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18
Correction - In the Fall 2014 issue of Citrograph, the breed of the dog on the 
magazine cover was incorrectly identified. Although many detection dogs are 
Belgian Malinois, Bobby is a German Shepherd.
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About The Cover...
The Asian citrus psyllid has been gaining 
a foothold in California in ever-increasing 
numbers. This issue focuses on ACP/HLB 
research and detection. 

 Cover graphic by Andrew Berlanga
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Joe Stewart 2017
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January 22
CRB Board Meeting, Lindcove Research 
& Extension Center, Exeter, California. 
For more information, contact the CRB 
at (559) 738-0246.

January 29
Annual UC Riverside Citrus Day, 
Riverside, California.
Up-to-date research information, 
field tours and variety tasting. For more 
information, contact UCR Agricultural 
Operations at (951) 827-5906.

February 9-13 
International Research Conference on 
Huanglongbing, Caribe Royale Hotel, 
Orlando, Florida.
For more information, contact 
Florida Citrus Mutual at (863) 692-1111.

February 10-12 
World Ag Expo, International 
Agri-Center, Tulare, California.
For more information, go to 
www.worldagexpo.com.

March 5
California Citrus Mutual Citrus 
Showcase, Visalia Convention Center, 
Visalia, California. 
For more information, contact 
California Citrus Mutual at 
(559) 592-3790.  
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editoRiaL By Ed CivErolo

aCp and hLB 
deteCtion 
in CaLifoRnia

Service Layer Credits: Sources: Esri,
DeLorme, NAVTEQ, TomTom, Intermap,
increment P Corp., GEBCO, USGS, FAO,
NPS, NRCAN, GeoBase, IGN, Kadaster NL,
Ordnance Survey, Esri Japan, METI, Esri
China (Hong Kong), and the GIS User
Community

GF
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The history of ACP and HLB detection in California as of 11/10/2014
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Miles Figure 1. Annual timeline of ACP and HLB detection.
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and hLB deteCtion 
in CaLifoRnia as of 
11/10/2014

Ed Civerolo
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The Asian citrus psyllid (ACP), Diaphorina citri, is an 
important insect pest of citrus.  In addition to affecting 

young leaves directly, the ACP also transmits three species 
of bacteria, namely ‘Candidatus Liberibacter asiaticus’ (CLas), 
‘Ca. L. americanus’ (CLam) and ‘Ca. L. africanus’ (CLaf ).  These 
bacteria are closely associated with huanglongbing (also 
known as greening or HLB).  

The ACP was first detected in California in San Diego County 
in 2008.  Since then, distribution of the ACP has increased 
in Southern California, as well as in coastal and San Joaquin 
Valley citrus-growing areas.  As of November 2014, it has 
been detected in Fresno, Imperial, Kern, Los Angeles, Orange, 
Riverside, San Bernardino, San Diego, San Luis Obispo, Santa 
Barbara, Santa Clara, San Joaquin, Tulare and Ventura counties. 
The yearly timeline for the distribution of the ACP is shown in 
Figure 1.  

HLB is an economically serious disease that is a threat to citrus 
production in many tropical and sub-tropical citrus-growing 
regions worldwide.   Occurrence of HLB has increased in 
recent years, especially in the United States, South America, 
Central America and the Caribbean region.  Presence of the 
disease in Mexico also poses increased risk for introduction of 
HLB-associated Liberibacter bacteria into California. 

In 2012, a single, but multi-grafted, CLas-infected citrus tree 
was found in a residential backyard in Los Angeles County.  So 
far, no additional, confirmed CLas-infected or HLB-affected 
citrus trees have been found in California.  Nevertheless, the 
presence of the ACP and the finding of a single CLas-infected 
citrus tree in the state pose a serious economic threat to the 
more than $2 billion California citrus industry, as well as to 
residential citrus growing.

