Evaluation core program, led by Mikeal Roose, 
Ph.D., and Tracy Kahn, Ph.D., at the University of California, 
Riverside (UCR), which will continue to develop and evaluate 
new scion and rootstock cultivars in the coming year for the 
California citrus industry.

Vectored Diseases Research 
(5300) Committee
Research projects within this committee focus on tools 
and strategies to detect, eradicate, control and manage 
insect-vectored diseases to minimize crop damage and 
economic losses. Seven continuing and seven new projects 
are receiving support this year in an amount of $1,686,275 
(Tables 1 and 2). Continuing projects are testing a systems 
approach to quickly detect and respond to HLB-affected 

trees threatening the UCR citrus programs, developing 
California-specific Citrus tristeza virus (CTV) vectors for HLB 
control and surveying current antimicrobial compounds 
for potential prophylactic effects.  With the support of the 
Citrus Pest and Disease Prevention Program (CPDPP), the CRB 
continues to oversee the risk-based model used to identify 
likely areas of infection across the state. Related CPDPP 
supported projects will study the economic benefits of 
area-wide treatments, create predictive models for ACP and 
HLB movement between residential and commercial areas, 
and continue outreach efforts with online video production 
for citrus hobbyists highlighting the threat of HLB. Finally, in 
coordination with the CPDPP, the Data Analysis and Tactical 
Operations Center (DATOC) project continues to address 
operations-based questions for the industry in a data-driven 
manner. 

All new projects overseen by this committee focus on 
improving CLas detection and exploring novel antimicrobial 
compounds and delivery methods. Three projects focus on 
improved HLB diagnostics through (1) the development 
of a low-cost diagnostic tissue processor to increase 
sample processing, (2) identifying the most reliable plant 
tissues to sample throughout the season for enhanced 
detection of CLas and (3) seeking regulatory approval 
and implementation for high-throughput sequencing for 
citrus pathogen detection. The development of novel, 
antimicrobial compounds and improved methodology to 
apply these compounds was the second most common 
research focus seen in the newly approved projects. One new 
project focuses on evaluating a newly discovered plant-
associated ribonucleic acid (RNA) as a potential vector to 
provide ACP/HLB control. Two projects – one exploring plant-
derived peptides with potential antimicrobial effects and 
another investigating the use of a non-pathogenic bacterium 
as a biocontrol agent of CLas – are designed to identify novel 
anti-microbial compounds.

Table 1: Listing of CRB-funded research projects for the 2019-20 fiscal year by category.

CRB Research Projects -  FY 2018-19

5/13/20 1 of 1

Program
Approved 

Budget
5200 - New Varieties Research  $        1,154,519 
CORE: Breeding Program 813,920$             
5300 - Vectored Diseases Research  $        1,686,275 
5400 - Production and Post-harvest Technologies  $             471,694 $47,169.00
5500 - Pest Management Research  $             541,896 $541,896.00
CORE: IPM Program 339,386$             
USDA Sub-awards  $             500,000 
CORE: CCPP 648,810$             

TOTAL 6,156,500$        

5200 - New 
Varieties Research
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13%

5300 - Vectored 
Diseases Research
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Technologies 
Research
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Research
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5%
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8%

CORE: CCPP
11%CRB Research Projects -  FY 2018-19

5/20/20 1 of 1

Program
Approved 

Budget
5200 - New Varieties Research  $        1,154,519 
CORE: Breeding Program 813,920$             
5300 - Vectored Diseases Research  $        1,686,275 
5400 - Production and Post-harvest Technologies Research  $             471,694 
5500 - Pest Management Research  $             541,896 
CORE: IPM Program 339,386$             
USDA Sub-awards 500,000$             
CORE: CCPP 648,810$             

TOTAL 6,156,500$        
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Table 2.    

* contract has been renewed, but project is running on unspent funds from FY 2018-19
ª - Funding provided by the CDFA California Pest & Disease Protection Program (CPDPP)
b - Central California Tristeza Eradication Agency
c - Funding provided by the USDA Technical Assistance for Specialty Crops (TASC)

LISTING OF ALL CRB-FUNDED RESEARCHLISTING OF ALL CRB-FUNDED RESEARCH
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* Contract has been renewed, but project is running on unspent funds from FY 2018-19
ª - Funding provided by the CDFA California Pest & Disease Protection Program (CPDPP)
b - Central California Tristeza Eradication Agency
c - Funding provided by the USDA Technical Assistance for Specialty Crops (TASC)

Table 2. (Continued)

PROJECTS FOR THE 2019-20 FISCAL YEARPROJECTS FOR THE 2019-20 FISCAL YEAR
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Production and Post-harvest 
Technologies Research (5400) 
Committee
Research projects in this committee focus on horticultural 
factors and production methods (both in the grove and in 
the packinghouse) that impact fruit quality for the California 
citrus industry. Maximizing food safety and minimizing 
trade barriers to maintain foreign and domestic market 
accessibility remain committee priorities, as well. 

Five continuing and three new projects are supported in the 
amount of $471,694 (Tables 1 and 2). Continuing projects 
focus on field evaluations of citrus varieties containing a 
dwarfing virus as a potential means to meet increasing 
challenges of citrus production (e.g., labor costs, water 
shortages, land reduction); work continues on evaluating 
new treatments to reduce post-harvest decays and 
Phytophthora diseases, as well as forecasting and managing 
Septoria spot of citrus and assessing the impact of twig and 
branch dieback pathogens on production. New projects 
initiated this year focus on:
• estimating the impacts of the Sustainable Groundwater 

Management Act (SGMA) on citrus acreage and 
production, 

• elucidating the physiological cause of mandarin rind 
disorder and developing management strategies to 
mitigate this disorder, 

• a collaborative senior student project with the California 
Polytechnical University, San Luis Obispo, Bioresource 
and Agricultural Engineering Department to develop a 
prototype citrus harvest aid to address harvest needs 
and engage with the next generation of agricultural 
engineers. 

Pest Management Research (5500) 
Committee
Pest management research projects focus on eradication, 
control or management strategies and tools against insect 
pests to minimize crop damage and to maintain foreign 
and domestic market accessibility. Four continuing projects, 
three new projects and the Integrated Pest Management 
(IPM) core program were funded for the 2019-20 fiscal year 
at $881,282 (Tables 1 and 2). Continuing projects associated 
with ACP include ongoing infrastructure support for ACP 
colonies based at UCR for research and biocontrol program 
needs (with CPDPP assistance) and developing genetic 
engineering tools as a potential control strategy for ACP. Two 
new projects focus on using particle films to prevent ACP in 

both conventional and organic groves and determining how 
the California climate specifically influences ACP dispersal 
and survival. 

Non-HLB research include a continuing project working 
to update mandarin IPM guidelines following analysis 
of collected packinghouse data and a new project 
characterizing earwig damage and host preference as well 
as develop management practices for earwigs. Research into 
post-harvest methods of control for pests of export concern, 
such as bean thrips and Fuller rose beetle are continuing with 
additional support from a cost-sharing grant with the USDA 
Technical Assistance for Specialty Crops (TASC) Program. The 
core Citrus IPM Program led by Beth Grafton-Cardwell, Ph.D., 
at UCR conducts long-term research applying IPM strategies 
to manage major citrus pests in California. 

Citrus Clonal Protection Program 
(CCPP) Committee
The CCPP, led by Georgios Vidalakis, Ph.D., at UCR provides 
a safe mechanism for the introduction and distribution 
of new citrus varieties to California. The 2019-20 budget 
disbursement to CCPP is $648,810 (Tables 1 and 2). 

Summary
The CRB remains committed to prioritizing, investing in and 
promoting research that improves the sustainability and 
profitability of the California citrus industry. At this time, 
HLB is a significant area of focus with 31 of the 42 new and 
continuing CRB research projects actively engaged in HLB and 
ACP or related research projects. Other CRB-funded projects 
support the ongoing core programs and address current 
export and production needs of the California industry. The 
CRB also continues to identify, develop and join collaborations 
with other funding agencies to maximize California citrus 
grower investments in research. The projects underway 
support a sustainable California citrus industry by taking a 
proactive stance on identifying and implementing short-, 
medium- and long-term solutions to the threats and concerns 
of the California citrus environments and markets. 

Melinda Klein, Ph.D., is the chief research scientist at the 
Citrus Research Board in Visalia, California, where she also 
serves as scientific editor of Citrograph. For additional 
information, contact melinda@citrusresearch.org 
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Serving the Growers
CRB Committees Tackle Industry Challenges
Ivy Leventhal

The Citrus Research Board (CRB) was created 52 years ago 
to focus on the challenges, needs and future of the 3,300 

California citrus growers. These issues are addressed on a 
daily basis by the 18 CRB staff members, led by President 
Marcy L. Martin. 

Working with the staff to meet the needs of the growers 
are 21 Board representatives – 20 producer members 
representing three districts and one public member – who 
volunteer numerous hours of their time to ensure, improve 
and protect the economic viability of the California citrus 
industry by supporting activities in the areas of quality 
assurance, production and variety research, information 
dissemination, and grower and public education. Martin 
explained, “Board members are the fiduciaries who steer the 
organization toward a sustainable future by adopting sound, 
ethical and legal governance and management policies.”

The Board designates committees to enable the Board to 
work more efficiently. Each committee meets at least twice 
a year. In this issue, we take a closer look at three of those 
committees and the Board representatives who chair them. 
These chairmen and their fellow committee members are 
your neighbors and colleagues, who have as much of a stake 
in the future of the industry as all California growers.

New Varieties Research
Mark McBroom

The nine-member New Varieties Research 
Committee is charged with funding 

research on breeding, development, 
selection and evaluation of new 
varieties. Their goal is to provide the 
industry with open access to new 

varieties that improve production 
efficiency, meet changing market 

demands and are resistant or tolerant to 
pests and diseases.

Mark McBroom has chaired the New Varieties Research 
Committee for the past year and has been a member of the 
committee for at least six years. Representing the California 
desert area of District 3, McBroom lives outside Calipatria in 
Imperial County and is a farmer and owner of Bloom to Box 
Crop Care, Inc. He has been a Board member for “four or five 
terms” and currently serves as the CRB’s secretary-treasurer.

“My objective for the committee is to focus on varieties 
specific to the long-term success of the California growers,” 
McBroom said.
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Among the promising research projects being funded by 
New Varieties, McBroom said, “We are looking forward to 
projects on huanglongbing (HLB) tolerance with scions and 
rootstocks and want to explore how the research will impact 
the growers and their groves. My goal is to approve research 
that gives the growers some hope that our future is not as 
bleak as it looked ten years ago.”

New variety research areas that have been prioritized for the 
upcoming fiscal year include the following:
1. Develop a solution to the physiological effects of 

‘Candidatus Liberibacter asiaticus’ (CLas), which may 
include the role of the Asian citrus psyllid (ACP) in 
disease epidemiology with an emphasis on important 
California citrus scions and rootstocks.

a. Develop field-relevant greenhouse evaluation 
methods for CLas/ACP tolerance or resistance.
b. Develop early flowering methods to shorten the 
breeding cycle.
c. Identify targets for gene editing. 
d. Aggressively test HLB response in major California 
citrus varieties to California CLas strains, including 
fruit quality assessments. Develop a mechanism 
to transfer stable tolerance or resistance to the 
CLas bacterium from rootstocks to scions with an 
emphasis on the Carrizo rootstock. 

2. Develop new ways to effectively evaluate citrus varieties 
in multiple locations across California to determine 
production, HLB resistance and market potential with 
an emphasis on grower collaboration and real-world 
approaches.  

3. Determine both domestic and export market 
preferences based on sensory (taste, appearance, feel, 
smell, etc.) and other factors (such as health benefits). 
Use this information to evaluate new varieties and to 
identify genetic improvement needs within the breeding 
program.  

4. Develop an understanding of the horticultural, handling 
and genetic levers to influence flavor and other sensory 
characteristics. 

5. Determine quantitative methods to analyze flavor and 
evaluate post-harvest treatments for their effects on 
flavor deterioration and storage life.

Pest Management Research
Chris Boisseranc

The Pest Management Research 
Committee’s ten members provide the 

growers with timely and scientifically 
valid information on eradication, 
control and management strategies 
and tools against pests to minimize 

crop damage and economic losses 
and to maintain market accessibility 

of foreign and domestic markets. They focus on regulatory, 
endemic and invasive pests including, but not limited to, 
ACP, fruit flies, thrips, Fuller rose beetles, scales, mites and 
katydids. Priority is given to projects that have a clear path 
to implementation and/or commercialization and fit within 
these priorities. 

