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On the Cover:
Sponsor banners greeted a record number 
of attendees at the Joint 21st Conference 
of the International Organization of Citrus 
Virologists (IOCV) and the 6th International 
Research Conference on Huanglongbing 
(IRCHLB), which was held in Riverside this 
past March. The event was organized and 
sponsored by the Citrus Research Board. 
Highlights of the two meetings may be 
found in "Joint IOCV/IRCHLB Conference 
held in California" on page 14.
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Citrus Research Board Member List 
By District 2018-2019      (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
Andrew Brown  2019
Dan Dreyer, Chairman  2019
Justin Golding  2019
Larry Wilkinson  2019
Jim Gorden  2020
Kevin Olsen  2020
Jason Orlopp  2020     
Jeff Steen  2020  

Member Expires 
Joe Stewart  2020
Justin Brown, Vice Chairman  2021
Scott Carlisle  2021
Greg Galloway  2021
John Konda, Secretary-Treasurer  2021 
Etienne Rabe  2021
Keith Watkins  2021 

Member Expires
John Gless III  2020
Mike Perricone  2020

Member Expires
Alan Washburn  2021

Member Expires
Mark McBroom  2019

Member Expires
Chris Boisseranc 2020

District 3 – California Desert

Public Member
Member      Expires
Vacant    2019

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
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CALENDAR OF EVENTS 2019

June 25 
District 3 Citrus Research Board Nomination Meeting 
University of California, Riverside - Palm Desert 
Center; Palm Desert, California. For more information, 
contact the CRB at (559) 738-0246 or visit 
www.citrusresearch.org 

June 25
CRB/UCCE Grower Seminar Series  
(Southern California/Desert)
University of California, Riverside - Palm Desert 
Center; Palm Desert, California. For more information, 
contact the CRB at (559) 738-0246 or visit  
www.citrusresearch.org

June 26
CRB/UCCE Grower Seminar Series (Central Coast)  
Santa Paula Community Center, Santa Paula, 
California. For more information, contact the CRB at 
(559) 738-0246 or visit www.citrusresearch.org 

June 27
District 1 Citrus Research Board Nomination Meeting 
Exeter Veterans Memorial Building, Exeter, California. 
For more information, contact the CRB at 
(559) 738-0246 or visit www.citrusresearch.org

June 27
CRB/UCCE Grower Seminar Series (Central Valley) 
Exeter Veterans Memorial Building, Exeter, California. 
For more information, contact the CRB at 
(559) 738-0246 or visit www.citrusresearch.org

June 27
California Citrus Quality Council (CCQC) Meeting
Doubletree Hotel, Bakersfield, California. For more 
information, visit http://ccqc.org

July 10
Citrus Pest and Disease Prevention Committee  
(CPDPC) Meeting
Visalia, California. For more information, visit 
www.cdfa.ca.gov/citruscommittee

August 13
Citrus Research Board Meeting, Bakersfield, California
For more information, contact the CRB at 
(559) 738-0246 or visit www.citrusresearch.org

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

August 27
California Citrus Quality Council (CCQC) and Citrus 
Research Board (CRB) Joint Executive Committee Meeting 
CRB office, Visalia, California. For more information, 
visit http://ccqc.org

September 11
Citrus Pest and Disease Prevention Committee  
(CPDPC) Meeting
Riverside-San Bernardino, California. For more 
information, visit www.cdfa.ca.gov/citruscommittee

September 24
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
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and water resistant
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maximum snail control and easy 
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•  Unique mode of action = superior 
activity in wet and cool weather

• Easy to see blue pellets
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District 1 - Northern California Region 
Thursday, June 27, 2019 
7:30 AM Check-in and 8:00 AM Election
Exeter Veterans Memorial Building
324 North Kaweah, Exeter, California 93221

District 3 - California Desert Region 
Tuesday, June 25, 2019 
7:30 AM Check-in and 8:00 AM Election
University of California, Riverside; Palm Desert Center
75080 Frank Sinatra Drive, Palm Desert, California 92211

California citrus producers in Districts 1 and 3 should make plans 
to attend the appropriate Citrus Research Board (CRB) nomination 
meetings. Four positions in District 1 expire on September 30, 
2019. One position in District 3 expires on September 30, 2019. 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 on September 30, 2019, may be 
found on page 6, where the current Board member roster appears 
by name, district and year of the term’s 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 millions of 
dollars. Members are involved in developing research priorities 
and requests for proposals, prioritizing responses, awarding funds, 
devising successful implementation strategies, assessing progress 
and providing critiques of project results. The 21-member CRB is 
served by a 19-member 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. Board 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 and 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 can 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 Interim President 
Franco Bernardi at (559) 738-0246. 

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

Citrus Research Board 
Nomination Meetings
Carolina Evangelo
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CRB FINANCIAL POSITION
As of 

9/30/2016
As of 

9/30/2017
As of 

9/30/2018
530,836,7stessA $    9,226,639$    9,624,843$    
041,062,2seitilibaiL $    3,086,040$    2,199,865$    
598,773,5stessA teN $    6,140,599$    7,424,978$    

SUMMARY OF ACTIVITIES
 For the year 

ended 
9/30/2016 

 For the year 
ended 

9/30/2017 

 For the year 
ended 

9/30/2018 
Income
Assessment Rate  $            0.040  $            0.045  $            0.053 

961,914,8emocnI tnemssessA $   8,964,145$    9,521,283$   
185,387emocnI tnarG PPDPC $        1,555,651$    2,050,403$   
297,623,1emocnI tnarG laredeF $   1,054,313$    651,454$        
739,04emocnI tnemtsevnI $          39,170$          51,927$          
752,971emocnI rehtO $        186,719$        199,294$        

10,749,736$  11,799,998$  12,474,361$  

Expenses
536,508,7sesnepxE hcraeseR $   8,450,376$   8,199,085$    
854,327sesnepxE snoitarepO $        942,496$        1,185,883$    

Communication Expenses 185,618$        337,652$        391,212$        
Administrative Expenses 1,349,003$   1,324,068$   1,368,473$    

955,105sesnepxE rehtO $        24,463$          45,329$          
10,565,273$  11,079,055$  11,189,982$  

Increase (Decrease) in Net Assets 184,463$        720,943$        1,284,379$    

Total Income

Total Income

The above table lists the audited financial statement of the Citrus Research Program for the years ended 
September 30, 2016, 2017 and 2018. A complete copy of the audit is available for viewing at the CRB office 
at 217 North Encina in Visalia, California. You are welcome to visit us at any time to discuss any elements of 
the program and see what we are doing. This program is paid through your assessment dollars, and the Board 
welcomes your feedback.
     –Franco Bernardi, Interim President.

FINANCIAL REPORT
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The Joint 21st Conference of the International Organization 
of Citrus Virologists (IOCV XXI) and the 6th International 

Research Conference on Huanglongbing (IRCHLB VI) was held 
at the Riverside Convention Center in Riverside, California, from 
March 10-15, 2019. The events were organized and sponsored by 
Citrus Research Board (CRB). 

A record number of scientists, researchers, industry members 
and regulators came from around the globe to present and 
discuss the latest research results and technologies related to 
understanding, managing and eradicating a variety of different 
citrus disease-causing pathogens (i.e. viruses, viroids, bacteria, 
oomycetes and fungi) with emphasis on huanglongbing (HLB) 
and associated bacteria. 

The IOCV portion of the conference, which ran Sunday through 
Tuesday morning, included eight sessions (Table 1), with 
poster sessions held in the late afternoon. Key viral pathogens, 
including citrus tristeza, leprosis and citrus yellow vein clearing, 

were discussed. For the first time in the organization’s 62-year 
history, a session on non-viral citrus pathogens was included, 
as well. One of the conference highlights was a presentation by 
Chester Roistacher, an IOCV veteran, who reviewed the history 
of IOCV conferences starting with the very first Citrus Virus 
Disease Congress, held in 1957 in Riverside to celebrate the 50th 
anniversary of the founding of the Riverside Citrus Experiment 
Station in 1907.

The IRCHLB portion of the conference included three joint 
sessions, 14 concurrent sessions and also poster sessions in the 
afternoons. During the afternoon sessions, delegates had the 
opportunity to visit a dozen exhibitor and educational booths, 
showcasing research from University of California, Riverside (UCR) 
and other institutions and organizations in various scientific 
areas such as engineering, renewable energy, pollinators, cellular 
biology and the National Clean Plant Network. A full listing of the 
session topics is shown in Table 1. Additionally, keynote speakers 
were featured at all hosted meals to bring outside perspectives 

Joint IOCV/IRCHLB Conference 
Held in California 
Record Attendance is Set
Carolina Evangelo, Mojtaba Mohammadi, Melinda Klein and Georgios Vidalakis

An international panel, representing countries with huanglongbing 
(HLB), presented the status of HLB around the world.



www.CitrusResearch.org  |  Citrograph Magazine   15

to the conference attendees and to spark creative approaches to 
managing citrus disease issues. 

The conference-wide joint sessions held each morning focused 
on the status of HLB worldwide, the current status of HLB research 
and long-term solutions. Afternoon sessions were concurrent 
with two topics covered simultaneously. Those presentations, as 
shown in Table 1, covered all aspects of the citrus host, insect 
vector and disease. This included the interactions between 
each of those organisms leading to disease development 
and methods to understand and exploit those interactions to 
minimize disease effects and spread. In addition, three workshops 
focused on databases, regulations and federally-funded HLB 
research. Numerous side meetings of various groups fostered an 
environment of international collaboration and networking. 

There were 122 oral presentations – 39 for the IOCV and 83 for the 
IRCHLB; and 181 posters – 26 for the IOCV and 155 for the IRCHLB. 
The total number of attendees from the U.S. and 22 other countries 
was 568 – 209 for the IOCV and 359 for the IRCHLB. 

This important biannual conference provides attendees an 
in-person opportunity to review work underway, while also 
comparing notes on current and promising lines of research. 
Collaborations from these conferences are expected to develop 
into new research efforts that apply the most current knowledge 
to identify beneficial avenues of disease and vector management 
for growers in the U.S. and other HLB-affected areas around the 
world. Looking forward, highlights from these presentations 
are being discussed at the CRB Grower Seminar Series this June. 
Abstracts from talks and posters will be published and available for 

review in the Journal of Citrus Pathology by 
the end of 2019. 

Photo credits: Alvarez Photography

Carolina Evangelo is the director of 
communications for the Citrus Research 
Board, where she also serves as co-publisher 
and project manager of Citrograph. 
Mojtaba Mohammadi, Ph.D., is an associate 
scientist with the Citrus Research Board in 
Visalia, California. Melinda Klein, Ph.D., is 
the chief research scientist for the Citrus 
Research Board and the science editor for 
Citrograph. Georgios Vidalakis, Ph.D., is 
a professor and University of California 
extension specialist in plant pathology 
with the Department of Microbiology 
and Plant Pathology at the University of 
California, Riverside. He serves as director 
of the Citrus Clonal Protection Program. He 
also was chairman of the Joint Conference 
of IOCV XXI and IRCHLB VI. For additional 
information, contact vidalg@ucr.edu

Table 1. Listing of IOCV and IRCHLB Session Titles

IOCV	Session	Topics
IOCV-01:	IOCV	History	&	Citrus	Programs
IOCV-02:	De	novo	Discovery	of	Citrus	Viruses	
IOCV-03:	Citrus	Leprosis	
IOCV-04:	Citrus	Viroids	
IOCV-05:	Citrus	Tristeza	
IOCV-06:	Citrus	Yellow	Vein	Clearing	
IOCV-07:	Other	Citrus	Viruses	&	Diagnostics
IOCV-08:	Topics	in	Citrus	Pathology	
IRCHLB	Session	Topics
IRCHLB	Joint	Session:	HLB	Status	in	the	World-What	is	the	current	situation?
IRCHLB-01:	Pathogen	Genome	Analysis
IRCHLB-02:	Cultural	Control
IRCHLB-03:	Vector	Function
IRCHLB-04:	Pathogen	Detection	&	Culturing
IRCHLB	Joint	Session:	HLB	Research	Current	Status-What	have	we	done	so	far?
IRCHLB-05:	Epidemiology
IRCHLB-06:	Cultural	Control
IRCHLB-07:	Chemical	&	Biological	Vector	Management
IRCHLB-08:	Antimicrobials
IRCHLB-09:	Molecular	&	Cultural	Vector	Management
IRCHLB-10:	Regulatory	&	Programs	Updates
IRCHLB	Joint	Session:	HLB	Long	Term	Solutions-What	approaches	will	be	available	in	the	
future?
IRCHLB-11:	Economics	&	Management
IRCHLB-12:	Molecular	Plant	Manipulations	for	the	Future
IRCHLB-13:	Bactericides	&	Plant	Defenses
IRCHLB-14:	Host	Responses	to	Infection

1
2

1 – Flags from all (23) countries represented at the conference were hung throughout the convention 
center and a southern California citrus art instillation was on display for attendees to enjoy.
2 – James Graham, Ph.D., Chester Roistacher, Luis Navarro, Ph.D., (Spain), Georgios Vidalakis, Ph.D., 
and Mari Carmen Vives, Ph.D., (Spain) enjoy reuniting at the IOCV Welcome Reception.

Joint Conference of IOCV XXI and IRCHLB VI 
Organizing and Scientific Committee

Franco Bernardi
Ed Civerolo, Ph.D.
Carolina Evangelo
Beth Grafton-Cardwell, Ph.D.
Melinda Klein, Ph.D.
Robert Krueger, Ph.D.
Wenbo Ma, Ph.D.
Neil McRoberts, Ph.D.
Deborah Pagliaccia, Ph.D.
MaryLou Polek, Ph.D.
Monique Rivera, Ph.D.
Georgios Vidalakis, Ph.D. (Chair)



16   Citrograph Vol. 10, No. 3  |  Summer 2019

Highlights at the 2019 IOCV/IRCHLB Conference
1 – Collaboration and networking among researchers happened during many of the conference breaks.
2 – Mid-conference tour attendees visited the Citrus Clonal Protection Program (CCPP) at Mount Rubidoux.
3 – UCR set-up a variety of educational booths in the poster presentation hall. Booths included highlights from UCR citrus research, CCPP, National Clean 
Plant Network, engineering, pollinators and more.
4 – Packinghouses from California donated fruit for a California citrus display. This was a highlight for attendees. Not one piece of fruit was left at the 
end of the conference.
5 – CRB Chairman Dan Dreyer began the conference with a toast in honor of the CRB's 50th anniversary and in support of worldwide scientific 
collaboration to find a solution to HLB.
6 – UCCE Ventura County Farm Advisor Ben Faber, Ph.D., explained the new higher berm planting system being implemented in some Limoneira orchards 
during the post-conference tour.
7 – IOCV Leadership: Past Chair Changyong Zhou, Ph.D., (China);  Chair-elect Nerida Donovan, Ph.D., (Australia); Chair Georgios Vidalakis, Ph.D., (USA) and 
Secretary Mengji Cao, Ph.D. (China).
8 – UCR's California Agricultural and Food Enterprise (CAFÉ) students created an art wall, which represented (artistically) the talks being presented.
9 – Mid-conference tour participants visiting the USDA National Germplasm Repository for Citrus and Dates in Riverside, California.
10 – Conference attendees were welcomed by a bird singing ceremony presented by William Madrigal and the Cahuilla (kaweeyah) Bird Singers of the 
Cahuilla Indian Nation.
11 – A view of the Joint IOCV Closing Banquet  and IRCHLB Welcome Dinner, presented by the CRB’s 50th Anniversary.
12 – Participants attended nightly poster presentation sessions.
13 – A record-breaking crowd filled the opening session of the IRCHLB.
14 – Ray Yokomi, Ph.D., examines details during a scientific poster session.