Detecting and managing the ACP are critical for preventing 
its spread and establishment to non-infested citrus-growing 
areas or regions in California, thereby also preventing or 
limiting the spread of HLB-associated Liberibacter bacteria 
and establishment of HLB in California.  In addition, it is 
important to detect and remove any CLas-infected or  
HLB-affected trees as quickly as possible before the ACP 
acquires and disseminates the HLB-associated Liberibacter 
bacteria.  However, detection of CLas-infected or HLB-affected 
citrus trees is difficult.  Prolonged incubation (i.e., up to several 
months or more depending upon a number of biotic and 
abiotic factors) following infection before detectable levels 
of Liberibacter are reached in infected plants, incomplete 
or non-uniform systemic distribution of Liberibacter within 
infected trees, and a prolonged period (i.e., one year or more) 
for characteristic HLB symptoms to develop all serve to limit 
early detection of infected trees by laboratory testing.  Adult 
ACPs are tested for Liberibacter in the laboratory, as they can 
lead to potentially Liberibacter-infected trees.  Laboratory 

tests for CLas-infected or HLB-affected trees based on citrus 
host responses to infection or disease development are being 
evaluated, but have not been validated to date.   

Research is being conducted to develop early (i.e.,  
pre-symptomatic) HLB and CLas detection technologies 
and platforms for diagnostic use in the field and laboratory.  
Promising technologies for the early detection of HLB are 
based on detection of citrus host responses specific to CLas 
infection or HLB disease development (e.g., production of 
volatile organic compounds or VOCs, small and micro RNAs, 
proteins, metabolites, hyper-spectral imaging).  In addition, 
indirect detection of CLas by serology is based on assaying 
for specific CLas-secreted proteins that are distributed within 
the plant following infection.  Efforts are underway to validate 
these methods under both environmentally controlled and 
field conditions.    

The California Department of Food and Agriculture manages 
an extensive ACP and HLB surveillance program.  In both 
residential areas and commercial groves, field inspectors 
examine citrus trees to find live adult ACPs. Yellow sticky 
cards are hung in trees to capture adult insects. Other ACP 
management tactics to prevent the spread of the insect include 
establishment of quarantine zones in areas around ACP finds, 
chemical control via foliar- and soil-applied insecticides, and 
development and implementation of potential biological 
control agents (e.g., predators and parasites that feed on 
different ACP life stages).  A parasitic wasp, Tamarixia radiata, 
has been released at several sites in Southern California and is 
currently being evaluated for its effectiveness in reducing the 
ACP populations. 

The CRB will continue to work with other pertinent 
government agencies and universities to seek new, innovative 
and effective methods for combatting this serious threat; 
and we will continue to keep you updated in the pages of 
Citrograph.

Ed Civerolo, Ph.D., is interim president of the Citrus Research 
Board.
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BoaRd memBeR’s view By riChard BEnnEt t

new spiRit of 
ReseaRCh CoopeRation

When 14 new projects were approved for $1,296,703 
in funding by the Citrus Research Board (CRB) on 

September 23, 2014, they heralded an unprecedented team 
effort and the dawn of a new era of scientific cooperation and 
strategic innovation in the citrus industry. 

The emphasis was on cooperation when the Board embarked 
this past year on an ambitious path changing the mindset of 
research project objectives. Achievement of these objectives 
will maximize the growers’ return on their investment. We 
wanted to establish a new spirit of focused, goal-oriented 
cooperation between teams of scientists who would be willing 
to push the boundaries. No more “lone rangers.” Researchers 

were asked to team up with the best high-powered specialists 
from leading universities throughout the U.S. 

At every step of the research project funding process, the 
Board was cognizant that the projects approved are funded by 
the growers and, therefore, must demonstrate direct benefits. 
Farmers have their money, faith and futures on the line. They 
are entrusting the CRB to find solutions.

An Ad Hoc Proposal Review Committee (Citrograph, Summer 
2014) was established last winter to devise ground rules that 
would render the entire process more efficient, effective and 
targeted. 
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Traditionally, the Board relied on a five-member committee to review new projects 
to determine which ones would move forward for full CRB approval. Despite the 
talent and varied expertise of Board members, the rapid pace at which science and 
technology is advancing makes it difficult for them to fully understand and properly 
evaluate cutting edge science. Help was needed. A cadre of field-specific scientific 
experts was engaged as counsel to evaluate the scientific validity of new proposals.   

This year, 52 proposals were reviewed by the expert panel. Scientists were matched 
to specific projects based on their areas of expertise. Since their research focus does 
not include citrus, they do not receive any funding from the CRB and, therefore, can 
conduct a peer review without bias. Each reviewer was asked to complete a two-
page evaluation form composed of criteria agreed upon by the Ad Hoc Proposal 
Review Committee. Each new project was reviewed by at least two scientists.  