Chris Boisseranc has headed the committee since 2019. The 
Redlands resident has represented the California desert area 
of District 3 on the Board for four years and has served on 
the Pest Management and Vectored Diseases committees 
throughout his tenure. 

“As a grower and self-employed pest control adviser with 
Southwest Ag Consulting, Inc., I thought my expertise would 
be well suited to the Pest Management Research Committee,” 
he said.

Boisseranc believes that the committee’s priority is 
to continue to fund research with the goal of field 
implementation for ACP suppression to prevent the spread of 
HLB throughout the California citrus industry.

“This is a special year,” Boisseranc noted, “where we are 
renewing the Core Citrus Integrated Pest Management (IPM) 
Program which comes up every ten years for review and 
renewal. It is a very significant program that provides annual 
funding for the University of California citrus researchers at 
the extension locations in Lindcove, Parlier and the University 
of California, Riverside. This is a multi-faceted program 
providing grower/pest control adviser technical webinars, 
outreach, pest control seminars and much more to showcase 
the numerous citrus research projects that the University of 
California system has been working on.”

Boisseranc added, “This program is oriented toward a quick 
response to address the needs of the citrus growers and 
professionals with the goal of field implementation to help 
overcome our struggles. It is right in line with the goals of 
the Pest Management Research Committee and is one of our 
paramount projects.”

In the upcoming fiscal year, Boisseranc and his committee are 
looking to identify new and/or improve currently developed 
control strategies, including chemical, biological and cultural 
controls for both conventional and organic citrus, and 
prioritize the following:
1. ACP and other exotic pests

a. Improve detection methods, sampling methods 
and economic thresholds.
b. Determine pesticide efficacy for both organic and 
conventional situations.
c. Develop non-pesticide methods of biological and 
cultural control.
d. Evaluate the efficacy of the California ACP 
treatment programs and develop year-round 
regional integrated pest management programs for 
ACP in California.
e. Monitor for and manage pesticide resistance. 

1.

1.

2.

3.

4.

5.
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2. Endemic pests including, but not limited to, thrips, 
scales, mites, earwigs and kaydids

a. Improve detection methods, sampling methods 
and economic thresholds.
b. Look at pesticide efficacy (pests) and selectivity 
(natural enemies).
c. Develop innovative, non-pesticide technologies to 
minimize losses. 

3. Regulatory pests including, but not limited to, ACP, Fuller 
rose beetles, bean thrips, mites and fruit flies.

a. Develop pre- and post-harvest methods of 
disinfecting citrus fruit.

Production and Post-harvest 
Technologies
Joe Stewart

This 13-person committee results from the 
merger between Production Efficiency 

and Post-harvest Technologies a 
year ago. Their purpose is to deliver 
timely and validated information on 
horticultural factors, food safety, non-

vectored and pre- and post-harvest 
diseases impacting fruit quality and 

production efficiency to California growers 
and processors to keep them competitive in the domestic 
and international markets. Priority is given to projects that 
offer a clear path to commercialization.

An Exeter resident representing the central California area of 
District 1, Joe Stewart works for Eastside Packing and also has 
his own farming company. Previously, Stewart had been chair 
of the Citrus Clonal Protection Program (CCPP) Committee 
for about 10 years and is still on the committee as vice chair. 
He has been on the Board of the CRB since 2006 and served 
on the Production Efficiency Committee for approximately 12 
years. Stewart chaired the Post-harvest Committee for three 
years and now chairs the combined group. 

Production Efficiency
For this part of the combined committee, Stewart said 
that his top priority is to continue ensuring that field 
requirements are being met to keep international markets 
open.

Among the promising projects being funded by the 
committee, Stewart cited the early research on Citrus 
Under Protective Screening (CUPS). The CUPS structure was 
built with CRB funds, and its first five years of research are 
being funded by the federal government. “If we don’t have 
anything to work against ACP or HLB, this would be one 
expensive program,” Stewart said, “but at least we’d know if 
it’s feasible and if the time comes in the future to use this.” 

Research in production efficiency in the coming fiscal year 
will focus on the following areas:
1. Conduct field trials to maximize fertigation and water 

use efficiencies in citrus orchards.  

2. Conduct field trials in citrus orchards to explore the 
causes of post-bloom and pre-harvest fruit drop.  

3. Develop mechanical harvest technology and/or robots 
to reduce production cost and increase productivity. 
Develop accurate mechanical crop estimation 
approaches. 

Post-harvest Technologies 
“We want to make sure that we have adequate tools to 
properly prevent post-harvest decay,” Stewart said, “and at the 
same time, meet requirements for international markets.” He 
noted that the promising research designed to help growers 
is a continuation of what they work on every year – managing 
post-harvest decay at the packinghouse level through novel 
technologies and synthetic chemistries that allow for open 
market access across the world.

Post-harvest technology research priorities for the 2020-21 
fiscal year include the following: 
1. Secure adequate data to support industry positions 

dealing with trade activities and barriers to the citrus 
export industry.  

2. Evaluate existing and newly developed chemistries to 
minimize pre- and post-harvest fruit deterioration.  

3. Develop data on food safety issues of citrus to mitigate 
regulatory action or to satisfy new regulations.  

4. Determine the potential introduction of exotic non-
vectored or graft-transmissible pathogens of citrus that 
would threaten production and/or market access both 
domestically and internationally.  

5. Develop new non-chemical technologies to mitigate 
and/or minimize losses due to non-vectored or graft-
transmissible pathogens, e.g., irradiation, variable radio 
frequency, electromagnetic methods. 

All three committees work cooperatively and closely with 
universities, U.S. Department of Agriculture researchers, 
the California Department of Food and Agriculture, other 
California citrus organizations, researchers from citrus-
growing areas around the globe and the federal government 
to ensure that the most targeted, results-oriented research is 
pursued to help ensure the sustainability of California citrus 
growers. 

Ivy Leventhal is the managing editor of Citrograph. For 
more information, contact ivy@citrographmag.com
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Bob Ward, Ward Ranches
Exeter, California

If you farm almost anywhere in California, water and irrigation are top of mind.  Irrigation is essential in all that 
we do. I have observed a great deal of over-irrigation in our industry. Growers are irrigating by a calendar, 

when they should be checking the soil and irrigating by the roots.  I’d like to see some research funded 
that would provide best practices for irrigation, specifically for citrus of all types, growth stages and 
regional locations.

Currently, one of our industry’s greatest interests is in fruit quality and delivering the very best fresh citrus 
to the market. However, our marketing system is being overrun by easy-peel varieties, which has caused 

our entire citrus marketing season to be extended. It has been my observation that many new varieties that 
have infiltrated the navel market have not done so well. I also produce some of those new varieties; however, the old-line 

navels that my Great-Granddad planted in 1890 continue to yield our ranch’s best return on investment. With that said, I have to 
work harder to extend our season and keep fruit on the trees longer.

I’d like to see research dollars allocated toward work on how to attain higher Brix, how to keep fruit on the tree longer, evaluating 
our use of gibberellic acid and, over-all, how we can extend the life of fruit while delivering what our consumers demand.

INDUSTRY VIEWS
Aside from HLB/ACP, Where ShouldAside from HLB/ACP, Where Should  
Research Dollars be Spent?Research Dollars be Spent?
Carolina Evangelo

The Citrus Research Board (CRB) has been deeply engaged in research on huanglongbing (HLB) and the Asian citrus psyllid 
(ACP), which are essential in the fight to sustain the California citrus industry. However, the CRB realizes that growers have 

other needs for research, data and information as they relate to their citrus operations. With that said, Citrograph asked,  
“What other types of research (non-HLB, non-ACP) do you think the CRB should be investing in?”

John C. Gless, Gless Ranch 
Riverside, California

As a California fresh citrus grower, I want to keep up with consumer preferences and demands. My goal is to 
always deliver the freshest, most visually appealing and best-tasting fresh citrus to both the domestic and 

world markets.

Two areas in which I’d like to see research investment are (1) puff and crease and (2) management 
practices for the development of higher Brix; both specifically in the navel variety.

Puff and crease is still a disorder whose true cause has not been identified. Nor has a solution been 
provided on how we can stop this disorder in the grove. I understand that some early research was done by 

Drs. Coggins and Lovatt, but I believe with all the new technologies and advancements in science today, there must be a solution 
out there.

As a grower, when I see puff and crease in the grove, I know that fruit will never withstand an existence in a normal packed bin 
and doesn’t stand a chance to be exported. 

I look forward to a day when we have scientific-based management practices that help growers yield a nice, firm, baseball-like 
navel that can withstand the mechanical operations of the modern-day packinghouse and can make an export trip over the water 
easily, while still looking pristine and tasting delicious when it reaches the end-consumer.

Another consumer demand is the delivery of higher Brix fruit to the market.  I know that I always will get higher Brix in fruit grown 
on specific soil types and rootstocks. As land availability and environmental conditions change, it would be extremely valuable to 
have research in-hand that provides solutions and practices to increase Brix in fruit grown on any rootstock or soil type.
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Jim Churchill, Churchill Orchard
Ojai Valley, California

At Churchill Orchard, we grow primarily Ojai Pixie tangerines, also Seedless Kishu mandarins and some 
avocados. In order of importance, we sell wholesale, mail order and farmers’ markets. Because we sell our 

fruit, we can harvest for flavor, and that’s what we do. We’ve been selling our own production full-time 
for more than 20 years. We have developed strong relationships with wholesale customers, as well as a 
very enthusiastic mailing list of repeat mail order buyers. I also work as a sales rep for Ojai Pixies, selling 
conventionally grown Ojai Pixies primarily to Whole Foods nationally and to Japan. All of this experience 

has given me a strong belief that people respond to flavor.

I know that Churchill Orchard and Ojai Pixies are both outliers - that there are gazillions of pounds of citrus of 
all kinds to be harvested in California each year, and that you have to harvest according to a schedule, flavor be damned. But I 

think that citrus as an industry has missed a turn in picking fruit before it is ripe and in gassing it for color. The thing that you learn 
from sales is that it is not the first sale that matters, it is the second. Can you bring in repeat buyers?

So my ideas about where some research funding could be allocated are the following:
1. Is there a way to increase the amount of actually delicious fruit available to be sold, and is there a credible, acceptable way to 
distinguish that fruit so that people can find it? Is it possible to model whether the additional cost of producing the delicious fruit 
would yield increased profits?

2. Specifically, we experimented with waxing Ojai Pixies and concluded they began to taste just like all the other waxed citrus in 
the market, that is, not optimally delicious. I’m not a scientist, but I believe that waxing prevents the exchange of gases between 
the still developing fruit and the atmosphere, and that leads to off-flavors. We decided to not wax Ojai Pixies. They have a tough 
skin, so under most circumstances, they don’t need the fungicide carried in the wax (we export the unwaxed fruit to Japan); and 
we’re selling flavor, not appearance. I’m kind of a layperson about post-harvest technology, but if you want the fruit to shine, isn’t 
there a way to do it without impinging on the flavor?

Carolina Evangelo is the Citrus Research Board’s director of communications and the co-publisher/project manager of 
Citrograph. For more information, contact Carolina@citrusresearch.org
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California citrus producers in Districts 1 (Northern California), 2 
(Southern California-Coastal) and 3 (California Desert) should 
make plans to attend the appropriate Citrus Research Board 
(CRB) nomination meetings. Five positions in District 1, two 
positions in District 2 and one position in District 3 expire on 
September 30, 2020. The public nomination meetings will be 
conducted by officials of the California Department of Food 
and Agriculture (CDFA) and the CRB. The detailed list of seats 
expiring this September may be found on page 6, where the 
current Board member roster appears by name, district and 
year of term expiration. Member terms are for three years.
 

Board Member Responsibilities 
The bulk of the Board’s time is spent considering a broad 
portfolio of citrus research proposals and projects totaling 
approximately $10 million. Members are involved in:

• developing research priorities and requests for 
proposals, 

• prioritizing responses and awarding funds, 
• devising successful implementation strategies, 
• assessing progress and 
• providing critiques of project results. 