1
2

3

4

5

6

7

8

9

10

11

12
13

14



  IRCHLB  Awards
Outstanding Leaders

9.41±acs Lindsay Packing Facility ................. (Pending)$4,400,000
18.81±acs Lindsay Olives & Open .................................... $280,000
18.95±acs Lindsay Area Olives and Home ........................ $720,000
18.96±acs Woodlake Citrus Ranch ................... (Reduced)$440,000
19.53±acs Porterville Area Almonds ................ (Reduced)$625,000
20.00±acs Exeter Area Navels .................................................SOLD
21.00±acs Cutler Area Olive Ranch .........................................SOLD
23.05±acs LSID Navel Ranch ...................................................SOLD
26.20±acs Twin Butte Navel Ranch .........................................SOLD
30.00±acs Lindsay Citrus Ranch .............................................SOLD
30.07±acs Strathmore Area Navels & Olives ....(Reduced)$676,575
32.24±acs Ivanhoe Area Navels ....................... (Reduced)$875,000

38.00±acs Porterville Lemon Ranch ............. (Pending)$1,064,000
38.75±acs Visalia Area Farmland ..................... (Reduced)$852,500
40.00±acs Dinuba Lemons & Mandarins ......(Pending) $1,800,000
45.13±acs Visalia Walnuts ............................ (Reduced)$1,331,335
60.00±acs Lindsay Hillside Navels ................................ $1,550,000
78.76±acs Allensworth Open Land .........................................SOLD
97.50±acs Strathmore Navel & Olive Ranch .................. $2,350,000
100.00±acs Ducor Citrus Ranch ..............................................SOLD
156.12±acs Porterville Olives .................................................SOLD
392.00±acs Lake Success Cattle Ranch ............ (Reduced)$799,000
800.00±acs Long Branch Cattle Ranch .......................... $1,880,000
866.30±acs Reservation Road Cattle Ranch .. (Reduced)$2,050,000

Farm Sales Specialists for California’s Central Valley
                    www.citrusboys.com

For Brochure Contact:  Roy Pennebaker #0845764 (559)302-1906   or   Matt McEwen #01246750 (559)280-0015
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1 – Joel Nelsen (right) of California Citrus Mutual in Exeter, California, was awarded the IRCHLB Industry Leader and Huanglongbing (HLB) Funding Proponent 
Award. He was honored with this award for bringing together the Citrus Mutuals across the United States and federal funding agencies and tirelessly working to 
secure millions of dollars, specifically for HLB research. Honoring Joel Nelsen was Franco Bernardi, Citrus Research Board Interim President.

2 – Timothy Gottwald, Ph.D. (left), of USDA-ARS in Fort Pierce, Florida was honored with an IRCHLB award for years of dedication and leadership to the 
International Research Conference on Huanglongbing (IRCHLB) and outstanding research contributions. Neil McRoberts, Ph.D., of the University of California, Davis, 
and member of the conference organizing and scientific committee presented the award.

3 – Ed Civerolo, Ph.D. (left), retired USDA-ARS Program Leader and former center director of the USDA-ARS San Joaquin Valley Agricultural Sciences Center in Parlier, 
California, was honored with the IRCHLB Lifetime Achievement Award for his contributions to citrus research, especially in plant pathology and service to the citrus 
industry. MaryLou Polek, Ph.D., of the USDA-ARS, Riverside, California, and member of the conference organizing and scientific committee presented the award.

4 – Fundecitrus of Araraquara, San Paulo, Brazil was honored with an IRCHLB award for leadership in developing science-based management strategies against 
huanglongbing (HLB) and sharing knowledge with the international citrus science community. Conference delegates from Fundecitrus and members of the 
conference planning committee in the photo are (left to right) James Graham, Ph.D., Everton Carvalho, Deborah Pagliaccia, Ph.D., Marcelo Miranda, Ph.D, Silvio 
Lopes, Ph.D., Georgios Vidalakis, Ph.D., Antonio Juliano Ayres, Renato Bassanezi, Ph.D., Jim Gorden, Carolina Evangelo, Franco Bernardi, Nelson Wulff, Ph.D., and 
Leandro Peña, Ph.D.

5 – Antonio Juliano Ayres (left), general manager of Fundecitrus in Araraquara, San Paulo, Brazil, was honored with an IRCHLB award for decades of leadership with 
Fundecitrus and the organization of the 2006 Huanglongbing-Greening International Workshop, which has fostered a collaborative international 
research spirit. Georgios Vidalakis, Ph.D., of the University of California, Riverside, and conference chairman presented the award.
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CONTINUING EDUCATION UNITS WILL BE AVAILABLE, PENDING APPROVAL BY THE 
CALIFORNIA DEPARTMENT OF PESTICIDE REGULATION.

CENTRAL VALLEY
EXETER, CALIFORNIA

Thursday, June 27 
EXETER VETERANS MEMORIAL BUILDING

324 N. Kaweah Avenue
Exeter, California 93221

7:00 AM  CRB BOARD NOMINATION MEETING CHECKIN
8:00 AM  CRB BOARD NOMINATION MEETING AND VOTING
8:00 AM  GROWERS SEMINAR REGISTRATION OPENS
9:00 AM  SEMINAR PROGRAM BEGINS
12:00 PM  LUNCH

CENTRAL VALLEY SEMINAR TOPICS
Regional Farm Advisor Citrus Report and Update
 Greg Douhan, Ph.D.; UCCE, Citrus Advisor
Citrus Research Board Update and IRCHLB Recap
 Melinda Klein, Ph.D., Citrus Research Board
California Citrus Mutual Update
 Casey Creamer, California Citrus Mutual
Canine HLB EDT Project Panel Update
 Franco Bernardi, Citrus Research Board; Peggy Mauk, Ph.D., 
 University of California, Riverside; and Victoria Hornbaker, 
 California Department of Food and Agriculture 
ACP Barrier and Border Treatment Work 
 Mamoudou Sétamou, Ph.D., Texas A&M University-Kingsville 
 Citrus Center
Update on Laws and Regulations 
 Local Ag Commissioner’s Office Representative
CPDPC Voluntary Action Program 
 Local CPDPC Member-Grower; Beth Graﬞon-Cardwell, Ph.D., 
 University of California, Riverside; Neil McRoberts, Ph.D., 
 University of California, Davis; and Holly Deniston-Sheets, 
 Citrus Research Board 
High Density Planting, Root Health, Nutrition and ACP
 Ashraf El-Kereamy, Ph.D., University of California, Riverside

QUESTIONS?
PLEASE CALL THE CITRUS RESEARCH 
BOARD AT 559.738.0246 OR EMAIL: 

EVENTSCITRUSRESEARCH.ORG

Register for the Growers 
Seminar Series today for

FREE!
For more details and to register online, visit 

www.citrusresearch.org

Plan to attend the
CRB BOARD

NOMINATION MEETINGS
JUNE 25 & 27

(See page 10 for Board Nomination Details)

EDUCATIONAL  SEMINAR  SERIES
CITRUS GROWERS

PRESENTED BY THE CITRUS RESEARCH BOARD AND 
UNIVERSITY OF CALIFORNIA COOPERATIVE EXTENSION

SOUTHERN CALIFORNIA – DESERT
PALM DESERT, CALIFORNIA

Tuesday, June 25
UNIVERSITY OF CALIFORNIA, RIVERSIDE

PALM DESERT CENTER
75080 Frank Sinatra Drive

Palm Desert, California 92211

7:30 AM  CRB BOARD NOMINATION MEETING CHECKIN
8:00 AM  CRB BOARD NOMINATION MEETING AND VOTING
8:00 AM  GROWERS SEMINAR REGISTRATION OPENS
9:00 AM  SEMINAR PROGRAM BEGINS
12:00 PM  LUNCH

SOUTHERN CALIFORNIADESERT SEMINAR TOPICS
Regional Farm Advisor Citrus Report and Update
 Etaferahu (Eta) Takele; UCCE, Citrus Advisor
Citrus Research Board Update and IRCHLB Recap
 Melinda Klein, Ph.D., Citrus Research Board
California Citrus Mutual Update
 Casey Creamer, California Citrus Mutual
Canine HLB EDT Project Panel Update
 Franco Bernardi, Citrus Research Board; Peggy Mauk, Ph.D., 
 University of California, Riverside; and Victoria Hornbaker, 
 California Department of Food and Agriculture 
ACP Barrier and Border Treatment Work 
 Mamoudou Sétamou, Ph.D., Texas A&M University-Kingsville  
 Citrus Center 
Update on Laws and Regulations 
 Local Ag Commissioner’s Office Representative
CPDPC Voluntary Action Program 
 Local CPDPC Member-Grower; Beth Graﬞon-Cardwell, Ph.D., 
 University of California, Riverside; Neil McRoberts, Ph.D., 
 University of California, Davis; and Holly Deniston-Sheets, 
 Citrus Research Board 
Lemon Drop Project Update
 Glenn Wright, Ph.D., University of Arizona

CENTRAL COAST 
SANTA PAULA, CALIFORNIA
Wednesday, June 26 

SANTA PAULA COMMUNITY CENTER
530 W. Main Street

Santa Paula, California 93060

7:30 AM  GROWERS SEMINAR REGISTRATION OPENS
8:30 AM  SEMINAR PROGRAM BEGINS
12:00 PM  LUNCH

CENTRAL COAST SEMINAR TOPICS
Regional Farm Advisor Citrus Report and Update
 Ben Faber, Ph.D., UCCE, Citrus Advisor
Citrus Research Board Update and IRCHLB Recap
 Melinda Klein, Ph.D., Citrus Research Board
California Citrus Mutual Update
 Casey Creamer, California Citrus Mutual
Canine HLB EDT Project Panel Update
 Franco Bernardi, Citrus Research Board; Peggy Mauk, Ph.D., 
 University of California, Riverside; and Victoria Hornbaker, 
 California Department of Food and Agriculture 
ACP Barrier and Border Treatment Work 
 Mamoudou Sétamou, Ph.D., Texas A&M University-Kingsville 
 Citrus Center
Update on Laws and Regulations 
 Local Ag Commissioner’s Office Representative
CPDPC Voluntary Action Program 
 Local CPDPC Member-Grower; Beth Graﬞon-Cardwell, Ph.D., 
 University of California, Riverside; Neil McRoberts, Ph.D., 
 University of California, Davis; and Holly Deniston-Sheets, 
 Citrus Research Board 
Rootstocks and New Varieties Update
 Speaker TBD

Join Us at  the Free
Join Us at  the Free
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Lauren Peltzer

Another Great Citrus Showcase
California Citrus Mutual (CCM) held its highly-anticipated 

Citrus Showcase on March 7th, and the crowd in 
attendance seemed to be the largest one to-date. With 
130 exhibitor booths, 14 event sponsors, three informative 
workshops and one sold-out luncheon, the 2019 Citrus 
Showcase did not disappoint. Exhibitors continued to raise 
the bar with their raffle giveaways throughout the day, which 
increased the excitement among the crowd. We thank all 
those who were able to join us.

Sold-out Luncheon Program 
The Citrus Showcase luncheon brought together more than 
800 people for a tasty meal and interesting updates from 
CCM’s President Casey Creamer and Sacramento lobbyist 
Louie Brown. With changes occurring in Sacramento politics 
and new leadership announced within CCM, Creamer 
provided insight on how to sustain and enhance CCM and 
its leadership in California and Washington, D.C. He focused 
on the importance of returning to the basics and developing 
relationships within the political realm and then using those 

relationships so that CCM can continue to have a voice in 
decision-making processes. 

Brown then explained some of the recent transitions in 
Sacramento and how agriculture’s position might not be 
as tenuous as it seems. His observations regarding the 
recent appointees by Governor Gavin Newsom revealed a 
more optimistic picture of what the governor may do for 
agriculture. Brown focused on the importance of educating 
the new members of the State legislature on the importance 
of California agriculture and the changes in verbiage that 
could go a long way to help agriculture in Sacramento. He 
believes that an entirely new legislature could mean a clean 
slate for agriculture, which could be used to the industry’s 
advantage moving forward. 

Informative Workshops 
This year’s workshop topics focused on some of the 
most pressing issues in citrus – surviving the Sustainable 
Groundwater Management Act (SGMA), Asian citrus psyllid 
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(ACP) and huanglongbing (HLB) updates, and selling citrus in 
2019. All workshops were very well attended, which proved 
the importance of each topic to the industry. 

The first workshop of the day, “Strategies for surviving SGMA,” 
included a panel of water experts composed of Friant Water 
Authority’s Chief Executive Officer Jason 
Phillips, Greater Kaweah Groundwater 
Sustainability Agency General Manager 
Eric Osterling, 4Creeks Principal 
David DeGroot, CCM Water Task Force 
Chairman and grower Pete Hronis. 
CCM President Creamer served as the 
moderator. The main take-away from 
this workshop encouraged growers 
to become or stay involved in their 
Groundwater Sustainability Agencies 
(GSAs) to get the information they need 
to survive. 

The Citrus Research Board (CRB) 
sponsored the second workshop, “How 
citrus research informs the regulatory 
process and how the current regulations 
affect the citrus industry.”  Workshop 
presenters included Tulare County 
Agriculture Commissioner Marilyn 

Wright, California Department of Food and Agriculture Citrus 
Program Manager Victoria Hornbaker, University of California, 
Riverside Director of Lindcove Research and Extension 
Center Beth Grafton-Cardwell, Ph.D., and Bee Sweet Citrus 
Vice President of Farming Keith Watkins. CRB Board Member 
Jim Gorden was the moderator. This discussion updated 

Attendees visited with trade show exhibitors at the 2019 Citrus Showcase.

Friant Water Authority’s Chief Executive Officer Jason Phillips, Greater Kaweah 
Groundwater Sustainability Agency General Manager Eric Osterling, 4Creeks Principal 
David DeGroot, CCM Water Task Force Chairman and grower Pete Hronis and CCM 
President Casey Creamer served as the moderator of the Strategies for surviving SGMA 
workshop.
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the audience on ACP and HLB regulations and how they 
impact citrus growers, including quarantine zones, methods 
of fruit disinfestation ("spray and move" and mechanical) 
and citrus tarping. Also discussed were the new chlorpyrifos 
regulations. 

The third and final workshop, “Selling citrus – it’s not 2018 
anymore,” featured a panel of marketing experts including 
Booth Ranches Vice President of International Sales Izak Du 
Toit, Wonderful Citrus Senior Category 
Director for Halos Sales Adam Lazo, 
Sunkist Growers Managing Director of 
Fresh Fruit Sales Christopher Gordon. 
CCM’s Joel Nelsen moderated. The main 
topic of concern was product quality. 
California’s top quality always sells. 
However, this season, the quality of 
product from California was lower than 
normal. The panel was uncertain if the 
second half of the orange/mandarin 
season could offset the first, since it is 
expected that utilization will go down. 
Marketers must work with retailers to 
find ways to bring customers back to 
the citrus section. 

Thank You, Sponsors
Finally, CCM extends its gratitude to this 
year’s event sponsors, which included 
Accu-Label International; BASF; Crop 
Science, a Division of Bayer; Corteva 
AgroSciences; Farm Credit; Fruit Growers 
Supply; Giffin-Parker Insurance Brokers; 
Nielsen Insurance; Pace International; 
Packline Technologies; Sinclair; Suterra; 
Syngenta; and Valent. We also thank 
TKI and Valley Packline Solutions 

for providing coffee and pastries, Plant Food Systems for 
the vendors’ lanyards, Actagro for sponsoring workshop 
programs and Gless Ranch Nursery and Wonderful Citrus for 
sponsoring the luncheon program. Sponsorships are a huge 
reason this event is a success. 

Lauren Peltzer is the program coordinator with California 
Citrus Mutual. For more information, contact 
lauren@cacitrusmutual.com

Showcase luncheon attendees applauded the talk by CCM President Casey Creamer.

This year’s CRB-sponsored workshop, “How Citrus Research Informs the Regulatory Process 
and How the Current Regulations Affect the Citrus Industry” included (left to right) panel 
moderator Jim Gorden, Citrus Research Board Member and CPDPP Chairman; Beth Grafton-
Cardwell, Ph.D., Director of Lindcove Research and Extension Center; Victoria Hornbaker, 
California Department of Food and Agriculture – Citrus Program Manager; Marilyn Wright, 
Tulare County Agricultural Commissioner; and Keith Watkins, Bee Sweet Citrus, 
Vice-President of Farming.
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Systemic Fungicide for Year-Round Control

FOSPHITE ®

YOUR BEST DEFENSE AGAINST DISEASE
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California’s citrus industry and its partners are doing 
a commendable job of holding strong against 

huanglongbing (HLB). However, after seeing the devastation 
HLB has caused in Florida and other parts of the world, we 
must prepare for the disease to reach commercial groves.

Management of the Asian citrus psyllid (ACP) and HLB in 
California is a coordinated, interagency effort between the 
U.S. Department of Agriculture-Animal and Plant Health 
Inspection Service, California Department of Food and 
Agriculture (CDFA) and county agricultural commissioners 
(CAC), that relies on the collaboration and participation 
of multiple non-governmental entities, including industry 
members, university researchers, technical specialists and 
outreach professionals. 

The top priority of the Citrus Pest & Disease Prevention 
Program (CPDPP) is to find and eradicate HLB. To do this, the 
CDFA, which oversees the CPDPP, executes the following 
protocol. 

Surveys for HLB-affected Trees
The CDFA and county agricultural crews survey residential 
and commercial citrus trees throughout the state for the 
presence of HLB. They collect plant and ACP samples 
to analyze via a gene-based test using the polymerase 
chain reaction (PCR) method. The PCR method is federally 
recognized as the most sensitive and reliable way to 
determine if a citrus tree, psyllid adult or nymph is carrying 
the bacterium ‘Candidatus Liberibacter asiaticus’ (CLas) that 

What to Expect if HLB is Found 
Near You
Victoria Hornbaker 

A CLas-positive tree, confirmed via PCR, is removed from a residential property.
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is associated with HLB. The results of PCR assays for CLas are 
used to determine if a tree has HLB. 