A new, streamlined project proposal format was implemented this year. Proposals 
were standardized so that we could compare apples to apples (or more accurately, 
oranges to oranges). As a result, more than half of the Board members read the 
proposals in advance of the annual research meeting. This encouraged quality 
discussions with the principal investigators of each project and increased our 
understanding of the work proposed. Further, we were able to better direct the 
investigators to develop project objectives relevant to the needs of citrus growers. 
It was a four-month process, instead of the previous two-month timeframe. 
Admittedly, this approach required more time and work by our team of scientists 
and CRB Vice-President of Science and Technology Dr. MaryLou Polek, but this is our 
core business.

Twenty-seven of the 52 new project proposals ultimately were brought before the 
full Board. In the end, 14 received the green light. This is in addition to the 34 projects 
continuing from last year.

We are very pleased with the research that will be moving forward. Some of the 
highlights include:

• (“Not all psyllids are created equal: Why do some transmit Liberibacter and others do 
not?”)  This was submitted by a team of USDA-ARS scientists from Ithaca, New 

York, and Fort Pierce, Florida, who intend to discover why some psyllids 
cannot vector the HLB-causing bacteria and use this understanding to 

prevent the spread of the disease.

• (“A microbiota-based approach to citrus tree health”) Submitted by 
University of California scientists from the Davis and Riverside 

campuses, this is a new area of science, almost a holistic approach, 
that examines the micro-organisms associated with a plant both 

below ground (roots) and above ground (tree canopy) and how 
they affect overall tree health. 

Moving forward to next year, we will continue to refine our 
procedures. We intend to assign a scientist to every research 
committee. Each scientist will have expertise in the committee’s 
subject area and will assist in the evaluation of the progress 
being made by each project of that committee.

Per a recommendation from CRB Board member Jim Gorden, 
all of the scientists will gather, at least biannually, to share 

Richard Bennett
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their findings. It is imperative for them to hear each other’s 
progress reports to better understand how they can further 
advance their science and learn about potential for future 
interaction with other researchers. February will bring the 
next opportunity for research sharing when Florida hosts the 
International Research Conference on Huanglongbing (see 
“Mutually Speaking,” page 14).

Although now is the critical timeframe to find a solution 
for HLB, we must not neglect our industry’s other science-
based issues, such as food safety and water issues. We are 
actively seeking researchers who will collaborate to push the 
boundaries by focusing on new avenues of research, as well as 

build on the areas in which we’re currently making headway.
The vast majority of us in the California citrus industry are 
small farmers. Our livelihoods depend, in no small part, on 
the research results generated by the CRB. We’re ensuring that 
the scientists are aware our backs are against the wall, which 
should help researchers maintain focus when they see folks 
in work boots who are depending on them so that they can 
survive and thrive.

Richard Bennett is a grower, vice chair of the Citrus Research 
Board and chair of the Priority Screening Committee.
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mutuaLLy speaking... By MiChaEl W. SparkS

hLB ConfeRenCe indiCative of 
CitRus’ CoopeRative spiRit

The 2013 International Research Conference on HLB 
attracted an attentive audience.

There is no doubt collaboration is the way the global citrus community is going to 
beat huanglongbing (HLB). Whether it is cooperation among growers to manage 

the Asian citrus psyllid or presenting a united front between California, Florida and 
Texas lobbying for research dollars, we are going to have to fight this challenge 
together. 

And that’s exactly what the 2015 International Research Conference on HLB is all 
about; scientists getting together in one location to share information and ideas.  

This year’s event, hosted by Florida Citrus Mutual, marks the fourth Conference, and 
it just keeps getting bigger and better. We expect more than 500 people from 22 
countries to join us at the Caribe Royale in Orlando from February 9-13.

The scientists will gather to talk about their findings in the hope that a transparent 
flow of information will help crystallize ongoing research or lead to a whole new 
discovery. This process is at the heart of how researchers have breakthroughs. 