The 21-member CRB is served by 18 staff with headquarters 
in Visalia and two laboratories in Riverside. There is a relatively 
high time commitment compared to many other volunteer 
commodity boards, but those involved with the CRB are 
integral in directing the response to critical citrus research 
needs in California. Members are expected to attend Board 
meetings and to serve on research and/or administrative 
committees. A typical fiscal year has five Board meetings in 
various geographic locations, a three-day research meeting 
to receive project updates, as well as occasional committee 
meetings. Board members also have the opportunity to attend 
a number of citrus-related conferences and events.

Voter Qualifications 
(as provided by the CDFA Marketing Branch)

• Any owner, officer or employee of an entity in 
California in the business of producing, or causing to 

be produced for market, 750 or more standard field 
boxes (or the equivalent) of any variety of citrus is 
qualified to participate in the nomination proceedings. 

• An individual person is entitled to represent only one 
legal entity at a nomination meeting.

• In the case of a partnership, only one of the partners 
may vote. 

• In the case of a corporation, a person affiliated with 
the corporation, preferably an officer, may represent 
the corporation. 

• A married couple operating a production entity is 
entitled to just one vote, unless each spouse owns and 
operates separate and distinct entities. 

• To participate in a district’s nomination meeting, a 
business entity must have citrus production within 
that district. Any entity with production in more than 
one district must choose a single district in which to 
participate to vote. If a separate production entity can 
be proven as the operating entity in another district, 
the person qualified to act as the representative of 
that entity may vote in that district, even if he/she has 
voted as a representative of another entity in another 
district. Essentially, each separate citrus-producing 
business entity is entitled to one vote in the district in 
which it operates. 

• Voting by proxy is not permitted.

For more information, the California Citrus Research Program 
Marketing Order may be viewed on-line at: http://www.cdfa.
ca.gov/mkt/mkt/pdf/Laws/CitrusResearchMarketingOrder.
pdf Questions may be directed to CDFA Marketing Branch 
Associate Agricultural Economist Kacie Fritz at (916) 900-5095 
or CRB President Marcy L. Martin at (559) 738-0246. 

Carolina Evangelo is the director of communications 
for the Citrus Research Board, where she also serves as 
publisher and project manager of Citrograph. For additional 
information, contact carolina@citrusresearch.org

Citrus Research Board 
Nomination Meetings
Carolina Evangelo

PLEASE NOTE: As this issue of Citrograph went to press, stringent gathering restrictions were still in place due to the 
COVID-19 pandemic. Updated information about how the 2020 CRB Board nominations and elections will be conducted 
will be sent to you via the U.S. mail. We appreciate your understanding.
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A Key to Saving California’s 
Citrus Industry 
Collaborative Approach to Outreach
Mark McBroom

When we discuss the outreach efforts of the Citrus Pest 
& Disease Prevention Program (CPDPP), many of us 

naturally default to examples of our homeowner outreach. 
The CPDPP’s efforts to connect with homeowners in high-
risk areas throughout the state using earned, owned, shared 
and paid channels continue to be effective. That said, as 
detections of the disease creep closer to major commercial 
citrus areas, we must recognize the myriad partners and 
entities that work in concert to inform and educate all levels 
of the citrus industry.  

While the CPDPP’s outreach contractor Nuffer, Smith, Tucker 
continues to drive communications efforts forward with 
homeowners, city governments and others, the program’s 
outreach partners are moving in lock-step with experts 
throughout the state to ensure industry stakeholders 
are apprised of the latest best practices and regulatory 
information. These efforts are key to slowing the spread of 
the Asian citrus psyllid (ACP) and huanglongbing (HLB) – and 
no one entity can win this fight alone. Here’s a look at some 
examples of this exemplary collaboration and the numerous 
partners helping to preserve California’s citrus industry.



www.CitrusResearch.org  |  Citrograph Magazine   37

Science-based Strategies Support 
Industry Outreach  
To establish treatment recommendations, survey and 
detection techniques and best management practices, the 
CPDPP relies heavily on findings from our research partners, 
including the University of California Division of Agriculture 
and Natural Resources, the Citrus Research Board and the 
Data Analysis and Tactical Operations Center (DATOC). 
The scientific and data-driven insights developed by these 
groups provide a foundation of proof upon which the 
CPDPP’s outreach is built.
 
For example, to provide California pest control advisers (PCAs) 
and the citrus growers they serve with a strong toolbox of 
science-supported strategies to protect their orchards, the 
Citrus Pest & Disease Prevention Committee (CPDPC) endorsed 
a set of voluntary best practices last year for growers to 
employ in California. Led by a task force consisting of growers 
across the state, the group first turned to the industry’s 
preeminent scientists and researchers – including DATOC 
members Beth Grafton-Cardwell, Ph.D., Neil McRoberts, Ph.D., 
Holly Deniston-Sheets and others – to provide the most 
scientifically effective management techniques to serve as 
the foundation of their recommendations. These voluntary 
recommendations serve as the basis for many industry 
outreach/efforts and the contributions from our research 
partners have proven invaluable.

More recently, Grafton-Cardwell and Monique Rivera, Ph.D., 
hosted listening sessions in the San Joaquin Valley, southern 
California and Ventura County with PCAs to openly discuss 
best management practices, observations from the field and 
how we all can contribute toward the management of ACP 
and HLB. The outcomes and recommendations from these 
meetings will be used to provide science-based information 
to industry members and will help inform outreach efforts.

Grower Liaisons Create One-on-One 
Connections
The grower liaisons are empowered to share localized 
information with growers in their region on area-wide 
treatments, best management practices, regional meetings, 
identification of abandoned groves and more. Their boots-
on-the-ground efforts provide the CPDPP with a valuable 
channel of communication directly to growers who are 
impacted most across the state. Visit CitrusInsider.org to 
identify and connect with your regional grower liaison 
representative.

Citrus Division Provides Regulatory 
Guidance and Enforcement
While the California Department of Food and Agriculture’s 
Citrus Pest and Disease Prevention Division’s primary role is 
one of CPDPP administration and regulatory enforcement, 

(Left to right): Sara Garcia-Figuera (University of California, Davis), Judy Zaninovich (pest control adviser and Citrus Pest & Disease 
Prevention Committee Kern County grower liaison), Beth Grafton-Cardwell, Ph.D. (citrus integrated pest management specialist, research 
entomologist at the University of California, Riverside [UCR] and director of the Lindcove Research and Extension Center), Price Adams 
(Nuffer, Smith, Tucker executive vice president) and Monique Rivera, Ph.D. (UCR entomologist) attended a pest control adviser listening 
session this past February.
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they, too, are an important part of the industry outreach 
efforts to suppress ACP and limit the spread of HLB. Teams 
throughout the state work diligently to identify, educate and 
garner compliance from growers, nurseries, transporters, 
packers and other industry partners. While they are required 
to enforce regulations, they also educate industry members 
on the regulatory requirements and the importance of 
ensuring these rules and laws are followed.

Integrated and Collaborative 
Approach
Stopping the spread of ACP and HLB cannot be done 
independently. Collaborating with key industry groups to 
capitalize on their strengths will best serve our industry and 

help stop the spread of ACP and HLB from impacting our 
livelihoods. I urge you to stay engaged with the program 
by attending committee meetings and providing feedback 
on ways we can better engage and communicate with our 
industry colleagues. By working together and continuing to 
innovate our approach, we can save California citrus! 
 
Mark McBroom is the outreach subcommittee chairman 
for the Citrus Pest & Disease Prevention Program and vice 
chair for the Citrus Pest & Disease Prevention Committee. 
For more information, contact desertcitrus@aol.com

Southern Tulare County grower liaison Jessica Leslie spoke with attendees at the 2020 World Ag Expo.
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Elizabeth E. Grafton-Cardwell

LESSONS
LEARNED  
30 Years of California Citrus 
IPM Research
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The Citrus Research Board (CRB) has long 
supported my integrated pest management 

(IPM) program, beginning with individual grants 
in 1990. These transitioned to Pest Management 
Infrastructure grants in 2007 and then evolved into 
the Core IPM Program grants in 2011 in collaboration 
with Joseph Morse, Ph.D., and Sandipa Gautam, 
Ph.D. CRB funding, combined with funds obtained 
through university, state and federal grant programs, 
has provided me with continuous staff support at 
the Kearney Agricultural Research and Extension 
Center and the Lindcove Research and Extension 
Center (LREC) for 30 years. The Core IPM grant has 
been exceptionally helpful in providing a continuous 
base of support so that we could respond to issues 
as they arose, instead of waiting for individual grants 
to be awarded. This article describes key issues that 
we addressed through the years.

In the early 1990s, when I began my position as 
citrus IPM specialist and research entomologist, a 
very limited number of insecticides were registered 
for citrus pests. Most were in the organophosphate 
and carbamate insecticide groups. At that time, 
Bob Luck, Ph.D., and Morse were developing a 
biologically-based IPM program for the San Joaquin 
Valley (SJV) that would largely replace these 
treatments (Morse and Grafton-Cardwell 2012) 
by relying on Aphytis parasitoid wasp releases 
for California red scale and Veratran® (sabadilla 
alkaloids) sprays for citrus thrips control.  In addition, 
methods to document organophosphate resistance 
in California red scale populations demonstrated 
the need for SJV growers to stop using this group of 
insecticides (Grafton-Cardwell et al. 2001). 

We partnered with farm advisers Neil O’Connell 
and Craig Kallsen to sample orchards in Tulare 
and Kern counties and demonstrated that the 
biologically-based program was equally successful 
in suppressing pests below economic thresholds 
compared to reliance on broad spectrum 
insecticides (Grafton-Cardwell et al. 1995). Many 
new insecticides were screened at the LREC to find 
softer alternatives to the organophosphates for key 
pests including citrus thrips, katydids, caterpillars 
and scales. The citrus industry rapidly adopted the 
insecticide Success® for citrus thrips and Esteem® 
for California red scale, but we had extreme 
difficulty finding softer alternatives for katydids and 
citricola scale, so the organophosphate Lorsban® 
(chlorpyrifos) continued to be used for these pests. 
However, if kept to a single treatment a year, Lorsban 
did not severely disrupt natural enemies, because 
they had developed some resistance due to many 
years of exposure to organophosphates. 

Beth Grafton-Cardwell, Ph.D., speaking to growers at a field 
day event.

Beth Grafton-Cardwell, Ph.D. (top center), teaching about citrus 
fruit scarring in the packline at the Lindcove Research Extension 
Center.
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New reduced risk insecticides were 
introduced rapidly during 1998-2018. 
Yet while many provided greater 
worker safety compared to older 
insecticides, they were not necessarily 
softer for natural enemies. It turned 
out that Esteem, while soft on Aphytis 
and predatory mites, was very toxic 
to vedalia beetles, and the result was 
outbreaks of cottony cushion scale 
that had not been seen for decades. 
Through field studies in commercial 
orchards, we determined that the 
vedalia beetle is active as a citrus 
predator primarily from March through 
June and stops reproducing in the 

summer heat (Grafton-Cardwell et al. 
2005). By shifting Esteem treatments 
to the second generation of California 
red scale, generally in July after the 
vedalia had completed its work, 
cottony cushion scale outbreaks were 
minimized. Outreach communicating 
our research results changed grower 
practices and minimized the impact 
of this insecticide on the predatory 
beetles. Esteem was used as the 
mainstay for California red scale control 
for the next 20 years. 

Lepidopteran pests that were 
common in the 1990s, such as citrus 
cutworm and fruit tree leafroller, 
virtually disappeared because the new 
insecticides were not disrupting their 
natural enemies. However, katydid and 
citricola scale did not have sufficient 

biological control in the SJV to keep 
them below economic thresholds, nor 
were they well-controlled by these 
newer products. Growers learned to 
use extremely low rates of Lorsban 
or a pyrethroid for katydids and to 
treat every other year with Lorsban for 
citricola scale to minimize its broad-
spectrum impact. In the 2000s, the 
neonicotinoids Admire® (imidacloprid), 
Actara® (thiamethoxam) and Assail® 
(acetamiprid) were introduced, and 
these products worked well to control 
citricola scale (Grafton-Cardwell and 
Reagan 2001). During this period, SJV 
growers applied an average of four 

Katydid nymph

Vedalia beetle 

Beth Grafton-Cardwell, Ph.D., teaching an in-depth course on California red scale to Pest Control Advisers.