When the PCR method confirms that a citrus tree or psyllid is 
positive for CLas, the CDFA activates its ACP/HLB action plan. 
Citrus growers and other members of the citrus industry 
should understand what would take place if HLB were to be 
found near or in a commercial grove.  

Quarantine Zones 
If a citrus tree is confirmed to be CLas-positive, all properties 
within a five-mile radius will be placed in quarantine. This 
area will be moved into Zone 6 of the ACP quarantine for 
bulk citrus movement. A map to the quarantine zones can be 
found at http://www.citrusinsider.org/maps-and-quarantines/. 
Citrus growers, packers, haulers and transporters in the 
quarantine area will be contacted by the CDFA or their CAC 
and asked to fill out new permits and compliance forms. 

In general, fruit grown in an HLB quarantine zone can be 
moved out of the quarantine if it has received a pre-harvest 
insecticide treatment with an approved ACP-effective 
product within 14 days prior to harvest and has been field-
cleaned by an approved machine. Additionally, all bulk citrus 
must be transported completely tarped or in a fully enclosed 
vehicle and be accompanied by a completed HLB Pest Risk 
Mitigation Form, which is available from the CDFA. 

Protocol for Properties Adjacent to 
CLas-infected  Tree or Psyllid Finds
Upon confirmation of a CLas-infected plant within 400 
meters of a grove via PCR: 
• The grower will be notified by the 

CDFA, the CAC and/or the county’s 
grower liaison about the detection. 

• The grower is required to apply 
both foliar and systemic insecticides 
to all HLB host material within 
400 meters of the detection. If the 
grower does not show proof of 
treatment, the CDFA or the CAC will 
treat the property, the grower will 
be billed for the treatment and a 
lien will be issued on the property. 
Growers should consult the 
University of California Agriculture 
and Natural Resources’ (UCANR) 
recommended list of ACP-effective 
insecticides when choosing 
treatments. 

Upon confirmation of a CLas-infected ACP 
within 400 meters of a grove via PCR:
• The grower will be notified by 

CDFA, the CAC and/or the county’s grower liaison about 
the detection. 

• The grower should apply both foliar and systemic 
insecticides to all HLB host material within 400 meters of 
the detection. In this case, the action is not mandatory, 
but it is critical to follow best practices and seek advice 
from the UCANR on how to protect groves from HLB. 

Protocol for CLas-infected Trees or 
Psyllids in Commercial Groves
Upon confirmation of a CLas-infected tree in a commercial 
grove via PCR:
• The grower will be notified by CDFA and asked to apply 

foliar insecticides to the infected tree and also to apply 
both foliar and systemic insecticides to all host material 
on the property within 400 meters of the detection. 

• After the infected tree has been treated, it must be 
properly removed and destroyed using one of the 
following methods: cutting the tree down and burning it 
on site; or grinding, chipping, or cutting up the tree and 
then double-bagging and disposing of it at a landfill by 
deep burial. The stump of a CLas-infected tree also must 
be removed. If the grower does not have the ability to 
remove the tree, it will be removed by the CDFA.

• If the grower does not show proof of treatment, the 
CDFA or the CAC will treat the property, the grower 
will be billed for the treatment and a lien will be issued 
on the property. Growers should consult the UCANR’s 
recommended list of ACP-effective insecticides when 
choosing treatment. 

Upon confirmation of a CLas-infected ACP in a commercial 
grove via PCR:
• The grower will be notified by the CDFA, the CAC and/or 

ONLINE RESOURCES
FOR THE CITRUS INDUSTRY

CITRUSINSIDER.ORG provides key maps, regulatory 
updates and events the citrus industry needs to stay 
informed on the fight against HLB in California.

UCANR.EDU/ACP provides treatment and ongoing pest 
and disease management recommendations. 

CDFA.CA.GOV/PLANT/ACP provides regulatory 
information and an overview of the ACP/HLB program.

Citrus industry members can stay informed on the latest ACP/HLB updates through a 
variety of web sites and resources.
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the county’s grower liaison about the detection. 
• The grower should apply both foliar and systemic 

insecticides to all HLB host material within 400 meters of 
the detection. In this case, the action is not mandatory, 
but it is critical to follow best practices and seek advice 
from the UCANR on how to protect groves from HLB. 

• If the CLas-infected ACP is a nymph, the grower should 
remove the tree where the CLas-infected ACP nymph 
was collected, as the tree is considered exposed to HLB. 

While this outlines some of the regulatory actions that 
would directly impact growers if HLB is found in or near their 
commercial groves, additional activities will be employed by 
the CDFA – such as sampling, trapping and surveying – and 
are outlined in the CDFA’s ACP/HLB Action Plan. The CPDPP, 
in partnership with growers and the scientific community, 
is compiling a list of recommended, voluntary actions for 
growers to take if HLB is found near their grove. Stay tuned 
for news from the program on how these best practices can 
be employed in a grove. 

While our state’s citrus industry has shown a remarkable 
ability to collaborate to limit the spread of this deadly 
disease, we must continue to work together with increased 
diligence to prepare for the next battle in the war against 
HLB. 

Note: This information was accurate as of February 2019. Please 
visit www.CDFA.ca.gov/citruscommittee to view an updated 
action plan. 

Victoria Hornbaker is interim director of the Citrus Pest & 
Disease Prevention Program, California Department of 
Food and Agriculture. For more information, contact 
Victoria.hornbaker@cdfa.ca.gov

A CDFA agriculture crew member applies an ACP-effective 
insecticide to a citrus tree.

Ly� Cit��s Seed

CDFA Registered Seed 
& Budwood Available

Varieties can be found on our website
www.lyncitrusseed.com

Budwood is grown in USDA/APHIS approved pest resistant 
structures. Both seed and budwood are tested through the 

CDFA Citrus Nursery Stock Pest Cleanliness Program.

 

P.O. Box 428, Arvin, CA 93203 • maggied@lyncitrusseed.com

(661) 366-7260  
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Learn about HLB-fighting 
technologies at “Science for 
Citrus Health”
Sara García-Figuera, Brianna McGuire, Monique Rivera, Barbara Alonso, Lukasz Stelinski, 
Peggy G. Lemaux and Beth Grafton-Cardwell
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HLB is the most destructive disease of citrus worldwide and 
is threatening the future of the California citrus industry 
(da Graça et al. 2016). Since the first detection of the HLB-
associated bacterium ‘Candidatus Liberibacter asiaticus’ 
(CLas) in California in 2012, more than 1,000 HLB-positive 
trees have been detected in and removed from southern 
California homeowners’ backyards. The Asian citrus psyllid 
(ACP) transmits the bacterium associated with HLB. As 
the disease continues to spread within California, there is 
increasing concern that the disease will reach commercial 
citrus in the near future. Knowing the impact that HLB has 
had on citrus production in Florida and globally, scientists 
across the U.S. and internationally continue to coordinate 
efforts to find long-term solutions to the disease, as well as 
short-term strategies to manage its impact. 

There are many research strategies being explored to 
solve the HLB problem, directed at the plant, the insect 
vector and the disease.  For those outside of academia with 
limited access to research publications and conferences, 
it may be particularly challenging to stay informed about 
the latest approaches and understand the ever-evolving 
scientific language accompanying them. We saw the 
need for brief updates, readily accessible on a web site, 
written in lay language for a range of audiences, and so the 
Science for Citrus Health web site (https://ucanr.edu/sites/
scienceforcitrushealth/) was born.  

The web site started as the outreach component of a U.S. 
Department of Agriculture National Institute of Food and 
Agriculture grant  to inform growers and the general public 
about some of the technologies that were being developed 
to manage HLB within that grant. Over the years, the scope 
of the web site has widened to cover any technology related 
to HLB, to create a resource for anyone interested in research 
intended to facilitate the survival of  citrus production 
despite the threat of HLB. The web site, created in May 2015 
under the umbrella of the University of California Division of 
Agriculture and Natural Resources (ANR), has been visited 
more than 4,600 times. The initial team voluntarily associated 
with the web site has grown from four to seven people 
and now includes early and senior career researchers from 
the University of California (Riverside, Davis and Berkeley 
campuses) and the University of Florida with diverse 
expertise in plant breeding, plant pathology, plant genetics 
and entomology.

New topics are added to the web site when the team learns 
about developing technologies at research meetings, such 
as the California Citrus Conference or the International 
Research Conference on Huanglongbing. In addition, the 
team actively searches for new and exciting advancements in 
scientific publications, industry magazines such as Citrograph 
and through research networks. Once the team learns 
about a new approach, they discuss whether it is sufficiently 
developed to be publicized. If so, the associated researcher 
is contacted to learn more about the technology and discuss 
its advantages and limitations. Then, the team collaborates 
with the scientist to develop a “Research Snapshot,” which is 
a short fact sheet focusing on that new approach. If needed, 
a graphic designer on the team works with the researcher 
to find the best way to illustrate the topic. Technologies are 
organized in six categories: 
• early detection techniques: methods to detect CLas/HLB 

early in the infection process
• established orchards: tactics applied to established 

orchards to protect against HLB
• replants: longer-term tactics for HLB protection that 

require replanting citrus
• psyllids: methods that affect the psyllids’ ability to spread 

CLas
• tools: existing tools for managing the psyllid and HLB
• general topics: information on scientific approaches from 

the past, present and future

Each technology is thoroughly explained in a Research 
Snapshot, which contains all the information required to 
understand its characteristics and potential use. Currently, 
there are 26 Research Snapshots on the web site (http://
ucanr.edu/sites/scienceforcitrushealth/Research_Snapshots/).  

The goal of the team is for the web site to become the go-
to resource for anyone interested in learning more about 
current and future HLB management tactics. In addition to 
the web site and associated blog (https://ucanr.edu/sites/
scienceforcitrushealth/Blog/), the team recently created a 
Twitter account (https://twitter.com/sci4citrus) to increase 
diffusion of the web site contents. For more information, 
please visit the web site or follow us on Twitter. 

Project Summary
The Science for Citrus Health web site is a collaborative effort between scientists from different universities 
whose goal is to describe some of the existing efforts and new technologies being developed to protect 
citrus from the invasive disease, huanglongbing (HLB). This web site is intended to be a source of up-to-date 
information about cutting-edge research written in lay language for citrus stakeholders, researchers, media and 
the general public. 
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Using Media to Reach 
Homeowners
Mark McBroom

A growing threat to the state’s iconic citrus trees, 
landscape and economy is becoming more urgent 

as huanglongbing (HLB) detections continue to rise in 
residential communities. The continued effort to reach 
residents where they receive information and news is 
imperative to combat HLB. 

According to a 2018 Pew Research Center study, Americans 
are more likely to tune in to local television news compared 
to network news or general cable television. About 37 
percent of U.S. adults are getting news locally, compared to 
26 percent who tune in to network news and 28 percent who 
watch cable television. Still, broadcast television is the most 
common platform to receive news, followed by on-line news, 
radio, social media sites and print newspapers.

David Morgan, Ph.D., biological control program manager at the California 
Department of Food and Agriculture demonstrates a Tamarixia release.
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Working with local media outlets, reporters and journalists 
throughout the state is a key outreach tactic used by the 
Citrus Pest & Disease Prevention Program (CPDPP) outreach 
team to build residents’ awareness of the Asian citrus psyllid 
(ACP) and HLB. 

Media Outreach on ACP Detections
The CPDPP outreach program continually looks for timely 
and relevant angles — such as residential ACP detections in 
Maricopa (Kern County), Visalia (Tulare County) and Soledad 
(Monterey County) at the end of 2018 — to reach and 
educate the community via local broadcast, print and digital 
news sources. 
For all three incidents, the goals were to: 
• quickly notify individuals of the presence of a dangerous 

pest;
• highlight the potential occurrence of HLB to neighboring 

areas and the importance of protecting trees;
• encourage cooperation with agricultural officials as they 

inspect citrus trees; and 
• ask residents to inspect their own trees for signs of the 

pest and disease and report potential sightings to the 
California Department of Food and Agriculture (CDFA) 
pest hotline. 

Outreach to reporters and news 
outlets in these communities resulted 
in 17 stories and more than 175,000 
impressions from traditional and 
agricultural print, on-line and broadcast 
news sources. Journalists shared 
information about the importance of 
inspecting trees, notifying the public 
about quarantine areas and treatment, 
and setting traps to determine the 
delimitation of infestation. Media 
coverage also included warning 
statements of the dangers of HLB 
spreading as a result of a positive 
ACP discovery. County Agricultural 
Commissioners acted as spokespersons 
and urged residents to not transport 
citrus, which might unknowingly result 
in the spread of ACP to neighboring 
areas.
• In Maricopa, several Kern County 

broadcast stations aired a story on 
a breeding population of ACP, and 
stories ran in ABC 23 on-line and 
Western Farm Press.

• In Visalia, coverage included local 
broadcast stations, a print and on-
line report from the Visalia Times-
Delta, The Sun-Gazette, Your Central 
Valley and the Western Farm Press.

• In Soledad, outreach resulted in 
stories in the Soledad Bee and the 
Salinas Californian, the region’s 
major newspaper. 

The program’s outreach team continues to diligently and 
actively monitor and reach out to communities where ACP 
or HLB have been found and work closely with program 
partners to educate key audiences on the latest news about 
the pest and disease.

Tamarixia Media Event at Cal Poly, 
Pomona
In addition to pest and disease outreach to homeowners, 
a media event was held in October 2018 to promote and 
educate residents in the larger Los Angeles area about 
the CPDPP’s ACP biocontrol program. The event, held at 
California Polytechnic University, Pomona’s Tamarixia rearing 
facility, included information about how the biocontrol 
program assists with suppressing ACP populations. 

Media outlets were invited on site to witness a Tamarixia 
release and speak with program representatives, including 
Victoria Hornbaker, interim director of the CPDPP at CDFA; 
David Morgan, Ph.D., biological control program manager, 
CDFA; and Anna Soper, Ph.D., assistant professor of 
plant science at California Polytechnic University, Pomona.

Los Angeles broadcast coverage resulting from the media event held on October 30, 2018.
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Key messaging for the event included the program’s 
Tamarixia releases and impact, information on the Tamarixia 
rearing facility and greenhouses, the state of HLB in California 
and the ongoing activities to protect California’s citrus. 

Major print and on-line media outlets, local broadcast 
stations and Asian-American media outlets serving Los 
Angeles, Orange, Riverside and San Bernardino counties were 
all in attendance. Additionally, outreach was conducted to 
trade media outlets about the biological control program. 
Post-event outreach to all California media who had not 
covered the event was conducted, as well. 

As a result, coverage of the event generated more than three 
million impressions and 29 total placements comprising:

• 11 total print/online stories, including three local daily 
papers;

• five broadcast stories from two Los Angeles stations 
(KTLA and KABC);  

• three broadcast stories from KSFN in Fresno and one 
broadcast story from KDFX in Palm Springs; and 

• nine radio mentions on KDFX-AM (FOX) in Los Angeles. 

Moving Onward in 2019
This year, the CPDPP outreach program will continue to 
identify fresh narratives and strategies to quickly share 
important and relevant news about HLB and ACP throughout 
the state, as well as the increasing incidence of HLB in 
southern California. 

California’s citrus is part of our livelihood, and the wide-
scale effort to preserve residential and commercial citrus in 
California has reached a critical point – it hinges on public 
education, outreach and awareness about the disease, and 
preventive measures about ACP and the spread of HLB. 

Mark McBroom is the outreach subcommittee chair for the 
Citrus Pest & Disease Prevention Program and a CRB Board 
Member. For more information, contact  
desertcitrus@aol.com

A story on Tamarixia in The Press-Enterprise, a daily paper serving California’s Inland Empire.
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Central California Tristeza 
Eradication Agency Shifts 
Focus to HLB
Subhas Hajeri and Jill Barnier

Citrus pest control districts in the San Joaquin Valley were 
established more than 60 years ago, formed by citrus 

growers concerned about ensuring the long-term health 
of their citrus industry. In 1963, these districts united in a 
Joint Powers Agreement (JPA) that established the Central 
California Tristeza Eradication Agency to survey, detect, 
and suppress the phloem-limited Citrus tristeza virus (CTV) 
in commercial groves. In 2008-09, the Agency adopted the 
name of Citrus Pest Detection Program (CPDP) to reflect the 
expressed desire of citrus growers for broader service and 

expanded diagnostic capabilities. With a focus on detecting 
citrus diseases and/or pests that have the potential to 
negatively impact tree viability and/or productivity, the 
Program continues its mission to serve citrus growers by:

leading and/or participating in efforts to protect against, 
detect, control and/or eradicate any citrus pest or 
disease of concern; and
encouraging and supporting appropriate research 
programs to assist in the elimination of the threat of 
citrus pests and/or diseases.