Michael W. Sparks
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The 2014 HLB Conference agenda purposefully incorporates 
sessions on research that growers will be able to use soon. Yes, 
genetics, RNAi and other long term projects could become 
industry standard solutions in the future, but growers want 
to hear what is going to be in the grove in their lifetime. 
Topics such as thermotherapy, antimicrobials, HLB tolerant 
rootstocks and bactericides will anchor the four-day event. 
The brainpower at the Conference has discovered many 
things about the psyllid and the HLB bacteria during the past 
eight years. 

Tim Gottwald, Ph.D., from the Agricultural Research Service’s 
Ft. Pierce laboratory; Jackie Burns, Ph.D., the new Dean 
of Research at the University of Florida-IFAS; and their 
Conference Committee have done an expert job putting the 
agenda together.  I appreciate all the work they do to support 
Mutual at the Conference. It would not have become such an 
anticipated event had it not been for their hard work. 

Citrus growers have put their faith in research, and that 
means the scientists in Orlando have an awesome task in 
front of them.  Florida citrus growers have spent more than 
$80 million on HLB research over the past eight years.  Plus, 
the federal and state governments have or will appropriate 
more than $150 million for citrus research over the next five 
years. California and Texas growers have spent significant 
funds, too. That’s quite an investment. We like to joke that if 
you are a citrus researcher and you don’t have funding, then 
you probably should be in another profession. 

Not to put any added pressure on the researchers in Orlando, 
but we need something YESTERDAY. I always remind 
researchers at the Conference to set a goal that when the 
next Conference takes place two years from now, let’s plan 
on staging a session about the cure for HLB. I know it’s an 
unlikely objective, but the point still stands. Time is ticking 
away. Shouldn’t the goal be to NOT hold an HLB Conference?

Don’t forget, the Lake Alfred Citrus Research and Education 
Center also will hold a Grower Day on March 12. This popular 
event is designed to put the research in a grower-centric 
perspective. I hope to see you there. 

To register for the HLB 
Conference, go to irchlb.org 
or call Clark Baxley at 
863-682-1111.
Michael W. Sparks is executive vice-president and CEO of 
Florida Citrus Mutual, which is based in Lakeland, Florida. 
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usda-aphis appRoves 
ReLease of seCond aCp 
paRasitoid fRom pakistan
Mark S. Hoddle 

Quick Fact: Diaphorencyrtus aligarhensis, a natural 
enemy that parasitizes nymphs of Asian citrus 
psyllid, was released in California on the morning of 
December 16, 2014, at the biological control citrus 
grove at the University of California Riverside.

Asian citrus psyllid (ACP), Diaphorina citri, the vector of a 
bacterium that is associated with a lethal citrus disease, 

huanglongbing (HLB), has been the target of a biological 
control program in California. In December 2011, Tamarixia 
radiata, a parasitoid from Punjab, Pakistan, that attacks ACP 
nymphs, was released in southern California after extensive 
safety testing in quarantine at UC Riverside. Following mass 
production and release efforts by UC Riverside and later the 
California Department of Food and Agriculture (CDFA), more 
than 800,000 Tamarixia have been released in urban areas. 

This parasitoid has established and is spreading. ACP nymphs 
have five developmental stages or instars, and Tamarixia 
prefers to parasitize fourth and fifth instar nymphs. 

During foreign exploration efforts in Punjab, Pakistan, 
Christina Hoddle and I, who are entomologists and biocontrol 
scientists at UC Riverside, worked with colleagues at the 
University of Agriculture in Faisalabad on ACP biocontrol and 
discovered a second parasitoid species attacking ACP nymphs, 
Diaphorencyrtus aligarhensis (Figure 1). Punjab, Pakistan, was 
selected for natural enemy prospecting because it is likely 
part of the native range of ACP and the climate in there has 
a 70 percent climate match with major citrus production 
areas in California. These two things are important because 
natural enemy diversity is anticipated to be highest in regions 
where the pest evolved, and a good climate match between 

Figure 1. Male (A) and female (B) Diaphorencyrtus aligarhensis (photo credit: Jason Mottern, UC Riverside).

A B
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the source area (Pakistan) and the receiving area (California) 
should mean that ACP natural enemies will be pre-adapted to 
California’s hot dry summers and cool damp winters. These are 
weather conditions similar to those that the natural enemies 
experience in their home range.