Fuller rose beetle adult
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to five treatments per year. One or two thrips treatments 
were combined with a katydid treatment at petal fall, and 
occasionally a miticide. Additionally, one red scale and one 
citricola scale treatment were each applied annually, but in 
alternate years.

However, the citrus IPM system does not stay the same for 
any length of time because changes in weather, invasive 
pests and export issues provide continuous challenges. Our 
research demonstrated that neonicotinoids do not control 
California red scale infesting wood, and overuse actually 
builds up scale on wood. The hotter, dryer summer climate 
and mild winters experienced between 2012 to the present, 

coupled with Esteem resistance and buildup of scale on 
wood resulted in outbreaks of California red scale that 
required growers to return to the 1990s practice of treating 
for it two to three times per year. This control crisis led us 
to research pheromone disruption with Checkmate® CRS 
mesoporous lures. Based on our research using orchards 
with low to medium scale-infestations, dispensers applied 
prior to the first male flight on large acreages can reduce 
scales on twigs and fruit by 90 percent. Mating disruption 
in combination with occasional insecticide treatments have 
helped growers return to treating for scale every one to two 
years instead of two to three times per year. 
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Citrus leafminer
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Another area that has required a lot of my attention during 
the past two decades has been developing response plans 
for invasive pests. The glassy-winged sharpshooter (GWSS) 
appeared in California in the late 1990s, and we provided 
insecticide-screening data to help growers and nurseries 
reduce GWSS numbers in citrus (Grafton-Cardwell et al. 
2003). 

Citrus peelminer also became problematic in susceptible 
varieties of citrus such as grapefruit, pummelos, Fukumotos 
and Thomson Improved navels. Third and fourth generation 
flights of moths were demonstrated to lay the eggs that 
hatch into larvae and mine the rind of pummelos and 
oranges, respectively, (Grafton-Cardwell et al. 2008). We 
determined that insecticides were not very effective, but 
we provided degree day units¹ via a web page and gave 
suggested timings to maximize the effect of treatments. 

Not long after that, citrus leafminer became established in 
the SJV. Research documented that because citrus leafminer 
and citrus peelminer share parasitoids, biological control of 
both species was improved. We conducted studies in newly 
planted citrus demonstrating that citrus leafminer causes 
a reduction in yield and size of fruit in the third year after 
planting; and we taught growers to focus on citrus leafminer 
management in nonbearing citrus, which is the normal 
practice today. 

The most recent and most dangerous 
invasive pest to arrive in California 
is the Asian citrus psyllid (ACP), the 
vector of ‘Candidatus Liberibacter 
asiaticus’, a bacterium that is 
associated with the incurable disease, 
huanglongbing (HLB). ACP reduction 
with insecticides is currently the 
main method of minimizing disease 
spread. ACP treatments have severely 
disrupted the IPM program of 
southern California growers, because 
in previous decades, pesticide 
treatments were minimal. Research at 
the University of California, Riverside 
with Nastaran Tofangsazi, Ph.D., and 
surveys of more than 240 groves in 
five California regions provided data 
on the efficacy of grower-applied 
treatments (Tofangsazi and Grafton-
Cardwell 2018). This information led 
to the recommendation of three 
treatments (six for organic growers) 
per year to keep psyllid populations 
low in most areas of southern 
California and to eradicate ACP 
populations in the San Joaquin Valley 
region. The pesticides that work best 
are long-residual neonicotinoids and 
pyrethroids, which are very effective 

against natural enemies, placing a new stress on the IPM 
system. The hope is that researchers will soon develop a cure 
for HLB so that broad-spectrum treatments to reduce psyllids 
will not be needed.

Another challenging issue to appear in the last decade is 
pests of export significance; starting with Fuller rose beetle 
(FRB) and California red scale for South Korea and expanding 
to bean thrips and mites for Australia and New Zealand. 
These species do not cause serious damage to California 
citrus. In previous years, if these pests were found on fruit, 
the exported fruit was fumigated with methyl bromide 
(MeBr) at its destination. However, MeBr usage is being 
reduced worldwide and the challenge for California growers 
is to effectively eliminate pests before leaving California in 
order to meet the phytosanitary requirements of destination 
countries. The California Citrus Quality Council worked with 
the Core IPM program to develop a pre-harvest systems 
approach for FRB including skirt pruning and insecticide 
treatments (Morse et al. 2017). However, this program adds 
several additional broad-spectrum pesticides that can 
cause secondary outbreaks of other pests. Gautam joined 
the Core IPM program in 2016 to work with Spencer Walse, 
Ph.D., at the U.S. Department of Agriculture–Agricultural 
Research Service in Parlier, California, to develop post-
harvest treatment alternatives to MeBr. They successfully 
developed a treatment with phosphine for bean thrips that 
also helps reduce mites on citrus fruit. In collaboration with 

Beth Grafton-Cardwell’s reaction to the appearance of the Asian citrus psyllid in California.
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Beth Mitcham, Ph.D., at the University of California, Davis 
(UC Davis), they developed a protocol for ethyl formate 
fumigation that should be available in the next year that 
can effectively disinfest fruit of bean thrips and be useful 
for disinfesting bulk citrus of ACP within California. Gautam 
continues to work with combinations of these and other 
fumigants, as well as cold storage temperatures to provide 
growers a set of treatments for all pests and export countries.

Recently, we collaborated with the UC Davis research team of 
Jay Rosenheim, Ph.D., and Bodil Cass, Ph.D., who have used 
Pest Control Adviser records and grower pack-out data to 
determine that certain varieties of mandarins have very low 
rind damage compared to navels. We aided their team by 
rearing katydids and thrips and supported their field research 
at the LREC to document that katydids, thrips and earwigs do 
not like to feed on the rind of C. reticulata varieties (‘Tango’ 
and ‘W. Murcott’), thus treatments for these pests can be 
reduced or eliminated in these varieties (Cass et al. 2020). 

My research team has collaborated with numerous research 
teams over the years and responded to each new situation 
with whatever is needed to develop practical methods of 
integrated pest management for citrus. Where needed, pest 
and natural enemy life cycles have been studied; economic 
thresholds for damage developed; pesticide resistance 
monitored; and pesticidal, biological and mechanical control 
methods studied. The information we have developed has 
been presented in grower seminars and webinars, added to 
the UC IPM guidelines for citrus, been the basis for online 
courses and websites and communicated in journals and 
magazines such as Citrograph. The primary lesson learned 
has been that the California pest situation continually 
changes, but that change provides immense opportunities 
for exciting and challenging IPM research.  

Glossary
¹Degree day units: A measure of heat units accumulated 
over time required for an insect to reach a certain stage.
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Cottony cushion scale outbreak on a young mandarin tree
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Highlights of the 2020 
Citrus Showcase

California Citrus Mutual (CCM) held the highly-anticipated 
2020 Citrus Showcase on March 5, with more than 130 

exhibitors and 750 in attendance at the luncheon. It was 
a day devoted to learning and mingling with growers and 
others in the California citrus industry.

Luncheon
This year’s keynote speaker was Randy Russell from CCM's 
new federal lobbying firm, The Russell Group, who discussed 
the current political outlook and opportunities for citrus. He 
relayed that as demographics and redistricting evolve, they 
will shift the political frame of the country. Russell explained 
the key issues affecting citrus in the federal government – 
immigration, citrus health funding and all aspects of trade. 

At the luncheon, CCM and the Citrus Research Board (CRB) 
were pleased to honor Elizabeth Grafton-Cardwell, Ph.D., 

who is retiring at the end of June. Jim Gorden, a Central 
Valley citrus grower who has worked with Grafton-Cardwell 
for nearly her entire 30-year career, shared that she is an 
irreplaceable asset to the industry and will be missed greatly. 

Workshops
Marketing: Asking the Tough Questions
Panelists included Al Bates, president of Sun Pacific Shippers; 
Dave Smith, general manager of Booth Ranches; Jim Phillips, 
president/CEO of Sunkist; and Zak Laffite, president of 
Wonderful Citrus. They addressed the current state of the 
market, their perspectives on what has contributed to current 
low prices and what they anticipated for the remainder of 
the season.  The panelists agreed that oversupply, stagnant 
consumer demand and reduced export volumes have 
resulted in a downward price trend. Nevertheless, they also 
agreed that there is an opportunity to right the ship.  Exports 

Alexis Silveira

CCM exhibitors networked with local citrus growers at the trade show.
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are increasing over 2018 levels, and new markets are coming 
online.  Fruit quality is always essential; but with current 
market conditions being what they are, it is even more 
important to seize available export opportunities and further 
drive domestic demand.  

CCM President Casey Creamer, who moderated the 
discussion, urged growers to be aware of their costs and to 
communicate regularly with their packinghouses.  Based on a 
survey conducted by CCM, the average total cost to produce 
a carton of navels – including farming, pick and haul, packing 
and marketing – is $11.71.  On average, FOBs season-to-date 
as of March were well below average production costs.  

The cost of farming citrus in California has increased steadily 
during the past 15 years and is likely to continue going 
up.  This trend is primarily attributed to the increasing cost 
of labor, including higher minimum wage rates and the 
implementation of the Ag Overtime pay requirements.

California's Collaborative, Multi-layer Approach to Ward 
off the HLB Threat
Georgios Vidalakis, Ph.D., director of the Citrus Clonal 
Protection Program (CCPP) and University of California, 
Riverside professor and UC extension 
specialist of plant pathology was this year's 
CRB-sponsored speaker for the workshop 
entitled, "California's Collaborative and 
Multi-layer Approach to Ward Off the Citrus 
Huanglongbing (HLB) Threat."

In addition to giving a brief history on HLB 
and Asian citrus psyllid (ACP) basic biology 
and their current status in California, 
Vidalakis explained the efforts to contain 
the spread of HLB, specifically as it pertains 
to the regulatory requirements for citrus 
variety propagations in California and 
the Citrus Nursery Stock Pest Cleanliness 
Program.

Vidalakis touched on ACP and HLB 
monitoring and quarantines in California, 
as well as the efforts of area-wide, 
eradicative and HLB response treatments.

A quick journey was taken explaining 
the regulatory requirements that citrus 
varieties must follow for introduction into 
the U.S. and how the CCPP program and 
citrus budwood treatments, therapy and 
diagnostics play a role in making those 
varieties available to both private and 
commercial entities.

Vidalakis' talk concluded with a look at 
the highlights of HLB research, including 

the introduction of new citrus varieties from Florida and 
plans for the evaluation of Florida HLB-tolerant varieties 
under California growing conditions. Future Citrograph 
articles will report the results of these research trials.

Labor Law and Regulation 
Faced with an aging labor pool and barring any federal guest 
worker legislation, it is likely that more in the citrus industry 
will turn to the H-2A program to meet their labor needs in 
future years.  Steve and David Scaroni, principals of the H-2A 
contracting firm Fresh Harvest, are experienced in this arena.  

Rudy Mendoza of the California Ag Labor Association, a 
non-profit compliance agency dedicated to helping the 
agriculture industry reduce liability and exposure, shared 
common compliance violations he sees in the field.  

Well-respected and highly-sought labor attorney Michael 
Saqui of The Saqui Law Group provided a summary of 
Assembly Bill (AB) 5, legislation passed in California last year 
that established a three-part test for determining a worker's 
status as either an employee or independent contractor.  A 
recent court ruling has offered some clarification as to the 
applicability of AB 5 to independent truckers.  However, 

Marcy L. Martin, president of the Citrus Research Board; Elizabeth E. Grafton-Cardwell, 
Ph.D., director of the Lindcove Research and Extension Center and a research entomologist 
at the University of California, Riverside; Jim Gorden, committee chairman of the Citrus 
Pest and Disease Prevention Committee; and Casey Creamer, president/CEO of California 
Citrus Mutual, gathered after recognizing Grafton-Cardwell for her dedication to the citrus 
industry throughout her career. 



50   Citrograph Vol. 11, No. 3  |  Summer 2020

for other independent contractors in the agriculture 
industry, such as pest control advisers, the ABC test¹ 
applies. Additionally, employers must be aware of new laws 
pertaining to joint liability and arbitration agreements. 

Glossary
¹ABC test: The test, as distilled in AB 5, prohibits a hiring 
entity from classifying a worker as an independent 
contractor unless the hirer can establish the following:
(A) The hiring entity does not control or direct the worker 
in performing the work in fact or under the terms of a 
contract.
(B) The work performed is outside the “usual course” of the 
hiring entity’s business.
(C) The worker is customarily engaged in an independently 
established trade, occupation, or business of the same 
nature as that involved in the work performed.