Figure 1. (A) Visual inspection of citrus tree on the perimeter of a block. (B) Evaluation of leaves for presumptive 
HLB symptoms and collection for lab testing. (C) One half of the bar-coded tag hanging on tree displaying 

unique identification of township/range/section, block, row and tree number. (D) Other half of the barcoded 
label goes to lab with the sample. (E) Cross-checking of sample collection accuracy by field supervisor.
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Three districts, representing commercial citrus-producing 
acres within portions of Fresno and Tulare counties and all of 
Kern County, continue to participate in the JPA. The CPDP is 
grower-funded and governed by a Board of Commissioners 
comprising growers who represent each of the JPA districts. 
The Technical Advisory Committee, composed of scientific 
and regulatory experts from the University of California, U.S. 
Department of Agriculture, (USDA) California Department 
of Food and Agriculture (CDFA) and participating counties, 
provides scientific and technical expertise and guidance. 
With a regular staff of 15 and the ability to add seasonal staff 
as needed, the CPDP has the flexibility to respond rapidly to 
changes in operational demands. The Program has a history 
of evolving in both field and laboratory activities as needs 
change and new technologies become available.

Those changing needs are exemplified by the severe impact 
of huanglongbing (HLB), which cost Florida’s economy $4.5 
billion and 8,000 jobs between 2006 and 2011 (Hodges 
and Spreen 2012), and has caused similar damage in other 
major citrus-growing regions such as Brazil, China, India, 
Philippines, Indonesia, Thailand and South Africa (Bové 
2006). It is generally acknowledged that California’s citrus 
industry could be even more severely impacted since the 
bitter-tasting and misshapen fruit resulting from the disease 
would be unacceptable in the fresh fruit market. The best 
way to prevent this disease is to detect the HLB-associated 

bacterium ‘Candidatus Liberibacter asiaticus’ (CLas) in citrus 
trees as early as possible and see that inoculum sources are 
removed to limit the spread by psyllid vectors. 

With recommendations from its Technical Advisory 
Committee, the CPDP has switched its survey emphasis 
from CTV to CLas. Field operations now include a screening 
survey for HLB, focusing on the visual inspection of perimeter 
trees for presumptive HLB symptoms and Asian citrus psyllid 
(ACP) presence, as well as spot sample collections (Figure 1). 
Locations for surveys are selected by applying local expertise 
and grower knowledge and experience within a science-
based HLB risk model (Gottwald et al. 2019) developed 
for commercial groves. This model relies heavily on the 
Program’s frequently updated and verified maps of the 
commercial citrus within the JPA districts.

The quantitative polymerase chain reaction (qPCR), also 
known as real-time PCR, is part of the regulatory standard for 
routine citrus pathogen detection. The CPDP received a CDFA 
Specialty Crop Block Grant, to acquire equipment to establish 
a state-of-the-art PCR laboratory. This enabled the lab to 
further optimize high-throughput nucleic acid extraction and 
multiplex qPCR to test multiple citrus pathogens including 
CLas, CTV, and Spiroplasma citri, the bacterium that causes 
Citrus Stubborn Disease (CSD) (Saponari et al. 2013; Wang et 
al. 2015).  

Figure 2. (A) Leaf tissue preparation for ELISA testing. (B) Leaf tissue preparation for PCR testing. (C) Laboratory technician performing 
DNA extraction with a robotic workstation. (D) Laboratory technician preparing PCR reaction mixture in a clean room. (E) Automated 
liquid handler preparing high-capacity 384-well PCR plate. (F) Laboratory technician monitoring PCR reaction.
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The CPDP laboratory staff has successfully completed CLas 
proficiency testing conducted by the CDFA, per USDA-Animal 
Plant Health Inspection Service (APHIS) guidelines, and has 
acquired a CDFA permit to test non-regulatory plant and 
insect samples in California. The CPDP now performs PCR 
laboratory testing for multiple pathogens while maintaining 
a serology lab for testing CTV by ELISA1 (Figure 2). In 2018, 
the CPDP tested more than 4,000 ACP samples (under 
contract with the CDFA) and more than 30,000 plant samples 
for CLas. In addition, individual growers from southern 
California and Kern County have submitted samples for CLas 
testing. The addition of qPCR testing for S. citri has been a 
key advance for the CPDP, since growers who submit HLB 
suspect samples may, in fact, have CSD, which is endemic 
in California. Seeing the need for additional service to the 
industry, the CPDP is offering testing of S. citri for growers. 
CSD symptoms are very similar to those of HLB (such as 
chlorotic leaves, lopsided and/or greening fruit, fewer fruit 
per tree, thin canopy and twig dieback). There was a strong 
correlation between the symptoms and S. citri-positive 
results, suggesting that in a symptomatic situation, testing 
for both S. citri and CLas is advisable. 
The CPDP recognizes the importance to growers to make 
individual farm management decisions based on the best 
available science and expertise as early as possible. The 
Program is equipped to process and test about 100,000 
samples annually with the current laboratory infrastructure. 
Accordingly, the CPDP has the capacity to play an important 
role in large-scale insect and plant sample screening for CLas 
and other pests and diseases in the coming years. Within 

Fresno, Tulare and Kern counties, the CPDP can both collect 
and test non-regulatory screening samples for the following 
diseases – HLB, CSD and Tristeza. From other regions of 
California, the CPDP can receive samples for testing if the 
sender follows the appropriate sampling protocol. For 
additional information about sampling protocols and grower 
costs or any other questions, please contact the Program at 
(559) 686-4973. 

Glossary
1ELISA:  Enzyme-Linked Immunosorbent Assay, which is a 
serological detection method that involves an antigen (virus 
or bacteria)-antibody reaction. 
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Citrus Industry Costs To Comply 
With California Labor Laws
Bruce Babcock

Project Summary
The objective of this research project is to provide policy makers and industry observers with estimates of the 

impact on citrus industry costs to comply with California labor laws. Recent legislation has increased minimum 

wages, reduced the number of daily and weekly work hours that trigger overtime pay for agricultural labor 

and mandated sick leave for workers. After including the cost of workers compensation premiums and 

employee safety requirements, the estimated regulation cost to the industry is approximately $112 million 

per year or about $423 per acre of citrus in California. This represents approximately seven percent of cash 

production costs. Although these labor regulations apply to producers of all California crops, they reduce the 

competitiveness of citrus relative to other crops that require less labor, such as almonds. 

CRB-FUNDED FINAL RESEARCH REPORT
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The cost of doing business in California increasingly consists 
of compliance costs to meet regulations. Minimum wages 
will increase by 50 percent by 2022. New homes must have 
solar panels beginning in 2020. New housing projects 
increasingly must include units dedicated to low-income 
households. Any housing project receiving state subsidies 
must pay higher-than-market wages to workers. Businesses 
that emit greenhouse gases must buy carbon offset credits. 
New construction projects are held up due to environmental 
concerns until compensation is paid to protesting groups.1  

Supporters of cost-increasing regulations justify them in three 
ways: 

the regulations are needed to address a market failure2; 

they are needed to address economic inequality; or 

they are needed to assure political support from the 
beneficiaries of the regulations.

However, before any particular regulation can be justified, 
the costs associated with it should be determined. Otherwise, 
there is no way of knowing whether more cost-effective 
alternatives exist to meet policy objectives. While formal 
cost-benefit analysis is often required at the Federal level, 
the states’ use of cost benefit analysis varies widely. California 
reported using 19 cost benefit studies over four years from 
2008 through 2011 (Pew and MacArthur 2013).

Of particular interest to California’s citrus industry are 
regulations that increase labor costs. Citrus production 
requires more labor than other important tree crops, such as 
almonds and pistachios, which compete with citrus for land 
and water, but are machine harvested. All things being equal, 
higher labor costs will incentivize growers to increase acreage 
of crops that require less labor and decrease plantings of 
more labor-intensive crops. Regulations that increase labor 
costs, therefore, negatively impact the competitiveness 
of citrus relative to crops with lower labor requirements. 
In this study, costs of meeting new labor regulations that 
affect California’s citrus industry and their impact on the 
competitiveness of California citrus are presented.

SB 3 Minimum Wage Increases
Senate Bill 3 (SB3) increases California’s minimum wage from 
$10 to $15 per hour in annual increments. Martin and Costa 
(2017) observe that there is a distribution of wage rates paid 
to farmworkers with some being paid the minimum wage 
while others, primarily those paid piece rates, being paid 
higher wages, with most ranging from $12 to $14 per hour3.  
Their analysis indicates that the new $15 minimum wage will 
affect a large number of citrus industry workers. Continued 
low unemployment rates in California could lessen the impact 

of higher minimum wages because lower unemployment 
rates typically drive wages higher. 

However, unemployment rates in Central Valley citrus 
counties remain high. Kern, Tulare and Fresno counties 
had unemployment rates of 7.6 percent, 9.6 percent and 
7.5 percent, respectively, in December 2018. Thus, in these 
counties, the higher minimum wage regulation will increase 
labor costs. Precise estimates of the law’s impact on costs 
requires detailed data on the distribution of wages paid 
to citrus industry workers. An alternative approach is to 
calculate a range of impacts by combining current labor 
requirements in the industry with assumptions about the 
distribution of wages paid and how wages would have 
increased without SB 3.

The three scenarios of pre-SB 3 wage distributions used are 
that 25 percent, 50 percent and 75 percent of citrus industry 
wage workers were paid $10 per hour, while the other 75 
percent, 50 percent and 25 percent of workers were paid $13 
per hour. These distributions are consistent with Bureau of 
Labor Statistics reports, which estimates that the average 
wage rate earned in Bakersfield (Kern County) for farming, 
fisheries and forestry in May 2017 was $11.33 per hour (U.S. 
Department of Labor 2018). In Fresno, the average wage was 
$11.54 per hour. The three non-SB 3 annual wage inflation 
rates used in the calculations are zero percent, three percent 
and five percent per year. A common assumption across all 
scenarios is that 85 percent of the 21,866 full-time-equivalent 
jobs in the citrus industry are wage-labor jobs. The results for 
the three scenarios are shown in Table 1.

AB 1522 Paid Sick Leave
Since 2015, all California employers must provide and 
allow their employees to take sick leave. The minimum sick 

1.
2.
3.

¹See Lifsher (2011), Shackford (2019), and Dayton (2013) for examples. See Nelson (1994) for a discussion of the issue.
²A market failure occurs when the market quantity and price of a good fail to maximize the net benefits to buyers and sellers from market transactions. When this occurs, 
government intervention in the market can potentially increase net benefits. The classic example of a market failure is air or water pollution where the market price fails to account for 
environmental costs from pollution. 
³The 2019 minimum wage of $12 per hour is technically applicable for employers who hire more than 25 workers. Businesses with fewer employees must pay at least $11.00 per hour. 
However, given competition for minimum wage workers, most employers who hire less than 25 workers will find it difficult to pay less than the wage paid by larger employers. Hence, I 
use the greater-than-25-employee minimum wage throughout this report.

Table 1. Citrus industry production cost increases in 2022 from SB 3 hikes in 
minimum wage under three scenarios.

Source: Calculated by author.

 
 

  Percentage of 
citrus industry 

wage jobs paid at 
minimum wage in 

2016 
Wage inflation rate 

without SB 3 

Annual increase in 
citrus industry costs 

($ million) 
 0% 165 

75% 3% 89 
 5% 47 
 0% 136 

50% 3% 59 
 5% 31 
 0% 107 

25% 3% 30 
 5% 16 
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leave accrual rate is one hour for each 30 hours worked. 
Employees are allowed to carry over at most three days of 
sick leave from one year to the next, and employers can 
limit accrual to six days. The maximum cost increase of this 
regulation will occur if employees had no sick leave before 
AB 1522 and if employees use sick leave as they acquire it. 
For employees who use sick leave, it is as if they are getting 
paid for 31 hours of work when they actually work 30 hours. 
The additional one hour of pay is a 1/30th pay increase. An 
upper limit on the cost of this new regulation, therefore, is 
1/30th of the citrus industry wage bill, which was estimated 
at $452 million per year (Babcock 2018). If no citrus industry 
employees had sick leave before AB 1522 and all employees 
continuously use their accrued sick leave, then annual 
compliance cost would be $15 million. The actual cost is less 
than $15 million, because not all workers use accumulated 
sick leave (Barthold and Ford 2012); but higher minimum 
wages will drive the industry wage bill higher, which offsets 
at least some of this reduction. 

AB 1066 Overtime Regulation
AB 1066 will require agricultural employers to pay overtime 
if an employee works more than an eight-hour day or a 
40-hour week. The previous standard was a 10-hour day or a 
60-hour week. Workers who normally work six ten-hour days 
per week did not get paid overtime under pre-AB 1066 rules. 
Under AB 1066, these workers qualify for 20 hours of time-
and-a-half overtime pay. The employer’s wage bill would 
increase by 16.67 percent, because having to pay overtime 
for 20 hours of work is the same as paying for an additional 
10 hours of work at regular wages⁴.  This cost increase 
creates an incentive for the employer to hire more workers. 
For example, suppose that a grower has 10 workers, each 
working 60 hours per week. To avoid paying overtime to get 
the work done would require hiring five more workers and 
having all 15 workers put in 40-hour weeks.

Managing 15 workers is more of a burden than managing 
10 workers, so a second response that this grower likely will 
make is to reduce the use of labor on the farm. This incentive 
to reduce labor use will be reinforced by the large increases 
in the minimum wages that are being phased in. Growers 
can reduce labor requirements by changing their farming 
operations: either switching to crops that require less labor 
or acquiring labor-saving technologies. 

The ability of growers to respond to higher labor costs 
implies that an upper limit on the cost of the new overtime 
rules is 16.67 percent of labor costs. This cost increase only 
would apply to growers who currently have workers who 
work 10 hours per day and 60 hours per week. The actual 
cost increase will be somewhat lower than 16.67 percent as 
growers reduce overall labor use.  

Production of citrus in 2016 required 6.1 million hours of 
work (Babcock 2018). If all of these production labor hours 
were logged by workers who worked 60-hour work weeks, 
and they all are paid the full $15 per hour fully-phased-in 
minimum wage, then adding on 16.67 percent in labor taxes 
results in an upper limit annual cost to growers of $15.25 
million due to increased overtime for their production labor.

Workers Compensation and 
Employee Safety
Citrus industry employers in California are required to buy 
workers compensation insurance for their employees. 
The cost of the insurance depends on the wage paid and 
the occupation. The pure premium rate for citrus-packing 
workers as of July 1, 2018, is $6.50 per $100 worth of payroll. 
For citrus production workers, the pure premium rate is 
$7.50 per $100 (WCIRB 2018). Total premiums will be greater 
than this pure premium rate because insurance companies 
need to cover all their overhead costs as well as generate 
a profit. California’s premium load factor was reported to 
be 1.126 in 2016 (Oregon Department of Consumer and 
Business Services 2016). If it is assumed that the average 
pure premium for citrus workers is seven percent, then 
adding the load factor increases the premium rate to 7.9 
percent. Multiplying this premium rate by the $452 million 
total wage bill results in a $35.7 million annual cost for 
workers compensation. 

The last labor cost category considered here is expenditures 
to meet employee safety requirements. McCullough et al. 
(2017) used survey data to estimate such expenditures, 
which averaged $3.65 per acre.

A summary of cost estimates using mid-point values for 
minimum wage, overtime and sick leave is presented 
in Table 2. As shown, the cost of meeting these labor 
requirements totals $112 million, which amounts to 
approximately $423 per citrus-bearing acre in California. 
O’Connell et al. (2015) estimated total variable production 
costs for navel oranges at $5,973 per acre. Thus the 

Table 2. Aggregate labor regulation compliance costs facing the California 
citrus industry.

ªCalculated by author. Costs calculated after phase-in period is completed.
bFrom Table 1 scenario of assumed three percent wage growth with no 
minimum wage increase and 50 percent of industry workers currently paid 
minimum wage.
cOne-half of upper-limit costs presented in text.
dPer-acre costs from McCullough, Hamilton and McEwan (2017)

 
 

 
$ per acre of citrus 

production 
$ million 

   Minimum wagea,b 222.39 59.00 
   Overtimea,c 33.92 9.00 
   Sick leavea,c 28.27 7.50 
   Employee safetyd  3.65 0.97 
   Workers compensationa 134.56 35.70 
Total 422.80 112.17 
 

4One grower who was interviewed for this study has workers who normally work ten 
hours Monday through Friday and six hours on Saturday. This grower would face a 
14.3 percent labor cost increase from having to pay overtime if he does not change the 
number of workers or employment terms.
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estimated cost of meeting these labor regulations amounts 
to a seven percent cost increase.

Impact on Competitiveness of 
California Citrus
Regulations that increase the cost of producing 
citrus in California have the potential of reducing the 
competitiveness of the California citrus industry relative to 
other crops that are grown in California and relative to citrus 
grown in other states and in other countries. The potential 
loss in competitiveness will be realized for regulations that 
apply only to California citrus or that disproportionately 
impact the state’s citrus. All California employers are subject 
to the labor regulations considered here; so in themselves, 
they do not disadvantage California citrus relative to other 
crops in the state. However, harvesting citrus is more labor 
intensive than machine-harvested crops such as almonds. 
All else being equal, regulations that increase labor costs will 
tend to increase the relative returns to growing machine-
harvested crops in California. In addition, California citrus 
loses competitiveness to other citrus countries, such as 
lemons in Argentina and limes in Mexico, that are not 
subject to California labor laws.