Diaphorencyrtus underwent extensive safety testing in 
quarantine to determine the level of risk it presented to 
non-target psyllid species in California. Similar to Tamarixia, 
Diaphorencyrtus has very high levels of host specificity and 
strongly prefers ACP nymphs for reproduction over native 
California psyllids or beneficial psyllids used in weed biological 
control. In comparison to Tamarixia, Diaphorencyrtus prefers 
to parasitize second and third instar ACP nymphs.

On October 26, 2014, after more than one year of review of the 
safety testing data (an 84-page Environmental Risk Assessment 
document prepared by Mark Hoddle and Allison Bistline-East) 
and a 30-day public comment period, USDA-APHIS issued a 
Finding of No Significant Impact (FONSI), indicating that this 
natural enemy poses no undue risk to the environment. This 
decision cleared the way for the issuance of a release permit 
on November 24, 2014, to move Diaphorencyrtus out of 
quarantine for release and establishment in California. 

A second parasitoid species attacking ACP in California has 
the potential to enhance biological control because a greater 
range of ACP life stages will be vulnerable to parasitism 
(second through fifth instar nymphs); and together, the action 
of two species of ACP natural enemies may be complementary 
and could provide higher levels of control than either species 
alone. Additionally, previous experience has shown that 
different natural enemy species tend to exhibit preferences for 
different citrus growing regions in California. For example, two 
species of natural enemies were needed to provide excellent 
control of cottony cushion scale, a sucking insect pest 
infesting citrus. One biocontrol agent, a ladybug, provided 
control in hot desert interior areas, while a different species 
of natural enemy, a parasitic fly, dominated in cooler coastal 
citrus production areas. 

Diaphorencyrtus has been released in Florida for ACP 
biocontrol, but it has failed to establish. The reasons for this are 
unknown but could be due to low levels of genetic diversity, 
competition from other species of natural enemies attacking 
ACP (e.g., ladybugs or Tamarixia), and pesticides applied to 
citrus to kill ACP eggs, nymphs and adults. 

In December 2014, the first official release of Diaphorencyrtus 
in California was made at UC Riverside’s citrus biocontrol grove 
on the university campus. Kim Wilcox, Ph.D., UCR’s Chancellor, 
made the first release, and close to 300 Diaphorencyrtus were 
liberated at this event. 

Future releases of Diaphorencyrtus are planned for urban areas 
of southern California where Tamarixia has not been released 
or reported to be established yet. Potential release sites free 
of Tamarixia have been identified in cooperation with the 
CDFA, which currently is running the mass production and 
release program for this parasitoid. Tamarixia-free sites will 
ensure that incipient populations of Diaphorencyrtus are 
free from competition for ACP nymphs. Urban areas have 
been prioritized for parasitoid releases, as reducing ACP 
populations on backyard citrus will reduce migration pressure 
into commercial citrus. Fewer psyllids means that rates of 
HLB spread into production areas also should be reduced. 
Biocontrol agents are now the foremost line of attack in urban 
areas where spray programs for containing and reducing ACP 
spread have been abandoned.

While the outcomes of this second phase of the ACP biocontrol 
program are impossible to predict for California, research from 
Punjab, Pakistan, may offer some insight into how Tamarixia 
and Diaphorencyrtus (assuming it establishes in California) 
may perform against ACP. The results of a two-and-a-half year 
study on two different types of citrus, Kinnow mandarin and 
sweet orange, in two unsprayed citrus orchards in Faisalabad, 
indicated that both Tamarixia and Diaphorencyrtus attack ACP 
nymphs and are likely the most important natural enemies 
attacking this pest in this area. Parasitism rates tended to 
be highly variable during the year ranging from zero to 100 
percent, with a year-round average of approximately 30 percent 
for Tamarixia and about 20 percent for Diaphorencyrtus. Both 
of these parasitoids can kill ACP nymphs through a process 
known as host feeding. This predation activity provides the 
protein females need to mature eggs. It is possible that these 
parasitoids may perform better in California than in Pakistan 
as they have been freed of their own natural enemies. Up to 
five species of hyperparasitoids, parasitoids that attack the 
larvae of Tamarixia and Diaphorencyrtus that are feeding on 
ACP nymphs, were eliminated while both species of parasitoid 
were held in quarantine. 