Alexis Silveira is the director of membership and 
communications for California Citrus Mutual. For more 
information, contact alexis@cacitrusmutual.com 

Panelists discussed the changes in the 
citrus market during the first workshop 
of the day, “Marketing: Asking the 
Tough Questions.”  

Randy Russell, president of The Russell 
Group, gave his keynote address during 
the luncheon before more than 750 
attendees.

Citrus Showcase attendees listened carefully during one of the 
2020 Citrus Showcase Workshops. 

Plant Food Systems, Inc. representative Mark Brady 
discussed the company’s latest products with 
attendees.

THANKS YOUTHANKS YOU
SPONSORSSPONSORS

CCM wishes to thank the following companies for their 
sponsorships of the Citrus Showcase:

EVENT: Accu-Label International, Bayer, Corteva, Farm Credit, 

Fruit Growers Supply, Giffin-Parker Insurance Brokers, 

Nielsen and Associates, Nationwide, Pace International, 

Packline Technologies, Inc., Sinclair Systems International, 

Syngenta and Suterra 

LUNCHEON: The Saqui Law Group, 

Packline Technologies, Inc., Wonderful Citrus and

Gless Ranch Nursery

WORKSHOPS: WN Citrus, Actagro and Redox 

COFFEE AND PASTRIES: Valley Packline Solutions and 

Packline Technologies, Inc. 

BAGS:  Gless Ranch Nursery 

LANYARDS: Plant Food Systems, Inc.

PROGRAM: Tree Source Citrus Nursery
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CCQC Provides Practical 
Benefits to Growers
A Productive Partnership with the CRB
Jim Cranney 

One of the key organizations supporting the needs of the 
California citrus industry since 1967 is the California Citrus 

Quality Council (CCQC). With the key objective of ensuring that 
California citrus meets domestic and international regulatory 
standards, the CCQC represents growers on sanitary and 
phytosanitary issues, as well as the use of citrus additives and 
pesticides. 

The quality assurance program operates as a non-profit 
corporation authorized under the California Citrus Improvement 
Program state marketing order through an operating agreement 
with the Citrus Research Board (CRB). The CCQC is funded 
through the CRB. It partners with state and government 
agencies, Codex Alimentarius, the University of California and 
the California citrus industry and its trading partners to help the 

industry meet all domestic and international phytosanitary, food 
safety, food additive and pesticide residue regulations. Of the 
ten members of the CCQC’s Board of Directors, eight are elected, 
one is appointed from the CRB and one is appointed from the 
California Citrus Mutual (CCM) Board. 

Currently, the California citrus industry is operating in an 
environment of hyper-change.  Political, biological and societal 
forces are in constant motion and often in conflict with 
the interests of citrus growers and packers.  The CCQC uses 
scientific and technical information to protect the industry from 
unreasonable regulation and to communicate grower views 
about the reality of producing citrus in a competitive global 
market, under constant pressure from insects and plant diseases.
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Our organization helps the industry navigate domestic and 
international regulatory issues, whether from restrictions 
on pesticide use or mandatory protocols, to access overseas 
markets.  Sometimes regulators can close important export 
markets because of the detection of quarantine pests, so the 
CCQC collaborates with UC researchers, the CRB and government 
officials to develop technical solutions to re-open markets.

Since the passage of the Food Safety Modernization Act, the 
CCQC has been helping the industry comply with food safety 
regulations and identify important science issues that need 
research funding to assist in navigating food safety regulations.

Partnering with the CRB
The CCQC and the CRB perform a unique role in that we are 
perfectly positioned to handle important issues that would be 
difficult for any individual grower or packinghouse to effectively 
manage on their own.  Our collaborative efforts cover high-
priority areas in market access and trade in the case of the CCQC 
and research in the case of the CRB.  Our arms are linked on 
behalf of the California citrus industry.

Key goals 
The CCQC’s guiding principle is to improve the economic 
interests of the California citrus industry. We use scientific and 
technical information to minimize the impact of regulation and 
educate policy makers on what California citrus growers need to 
produce a commercial crop and achieve economic success.

Our core mission is to facilitate trade by solving phytosanitary 
and maximum residue limit (MRL) problems, helping growers 
maintain access to important crop protection tools and 
facilitating compliance with food safety regulations.  The CCQC 
tries to prevent problems in export markets by anticipating 
problems and developing technical solutions before they are 
needed.

Recent Accomplishments
Post-harvest Use of Azoxystrobin, Imazalil
Over the past year, the CCQC provided significant input to 
the U.S. Environmental Protection Agency (EPA) to save the 
post-harvest uses of Azoxystrobin and Imazalil.  EPA proposed 
significant changes to the Azoxystrobin label that would have 
caused significant disruption for packinghouses.  Azoxystrobin 
is used on more than 50 percent of lemons and is important 
in storage of mandarins, while Imazalil is used on nearly 100 
percent of all citrus varieties.   Greater regulation or the loss 
of these critical post-harvest fungicides would result in an 
estimated 25 percent increase in decay on all domestic and 
export shipments.  High decay would result in less demand for 
California citrus and lower prices.  The CCQC partnered with 
Jim Adaskaveg, Ph.D., of the University of California, Riverside 
(UCR) to provide commercial usage information to the EPA that 
resulted in the suspension of the label changes.   Without this 

input, the EPA was poised to require burdensome use restrictions 
that would have significantly reduced the use of these fungicides.  
The EPA’s action would have devastated the industry’s decay 
control program, increased claims in overseas and domestic 
markets and ultimately reduced grower returns.

Opening Vietnamese Market
The CCQC provided extensive input into the U.S. Department of 
Agriculture (USDA) pest risk assessment that led to the opening 
of the Vietnam market in 2019.  Vietnam is a country of 95.5 
million people with one of the fastest growth rates in Asia at 
seven percent annually.   Vietnam’s vibrant economy and desire 
to partner with the United Sates could result in increased exports 
of between $5 million and $10 million over the next several 
years.  The CCQC partnered with Beth Grafton-Cardwell, Ph.D., 
Sandipa Gautam, Ph.D., Sunkist, the USDA and county agriculture 
commissioners to host a tour of Vietnamese regulators who 
visited citrus groves and packinghouses in 2019 before opening 
the Vietnamese market.  This tour provided greater confidence 
in the industry’s quarantine pest program and resulted in 
publication of pest risk assessments for grapefruit, lemons and 
mandarins in only eight months while the orange risk assessment 
took nearly five years.

Preserving Methyl Bromide for Quarantine Pests
Another CCQC priority is preserving the use of methyl bromide 
for treatment of quarantine pests.  This use is under threat of 
regulation within the Montreal Protocol, which regulates methyl 
bromide and other ozone depleting chemicals.  All soil uses of 
methyl bromide already have been banned.  Oranges exported 
to Korea, estimated at $187 million in exports, are fumigated with 
methyl bromide to control Fuller rose beetle eggs.  Currently, all 
quarantine interceptions in most major markets are fumigated 
with methyl bromide and allowed entry into commerce.   In 
2018, 33 percent of Australian orange shipments and 21 
percent of lemon shipments failed quarantine inspection and 
were fumigated with methyl bromide and granted entry into 
Australia.  In 2019, one container was refused entry because 
methyl bromide is not used in that market, and losses for a 
single container totaled $70,000.  Without methyl bromide, 
citrus exports would plummet because of the risk of quarantine 
interceptions and uncertainty about high losses. 

Leadership on Pesticide Committees
The CCQC also participates in the Codex Committee on Pesticide 
Residues and monitors the committee’s activities.  Recently, the 
European Union proposed to change the equations that are used 
to set MRLs.  The CCQC participated in United Sates delegation 
activities that opposed and ultimately prevented the changes.  If 
the European Union had been successful in making the changes, 
the new method of setting MRLs would result in lower limits and 
fewer citrus MRLs. 

The CCQC has built on its Washington, D.C. activities by hosting a 
biennial citrus tour in California.  The CCQC gathers more than 25 
participants from EPA and the California Department of Pesticide 
Regulation (CDPR) to explain the role of pesticides in producing a 
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commercial crop, educate regulators on Integrated Pest Management (IPM) and 
explain production, harvest and packing procedures.  In 2017, four members 
of the EPA’s pollinator protection team participated in the tour.  The CCQC used 
that opportunity to explain the industry pollinator protection regulations and 
set up a meeting with CDPR and EPA officials to discuss pollinator issues.  The 
CCQC’s 27-year experience and long-term relationship building in Washington, 
D.C. and Sacramento have helped regulators better understand how growers 
use pesticides and how they operate in a culture of compliance.  In February, the 
EPA proposed mitigations for neonicotinoid pesticides (neonics); but given their 
understanding of the importance of neonics, no significant label changes were 
proposed.

Ethyl Formate

The CCQC also has used its pesticide policy experience to facilitate the 
registration of ethyl formate.  Ethyl formate is a new fumigant that has great 
potential to control mites and other quarantine pests for export markets such 
as Australia and New Zealand and as a replacement tool for the use of “spray 
and move” pesticide applications for Asian citrus psyllid.  We are collaborating 
with the registrant, Spencer Walse, Ph.D., of the USDA-Agricultural Research 
Service (ARS) and UC Agriculture and Natural Resources' Sandipa Gautam 
to register ethyl formate.  The CCQC organized a meeting of packinghouse 
operations managers to gather input on how the industry would like to use 
ethyl formate, and Walse and Gautam conducted commercial trials to develop 
label rates and usage patterns.  We also have arranged meetings with the EPA to 
organize and prepare for the registration and development of another tool to 
address quarantine export issues and a replacement tool for “spray and move” 
applications.

Monitoring Regulatory Developments
The CCQC is constantly monitoring regulatory developments domestically and 
overseas.  Some events are unforeseen, while others are more predictable.  

In the case of Korea, regulators began to signal their intent to shift from Codex 
MRLs to their own proprietary MRL-setting process in 2015.  The CCQC began 
working with the Korean government, the U.S. Embassy in Seoul and pesticide 
registrants at the beginning of the process so there was time to establish most 
of the MRLs needed to continue trade with Korea when the new system started 
on January 1, 2019.  The CCQC helped to establish more than 169 MRLs, so that 
growers could continue to control harmful plant diseases and insects while 
maintaining exports to Korea.  These activities have prevented disruption in 
the Korean market, which is valued at $223 million annually.  We also have 
partnered with the USDA-Animal and Plant Health Inspection Service to 
stabilize the Australian market and continue to advocate against unreasonable 
regulatory requirements in the New Zealand market.  The combined value of the 
Australian and New Zealand markets is $44 million. 

Jim Cranney is president of the California Citrus Quality Council. 
For more information, contact jcranney@ccqc.org

CCQC BOARDCCQC BOARD
OF DIRECTORSOF DIRECTORS

JIM CRANNEY, PRESIDENT
California Citrus Quality Council

JOHN ELIOT, CHAIRMAN
Saticoy Lemon Association
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Johnston Farms
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AC Foods/Suntreat

GARY LAUX, TREASURER
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ALAN WASHBURN
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Rootstocks Affect Performance 
of ‘Tango’ Mandarin
Claire Federici, Ricki Kupper and Mikeal Roose

CRB-FUNDED RESEARCH PROGRESS REPORT 

Project Summary
The Citrus Research Board-funded Core Breeding Program conducts many trials to evaluate citrus scion 
and rootstock cultivars in California. This paper describes an ongoing set of rootstock trials for ‘Tango’A 
mandarin.‘Tango’ mandarin has become the most common late season mandarin in California and is widely 
planted in Florida, Spain, Peru, Chile, Australia and South Africa. Prior to these trials, performance of ‘Tango’ had 
been determined only for trees on ‘Carrizo’ and ‘C35’ rootstock. Here we report results from three rootstock 
trials for ‘Tango’ conducted in the San Joaquin Valley of California. The objective of these trials is to provide 
better data for growers to make decisions about appropriate rootstocks for ‘Tango.’ Based on current results, 
trees on ‘C35’ are highly productive in early years, but are somewhat susceptible to iron chlorosis on calcareous¹ 
sites. Other rootstocks with good performance are ‘Bitters,’ ‘Furr,’ ‘Carpenter’ and ‘Macrophylla;’ however, these 
were not tested at all sites. The lemon type rootstocks, such as ’Macrophylla,’ ‘Volkameriana’ and rough lemon, 
do not appear appropriate for fruit that will be held later in the season, because low acidity will negatively affect 
flavor compared to most other rootstocks.