Although citrus competitiveness will suffer relative to 
machine-harvested crops because of labor regulations, the 
future competitiveness of citrus is highly dependent on 
successful control of huanglongbing and, particularly in the 
Central Valley, maintaining access to reliable water supplies. 
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Nationally-funded Programs 
to Counter HLB
Mojtaba Mohammadi and Melinda Klein

Introduction
In 2005, huanglongbing (HLB) was identified in Florida, following identification of the Asian citrus psyllid 
(ACP) within the state in 1998.  The ACP rapidly spread the HLB-associated bacterium ‘Candidatus Liberibacter 
asiaticus’ (CLas) throughout the citrus-growing regions of the state.  The damage to the Florida citrus industry 
has resulted in a 75 percent reduction in citrus production (USDA 2017). From 2007 through 2013, Florida 
lost approximately $7.8 billion in revenue, more than 7,000 jobs and 162,000 citrus acres to HLB (Singerman 
and Useche 2016). The psyllid and CLas continue to spread across the continental U.S. – including Georgia, 
Louisiana, Texas, South Carolina and California.  In California, HLB has not yet been found in commercial citrus 
orchards. To date, only the ACP has been found in Arizona. The spread of CLas and its vector has led to both 
federal- and state-level responses. At the federal level, the U.S. Department of Agriculture (USDA) has been 
responsible for managing the national response to HLB.  This includes funding and development of operations-
based efforts in coordination with state agencies to contain the spread of the disease. Federally-led or -funded 
research and extension efforts also are underway to identify longer-term options to reduce the negative 
economic impact of HLB in the U.S. The role and responsibilities of organizations within the USDA are reviewed 
here.
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USDA Funding Agencies
The three USDA agencies primarily involved in research, 
extension, operations and emergency responses for HLB are 
the Animal and Plant Health Inspection Service (APHIS), the 
Agricultural Research Service (ARS) and the National Institute 
of Food and Agriculture (NIFA). APHIS works to protect U.S. 
agriculture and natural resources from invasive pests and 
pathogens entering, establishing and spreading within the 
U.S. APHIS, along with other state and federal agencies, also 
is responsible for regulating genetically modified organisms. 
ARS is the primary scientific USDA in-house research agency, 
designed to conduct long-term research for the benefit of 
U.S. agriculture. This agency addresses local and national 
research needs in research laboratories located across the 
United States. NIFA manages grant programs and provides 
funds to support research, educational and extension efforts 
across a wide range of agricultural activities including 
crop production and protection, pest management, plant 
breeding and plant health (USDA-NIFA 2018a).  

APHIS Programs
APHIS was established in 1972 to bring together a number 
of USDA plant and animal health bureaus and inspection 
services that, until then, worked independently of one 
another. In 1985, APHIS received added responsibilities to 
include regulatory oversight for plant and animal products 
developed using biotechnology. APHIS actively engages with 
state agriculture departments in surveying for HLB, detecting 
CLas and taking regulatory action when there are finds. 

The agency also develops regulatory testing protocols 
that are the basis for state regulatory work plans. APHIS 
researchers collect information and analyze data relevant to 
HLB spread and containment, and conduct public outreach 
and education programs, including the  ‘Save our Citrus’ 
program (USDA-APHIS 2018b). This wide range of activities 
facilitates management of HLB and slows the spread of 
disease development (USDA 2018). Within APHIS, there 
are two HLB-related programs: the Citrus Health Response 
Program (CHRP) and the HLB Multi-Agency Coordination 
(HLB-MAC) Group. 

CHRP 
The goal of the CHRP is to sustain the U.S. citrus industry, 
maintain growers’ access to export markets and safeguard 
citrus-producing states against citrus pests and diseases 
(USDA 2016). CHRP funds are used for operations purposes 
such as, but not limited to, pest surveys, pest identification 
and disease diagnosis. The CHRP also is involved in 
coordinated area-wide management of ACP, including 
biocontrol efforts in collaboration with state regulatory 
agencies and the citrus industries (USDA-APHIS 2018a). 
When positive trees are found outside of existing quarantine 
borders, APHIS works with state regulators to confirm 

diagnoses. The program also provides guidelines for nursery 
stock production and movement compliance and fruit 
inspection, treatment and certification. In California, CHRP 
funds are a significant source of support for the work of the 
California Citrus Pest and Disease Prevention Program. 

HLB MAC Group Program
The HLB MAC Group was established in 2013 to coordinate 
efforts by federal, state and industry partners to identify and 
promote immediate responses to HLB (USDA 2016). This 
group initially funded short-term, shovel-ready proposals 
that covered one or more of five research areas: psyllid 
management, pre-symptomatic HLB detection, therapies to 
protect existing trees, protecting new groves/replants and 
CLas inoculum management. More recently, the scope has 
broadened to include more fundamental research within the 
same short-term scope of work. The HLB MAC Group brings 
together APHIS, ARS and NIFA program leaders, as well as 
state agriculture and industry representatives from across 
the U.S. to review, approve and assess the progress of those 
projects that address immediate needs. 

Some of the HLB-MAC Group-funded work that will help 
benefit California includes the testing of HLB detection dogs 
as an early detection method in Texas and California; the 
survey of early detection technologies under the ‘California-1’ 
project (also supported by the Citrus Research Board [CRB]); 
a regional ACP scouting project in California to test the 
effectiveness of different psyllid control programs across 
the state; and the introduction of licensed citrus varieties 
from Florida into California. In Denver, the CRB-led breeders 
collaborative meeting, held in February 2018, and the CRB-
led regulatory summit, held in October 2018, were both 
supported by HLB MAC.  

ARS Program
The USDA-ARS program is designed to support long-term 
research across the U.S. at research centers or laboratories 
that house single or multiple research units. Work within 
each unit is focused on fulfilling a specific research mission. 
Every five years, the goals and directions of the research 
projects within those units are reviewed and updated to 
ensure the work underway remains impactful and relevant. 
ARS researchers work on specific issues or problems as 
directed by Congress following stakeholder input. 

Citrus research is currently underway in a number of ARS 
units, including those located in Albany, Riverside and 
Parlier, California; Fort Pierce, Florida; Ithaca, New York; 
Fort Collins, Colorado; and Beltsville, Maryland. Additional 
locations, such as those in Hilo, Hawaii and Wooster, Ohio 
are involved in citrus-relevant projects such as fruit fly 
control and tree spray technology development. Relevant 
research projects underway include the development and 
evaluation of HLB-resistant citrus varieties (both scion and 
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rootstock), early detection and improved diagnostics of 
CLas/HLB, cryopreservation of citrus germplasm, risk-based 
predictive modeling for HLB, and development and testing 
of antimicrobial compounds (USDA 2018; USDA-ARS 2018). 
ARS researchers also receive additional external funds 
through competitive grant programs from the CRB, the 
Citrus Research and Development Foundation (CRDF) in 
Florida, and other citrus industry, state and national funding 
agencies. 

In 2017, the USDA-ARS initiated the “Grand Challenge” 
program to bring together and support a diverse team of 
scientists and engineers to visualize and deliver unified, 
system-level solutions to a complex problem. HLB was 
identified as a key agricultural challenge and has received 
additional support within ARS. According to National 
Program Leader Tim Rinehart, Ph.D., the immediate 
results from the first year of the Grand Challenge include 
“improved communication to identify the most promising 
opportunities, facilitating progress on high-impact and or 
near-term solutions, coordination between ongoing research 
for ground-truthing innovative strategies, prioritization of 
areas where progress could be accelerated within disciplines/
projects, and identification and prioritization of gaps or 
unexplored connections within the total solution landscape.” 

Two examples of the short- and long-term HLB work 
underway by USDA-ARS researchers for the benefit of the 
California citrus industry follow. Specific gene sequences (the 
RNR primers) that more accurately identify CLas-infected 
trees were developed and tested by ARS scientists. This 
development, along with the implementation of a risk-based 
survey for CLas detection (also developed through ARS 
scientists) has increased the efficiency and decreased costs 
for ongoing Citrus Pest and Disease Prevention Committee 
efforts to identify and eradicate CLas-infected trees in 
southern California. Long-term cryopreservation of citrus 
germplasm in Fort Collins, Colorado, is another collaborative 
ARS project, initiated with CRB funds and supported by ARS 
funds and staff, that provides long-term security to both the 
California and national citrus industries. 

NIFA SCRI Program
Like ARS, NIFA falls under the research, education and 
extension mission areas of the USDA. This agency is rooted 
in the congressional acts that created land-grant universities, 
agricultural experiment stations and cooperative extension 
offices. The current agency developed from the 2008 
Farm Bill and supports three types of funding programs: 
capacity grants, non-competitive grants and competitive 
grants. Within the competitive grants division, the Specialty 
Crop Research Initiative (SCRI) Citrus Disease Research 
and Extension (CDRE) program was established in 2014 
specifically to combat citrus pests and diseases including 
ACP and HLB (USDA-NIFA 2018b). NIFA-funded projects 
emphasize extension and education along with the research 
progress expected from grant recipients, and the CDRE 
grants are no exception. These grants are multi-year, multi-

lab projects designed for broad impact to provide near-term 
HLB solutions for the U.S. citrus industry.

Since 2014, the NIFA SCRI program has awarded grants to 31 
projects designed to address all aspects of the citrus host, 
ACP vector and CLas pathogen disease interactions. Projects 
funded include the development and evaluation of new anti-
microbial compounds, the development of HLB-tolerant or 
-resistant rootstocks and scions through both conventional 
breeding and gene editing (i.e., CRISPR/Cas9) methods. 
Psyllid control measurements from production screenhouses 
to anti-psyllid compound development and evaluation 
also are being supported by this program as are projects to 
culture in the laboratory the currently un-culturable CLas 
(Tom Bewick, Ph.D., USDA-NIFA, personal communication; 
USDA-NIFA 2018b and c). 

In California, NIFA-supported projects include support for 
research to be conducted within an experimental citrus 
undercover production system (CUPS), developing novel 
bactericides, analysis of bacterial-host plant interactions, 
developing CLas resistant citrus varieties and examining the 
potential of ACP control using RNAi technology.

Prospects
The U.S. citrus industry has, in partnership with federal and 
state agencies, dedicated significant resources over the last 
decade to finding and evaluating strategies to manage HLB. 
Since 2009, the USDA has invested more than $400 million to 
battle HLB (USDA-NIFA 2017) with $145 million of additional 
support provided by state research programs through 
2017 (National Academy of Sciences 2018). This support 
has resulted in significant advances in understanding the 
epidemiology of HLB, including the biology of ACP and 
CLas to manage HLB. The range of approaches and research 
areas covered through this support include all aspects of 
the disease triangle, including the identification of CLas 
tolerance and/or resistance in rootstocks, scions or citrus 
relatives that could be incorporated into new or existing 
commercial citrus varieties, as well as the development of 
gene-editing technologies to incorporate CLas tolerance 
or resistance in existing commercial citrus varieties. On the 
microbe and vector side of research efforts, significant work 
has been completed to identify and test existing and new 
anti-CLas microbials, and advances have been made in the 
development of new CLas-specific detection and diagnostic 
protocols, as well as the development of a range of potential 
ACP control strategies. Continued federal funding for 
research is expected to result in the development of effective 
ACP control and HLB management strategies and to ensure 
an economically productive and globally competitive U.S. 
citrus industry. 
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Do CTV and Spiroplasma citri 
Impact CLas Establishment
Karla Araujo, Kris Godfrey and Georgios Vidalakis

Project Summary
Citrus plants in California may harbor multiple plant pathogens such as Citrus tristeza virus (CTV) and 
Spiroplasma citri (SC), the causal agent of citrus stubborn disease. Both of these endemic pathogens are 
associated with the phloem, much like ‘Candidatus Liberibacter asiaticus’ (CLas), the bacterium associated 
with huanglongbing (HLB). In this study, we investigated the ability of these pathogens to establish and exist 
in a plant and the amount of time required for the various pathogens to reach detectable levels. Washington 
navel scion on Carrizo rootstock plants were graft-inoculated with various combinations of CTV, SC and 
CLas, and then monitored through time to detect the various pathogens. Citrus plants were produced that 
harbored each pathogen alone, combinations of two of the pathogens and all of the pathogens tested. This 
study demonstrated that CTV, SC and CLas can co-exist in a citrus tree at detectable levels. However, the 
proportion of trees in which the multiple infections can be detected is less than when the single pathogens are 
present alone. In general, the pathogens were detected in a shorter amount of time when they were the only 
pathogen in the plant compared to detection of the pathogen when multiple pathogens were inoculated into 
a plant. This delay in detection of the pathogens in plants challenged with multiple pathogens suggests that 
the pathogens may be competing with one another for resources in the plant; responding differentially to the 
immune responses of the plant; or some combination of these factors. Regardless of cause, delays in detection 
can impact the spread of CLas in California citrus.  

CRB-FUNDED FINAL RESEARCH REPORT 

Washington Navel branches (left to right): healthy; infected with ‘Candidatus Liberibacter asiaticus’ 
(CLas); infected with Spiroplasma citri; infected with CLas, S. citri and Citrus tristeza virus.
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California citrus trees may harbor 
CTV and SC and may result in 
disease symptoms for one of these 
pathogens being more pronounced 
than the other (Folimonova et 
al. 2010, Dewdney et al. 2016). 
These two endemic pathogens 
may affect CLas, the bacterium 
associated with HLB, in multiple 
ways because the three pathogens 
may inhabit the phloem of a 
citrus tree simultaneously. While 
investigating the impact of CTV 
and SC on the ability to detect CLas 
before symptoms appear, data also 
were collected on the success rate 
of pathogen establishment and the 
time interval to first detection of 
a pathogen. This information can 
be used to investigate any effects 
from possible competition for food 
and/or space resources among the 
multiple pathogens when they are 
found together in the phloem. The 
presence of multiple pathogens also 
may cause the plant host responses 
to respond differently than if only 
one pathogen is present. The 
information further can be used to 
begin to investigate if the presence 
of these endemic pathogens 
may change the ability of CLas to 
establish and grow in a citrus tree. 
Competition among these pathogens 
and/or the immune response of the plant to multiple 
pathogens may influence the growth rate of CLas in a plant, 
thereby influencing the rate of spread of CLas in California.

The effects of multiple pathogens were investigated in a 
greenhouse study using small Washington navel on Carrizo 
rootstock seedlings (four to six months old) that were graft 
inoculated using bud grafts with various combinations of 
these pathogens through time. The isolates of the pathogens 
used included an SC isolate common in southern California; 
two isolates of CTV – one mild isolate and a severe stem-
pitting isolate; and the CLas isolate from Hacienda Heights, 
California. The CLas was obtained from the U.S. Department 
of Agriculture-Agricultural Research Service, Beltsville 
Agricultural Research Center in Beltsville, Maryland. Graft 
inoculations were done over time by first grafting plants with 
a single pathogen, then adding a second pathogen to the 
appropriate plants (dual infection) and grafting one set of 
plants with all four pathogens. Plants used as controls either 
were not grafted or were grafted with healthy Washington 
navel scions. The time between the first pathogen being 
grafted and the remaining pathogens being grafted into the 
appropriate plants was about two months. Leaf and petiole 
tissue samples were taken at monthly intervals beginning 

one month after the final grafts were applied to the plants. 
Nucleic acids1 were extracted from leaf and petiole tissue 
samples and then assayed using appropriate detection 
methods (Li et al. 2007, Saponari et al. 2008, USDA 2012, 
Yokomi et al. 2008).  

The success rate of the pathogen grafting or the proportion 
of grafted plants in which the various pathogens could 
be detected varied depending upon the pathogen and 
the number of pathogens grafted into a plant (Table 1). 
Pathogens were not detected in the non-grafted or grafted 
with healthy scion plants (controls). For those plants that 
were challenged with a single pathogen, 60 percent of the 
plants grafted with SC, 70 percent of the plants grafted with 
CTV mild, 100 percent of the plants grafted with CTV severe, 
and 90 percent of the plants grafted with CLas became 
positive. These results show that the grafting method used 
in this study did result in a substantial percentage of infected 
plants. 

For plants that were challenged with two pathogens, 20 
percent of the plants grafted with SC, then CLas, became 
positive for both pathogens; as well as 30 percent of the 
plants grafted with CTV mild, then CLas; 70 percent of the 

Table 1. The percent of successful inoculations of Washington navel seedlings using various combinations 
of Spiroplasma citri (SC), Citrus tristeza virus (CTV) and 'Candidatus Liberibacter asiaticus’ (CLas). All 
samples are n=10, except for non-grafted controls (n=9).

ªPlease note that for the “all pathogen inoculations,” the two isolates of CTV were not distinguished 
from one another. In that treatment only, CTV combined included both CTV mild and CTV severe.