Intensive monitoring is planned to determine establishment 
and rates of spread for Diaphorencyrtus and the levels of 
mortality this parasitoid inflicts on ACP. It will likely be a couple 
of years before enough data are gathered to draw meaningful 
conclusions on the efficacy of this second ACP parasitoid to be 
released in California. 

Mark S. Hoddle, Ph.D., is an extension specialist who works 
in the areas of biological control, plant and medical vector 
population genetics in the Department of Entomology at 
the University of California in Riverside, California.
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CitRus ReseaRCh BoaRd 
Revamps weB site

By Chad Collin
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The Citrus Research Board (CRB) is proud to unveil its newly 
revamped web site, www.CitrusResearch.org. The site carries 

the same name as the CRB’s previous site that was retooled in 
2010, yet features a fresh look, improved functionality and a 
renewed focus on the CRB’s mission.    

a new Look
With the first glance, the home page displays a complete 
redesign where content is easy to find within a clean structure. 
An eye-catching photo slider and the CRB’s new logo, revised 
in late 2013, have been integrated for a fresh look. As with the 
previous site, Citrograph magazine and the latest news are 
prominent for the most up-to-date information. New home 
page staples include the “Research & RFP,” “About the CRB” and 
“Meeting Notice & Calendar” short-cuts to quickly jump to 
specific features. 

Deeper inside, details about the CRB can be found, as well 
as valuable documents from past research projects, every 
Citrograph issue since its 2010 revival and much more. The 
current Board and committee membership is listed under 
“About” along with the Board-directed Strategic Plan. Explore 
the site yourself to see what’s new.

In the coming months, staff plans to organize and upload more 
content for the benefit of the California citrus growers and the 
industry as a whole.   

impRoved funCtionaLity
One of the top priorities for the new site was to enhance 
functionality for both users and staff. Each day, more people 
are using mobile devices to access the Internet; and they 
expect content to work on smartphones, iPads and other 
devices. With the new CitrusResearch.org, that’s a reality. Now 
all content, including full Citrograph digital copies, can be 
viewed from mobile devices. 

(Left) Citrograph display on an iPad which can be viewed and saved via PDF or 
iBooks. (Right) Library of Citrograph magazines on an iPhone utilizing iBooks.
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Another key goal was to create a single search function that 
explored the entire site’s content plus all Citrograph issues. 
Although not a flawless system, typing in a specific word or 
author will result in a list of web pages and Citrograph issues 
containing that content. That search engine now makes it 
much easier to find the article or topic that’s being sought.

Staying in touch with the CRB is easier than ever with the 
addition of email notifications. Users can now sign up on-
line to receive valuable information on grower seminars, 
Citrograph updates and official CRB correspondence. The CRB 
does not share visitor information and one can unsubscribe 
at any time.

The site also has better capability for staff to utilize 
technological tools and update content. These tools will be 
implemented over time to provide a better online experience 
for growers, scientists and industry members alike. 

RefoCus on ReseaRCh
Over the last several years, many things have impacted the 
California citrus industry, but nothing more than the threat of 
the Asian citrus psyllid and huanglongbing disease. With the 
formation of the Citrus Pest and Disease Prevention Program 
(CPDPP) years ago, the CRB answered the industry’s call to 
put the CPDPP’s objectives into action. The CRB conducted 

Tablets can now search specific words or phrases within an issue of 
Citrograph.
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several operational programs for the CPDPP and the web 
site mirrored that. As programs were put into place, the CRB 
Board deemed it important to have capable industry partners 
take over certain responsibilities, which, in turn, allowed 
the CRB to refocus on research priorities. This transition and 
refocus is reflected in the revised strategic plan and new 
web site, while valuing the CPDPP’s roles through links like  
www.CitrusInsider.org and www.cdfa.ca.gov/citruscommittee. 
The end result is a streamlined, powerful and uncluttered 
looking CitrusResearch.org. 

Today, the CRB’s mission is: 
Ensure a sustainable California citrus industry for the benefit 
of growers by prioritizing, investing in and promoting sound 
science.

The new web site strives to do just that – promote sound 
science as an excellent resource for growers and scientists 
alike. Check the site regularly to see what’s new, including 
digital copies of Citrograph, latest news, seminars, research 
projects and much more.