A Scion and rootstock cultivar names are indicated by single quotes, a convention fairly common in horticulture. For rootstocks, this is only done for clonal 
rootstocks. Nearly all citrus rootstocks propagated by seed are intended to be clonal due to selection of nucellar seedlings, but some zygotic seedlings are 
sometimes present. Experimental rootstocks are not yet cultivars, so these are not placed in single quotes.

Porterville ‘Tango’ rootstock trial in 2019.
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Introduction
Choosing an appropriate rootstock is among the most 
important decisions a grower makes when establishing a 
new planting. This decision can be particularly challenging 
for a new scion cultivar for which little information is 
available. ‘Tango’ has become an important mandarin in 
California, but the initial evaluation trials included trees on 
only two rootstocks, ‘Carrizo’ and ‘C35.’ Soon after ‘Tango’ was 
released in 2006, we began planning a set of rootstock trials 
to provide additional information on its performance with 
various rootstocks. This report summarizes performance 
of trees in ongoing rootstock trials for ‘Tango’ mandarin at 
three San Joaquin Valley sites. All trees were propagated in 
the same nursery and planted in 2008 near Porterville and in 
2009 near Arvin and Orosi. The trials at Porterville, Arvin and 
Orosi compare trees on 23, 21 and 12 rootstocks respectively, 
with 11-12 replicate trees in the Porterville and Arvin trials 
and eight replications at Orosi. Currently available rootstocks 
and unreleased selections from the breeding program were 
included (Tables 1-3). Growers provide all tree care. The 
Porterville trial is on clay loam soil with high organic matter 
and a pH of 7.7 to 8.3. The other two trials are on sandy 
loam soils with a neutral pH. Trees were measured and rated 

periodically and yield records were collected for multiple 
years at each trial. Note that yields reported here are not 
directly comparable between sites because trees at different 
sites also differed in age, and data were collected in different 
numbers of years at each site. 

Here we present cumulative yield data collected in various 
years between 2012 and 2017 and data on tree size, health 
and other traits collected between August 2018 and April 
2019. Canopy volume was estimated in cubic feet (cf ) as 0.25 
* height *widtha* widthd, where widtha and widthd were 
measured across and down the row, respectivelyB. Tree health 
was rated on a 0-5 scale where 0 is dead and 5 is perfect. Bud 
union structure was rated as illustrated in Figure 1, so that 
generally, lower ratings reflect more rootstock overgrowth. 
Chlorosis was the estimated percent of canopy showing 
symptoms. 

Porterville Results
The trial in Porterville is the largest, oldest and perhaps the 
most informative. Tree spacing is 18 feet x 11 feet. The soil is 

B This is a new calculation, designed to standardize canopy calculations across U.S. breeding programs. Comparisons to past canopy volumes described in 
Citrograph should note that for trees of the same height and width, the equations differ about two-fold in calculated canopy volume.

Rootstock
% 

Survival

Cumul. 
Yield 

(lb/tree)

Canopy 
Volume 

(cf)

Yield/
Volume 
(lb/cf)

Health 
Rating
 (0-5)

Union 
Rating (1-

9)
Chlorosis

 (%)
C35 100 805 346 2.39 3.52 2.45 11
Bitters 100 793 369 2.18 4.11 3.50 0
Carpenter 88 680 584 1.19 4.71 3.14 0
Sunki x Flying Dragon trif. 100 638 398 1.64 4.18 2.41 0
Swingle citrumelo 100 539 298 2.29 2.95 1.36 53
Rangpur x Marks trifoliate 100 515 357 1.47 4.00 2.18 0
Yuma Ponderosa 100 506 466 1.11 4.68 3.68 0
African shaddock x Rub. trif. 100 490 441 1.05 4.28 3.50 0
Carrizo 100 479 378 1.26 4.05 2.68 0
Rangpur x Swingle trifoliate1 90 441 344 1.26 3.83 2.56 2
Rangpur x Swingle trifoliate2 100 431 371 1.13 3.77 2.91 9
Brazil sour orange 100 406 484 0.86 4.73 5.05 0
Macrophylla 100 396 311 1.32 4.09 5.41 0
Volkameriana 100 355 420 0.86 4.41 3.68 7
Santa Barbara red lime 100 324 318 1.02 3.90 4.56 0
Schaub rough lemon 100 314 464 0.68 4.82 3.36 0
Cleopatra mandarin 100 281 507 0.55 4.86 4.59 0
Koethen sweet orange 100 262 428 0.60 4.70 5.15 0
Rich 16-6 trifoliate 55 249 156 2.48 2.33 2.17 18
Tosu 91 213 400 0.73 4.35 3.10 0
Sun Chu Sha mandarin 82 166 424 0.36 4.67 4.78 1
Obovoidea 100 161 353 0.46 4.09 5.23 0
  LSD (0.05) 119 77 0.51 0.50 0.48 11

Table 1. Yield, tree size and other characteristics of ‘Tango’ on various rootstocks in the Porterville trial planted in 2008. Tree spacing was 18 feet x 
11 feet and there were 8-11 trees on each rootstock at planting. Cumulative yield is the sum of yields in pounds (lb) per tree from 2013-15 and 2017. 
Canopy volume in cubic feet (cf), tree health (0-5 with 0=dead and 5=perfect), bud union rating (Figure 1) and chlorosis (percent of canopy affected) 
were measured or rated on surviving trees in April 2019. Rootstock effects on sucker count were not significant in this trial. LSD (0.05) is the least 
significant difference between means. Means differing by this value have a five percent chance of differing due to chance.
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sufficiently calcareous to cause severe iron chlorosis stress in 
trees on trifoliate orange to such an extent that all trees on 
‘Pomeroy’ were removed by the grower. Survival of trees on 
‘Rich 16-6’ was only 55 percent (Table 1). The surviving trees 
on ‘Rich 16-6’ showed some chlorosis, but less than trees on 
‘Swingle’ citrumelo. Other rootstocks had low chlorosis. We 
expected more chlorosis in trees on ‘C35’ but saw only low 
levels in most trees. Trees on ‘C35’ had the highest yield at this 
and other sites. Other high yielding rootstocks at Porterville 
were ‘Bitters’ (C22), Sunki x Flying Dragon trifoliate orange 

and ‘Carpenter’ (C54). The largest trees 
were those on ‘Carpenter,’ ‘Cleopatra’ 
mandarin, ‘Brazil’ sour orange and ‘Yuma 
Ponderosa’ lemon. Trees with high yield 
relative to tree size were those on ‘C35,’ 
‘Swingle’ citrumelo, ‘Bitters’ and ‘Rich 
16-6,’ but it should be noted that some 
trees on ‘Rich 16-6’ had been pruned 
back substantially because of chlorosis 
and were larger in earlier years when 
most of their yield was produced. Bud 
unions with extreme stock overgrowth 
sometimes decline as trees age. In this 
trial, only trees on ‘Swingle’ citrumelo 
had bud unions exhibiting sufficiently 
extreme overgrowth to suggest future 
problems. While trees on ‘C35’ had high 
yield from moderate size trees, in 2019 
the trees began showing symptoms of 

iron chlorosis stress. In this soil type, long-term performance 
will likely require considerable soil and water management 
for this rootstock.  

Samples of 188 fruit per tree from four or five trees per 
rootstock were analyzed on the pack line at the Lindcove 
Research and Extension Center in February 2015 (data not 
shown). The largest fruit (by weight) were from trees on 
‘Yuma Ponderosa,’ ‘Volkameriana,’ ‘C35’ and ‘Carpenter,’ and 
the smallest were from trees on ‘Brazil’ sour orange, ‘Rich 16-

2.5

3.0
3.5

5.0

3.5

2.0 6.04.0

4.5

3.0

SKFD C35 VOLK SBRD MAC

RGST CARP CLEO

Rating:

Ratio:

1

0.50

2

0.62

4

0.87

5

1.00

3

0.75

6

1.13

7

1.25

8

1.38

9

1.50

Note: bulge rated 
separately as 
present/absent.

Figure 1. Chart used to rate bud union structure with examples of rootstocks in various 
rating classes.

Rootstock
% 

Survival

Cumul.
Yield 

(lb/tree)

Canopy 
Volume 

(cf)

Yield/
Volume 
(lb/cf)

Health 
Rating 
(0-5)

Union 
Rating  
(1-9)

Sucker 
Count

Chlorosis 
(%)

C35 100 441 336.0 1.30 4.00 2.50 0.00 39.6
Macrophylla 100 376 354.5 1.07 4.13 5.38 0.00 8.3
Yuma Ponderosa 91 323 441.8 0.72 3.59 3.90 0.40 40.0
Furr (C57) 100 309 469.5 0.65 4.05 3.40 0.00 33.0
Pomeroy trifoliate 91 308 287.1 1.05 3.50 1.85 0.70 48.5
Sunki x Flying Dragon trif. 100 299 393.8 0.77 3.44 2.83 0.11 52.8
Swingle citrumelo 100 283 358.1 0.77 4.10 1.90 0.80 16.5
Volkameriana 100 281 376.1 0.78 3.17 4.46 0.50 91.7
Santa Barbara red lime 100 260 396.1 0.66 3.46 5.38 0.92 62.5
Rich 16-6 trifoliate 83 254 270.0 0.95 3.13 2.70 0.00 46.0
Rangpur x Swingle trifoliate2 100 252 367.4 0.69 3.71 3.29 5.50 52.1
Rangpur x Marks trifoliate 100 237 382.2 0.58 3.63 2.38 0.08 55.0
Schaub rough lemon 100 235 367.2 0.70 3.00 4.30 4.00 95.5
Rangpur x Swingle trifoliate1 100 234 354.5 0.65 3.71 3.08 4.50 57.1
Brazil sour orange 100 199 336.5 0.56 3.50 5.71 0.00 67.9
Carrizo 100 192 359.6 0.54 3.54 3.04 0.00 60.4
Cleopatra mandarin 100 119 300.8 0.39 3.65 5.20 4.70 58.5
Tosu 91 118 366.3 0.32 3.18 3.60 1.30 90.0
Sun Chu Sha mandarin 100 115 291.3 0.44 3.25 5.42 1.58 72.9
Obovoidea 100 62 326.7 0.19 3.58 5.08 0.00 83.3
  LSD(0.05) 75 70.5 0.18 0.64 0.49 2.24 20.7

Table 2. Yield, tree size and other characteristics of ‘Tango’ on various rootstocks in the Arvin trial planted in 2009. Tree spacing was 22 feet x 11 feet 
and there were 10-12 trees on each rootstock at planting except ‘Brazil’ sour orange with seven trees and Sunki x Flying Dragon trifoliate with nine 
trees. Cumulative yield is the sum of yields from 2012-14 and 2016-17. Canopy volume in cubic feet (cf), tree health (0-5 with 0=dead and 5=perfect), bud 
union rating, (Figure 1) and chlorosis (percent of canopy affected) were measured or rated on surviving trees in February 2019. LSD (0.05) is the least 
significant difference between means. Means differing by this value have a 5 percent chance of differing due to chance.
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6,’ ‘Sun Chu Sha,’ ‘Tosu’ and ‘Obovoidea.’ 
The percent of rind considered smooth 
was lower for trees on ‘Yuma Ponderosa,’ 
‘Volkameriana,’ ‘Macrophylla,’ ‘Swingle’ 
citrumelo and ‘Bitters.’ Fruit with a 
larger percentage of orange rind 
color were produced by trees on ‘C35,’ 
‘Carrizo,’ Rangpur x Marks trifoliate 
orange, Santa Barbara red lime and 
‘Tosu’ rootstocks, but differences were 
relatively small. Trees on ‘Obovoidea’ 
and ‘Tosu’ produced relatively few fruit 
in the large and jumbo size classes. 
Internal fruit quality was measured 
several times using small samples of 
fruit. Results for February 2015 samples 
were representative (Figure 2). Trees 
on trifoliate and some trifoliate hybrids 
retained higher acidity than those 
on other rootstocks, with lemon type 
rootstocks having relatively low acid 
and brix. Generally similar patterns were 
observed for fruit harvested in February 
2014, but overall levels of acid were 
substantially higher. Other studies show 
that consumers generally prefer fruit 
with higher levels of solids and acids 
provided that acid levels are less than 
about one percent (Simons et al. 2019).