Percent successful infection 
Treatment Single Dual All 
CONTROLS 
Non-grafted 
controls 

0% N/A N/A 

Scion grafted 
controls 

0% N/A N/A 

SC only 60% N/A N/A 
CTV mild only 70% N/A N/A 
CTV severe only 100% N/A N/A 
CLas only 90% N/A N/A 
DUAL 
INOCULATIONS 
SC first, then CLas 30% with SC only 

and 
20% N/A 

30% with CLas only 
CTV mild + CLas 30% N/A 20% with CTV only 

and 
50% with CLas only 

CTV severe + CLas 30% with CTV only 70% N/A 
CLas first, then SC 10% N/A 80% with CLas 

only and 
10% with SC only 

ALL PATHOGEN 
INOCULATIONSa 
CTV combined + SC 
+ CLas

10% with CTV 
combined only 

20% 30% with CTV 
combined + SC and 

40% with CTV 
combined + CLas 
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plants grafted with CTV severe, 
then CLas; and 10 percent of the 
plants grafted with CLas, then SC. 

When plants were grafted with 
all four pathogens (SC, CTV mild, 
CTV severe and CLas), 20 percent 
became positive for all of the 
pathogens. For this treatment, 
the two CTV isolates were not 
distinguished from one another. 

These data demonstrate that SC, 
CTV combined and CLas can co-
exist in citrus trees at detectable 
levels; however, the proportion 
of trees in which the multiple 
infections can be detected is less 
than when only single pathogens 
are present.

The time from initial grafting 
of the pathogens to their first 
detection varied depending upon 
the pathogen(s) inoculated (Table 
2). In general, pathogens were 
detected in a shorter amount of 
time following single pathogen 
inoculations when compared to 
multiple pathogen inoculations. 
For example, when CLas was 
the only pathogen inoculated 
into the plant, the mean time to 
first detection was 110.9 days.  
However, when SC was introduced 
into the plant, the mean time to 
first detection of CLas increased 
to 160 days if SC was introduced 
into the plant first, or 300 days if 
CLas was introduced into the plant 
first.  With the CTV isolates, the first 
detection of CLas increased to a 
mean of 139.3 days when paired 
with the mild isolate of CTV, and to 
a mean of 161.7 days when paired 
with the severe isolate of CTV. 
When all of the pathogens were 
present (two plants had detectable 
levels of all pathogens), the time to 
first detection of all the pathogens 
increased, with first detection of 
CLas occurring 217.5 days after 
inoculation (Table 2).  This delay 
in detection in plants challenged 
with multiple pathogens suggests 
that the pathogens may be 
competing for food and/or space 

Table 2. The mean time in days (± standard error) for Spiroplasma citri (SC), Citrus tristeza virus (CTV) and 
‘Candidatus Liberibacter asiaticus’ (CLas) to be detected in single, dual and triple infection plants. 

ªThere were not enough values to calculate a meaningful standard error.
bPlease note that for the triple infection plants, the two isolates of CTV were not distinguished from 
one another and the CTV results are called “CTV combined.”

Treatment Citrus tristeza virus  
(CTV) mild and/or 

severe 

Spiroplasma citri 
(SC) 

‘Candidatus 
Liberibacter 

asiaticus’ (CLas) 
CLas only - - 110.9 (± 11.3) 

SC only - 172.7 (± 15.2) 
SC first, then CLas - 215a 160a

CLas first, then SC - 276a 300a

CTV mild only 250.1 (± 27.04) - - 
CTV mild + CLas 194.3 (± 10.3) - 139.3 (± 10.3) 

CTV severe only 59.8 (± 6.5) - - 
CTV severe + CLas 211.7 (± 12.7) - 161.7 (± 12.7) 

CTV combinedb + 
SC + CLas 

276.5a 276.5a 217.5a

Figure 1. (A) Non-grafted control treatment Washington navel plant, and (B) grafted with healthy 
scion control treatment Washington navel plant.

Figure 2. (A) Citrus tristeza virus (CTV) mild treatment Washington navel plant; (B) CTV severe 
treatment Washington navel plant; (C) Spiroplasma citri (SC) treatment Washington navel plant; 
and (D) ‘Candidatus Liberibacter asiaticus’ (CLas) treatment Washington navel plant.

C D
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resources within the plant, or are being impacted by the 
citrus host plant responses to infection, some of which may 
be host defense responses to the various pathogens. The 
reasons causing this delay in detection are unknown.

The severity of the symptoms for the healthy, single 
pathogen, dual pathogens and all pathogens treatments can 
be seen in Figures 1-3, which show experimental plants that 

tested positive for the appropriate pathogen(s) at the end of 
the study. The healthy controls demonstrated normal growth 
patterns under greenhouse conditions (Figure 1). Plants 
inoculated with either CTV isolate alone (Figure 2A and 2B) 
showed poor flush growth, light green foliage, and a poor 
growth habit – typical CTV symptoms. Plants inoculated with 
only SC (Figure 2C) had stunted growth, stunted feathery 
flush and small, upright leaves growing close to the stem. 

A

C

B

D

E

Figure 3. (A) Citrus tristeza virus (CTV) mild and ‘Candidatus Liberibacter asiaticus’ (CLas) treatment Washington navel plant; (B) CTV 
severe and CLas treatment Washington navel plant; (C) Spiroplasma citri (SC), then CLas treatment Washington navel plant; (D) CLas, then 
SC treatment Washington navel plant; and (E) all pathogen treatment Washington navel plant.
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These are typical symptoms of citrus stubborn disease. Plants 
inoculated with only CLas (Figure 2D) were sparsely foliated, 
with stem 'dieback symptoms' typical of CLas in a seedling 
plant (Polek et al. 2007). When multiple pathogens were 
present (Figure 3 A-E), the symptoms were characteristic of 
the pathogens that were inoculated into the experimental 
plants.  However, in some plants, symptoms of one of the 
pathogens were more prevalent than the symptoms of the 
other pathogen(s).

In this study, Washington navel seedlings were produced 
that were infected simultaneously with CTV, SC and CLas. The 
time to first detection of each of these pathogens was longer 
when the pathogens were in combinations than when they 
were the only pathogen introduced into the tree. The longer 
time to first detection may be due to competition among the 
pathogens for resources within the plant and/or responses 
by the pathogens to the plant’s host defense responses 
to infection. Whatever the cause, the longer time to first 
detection suggests that the pathogens are not increasing 
in titer as rapidly as when they are alone in a tree. This 
putative slower growth may have implications in terms of 
the spread of CLas and the timing of symptom development 
in California citrus. There may also be potential to exploit 

this co-habitation by the pathogens to benefit the California 
citrus industry. 

CRB Research Project  #5300-173

Glossary
1Nucleic acids: The components or building blocks of DNA 
and RNA.
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Additional Non-chemical 
Control Tactics for ACP
Marco Gebiola, Francesc Gómez-Marco, Andrew Yoshimoto, Gregory Simmons and 
Richard Stouthamer

Project Summary
Problems with large-scale chemical control of the Asian citrus psyllid (ACP) in urban areas have led to the use 
of the classical biological control agent Tamarixia radiata to try to reduce ACP populations. This introduced 
natural enemy appears to have reduced ACP populations to some degree, but urban areas remain actively 
infested with psyllids. Combined with increasing huanglongbing (HLB) finds in the urban environment, the 
question has come up: can we further improve control in the urban environment given the practical inability 
to use chemical pesticides? Several additional environmentally sustainable ACP control strategies are being 
developed with the support of the Citrus Research Board (CRB) and the U.S. Department of Agriculture-Animal 
and Plant Health Inspection Service (USDA-APHIS). Two such strategies are the Sterile Insect Technique¹ (SIT) 
and the use of generalist insect predators². While the SIT is still at the development stage, interesting results 
are being obtained regarding the use of predators that soon could be used for field application by California 
citrus growers. 

Male Diomus pumilio. (Photo credit: Iris Chien)Third instar larva of the green lacewing Chrysoperla comanche. (Photo 
credit: Iris Chien)

Sterile Insect Technique 
The SIT is a strategy by which reproduction rates of fertile 
female ACPs in the field are reduced by releasing large 
numbers of irradiated sterile male ACPs. Eggs fertilized 
with irradiated sperm fail to result in fertile offspring. 
This technique is well known due to its effectiveness in 
controlling several damaging pests, including screwworm 
fly and several fruit fly and moth species. In these pests, SIT 

application can either result in the extinction of the local 
population or prevent pest establishment (Dyck et al. 2006). 
There are a number of reasons why SIT has not been applied 
to control ACP in California. Primarily, unlike other species 
with well-developed mass-rearing systems, it is not easy to 
rear ACP in large numbers. Also, releasing sterile insects to 
target a vector species like ACP in the environment usually 
is not recommended, as it could raise the risk of disease 
transmission by ACP. 
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So why has our thinking changed? 
It now appears possible to rear large 
numbers of ACP on caged citrus – a 
technique first developed in Texas by 
Daniel Flores, Ph.D., at USDA-APHIS 
(Flores and Ciomperlik 2017). Tented 
trees have been used to rear T. radiata 
in California and applied in California by 
CRB scientists (Raju Pandey, Ph.D., and 
Ruth Henderson, Ph.D.) in cooperation 
with Gregory Simmons, Ph.D., at 
USDA-APHIS. Hundreds of thousands 
of ACP can be reared using these 
systems. Therefore, although the first 
problem of rearing large numbers of 
ACP has been solved to some degree, 
what about releasing large numbers 
of sterile ACP into the environment? 
Does that represent an increased risk of 
transmitting ‘Candidatus Liberibacter 
asiaticus’ (CLas), the bacterium 
associated with HLB? Research in Florida 
has shown that the main route of CLas 
acquisition appears to occur via ACP 
nymphs feeding on HLB-infested trees and that adults do 
not acquire CLas efficiently. However, ACP that have been 
maintained on HLB-free trees or in CLas-free lab colonies 
are only able to transmit CLas when two conditions apply. 
First, the ACP must feed on a CLas-infested tree. Second, it 
takes about four weeks before they are able to transmit CLas 
(Ammar et al. 2016). It is unlikely that irradiated ACP are able 
to live that long (Hallman and Chapa 2016; Khan 2016). 

With these two main objections removed, how can SIT be 
used for ACP control? We can harvest large numbers of adult 
male and female ACP and irradiate them to ensure that these 
females cannot produce any offspring (the do-no-harm 
condition) and that the sperm produced by the irradiated 
males will result in no surviving offspring when fertilizing 
eggs. Our research thus far has shown that sterilizing mass-
produced females is relatively easy and does not require a 
high dose of irradiation. Sterilizing males requires a higher 
dose, and we are working now to determine that dose. We 
expect to determine the sterilizing dose by the end of 2019. 
Once that is known, we will need to determine if ACP males 
irradiated with that dose still can compete with wild ACP 
males to mate with wild ACP females. 

Generalist Insect Predators
What else can be done to reduce ACP populations in 
the urban environment? CRB-supported work by Aviva 
Goldmann, Ph.D., has shown that, in addition to spiders, 
three local insect predators showed evidence of ACP DNA 
in their guts: the green lacewing Chrysoperla comanche and 
two lady beetles, Diomus pumilio and Rhyzobius lophanthae 
(Goldmann 2017). CRB-supported research by Mark Hoddle, 
Ph.D., has shown that hoverfly larvae also are voracious 

predators in the urban environment (Kistner et al. 2016). 
Such generalist predators have the advantage of (1) being 
able to switch to other prey when ACP are at low levels and 
(2) distributing themselves throughout an area even when 
released at a low number of sites, which makes them very 
suitable for urban use. 

Unfortunately, only two of these predators are available 
from commercial insectaries: a sibling species of the green 
lacewing C. comanche, named C. rufilabris, and the lady 
beetle Rhyzobius lophanthae. Green lacewings are popular 
biocontrol agents that feed on small insects like aphids, 
whiteflies and psyllids. Rhyzobius lophanthae is a predator 
that commonly is used to control scale insects, but also 
feeds on psyllids – in particular, on eggs. We have conducted 
preliminary research supported by USDA-APHIS on these two 
commercial predators and on two more predators, Diomus 
pumilio and the brown lacewing Sympherobius barberi. 
Diomus pumilio originally was imported for the classical 
biological control of the Acacia psyllid and was released in 
California by University of California, Berkeley scientists in the 
1970s, successfully controlling the Acacia psyllid. Little was 
published on this beetle until Goldmann found the insect 
associated with ACP in Redlands and Yorba Linda organically-
managed orchards. Unfortunately, little is known on how to 
mass produce this beetle. Currently, UCR graduate student 
Iris Chien and CRB researchers Pandey and Henderson are 
studying ways of mass rearing it cheaply, either in tented 
trees or in the lab, using host-plant systems that are less 
expensive to produce than ACP, so that such mass rearing 
can be easily and quickly adopted by commercial insectaries. 
Sympherobius barberi, although not recovered in association 
with ACP in southern California, showed some effectiveness 
in experiments carried out in Florida 

Figure 1. Control of Asian citrus psyllid (ACP) by the green lacewing Chrysoperla rufilabris 
and the lady beetle Diomus pumilio in greenhouse cages when offered ACP eggs or 
nymphs (3rd instar and older).
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(Qureshi et al. 2013), and is commercially produced by a 
southern California insectary. 

Our experiments show that these four predators are effective 
in the laboratory and in greenhouse cages at removing 
ACP populations from small plants (Figures 1 and 2). All of 

them are able to clean plants heavily 
infested by ACP eggs, whereas the 
effectiveness against 3rd to 5th instar 
ACP nymphs varies, with C. rufilabris 
being the most effective, and the other 
predators causing a four- to ten-fold 
reduction of ACP (Figures 1 and 2). 
How well they will work in the field 
remains to be determined, but based 
on the high incidence of ACP DNA 
in their guts (Goldmann 2017), they 
should be generally effective. Lastly, 
given the disruption of parasitism by 
the parasitoid Tamarixia radiata caused 
by Argentine ants (Schall and Hoddle 
2017), we will be looking into how these 
predators interact with Argentine ants.

Other Recent ACP 
Research Results
The USDA-APHIS Citrus Health Response 

Program has funded a cooperative endeavor aimed at 
establishing T. radiata in southwestern Arizona. The work 
has been concentrated primarily in the urban areas of Yuma 
and Lake Havasu City. Each year during the summer, ACP 
populations decline to undetectable levels and increase to 
low levels in the fall, and again in the spring. It appears that 

Figure 2. Control of Asian citrus psyllid (ACP) by the lady beetle Rhyzobius lophanthae and 
the brown lacewing Sympherobius barberi in laboratory cages when offered ACP eggs or 
nymphs (3rd instar and older). 

Male Diomus pumilio feeding on ACP nymph. (Photo credit: Marco Gebiola)
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the summer temperatures are too high for ACP reproduction. 
The collapse of the summer population is interesting in light 
of a recent publication on the influence of heat waves on 
insect fecundity. Sales et al. (2018) have shown that sterility 
of the red flour beetle Tribolium castaneum increases with 
exposure to high temperatures. These high temperatures 
lead to a reduction in sperm fertility and thus result in a 
temperature induced SIT-like sterilization (Sales et al. 2018). 
Therefore, the effect of high temperature on the fertility of 
ACP should be thoroughly studied. 

CRB Project #5500-196

Glossary
1Sterile Insect Technique: a strategy to reduce reproduction 
rates of fertile females in the field by releasing large numbers 
of irradiated sterile males.

2Generalist insect predators: insects that are able to feed 
on a variety of other insects, usually herbivores, and that can 
sustain their population size on alternative prey when the 
preferred prey species become scarce.

References 
Ammar, E.-D.; Ramos, J.E.; Hall, D.G.; Dawson, W.O.; Shatters, 
R.G. 2016. Acquisition, replication and inoculation of 
‘Candidatus Liberibacter asiaticus’ following various 
acquisition periods on huanglongbing-infected Citrus by 
nymphs and adults of the Asian citrus psyllid. PLoS ONE 
11(7):e0159594. 

Dyck, V.A.; Hendrichs, J.; Robinson, A.S. (eds) 2006. Sterile 
Insect Technique. Springer, Dordrecht, Netherlands.

Flores, D. and Ciomperlik, M. 2017. Biological control using 
the ectoparasitoid, Tamarixia radiata, against the Asian citrus 
psyllid, Diaphorina citri, in the Lower Rio Grande Valley of 
Texas. Southwestern Entomologist 42(1):49–59.

Goldmann, A. 2017. Predators of Asian citrus psyllid 
(Diaphorina citri) in southern California. Ph.D. thesis, 
University of California, Riverside.

Hallman, G.J. and Chapa, D. 2016. Phytosanitary irradiation 
of Diaphorina citri (Hemiptera: Liviidae). Florida Entomologist 
99(2):150–152. 

Khan, I. 2016. Phytosanitary irradiation of Diaphorina citri 
(Hemiptera: Liviidae) on Citrus x aurantium (Sapindales: 
Rutaceae). Florida Entomologist 99(2):153–155.  