Chad Collin is with the Citrus Research Board, where he 
serves as director of Board and grower communications, 
and also as associate editor of Citrograph.

Citrograph display on an iPad which can be viewed and saved via PDF or 
iBooks.

C

M

Y

CM

MY

CY

CMY

K

AWPCitrographFINAL.pdf   1   6/17/14   1:14 PM



22   Citrograph Magazine  |  Winter 2015

All industry members are invited to attend the fourth 
annual Citrus Day, which is rapidly approaching and will 

take place January 29, 2015, at the University of California, 
Riverside.

The day will feature educational seminars highlighting 
research projects such as the latest in Asian citrus psyllid 
control, detection of and sampling for huanglongbing, new 
varieties, weed control, walk-through of the Citrus Variety 
Collection and several other topics.

Citrus Day, which includes lunch, will begin at 8:00 a.m. 
A nominal fee will help offset the cost of the program. 
Continuing education credits will be available, pending 
approval. The Citrus Day agenda will be posted at  
www.citrusvariety.ucr.edu, http://agops.ucr.edu/events/ and 
also www.citrusresearch.org.  

Peggy Mauk, Ph.D., and Tracy Kahn, Ph.D., are with the 
Department of Botany and Plant Sciences, University of 
California, Riverside.

CitRus day 2015 
aRound the CoRneR
Peggy Mauk and Tracy Kahn

Tracy Kahn speaking to attendees at a past 
UCR Citrus Day.
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genetiC engineeRing to 
pRoteCt CitRus fRom hLB
Carrie Teiken, Peggy Lemaux, Beth Grafton-Cardwell and Neil McRoberts

This past summer, the Citrus Research Board (CRB) and University of California 
Cooperative Extension hosted citrus grower seminars in Exeter, Riverside and 

Santa Paula, California.  A range of topics was covered – including export challenges 
due to plant disease, strategies for dealing with water shortages, labor issues facing 
the California citrus industry, and the potential for using genetically engineered 
organisms to control the deadly citrus disease, huanglongbing (HLB). 

A cure for HLB has not been identified, and all citrus varieties are susceptible to 
the disease. This is an issue of extreme importance for California citrus growers. 
Although to date only one HLB-infected tree has been identified in California, the 
Asian citrus psyllid (ACP), the insect that vectors the bacteria causing HLB, has 
spread throughout Southern California, is working its way up the coast and has been 
found in small numbers in the San Joaquin Valley, where 75 percent of commercial 
citrus is grown.    

Plant transformation in the laboratory: Embryos are extracted from seeds and maintained on prepared culture media (unflavored gelatin fortified with 
essential nutrients). A bacterium, Agrobacterium, is typically used to insert the target gene into the tender plant tissue. Marker genes for fluorescence or 
antibiotic activity are used to determine whether the gene was successfully inserted. Hundreds of transformation events are necessary to obtain only a handful 
of viable genetically modified seedlings.

Photo credit: Maria Oliveira, Ph.D., USDA-ARS
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An important way to stop the spread of HLB is to stop the ACP; 
however, that is easier said than done. Natural enemies, such 
as parasites and predators, can reduce psyllid populations, 
but they do not eliminate the entire pest population; and so 
the disease continues to spread. Continuous broad-spectrum 
insecticide treatments can reduce psyllids to very low levels. 
However, even these treatments do not completely eliminate 
psyllids, and they are not economically and environmentally 
sustainable.  Lastly, there are limited choices and problems 
with efficacy of insecticides for organic growers.  Long-term 
solutions are needed, and these may include engineering a 
citrus tree that can withstand the pathogen and/or a psyllid 
that cannot transmit the disease.  The industry is now faced 
with the decision as to whether or not an engineering solution 
should be employed to save California citrus.  

addRessing ge soLutions
Peggy Lemaux, Ph.D., spoke at the Santa Paula and Exeter 
grower seminars and addressed the topic of engineering 
citrus or ACP during her presentation, “Food fights in the 
marketplace: is there a path forward for citrus to address HLB 
disease.” Genetically engineered (GE) crops (also called GMOs 
or genetically modified organisms) are already being grown 
commercially in the U.S. with crops like alfalfa, canola, corn, 
cotton, soybean, papaya and sugar beet; and GE acreages for 
most of these are above 90 percent. 