Arvin Results
At Arvin, tree spacing is 22 feet x 11 feet. Tree survival was 
high for nearly all rootstocks, with only ‘Rich 16-6’ trifoliate 
having more than one dead tree (Table 2). ‘Koethen’ sweet 
orange had only 33 percent survival, apparently due to 
Phytophthora diseases. ‘Koethen’ sweet orange is not shown 
in Table 2 because too few trees remain for valid analysis. 
‘C35’ was the highest yielding rootstock through 2017. ‘C35’ 
also had the highest total yield relative to tree size in 2019; 
trees on ‘C35’ had good health ratings, no suckers and only 
moderate winter chlorosis. The second highest yield was for 
trees on ‘Macrophylla,’ which also produced moderate size 
trees with high health ratings and the least chlorosis in the 
trial. Trees on ‘Yuma Ponderosa,’ ‘Furr’ (C57) and ‘Pomeroy’ 
trifoliate also performed well. Trees on ‘Schaub’ rough lemon, 
‘Volkameriana’ and ‘Tosu’ were the most chlorotic, but this 
was winter chlorosis, not typical iron chlorosis as seen at 
Porterville. Trees on ‘Carrizo’ and ‘Brazil’ sour orange grew 
relatively well, producing trees similar in size or larger than 
those on ‘C35’ and ‘Bitters,’ but having only about half the 
yield (Table 2).

Fruit quality was evaluated using samples from a subset of 
rootstocks in mid-January 2016 and in early February 2017. 
In 2016, trees on ‘Furr’ and ‘Rich 16-6’ had high brix and acid, 
while those on ‘Volkameriana’ and ‘Schaub’ rough lemon had 
fruit with low values and lower juice content. In 2017, trends 
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Figure 2. Plot of rootstock means for brix and solids content in fruit sampled from the 
‘Tango’ Porterville rootstock trial in February 2015. Most rootstocks are labeled with 
abbreviated names that can be inferred from similarity to the names given in Table 1. 
All these values meet the current legal maturity standard, but values in the upper right 
quadrant generally associate with richer-tasting fruit.
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were generally similar. Among the experimental rootstocks, 
the most promising was a hybrid of Sunki mandarin x Flying 
Dragon trifoliate orange.  

Orosi Results
At Orosi, experimental trees were planted in 2009 between 
one-year old grower trees of ‘Tango,’ with an overall spacing 
between trees of nine feet and a row spacing of 22 feet. 
This spacing led to more rapid crowding than at the other 
sites. Because of logistical problems, we only obtained 
yield records in 2015 and 2017 at this site, which partly 
accounts for the lower overall yield. Performance of trees on 
‘C35’ was similar to that at other sites, but that of ‘Carrizo,’ 
which produced the largest trees, was relatively better than 
elsewhere (Table 3). ‘Volkameriana,’ ‘Schaub’ rough lemon 
and Santa Barbara Red Lime (a Rangpur selection) produced 
medium to large trees with good yields. No significant 
chlorosis was observed at Orosi. Effects of rootstocks on fruit 
quality were quite similar to those at Porterville.

Recommendations
Several of the rootstocks evaluated here should give 
satisfactory performance for growers, if well adapted to the 
site and desired market window. This is well illustrated by the 
performance of trifoliate orange rootstocks at the different 
trial sites. Trifoliate orange rootstocks are poorly adapted to 
the soil type at Porterville, and, consequently, many trees 
died during the first few years of the trial. At the other sites, 
survival was good, and the somewhat smaller trees had 
good yields relative to their size. Because trees on trifoliate 
orange rootstocks produce fruit with high brix and retain 

acid well, this rootstock is best adapted for fruit held later in 
the season. Growers should consider experimental plantings 
with the newer rootstocks including ‘Bitters’ (particularly on 
calcareous soils), ‘Carpenter’ (if large trees are desired) and 
‘Furr.' 

CRB Research Project #5200-201

Glossary
¹Calcareous: Soils with a high content of calcium carbonate.
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Rootstock
% 

Survival
Cumul. 
Yield 

(lb/tree)

Canopy 
Volume 

(cf)

Yield/
Volume 
(lb/cf)

Health 
Rating (0-5)

Union 
Rating (1-9) Sucker 

Count

C35 100 187.7 238.1 0.80 3.81 2.69 0
Volkameriana 100 130.6 383.0 0.38 4.19 4.19 0
Santa Barbara red lime 100 127.2 343.2 0.36 4.29 5.00 0.29
Schaub rough lemon 100 121.5 333.6 0.37 3.94 4.41 0.75
Rangpur X Marks trifoliate 100 119.6 315.3 0.38 3.56 2.81 0
Carrizo 100 117.0 394.0 0.30 4.00 2.88 0
Rangpur X Swingle trifoliate2 100 94.6 272.3 0.35 4.13 2.91 1.38
Yuma Ponderosa 83 83.0 275.0 0.31 3.80 4.15 0
Rangpur X Swingle trifoliate1 100 82.0 311.0 0.26 3.81 2.97 1.25
Swingle citrumelo 100 81.5 319.0 0.24 4.21 1.96 0
Rich 16-6 trifoliate 100 72.1 231.0 0.32 3.19 2.22 0
Obovoidea 100 35.6 313.6 0.11 3.75 4.44 0
  LSD (0.05) 44.7 61.3 0.16 0.47 0.37 1.25

Table 3. Yield, tree size and other characteristics of ‘Tango’ on various rootstocks in the Orosi trial planted in 2009. Tree spacing was 18 feet x 9 feet with 
trial trees interplanted between one-year-old ‘Tango’ trees. There were seven to eight trees on each rootstock at planting except Yuma Ponderosa, which 
had six trees. Cumulative yield in pounds (lb) is the sum of yields from 2015 and 2017. Canopy volume in cubic feet (cf), tree health (0-5 with 0=dead and 
5=perfect), bud union rating (Figure 1) and chlorosis (percent of canopy affected) were measured or rated on surviving trees in August 2018. Trees had 
no detectable chlorosis, so values are not shown.
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A NEW ERA FOR MANAGING 
PHYTOPHTHORA DISEASES 
OF CITRUS
James Adaskaveg, Wei Hao, Helga Förster and Rodger Belisle 

CRB-FUNDED RESEARCH PROGRESS REPORT 

Photo 1. In greenhouse studies, ten-month-old sweet orange 'Madam Vinous' seedlings, inoculated with Phytophthora 
citrophthora and either (A) not treated (control) or treated with (B) mandipropamid, (C) oxathiapiprolin or (D) 

fluopicolide four days after inoculation and evaluated five months after treatment. The control died and had severe root 
pruning compared to fungicide-treated plants with vigorous shoots and extensive tan-colored (healthy) root systems.

A B C D
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Project Summary
The registration of three new fungicides in the last two years for managing Phytophthora diseases of citrus is 
unprecedented for citrus or any crop. These new fungicides are classified as reduced risk by federal regulators, 
making them unique with different modes of action, low usage rates and high efficacy, which separates them 
from previous fungicide registrations. Oxathiapiprolin (Orondis®) was registered in 2018; and with the help of 
the federal IR-4 program¹, fluopicolide (Presidio®) and mandipropamid (Revus®) were registered federally in 
2019. The three compounds represent three new modes of action with no resistance known in populations 
of Phytophthora species on California citrus. Fluopicolide and oxathiapiprolin are registered as soil treatments 
for managing root rot; whereas mandipropamid and oxathiapiprolin are registered as foliar treatments for 
managing brown rot. Mandipropamid also is registered for container soil treatments in nursery production. 
With the detection of phosphite resistance in populations of three Phytophthora species from commercial 
citrus orchards, the availability of new fungicides is very much needed. Labeled usage strategies allow for 
integrated management practices with rotations among new fungicides, as well as with existing registered 
fungicides such as copper and potassium phosphite for foliar applications to control brown rot, and metalaxyl/
mefenoxam and potassium phosphite for soil applications to control root rot.

Biology of Phytophthora Species
Phytophthora species are plant-pathogenic, fungal-like, 
soil-borne organisms² causing root, crown and fruit rots, as 
well as trunk cankers. There is a complex of species involved 
in Phytophthora diseases of citrus that vary by geographic 
region, time of year and tissues affected. Recent surveys 
in the three California citrus-growing districts indicated 
that P. citrophthora is found year-round, but P. parasitica 
remains a summer pathogen. P. syringae and P. hibernalis 
only occur during the winter (Hao et al. 2018). P. syringae is 
now the predominant brown rot pathogen in many orange 
and lemon orchards followed by P. citrophthora, whereas P. 
hibernalis is rarely found. Both P. syringae and P. hibernalis 
currently are quarantine plant pathogens in China. This 
situation warrants new fungicide development to manage 
Phytophthora diseases of citrus for export. 

Propagules³ of Phytophthora species can be splashed from 
the soil (P. citrophthora, P. parasitica) or leaf litter (P. syringae) 
onto the tree and infect fruit causing brown rot. P. syringae 
and P. citrophthora mostly infect low-hanging fruit because 
their sporangia⁴ are not easily detached from the mycelium⁵; 
whereas P. hibernalis infects fruit throughout the tree because 
its sporangia easily separate from the mycelium and can 
be wind-disseminated. Therefore, management guidelines 
include whole-tree applications of fungicides if fruit are to be 
shipped to markets with quarantine restrictions. 

Regardless of the causal species, Phytophthora root rot slows 
the establishment of an orchard, reduces yield and may 
cause tree dieback and death. Losses from Phytophthora 
brown rot can result from pre-harvest infections that lead 
to decay in the orchard or after harvest. Fruit in transit may 
develop symptoms from non-visible infections. In tight-
filled boxes, aerial mycelium may grow from infected fruit 
to adjacent healthy fruit, increasing losses that may close 
international markets if detected upon arrival.

Current Disease Management 
Programs
Strategies for brown rot control include irrigation 
management, skirting trees, not picking fruit from the lower 
tree canopy and chemical treatments. Copper applied as 
copper sulfate or as fixed neutral formulations in a mixture 
with zinc sulfate and lime reduce the incidence of brown rot 
and other diseases such as Septoria spot. These applications 
are done preventively before the winter rains. One or two 
applications at the beginning of (October-November) and 
during (January-February) the harvest season are highly 
effective under low rainfall conditions. In winters with 
high rainfall, two to three applications are required, with 
the third spray in March. Overuse of copper may result in 
accumulation in soil and run-off surface waters, possible 
phytotoxicity and may lead to resistant populations of citrus 
pathogens. Therefore, non-copper-based alternatives are 
needed that can be used alone or in rotation with copper in 
highly effective and ecologically sustainable management 
programs.

Strategies for root rot control include resistant rootstocks, 
planting on berms, irrigation management and the use of 
fungicides. Because Phytophthora species are not closely 
related to true fungi, unique modes of action have been 
developed for these organisms. As pre-harvest fungicides, 
metalaxyl/mefenoxam (Ridomil/Ridomil Gold®, FRAC⁶ 
Code 4) and phosphonates (FRAC Code P07 [33]) such as 
potassium phosphite have been available in California. 
Ridomil Gold is used as a soil treatment to reduce soil 
populations of the pathogens, whereas the systemic 
phosphonates can be applied to soil or directly to the 
tree. Unfortunately, resistance to metalaxyl/mefenoxam 
has developed in many locations since the 1980s when 
this group of fungicides was introduced. This led to the 
overuse of inexpensive phosphonates and to the recent 
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detection of phosphonate resistance 
in P. parasitica, P. citrophthora and P. 
syringae in California citrus orchards. 
Levels of sensitivity increased from a 
range of 5.5 – 12.2 parts per million 
(ppm) for sensitive isolates to 141 – 
252 ppm for resistant isolates of the 
three species. This is equivalent to a 
30-fold decrease in activity based on 
laboratory assays. If phosphonates 
continued to be used without rotation 
with other modes of action, resistance 
eventually will increase, and these 
compounds will no longer be useful 
in Phytophthora disease management.  