Kistner, E.J.; Melhem, N.; Carpenter, E.; Castillo, M.; Hoddle, 
M.S. 2016. Abiotic and biotic mortality factors affecting Asian 
citrus psyllid (Hemiptera: Liviidae) demographics in southern 
California. Annals of the Entomological Society of America 
109(6):860–871.

Qureshi, J.A.; Khan, A.A.; Stansly, P.A. 2013. Ladybeetles 
and lacewings for Asian citrus psyllid-focused citrus pest 
management. Citrus Industry 94(9):10-12.

Sales, K.; Vasudeva, R.; Dickinson, M.E.; Godwin, J.L.; Lumley, 
A.J.; Michalczyk, Ł.; Hebberecht, L.; Thomas, P.; Franco, A.; 
Gage, M.J.G. 2018. Experimental heatwaves compromise 
sperm function and cause transgenerational damage in a 
model insect. Nature Communications 9(1):4771.

Schall, K.A. and Hoddle, M.S. 2017. Disrupting the ultimate 
invasive pest partnership: How invasive ants impede 
biological control of ACP in southern California citrus. 
Citrograph 8(1):38-43.

Marco Gebiola, Ph.D., is an assistant specialist at the 
University of California, Riverside. Francesc Gómez-Marco, 
Ph.D., is a post-doctoral researcher at the University of 
California, Riverside. Andrew Yoshimoto is a laboratory 
assistant at the University of California, Riverside. Gregory 
Simmons, Ph.D., is an entomologist with USDA-APHIS, 
Plant Protection and Quarantine, in Salinas, California. 
Richard Stouthamer, Ph.D., is a professor at the University 
of California, Riverside. For additional information, contact 
marco.gebiola@ucr.edu

A PERMANANT LONGTERM SOLUTION TO YOUR

SNAIL PROBLEMS

PURCHASE YOUR PREDATOR / DECOLLATE SNAILS HERE!
Cliff: 559.285.5354 • Mike 559.346.9149

THE DECOLLATE SNAIL IS USED TO CONTROL DAMAGING SLUGS AND BROWN 
GARDEN SNAILS FROM YOUR CROP. THEY WORK AT NIGHT HUNTING AND 

ATTACKING THE TARGETED PESTS AND THEIR EGGS. DOCOLLATE SNAILS ALSO 
CONSUME DEAD LEAVES, BUT WILL NOT EAT THE LEAFS OF A HEALTHY PLANT. 

THEY DO NOT CLIMB TREES, WALLS, OR FOLIAGE AS BROWN GARDEN SNAILS DO.
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Utilizing Founder Lines to 
Improve Citrus Biotechnology
James Thomson

CRB-FUNDED FINAL RESEARCH REPORT

This project has developed recombinase-mediated 
cassette exchange (RMCE) technology that allows precise 

genome modifications. The technology has the potential to 
produce:

1.     crops with increased yield, 

2.     resistance to stresses like disease and drought and 

3.     new cultivars that provide valuable health benefits.  
 
Currently, genetically engineered (GE) crops under 
cultivation contain modified traits (e.g. herbicide or pest 
resistance) conferred by the presence of an added transgene1 
and are accepted by most farmers (Brookes and Barfoot 
2009; Moeller and Wang 2008).  Use of biotechnology allows 
introduction of novel traits into specific citrus cultivars 
in exact genomic locations, providing more dependable 
results.  This technology also saves time and production costs 
by requiring fewer plants to be produced to obtain useful 
results.  A total of 743 citrus trees of nine cultivars have been 
produced in both Florida (approximately 500 trees) and 
California (approximately 200 trees) containing the elements 
necessary for this technology. Trees have been and are being 
analyzed for efficiency of DNA insertion into a predicted 
genome location.  

Three cultivars have been shown functional for this process 
to date – Carrizo (rootstock), Mexican lime and Hamlin sweet 
orange.  Others such as Valencia orange, Cocktail grapefruit 
(technically, a pummelo hybrid), Navel orange, Limoneira 
8a Lisbon lemon, Clementine and Tango mandarins still are 
being analyzed.  During the course of this project, multiple 
improvements were made to the system, specifically for 
citrus trees, to increase the efficiency of specific gene 
insertion events.   An example of the RMCE genome 
targeting process where new “Targeting DNA” is added to 
the citrus Founder Line is shown in Figure 1.  The example 
shows the addition of the spectinomycin resistance gene and 
the removal of the kanamycin-resistance gene and DsRed2 
genes.   All three genes are “marker” genes that indicate plant 
transformation; spectinomycin- and kanamycin-resistance 
genes confer tolerance to their respective antibiotics while 
DsRed fluoresces in green light. The loss of DsRed and the 
ability to of the tissue to grow on the spectinomycin are 
demonstrated.  

In conclusion, completion of this research has provided the 
citrus community with Founder Line trees and the associated 
technology to precisely modify the citrus genome to contain 
a new trait or traits.  But why do all this genetic modification 
in the first place?  Some traits of interest just are not available 
in the citrus gene pool.  An example of this is resistance 
to huanglongbing (HLB).  Scientists are assessing other 
plants for potential genes to cure HLB, but this requires the 

1.
2.
3.
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technology to add these genes from other plants into citrus.  
Additional modifications could include improvements to 
flavor or color traits.  An example of this would be to move 
the lycopene (red) or anthocyanin (purple) colors seen in the 
Cara Cara and/or Moro blood orange to a mandarin or lime.  
That would provide a novel cultivar generated from citrus 
genes re-engineered back into citrus. 

CRB Research Project #5200-142

Glossary
1Transgene: Genetic sequence that is introduced from 
one organism into a different organism through genetic 
engineering techniques.

2DsRed: Gene that produces a non-toxic protein that glows 
under certain wavelengths of light.  It is used as a visual 
marker to speed tracking of genetic changes in the plant.
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Figure 1. Schematic map of 
the “Targeting DNA” with 
spectinomycin (SPEC; antibiotic) 
selection gene added to the 
Founder Line containing 
kanamycin (Kan; antibiotic) and 
DsRed visual selection genes.  
The Founder Line contains 
the specific DNA sequences 
(addresses) needed to work and 
are known as attachment site 
(att) and resolution site (res) in 
the Founder Line and “Targeting 
DNA.”  Top row: citrus plants 
generated that contain the 
Founder Line DNA inserted into 
the genome.  Middle row: citrus 
plants undergoing a site-specific 
insertion event of spectinomycin 
and losing the DsRed gene as the 
“Targeting DNA” replaces the 
“Founder Line” DNA between the 
att and res sites.  Bottom row: 
resulting plant after site-specific 
insertion event completion.  The 
green plant pictured is growing 
with spectinomycin and does 
not express the DsRed gene. 
This indicates a removal of the 
kanamycin and DsRed selection 
genes and insertion of the 
spectinomycin selection gene - 
a completed RMCE (insertion) 
reaction.  
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Jawwad Qureshi and Philip Stansly

Performance of Tamarixia 
radiata in Commercial Citrus 
Project Summary 
Controlling Asian citrus psyllid (ACP) is critical for reducing the spread of ‘Candidatus Liberibacter asiaticus’ 
(CLas) in order to manage huanglongbing (HLB). A single ACP female can produce hundreds of eggs. 
Tamarixia radiata are tiny parasitic wasps, whose females and larvae feed on ACP nymphs. Females lay their 
eggs underneath the ACP nymph’s body, which is consumed as the wasp develops.  Nymphs are primarily 
responsible for acquiring the HLB-associated bacterium CLas and subsequently for spreading it as adults. Thus, 
preventing a single female nymph from becoming an ACP adult means preventing hundreds of its progeny 
from spreading CLas.

No one tactic alone can completely eliminate ACP; therefore, multiple control methods are needed. We 
released Tamarixia in commercial groves that employ organic or conventional insecticide sprays. More Tamarixia 
were recovered from nymphs collected from organic than conventional programs, indicating an enhanced 
opportunity to control ACP in organic citrus. Releasing Tamarixia during the growing season when young 
shoots are available for ACP to develop and reproduce would best integrate biological and chemical control 
to enhance ACP suppression. Conventional growers will have the option of diversifying their programs by 
including organic insecticides to enhance the effectiveness of Tamarixia to suppress ACP.

CRB-FUNDED FINAL RESEARCH REPORT

Figure 1: Adult Tamarixia radiata.
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The ACP (Diaphorina citri) vectors CLas. The vector and 
disease are now present and spreading in most of the major 
citrus producing states. ACP nymphs are responsible for 
acquiring CLas and, subsequently, for spreading it as adults.  
Controlling the ACP vector is critical, and the primary tactic 
for both reducing disease transmission to healthy trees and 
limiting re-inoculation in already infected trees to reduce 
symptom severity. Biological and chemical control of ACP, 
planting of healthy nursery stock, removal of diseased trees 
and horticultural practices to alleviate stress in infected 
trees are all recommended practices that need to be 
included in an integrated pest and disease management 
program. Naturally occurring biological control through 
use of predators, parasitoids and entomopathogenic1 fungi 
provides a reduction in ACP populations in urban and 
commercial habitats where citrus and other host plants 
colonized by ACP are present. Insecticides commonly are 
used in the citrus groves and provide significant reduction in 
ACP populations, but also negatively impact natural enemies, 
thus reducing their populations, as well. No single tactic has 
proven effective enough to manage the pest in this pest-
disease complex, so there is a need to develop an integrated 
approach that includes the use of both biological and 
chemical control methods on a regular basis. 

Tamarixia radiata are tiny parasitic wasps (Figure 1) that co-
evolved over time with ACP in tropical and subtropical Asia 
(Qureshi et al. 2012). The female T. radiata lays eggs under a 
third to fifth instar ACP nymph. Once hatched, the parasitoid 
larva rapidly consumes the body contents of the nymph and 
then fastens the empty shell or mummy to the substrate 
with silk threads before pupating inside. Mummified nymphs 
are immobile compared with unparasitized nymphs, which 
are mobile. Adult Tamarixia emerge by chewing a circular 
exit hole in the parasitized nymph. Female wasps also may 
feed on the young nymphs. Through a combination of 
host feeding and parasitization, each female is capable of 
destroying up to 500 nymphs during her lifetime. 

Tamarixia radiata is now mass produced and released in 
Florida, California, Arizona (from California production) and 
Texas, helping to suppress ACP in commercial citrus and 
in residential and unmanaged areas (Qureshi and Stansly 
2014; Milosavljević et al. 2017). To enhance ACP control 
in commercial citrus production systems, it may be useful 

to establish Tamarixia in the groves (Qureshi and Stansly 
2017). We evaluated performance of T. radiata releases in 
commercial citrus that employed organic and conventional 
chemical control of ACP. 

Spray Programs for ACP Control
Three organic and one conventional programs were 
evaluated in a block of mature ‘Valencia’ orange in Florida 
between 2014 and 2018 (Grove 1) (Qureshi and Stansly 2014, 
2016, 2017).  Insecticides used in the organic programs 
included Azera®, Aza-direct®, Ecotrol®, Entrust®, Grandevo®, 
Mycothiol, PyGanic®, Surround® and Venerate®. Abba Ultra®, 
Actara®, Admire® Pro, Agri-Flex®, Apta®, Baythroid®, Closer®, 
Exirel®, Danitol®, Delegate®, Dimethoate, Imidan®, Lorsban®, 
Micromite®, Movento® MPC, Mustang® Maxx and Sivanto® 
were used in the conventional program. In total, eight, 
thirteen, eight, seven and six sprays were made in each of the 
three organic programs in 2014, 2015, 2016, 2017 and 2018, 
respectively (Table 1). In the conventional program, seven, 
eight, six, six and five sprays were made in 2014, 2015, 2016, 
2017 and 2018, respectively (Table 1). The organic program 
using insecticides with 435 oil and the conventional program, 
also were evaluated in a younger block of mature ‘Hamlin’ 
orange in Florida (Grove 2) (Qureshi and Stansly 2014, 2016, 
2017). However, while this grove was sprayed by the grower 
several times during 2014-2015 (no data), there was no 
interference from 2016 to 2018 (Table 2). 

Grove 2 received eight, seven and six sprays in the organic 
program and six, six and five sprays in the conventional 
program in 2016, 2017 and 2018, respectively (Table 2). 

In 2015, another mature block of ‘Hamlin’ oranges (Grove 
3) also was used for Tamarixia releases and evaluation in 
programs using insecticide and nutritional spray programs 
(Qureshi and Stansly 2017).  

Releases and Evaluation of 
Tamarixia radiata 
A total of 395,954 and 239,260 Tamarixia adults were 
released in Valencia and Hamlin blocks, respectively. Details 
of monthly releases in Valencia (Grove 1) and Hamlin (Grove 

Table 1: Number of sprays and Tamarixia radiata releases in the experiment evaluating organic and conventional programs for ACP control in mature 
Valencia orange (Grove 1).Table 1: Number of sprays and Tamarixia radiata releases in the experiment evaluating organic and conventional programs for ACP control in mature Valencia orange (Grove 1).

No. of sprays organic programs No. of sprays conventional program Average number of Average number of 
Year Organic insecticides alone or with Synthetic insecticides Tamarixia releases Tamarixia released

M-pede or 435 oila per month per month

2014 8 7 2.4 6829
2015 13 8 1.9 7897
2016 8 6 3.7 9866
2017 7 6 2 5786
2018 6 5 1.2 3492

a Programs using insecticides in rotation with M-pede or 435 oil used 50% less insecticide than program using rotations of insecticides onlyª Programs using insecticides in rotation with M-pede or 435 oil used 50 percent less insecticide than programs using rotations of insecticides only.
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2) blocks are provided in Tables 1 and 2, respectively. A 
total of 44,050 Tamarixia adults were released in Grove 3 
during 2015, and 67,050 in Grove 4 during 2014. Releases 
were equally distributed across all programs including the 
untreated control at least one week after sprays. 

Shoots containing third to fifth instar ACP nymphs were 
collected randomly from treated trees. Nymphs were then 
held in the laboratory for two weeks to allow ACP adults 
and T. radiata to emerge or the nymphs were examined 
under the stereo microscope to check for the presence of 
Tamarixia eggs for evaluation of parasitism.  Parasitism rates 
were based on the ratio of the number of adult T. radiata that 
emerged to the total number of adult ACP and T. radiata that 
emerged combined.

Establishment and Impact of 
Tamarixia radiata
Mean parasitism averaged 17-27 percent in the untreated 
control, followed by 15-19 percent in the organic programs 
and 1-8 percent in the conventional program in Valencia 
orange (Grove 1)  (Table 3). Maximum parasitism in any one 
month was 40 percent in the organic 
programs followed by 35 percent 
in the untreated control and 
ten percent in the conventional 
program. However, there also were 
times when nymphs were present 
but rarely parasitized (Table 3). 
Maximum parasitism averaged 33 
percent in the untreated control, 
32 percent in the organic program 
and 16 percent in the conventional 
program in the Hamlin block in 
Hendry County (Grove 2). 

From the mature Hamlin orange 
(Grove 3) in Collier County, 
parasitism averaged 15-29 percent 
in the untreated, 0-20 percent in 
the nutrition only program, 0-13 
percent in the insecticide only 
program and 0-9 percent in the 
insecticide plus nutrition program. 

In young Hamlin oranges (Grove 4) from Hendry County, 
parasitism averaged 22-45 percent in the untreated control, 
9-71 percent in the foliar nutrition only program, 0-13 
percent in the insecticides only program and 0-19 percent in 
the foliar nutrition plus insecticides program. All programs 
and untreated control received sprays of Voliam Flexi®, 
Abamectin®, Agrimek®, Movento® and Delegate® mainly to 
control citrus leafminer. 

Managing ACP is critical to the citrus industry in California 
and other states, but none of the current control tactics, 
including chemical control, provides enough suppression to 
stop the spread of ACP/HLB (Stansly et al. 2013; Qureshi et al. 
2014). Evidence of parasitism in the reported studies suggest 
that releasing Tamarixia radiata in commercial production 
systems will be useful for additional ACP suppression. 
Without repeated mass releases of Tamarixia, there would 
be little or no parasitism in commercial orchards. Recovery 
of the parasitoid was high and more consistent from the 
organic programs than conventional programs, indicating 
better opportunity for its use in organic citrus. Additionally, 
conventional growers will have the option of diversifying 
their programs by including organic insecticides in their 
program to improve establishment of Tamarixia. More sprays 
are not always recommended for sustainable crop protection 

Table 2: Number of sprays and Tamarixia radiata releases in the experiment evaluating organic and conventional programs. 
Table 2: Number of sprays and Tamarixia radiata  releases in the experiment evaluating organic and conventional 
programs for ACP control in mature Hamlin orange, Hendry county (Grove 2).

No. of sprays organic program No. of sprays conventional program Average number of Average number of 
Year Organic insecticides + Synthetic insecticides + Tamarixia releases Tamarixia released

435 oil 435 oil per month per month

2014 5 4 1.6 2674
2015 6 5 1.1 3562 `
2016 8 5 3.7 7399
2017 7 6 2 4339
2018 6 4 1.2 2619

Table 3: Mean percentage parasitism ± standard error by Tamarixia radiata in the organic and 
conventional spray programs against ACP in mature Valencia orange (Grove 1).

*Number in parentheses represents the number of nymphs reared or examined for parasitism.

Table	3:	Mean	percentage	parasitism	±	standard	error	by	Tamarixia	radiata	
in	the	organic	and	conventional	spray	programs	against	ACP	in	mature	Valencia	orange	(Grove	1).

Mean	parasitism Minimum	parasitism Maximum	parasitism

2014
Untreated	control 20±3	(707)* 4±4	(99) 29±0	(49)
Organic	programs 15±6	(401) 0±0	(63) 40±0	(43)
Conventional	programs 2±2	(138) 0±0	(26) 10±0	(67)

2015
Untreated	control 21±4	(733) 15±6	(148) 31±6	(98)
Organic	programs 19±3	(617) 11±2	(362) 24±9	(49)
Conventional	programs 1±1	(409) 0±0	(98) 3±0	(302)

2016
Untreated	control 17±3	(168) 13±8	(38) 22±3	(92)
Organic	programs 16±8	(81) 8±4	(29) 32±2	(24)
Conventional	programs 3±3	(37) 0±0	(20) 6±6	(17)

2017
Untreated	control 27±3	(990) 22±12	(276) 35±8	(426)
Organic	programs 15±2	(583) 12±4	(114) 20±2	(295)
Conventional	programs 8±1	(472) 6±4	(87) 10±5	(306)
*Number	in	parethesis	represent	the	number	of	nymphs	reared	or	examined	for	parasitism
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and production, and augmentation of Tamarixia will help reinforce insecticidal 
control of ACP in both organic and conventional programs. 

We also evaluated toxicity of residues of some organic and conventional 
insecticides to Tamarixia adults by exposing the leaves collected from treated trees 
with ACP adults confined in 50 ml polyethylene tubes or caging adults on treated 
leaves covered with sleeve cages. Mortality of Tamarixia was generally high within 
a week of spray applications even in the organic treatments, thus it may be more 
useful to release Tamarixia one to two weeks after applications. 

Glossary
1Entomopathogenic:  Fungi that parasitize and/or kill insects.
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Jawwad Qureshi and Philip Stansly

Organic and Conventional 
ACP Management
Tools for Integrated Pest Management

Project Summary
Management of the Asian citrus psyllid (ACP) is needed in organic citrus and all habitats for area-wide 
management of huanglongbing (HLB). Four separate programs for managing ACP were evaluated in a mature 
‘Valencia’ orange grove and two ‘Hamlin’ orange groves from 2014-18. Organic programs applied monthly 
sprays of Pyganic® alone (Program 1) and with M-pede® (Program 2) or horticultural mineral oil (HMO) FL 
435-66 (Program 3), respectively, from November to January, and the conventional program applied one spray 
of Danitol® in January for dormant season control of ACP. These sprays kept ACP populations at less than 
0.1 adults per tap sample through March. Additional program specific (organic or conventional) sprays were 
applied from March to October when psyllids exceeded 0.1 adults per tap sample.  An average of eight and 
six sprays per year were used in organic and conventional programs, respectively. Organic programs 2 and 3 
used rotations of organic insecticides with M-pede or HMO FL 435-66, respectively, whereas program 1 did 
not use rotations with M-pede or HMO FL 435-66. Most psyllid suppression was observed in the conventional 
program followed by organic programs 3, 2 and 1, respectively. Natural populations of ladybeetles, lacewings 
and spiders and releases of parasitoid Tamarixia radiata in all programs contributed to ACP reduction more in 
organic programs than conventional ones. The organic program using insecticides with HMO FL 435-66 or the 
conventional program produced best yields. Findings provide tools for psyllid management in commercial citrus 
and integrated management.

CRB-FUNDED FINAL RESEARCH REPORT

Photo 1. Adult and nymph Asian citrus psyllids.
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Management of the ACP (Photo 1) is critical to reduce HLB 
incidence and pathogen (e.g., ‘Candidatus Liberibacter 
asiaticus’) spread. Newly developing buds and shoots are 
needed by adult psyllids to mature and lay eggs, and for 
nymphs to develop to adulthood. Citrus tree growth slows 
during cold or dry weather, limiting the psyllid’s ability to 
develop and reproduce. However, overwintering adults 
remain in the trees and will start laying eggs when suitable 
tissues become available in spring and following flush cycles. 
Insecticidal sprays applied during winter in Florida before 
bud break are commonly known as dormant sprays.  The 
objective of these sprays is to maximize psyllid suppression, 
protect the spring flush and reduce subsequent reproduction 
during the growing season.  Broad-spectrum pyrethroids 
and organophosphates may be used to target overwintering 
populations of psyllids, primarily adults, and are expected 
to cause less collateral damage at this time of the year 
since most beneficial insects are not in the groves due to 
lack of food (Qureshi and Stansly 2010). However, the use 
of synthetic insecticides is not an option for organic citrus 
production. 

Predatory insects, predatory mites and parasitoids start 
colonizing and multiplying in groves in the spring when 
trees begin to produce new growth needed by psyllids and 
several other pests to develop, reproduce and provide food 
for natural enemies. Predatory beneficial insects generally 
are larger than their prey and kill or consume more than 
one type of prey. Therefore, they are useful for controlling 
multiple pests of citrus. For example, ladybeetles, lacewings 
and spiders attack ACP, citrus leafminer (CLM), thrips, aphids 
and other pests. The parasitoid Tamarixia radiata, specifically 
feeds on, and parasitizes, ACP nymphs. The female lays eggs 
under the body of the fourth and fifth instar nymphs. The 
larva of the parasitoid consumes the psyllid nymph and 
emerges as an adult. Tamarixia is now mass-produced and 
released in Florida, California and Texas to control ACP.  

To develop psyllid management programs for organic 
and conventional citrus producers, we investigated three 
separate organic programs and one conventional program 
for their impact on psyllid suppression by employing 
program-specific sprays. These programs also benefited from 
the naturally occurring predators and releases of T. radiata. 

Study Design and Procedures
Two field experiments were conducted to evaluate psyllid 
control during dormant and growing seasons, one in 
a mature block of ‘Valencia’ oranges and the other in a 
younger block of ‘Hamlin’ oranges in Florida from 2014-18. 
Three organic programs, one conventional program and 
one untreated control were assigned to 20 ‘Valencia’ tree 
plots, each with three to five rows containing 50 trees in 
a randomized complete block design with four replicates. 
Organic insecticide sprays alone (Program 1) or tank-mixed 
and rotated with M-pede (Program 2) or HMO FL 435-66 
(Program 3) were evaluated. Synthetic insecticides were 

evaluated in the conventional program. HMO FL 435-66, is a 
narrow-range petroleum-based oil.  M-pede is an insecticidal 
soap that contains potassium salts of fatty acids. M-pede or 
HMO FL 435-66 were used at two percent of the total spray 
application volume.  Programs using organic insecticides 
with HMO FL 435-66, synthetic insecticides and untreated 
control also were evaluated in ‘Hamlin’ oranges using 12 plots 
similar to the ‘Valencia’ block. T. radiata were released and 
evaluated in all programs (Qureshi and Stansly 2016; 2017).

Dormant and Growing Season Sprays
Organic programs included sprays of Pyganic (natural 
pyrethrum) alone (Program 1) or tank-mixed with M-pede 
(Program 2) or HMO FL 435-66 (Program 3) for psyllid 
suppression during the dormant winter period. These 
sprays were applied monthly in November, December and 
January. Danitol® (synthetic pyrethroid extensively used for 
ACP control) was used once in January in the conventional 
program. All these programs were continued into the 
growing season with organic program 1 using rotations of 
organic insecticides, while programs 2 and 3 used rotations 
of organic insecticides with M-pede or HMO FL 435-66, 
respectively. The conventional program used rotations of 
synthetic insecticides. Insecticides used in different programs 
are listed in Table 1. 

Sprays during the growing season were applied when psyllid 
populations reached a treatment threshold of 0.1 adults 
per tap sample (10 adults in 100 tap samples) (Qureshi and 
Stansly 2016).  Predators observed in the samples also were 
recorded. 

Psyllid Management and Citrus Yield 
The Pyganic tank-mixed with M-pede or HMO FL 435-66 
sprayed three times monthly between November and 
January provided significantly more reduction compared 
to its application alone. For example, during the 2015-16 
dormant season, psyllid reduction from November to January 
averaged 70-87 percent in the programs using Pyganic 
tank-mixed with M-pede or HMO FL 435-66, compared with 
43-85 percent in the program with Pyganic alone. After 
Danitol application in January in the conventional program, 
reduction was 100 percent. These reductions started to 
decrease by February, averaging 66-87 percent in the organic 
programs and 90 percent in the conventional program. In 
March, psyllids started to exceed the treatment threshold of 
0.1 adults per tap sample, warranting additional sprays and 
suppression. Similar trends of psyllid suppression in the other 
dormant seasons were observed (Qureshi and Stansly 2016). 

An average of 0.3-0.6 adult psyllids per tap sample per 
year were observed in the untreated control from 2014-18 
(Figure 1). Compared with the untreated control, 80 percent 
fewer psyllid adults were observed in the tap samples in 
the conventional program, 68 percent and 62 percent 
fewer in the programs using organic insecticides with HMO 
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FL 435-66 or M-pede, respectively, and 36 percent fewer 
in the program using organic insecticides only. Spiders, 
lacewings and ladybeetles averaged 0.2, 0.03 and 0.02 per 
tap sample, respectively, in the untreated control. Spiders 
and ladybeetles averaged 0.1 and 0.01, respectively, across 
all programs. Lacewings averaged 0.01 per tap sample in the 
conventional program and 0.02 per tap sample in the organic 
programs. These and any other naturally occurring predatory 
groups and Tamarixia released in all programs contributed 
to the observed psyllid suppression, probably more in the 
organic than conventional program as observed with higher 
parasitism rates in the organic (Qureshi and Stansly 2017). 

Trees in all programs are affected by HLB, but have continued 
to produce fruit commercially for the past five years, and 
yield was maintained in some programs (Figure 2). 

Fruit yields from ‘Valencia’ oranges in 2016 were not different 
between programs using organic insecticides mixed or 
rotated with HMO FL 435-66 (organic program 3) and 
rotation of synthetic insecticides (conventional program) 
(Figure 2). These yields exceeded those obtained with 
organic insecticides either rotated alone or with M-pede, 
which were similar or less than the untreated control, 
respectively. The program using organic insecticides with 
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Figure 1. Mean number of Asian citrus psyllid adults per tap sample from organic and conventional programs in Valencia orange.

Table	1:	Sprays	and	insecticides	used	in	the	organic	and	conventional	programs	in	mature	Valencia	orange.

Year Organic	programs	 Organic	programs	1,	2,	3a,b Conventional	program	 Conventional	programb

No.	of	sprays Products	used No.	of	sprays Products	used

2014 8
HMO FL 435-66	oil,	Entrust,	
Grandevo,	Micothiol,	M-pede,	
Pangomia	oil,	Pyganic,	Venerate

7 Admire	Pro,	Closer,	Imidan,	Danitol,	
Lorsban,	Micromite,	Mustang	Max,	

2015 13

HMO FL 435-66	oil,	Azera,	Aza-
direct,	Entrust,	Grandevo,	
Microthiol,	M-pede,	Pyganic,	

Surround,	Venerate

8
Apta,	Baythroid,	Closer,	Danitol,	
Dimethoate,	Imidan,	Micromite,	

Movento	MPC	

2016 8
HMO FL 435-66	oil,	Azera,	Aza-
direct, Grandevo, Pyganic, M-

pede, Surround, Venerate
6 Actara,	Danitol,	Exirel,	Imidan,	Mustang	

Max,	Sivanto,	

2017 7
HMO FL 435-66	oil,	Azera,	
Ecotrol,	Grandevo, M-pede, 

Pyganic, Venerate	
6 Agriflex,	Apta,	Danitol,	Delegate,	Exirel,	

Portal

2018 6
HMO FL 435-66	oil,	Azera,	
Entrust,	Grandevo,	M-pede, 

Pyganic, Venerate
5 Abba	Ultra,	Apta,	Danitol,	Delegate,	

Exirel

a	Organic	program	1	used	rotations	of	insecticides	only,	while	programs	2	and	3	used	insecticides	in	rotation	with	M-pede	or	435	oil,	respectively.		
bRecommended	rates	of	insecticides	were	sprayed	by	ground	mostly	in	100-120	gallon	per	acre	(gpa)	water	using	a	Durand	Wayland	AF100-32	air	blast	speed	sprayer	or	occasionally	in	10	gpa	water	using	a	low-volume	Proptec	rotary	atomizer	sprayer.		

Table 1: Sprays and insecticides used in the organic and conventional programs in mature Valencia orange.

ªOrganic program 1 used rotations of insecticides only, while programs 2 and 3 used insecticides in rotation with M-pede or HMO FL 435-66 oil, respectively.
bRecommended rates of insecticides were sprayed by ground mostly in 100-120 gallon per acre (gpa) water using a Durand Wayland AF100-32 air blast speed 
sprayer or occasionally in 10 gpa water using a low-volume Proptec rotary atomizer sprayer.
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HMO FL 435-66 and conventional 
program also produced similar yields 
in the ‘Hamlin’ orange block (data not 
presented). Organic program 3 only 
had a three lb. yield reduction in 2017 
compared with a 57 lb. reduction 
in the conventional program. Yield 
increased by 56 lbs. per tree in organic 
program 2 and decreased 18-28 lbs. 
between organic program 1 and the 
untreated control.  

Significant reduction in ACP 
populations using organic insecticides 
with HMO FL 435-66 or M-pede 
indicate the potential use of these 
tools for organic citrus producers, and 
those in other environments, such as 
residential areas, where conventional 
products may not be appropriate.  
Effective management of ACP in 
organic citrus also will help control 
its spread to other environments 
and provide yield benefits. These 
findings also provide conventional 
growers the option of diversifying 
their programs by including organic 
insecticides as part of integrated pest 
management programs. Rotations of 
organic and conventional insecticides 
will help reduce the use of or reliance 
on conventional insecticides and risk 
of pest resistance. 

CRB Research Project #5500-189E  
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Figure 2. Yield (lbs/tree) from organic and conventional programs in Valencia orange in 
2016 (A) and 2017 (B)

2017 2016
Mean SE Mean SE

Untreated 109 14.51 Untreated 137.4 8.48
Organic	insecticide 105 19.61 Organic	insecticide 123.2 11.22
Organic	insecticide	rotation	with	M-pede124 4.33 Organic	insecticide	rotation	with	M-pede 67.89 9.44
Organic insecticide rotation with HMO FL 435-66187 6.8 Organic	insecticide	rotation	with	HMO	FL	435-66183.7 4.54
Conventional	insecticide 132 16.28 Conventional	insecticide 189.5 18.25
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UNTIL THEY FIND A CURE… 
WE CAN PROVIDE A CONTROL

K-PHITE 7LP

Finding a cure is a long term effort at best. And when and if a cure is eventually found, its implementation may take years to 
actually execute. In the meantime, it does not make sense to go totally unprotected when your company or your family’s 
livelihood is at stake.  K-PHITE 7LP Systemic Fungicide/Bactericide in combination with superior 
nutritional programs has shown excellent control that is supported by years of positive University of 
Florida Research. Trees that are symptomatic have actually been returned to asymptomatic producing 
quality fruit on vigorously growing trees. 

An early preinfection program with K-PHITE  7LP will also provide valuable results in the control of 
Phytopthora Gummosis, Phytopthora Root Rot, Pythium, Dry Root Rot, Brown Rot, and Foaming 
Canker. K-PHITE 7LP is an EPA and California registered biopesticide providing a strong and effective 
management tool for today’s citrus grower while being sensitive and eco-friendly to the environment.

While we completely support the future possibilities of research, UNTIL THEY FIND A CURE… 
WE CAN PROVIDE A CONTROL.

To find out more about K-PHITE 7LP and K-PHITE 7LP Programs, contact your 
California Plant Food Systems Representative directly:  Mark Brady – Western Marketing Manager 559 731-1267.  

SYSTEMIC FUNGICIDE BACTERICIDE
KPHITE 7LP®
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Learn More

4%* Snail & Slug Bait®

1. when pellets remain* Metaldehyde

•   Long lasting snail control — pellets remain effective and 
provide protection for up to four weeks.1

•   Rain, irrigation & mold resistant — Metarex pellets hold their 
shape longer – rainfast up to 45 days (under normal rainfall).

•   Pellet uniformity with no dust — highly visible pellets do not 
shatter and offer more baiting points than the same weight of 
competing products to help assure proper coverage.
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www.liphatech.com

liphatech-citrograph-full-page-ad-12-11-18.indd   1 12/11/2018   1:06:14 PM