New Materials 
Available
In collaboration with the 
agrochemical industry and the 
IR-4 Project, we helped to identify 
and register new fungicides for 
Phytophthora disease management. 
Three new fungicides (fluopicolide 
- Presidio, mandipropamid - Revus, 
oxathiapiprolin - Orondis), each 

Photo 2. In greenhouse studies, ten-month-old sweet orange 'Madam Vinous' seedlings, 
inoculated with Phytophthora citrophthora and either (A) not treated (control) or treated 
with (B) manipropamid, (C) fluopicolide or (D) oxathiapiprolin four days after inoculation 
and evaluated five months after treatment. The control has severe root pruning (lack of root 
hairs) by the pathogen compared to fungicide-treated plants with extensive tan-colored 
(healthy) root systems.

Photo 3. In field studies, mature Navel orange trees were either (A) not treated or treated with (B) a fixed copper, (C) oxathiapiprolin (Orondis-2.4 
fl oz/A) or (D) manipropamid (Revus-8 fl oz/A) harvested after four weeks and inoculated with Phytophthora syringae on the exposed side of the 
fruit. Fruit were then incubated for 28 days at 10°C. The control has severe brown rot (85 percent), whereas the copper treatment has 25 percent, 
the oxathiapiprolin treatment has 15 percent and the mandipropamid has five percent incidence of infection. The latter two fungicides are 
registered or pending registration, respectively, as foliar pre-harvest treatments (0-1 day pre-harvest interval) on citrus.

Table 1. Fungicides for management of Phytophthora diseases of citrus in the United States

Trade FRAC Product
Fungicide Name Code Rates (/A) Federal CA Federal CA Federal CA

New Fluopicolide Presidio 43 4 fl oz No No Yes Yes No No
Mandipropamid Revus 40 8 fl oz Yes Pending No No Yes Yes
Oxathiapiprolin Orondis 49 2.4-9.6 fl oz Yes Yes Yes Yes No No

Current Copper Various M1 Various Yes Yes No No No No
Mefenoxam Ridomil Gold 4 32-64 fl oz No No Yes Yes Yes Yes

Metalaxyl Ridomil 4 32-64 fl oz No No Yes Yes Yes Yes
Fosetyl-Al Aliette P07/33 5 lb Yes Yes Yes Yes Yes Yes
Phosphite Prophyt P07/33 32-64 fl oz Yes Yes Yes Yes Yes Yes

New/Old

Registration Status
Soil NurseryFoliar

Table 1. Fungicides for management of Phytophthora diseases of citrus in the United States.



www.CitrusResearch.org  |  Citrograph Magazine   65

representing a unique mode of action⁷ (FRAC Codes - FC 
43, 40, and 49, respectively) are currently available or 
pending registration as foliar and/or soil treatments for 
managing brown rot and citrus root rot (Table 1) with 
high efficacy (Photos 1, 2 and 3). The three fungicides are 
highly toxic to Phytophthora spp. (Gray et al. 2018) and 
have been performing well in multi-year trials in reducing 
soil populations and root rot caused by P. parasitica and P. 
citrophthora and brown rot caused by P. citrophthora and P. 
syringae (Adaskaveg et al. 2015; Hao et al. 2019). Baseline 
distributions⁸ of inhibitory concentrations of each fungicide 
for P. citrophthora and P. syringae are shown in Figure 1. 

There is an approximately ten-fold increase each in toxicity 
between fluopicolide and mandipropamid, and between 
mandipropamid and oxathiapiprolin. These baselines were 
developed before the commercial introduction of each 
fungicide and will serve as a reference in future samplings of 
the pathogens to identify any shifts in sensitivity that may 
result in field resistance after usage. Unfortunately, a baseline 
is not available for mefenoxam, because in vitro sensitivity 
testing of pathogen populations was only initiated with the 
first suspected resistance occurrences. 

Managing Brown Rot with New 
Fungicides
The persistence of fungicides on navel oranges was 
evaluated over several winter seasons. After a single 
application, fruit were sampled periodically. When fruit 
were inoculated with a phosphite-resistant isolate of P. 
citrophthora, ProPhyt® was not effective even when fruit were 
harvested seven days after application. This was in contrast 
to using a phosphite-sensitive isolate where brown rot 
incidence was reduced by approximately 80 percent 
(Figure 2). Decay incidence caused by both isolates, however, 
was reduced by more than 90 percent after application with 
Revus, Orondis or Badge® (copper-lime). In other studies, 
Revus and Orondis were highly effective over a four- to five-
week period (Photo 3). After eight weeks, brown rot was still 
reduced by 48 percent (Revus) or 75 percent (Orondis), as 
compared to the control (Adaskaveg et al. 2017). In contrast, 
the activity of ProPhyt for managing P. citrophthora declined 
rapidly and was greatly reduced after the first rain events. 
These field studies supported the pre-harvest registrations 

Figure 1 (Left). Frequency histograms of effective concentrations 
to inhibit mycelial growth of 62 isolates of Phytophthora 
citrophthora (A,B,C) and P. syringae (D,E,F) by 50 percent (EC50 
values shown in µg/ml = parts per million) for A,D, fluopicolide, 
B,E, mandipropamid, and C,F, oxathiapiprolin as determined by 
the spiral gradient dilution method. Bar height represents the 
number of isolates within each bin. These graphs serve as the 
“baselines” or references for levels and ranges of sensitivity before 
introduction of each fungicide. 

Figure 2. Efficacy of pre-harvest treatments (*- applied at rate 
shown per acre using 400-gal spray volume) for management of 
brown rot of navel orange caused by Phytophthora citrophthora 
sensitive or resistant to phosphite (i.e., PO3). Fruit were harvested 
seven days after fungicide application and were non-wound 
drop-inoculated with zoospores of isolates of P. citrophthora 
either sensitive (EC50 = 7.6 ppm) or resistant (EC50 = 161.8 ppm) to 
potassium phosphite. Fruit were then incubated at 20°C. Bar values 
followed by the same letter are not significantly different based on 
statistical analyses. 
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Table 3. Examples of fungicide programs for effective management of
Phytophthora brown rot and root rot using rotations of different 
modes of action in an integrated approach in California

Disease Program Application Timing* FRAC Code** Fungicide
Brown rot 1 Fall M1 Copper

Winter 49 Oxathiapiprolin
(Spring) 40 Mandipropamid

2 Fall M1 Copper
Winter 40/49 Mandi./Oxathia.

(Spring) 40/49 Mandi./Oxathia.
3 Fall M1 Copper

Winter 40 Mandipropamid
(Spring) 49 Oxathiapiprolin

Root rot 1 Spring root flush 49 Oxathiapiprolin
Fall root flush 43 Fluopicolide

2 Spring root flush P07(33) K-Phosphite
Fall root flush 49 Oxathiapiprolin

3 Spring root flush P07(33) K-Phosphite
Fall root flush 43 Fluopicolide

4 Spring root flush 49 Oxathiapiprolin
Fall root flush 4 Mefenoxam

* - Application timing is the suggested timing for applications in California.
For brown rot, applications are typically made at the beginning of the harvest  
season with a second application mid-season. A third application is rarely needed 
in spring (indicated by parentheses). For root rot, two applications around spring 
and fall root flushes in the first three to four years of establishing an orchard. 

** - FRAC Code indicates the Fungicide Resistance Action Committee Code for 
a specific mode of action. Rotating or mixing different codes for each timing is 
resistance management in practice.

Table 3. Examples of fungicide programs for effective management of Phytophthora brown rot and 
root rot using rotations of different modes of action in an integrated approach in California.

*Application timing is the suggested timing for applications in California. For brown rot, 
applications are typically made at the beginning of the harvest  season with a second 
application mid-season. A third application is rarely needed in spring (indicated by 
parentheses). For root rot, two applications around spring and fall root flushes in the first 
three to four years of establishing an orchard.
**FRAC Code indicates the Fungicide Resistance Action Committee Code for a specific mode 
of action. Rotating or mixing different codes for each timing is resistance management in 
practice.

Fungicide Use US Codex Korea China Hong 
Kong Japan Taiwan

Fluopicolide Soil 30 2 0.01 0.01 --- --- 2 0.01
Fosetyl-Al 
/phosphite Foliar, soil 0.5/0 b 5/1c --- 0.05 --- 5 150 10

Mandipropamid
Foliar, 

nursery 
soil

0 0.5 0.01 0.01 --- --- 3 ---

Mefenoxam Soil 0 1 5 --- 5 5 0.7 0.5

Oxathiapiprolin Foliar, soil 0 0.06 --- 0.05 --- --- 0.01 ---

Maximum residue limits - MRLs (ppm) a
Pre-harvest 

Interval 
(days)

Table 2. Maximum residue limits of Phytophthora fungicides on orange and lemon for the United States, 
Codex and selected Pacific Rim countries.

ª - ppm = parts per million
b - Pre-harvest interval (PHI) for fosetyl-Al/phosphite.
c - Limits are for orange/lemon.

registration on citrus, or the 
compounds were not economical 
to use, respectively. The near 
simultaneous registration of three 
new fungicides with high activity 
against Phytophthora species is 
unprecedented and will initiate a 
new era of Phytophthora disease 
management in citrus. Root, fruit 
and crown/trunk phases of these 
diseases are interconnected, 
and this mandates an integrated 
management approach. Multiple 
modes of action are available 
for each phase: fluopicolide, 
oxathiapiprolin, mefenoxam 
and potassium phosphite as 
soil treatments for managing 
root rot; and mandipropamid, 
oxathiapiprolin, copper and 
potassium phosphite for 
managing brown rot and 
trunk cankers. In addition, 
mandipropamid, mefenoxam 
and potassium phosphite are 
registered for container soil 
treatments in nursery production. 
The new fungicides are limited 
to one or two applications per 
season, regardless of soil or 
foliar applications. For brown 
rot control, usually only two 
applications are needed, one 
at the beginning of the harvest 
season and one mid-season if 
additional rainfall is forecasted 
(Table 3). With root rot, two 
annual fungicide applications 
timed around root growth 
flushes (e.g., spring and fall) are 
critical during the establishment 
of an orchard (i.e., three to four 
years) (Table 3). With this list of 
fungicides available for foliar 
and soil use, the citrus industry 
will not be dependent on any 
one fungicide, but instead 
can use fungicide rotations of 
different FRAC codes that provide 
highly effective, economical 
and sustainable disease and 
resistance management 
programs.  

CRB Research Project 
#5400-148

of Orondis and Revus for management of brown rot of citrus. Maximum residue limits of 
Phytophthora fungicides on orange and lemon for the United States, Codex9 and selected 
Pacific Rim countries are shown in Table 2.

Conclusion
Identifying and registering new fungicides that are effective and safe for workers, 
consumers and the environment are extremely difficult tasks. Although effective 
fungicides as well as alternative strategies such as the use of soil surfactants were 
identified previously (Adaskaveg and Stanghellini 2001), the registrants did not support 
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Glossary
¹IR-4 Program: A federally funded program to conduct the 
research necessary to assist agrochemical companies and 
growers with costly registrations of pesticides and biological 
control agents for small-market, specialty crops (e.g., food 
and ornamental crops with low acreage). 

²Soil-borne organisms: Organisms that live in the soil for 
most of their lives.

³Propagule: A structure, like a spore, that disseminates or 
propagates the organism. 

⁴Sporangia: Enclosed structures in which spores are formed.

⁵Mycelium: Vegetative part of a fungus consisting of a 
network of fine filaments.

⁶Fungicide Resistance Action Committee (FRAC): An 
agrochemical industry organization that officially designates 
modes of action for fungicides used in agriculture and that 
promotes fungicide resistance management.

⁷Mode of action: The specific cellular process that is 
inhibited by a distinct group of chemical compounds.

⁸Baselines or baseline distributions: Profiles of fungal 
sensitivity to a fungicide used to assess how previously 
unexposed fungi respond to the fungicide.

⁹Codex: A collection of internationally adopted food 
standards, guidelines and codes of practice produced by the 
Codex Alimentarius Commission.
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California citrus trees long have attracted a variety of pests. From the cottony-cushion scale of 
the 1880s to today’s Asian citrus psyllid, a veritable rogues’ gallery of insects has infested the 
groves of the Golden State. This image from a U.S. Department of Agriculture publication, issued in 
1971, used color illustrations to familiarize orange and lemon growers with their potential insect 
adversaries.

For more information, contact Benjamin Jenkins, Ph.D., archivist at the University of La Verne, at
  

– Courtesy of Benjamin Jenkins, Ph.D.
   Archives and Special Collections
   University of LaVerne
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