Although widely grown, GE crops have not been widely 
accepted in California, leading to county-based bans on 
growth and propagation of such crops.  In California and other 
states, there have been efforts to pass laws that would require 
labels on foods containing an engineered ingredient. Using 
the term “genetic modification” to describe these newly-
engineered crops adds to the confusion, because classical 
breeding (which has long been used to alter the genetic 
information in crop varieties) also results in modification 
of the genetic material of the plant. GE crops are modified 
using some of the same mechanisms used during breeding to 
change traits of a crop, but the modifications are performed in 
the laboratory and then reintroduced into the plant. 

Currently, genetic engineering for HLB resistance is focused 
on a number of approaches: GE citrus trees that are resistant 
to the bacterium, GE citrus trees that kill ACP when it feeds on 
the tree, and GE ACPs that are unable to vector the bacterium, 
‘Candidatus liberibacter asiaticus’ (CLas), that is closely 
associated with HLB.  These technologies not only have the 
potential to save the citrus industry, but also will help growers 
reduce the number of pesticide applications used to control 
ACP, thereby reducing costs and increasing profits.  Cutting 
back on insecticides will help growers maintain an integrated 
pest management program for all citrus pests and reduce 
pesticide resistance, secondary pest outbreaks and risks to the 
environment and workers.  

However, GE organisms are often met with grower and general 
public apprehension.  Concerns range from export issues 
(because some countries don’t accept engineered crops), 
impacts on non-target organisms, movement of engineered 
genes to unintended crops and allergenicity caused by 
introduced genes.  Yet, GE approaches will quite possibly be a 
component of the long-term solution for the HLB crisis.

CReating a “nupsyllid”
The federally-funded USDA National Institute of Food and 
Agriculture-Cooperative Agriculture Pest Survey’s “nuPsyllid” 
project is a multiple research laboratory effort to engineer 
ACP and create a “nuPsyllid” that would replace the wild 
type ACP with a population that cannot transmit the HLB-
associated bacterium HLB.  The “nuPsyllid” non-vector then 
would be released into the ACP population, much like the 
release of Tamarixia, the parasitic wasp, and eliminate the wild 
ACP population.

Three methods currently are being studied to potentially 
modify the ACP.  Bryce Falk, Ph.D., at the University of 
California Davis, is identifying naturally occurring ACP viruses.  
He then plans to genetically modify one of the psyllid viruses 
so that it will disrupt an essential function of the ACP, causing 
the psyllid to die or be unable to transmit CLas. Kirsten Pelz-
Stelinski, Ph.D., at the University of Florida, is studying strains 
of Wolbachia, a bacterium that occurs naturally inside the 
body of many different types of insects.  She plans to infect 
ACP with natural, foreign or altered Wolbachia to reduce 
the ACP’s ability to transmit the bacteria.  The third ACP 
modification is being investigated by Bruce Hay, Ph.D., at 
CalTech.  Hay is working on creating a modified ACP that 
has a genetic element containing a toxin that kills the HLB-
associated bacteria. 

Several members working on the “nuPsyllid” project, including 
Neil McRoberts, Ph.D., University of California Davis Assistant 
Professor of Plant Pathology; Elizabeth Grafton-Cardwell, 
Ph.D., Director of the Lindcove Research and Extension Center 
and University of California Riverside IPM Specialist; and Carrie 
Teiken, University of California Davis Plant Pathology graduate 
student, are involved with investigating the socio-ecological 
consequences of engineering ACP.  If a “nuPsyllid” engineering 
approach is successful, there likely will be reluctance to accept 
the altered psyllid, within both urban and grower communities, 
due to a variety of concerns.  These concerns include the 
movement of introduced genes to other insects, consumer 
acceptance of oranges exposed to “nuPsyllid,” potential 
damage to the crop by released psyllids and regulatory 
issues for organic citrus production. Therefore, the “nuPsyllid” 
Socio-economics and Modeling Team is evaluating how to 
effectively disseminate information on genetic engineering 
approaches to the citrus industry and provide them with an 
understanding of the potential long-term benefits and risks 
of the project. 
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suRveying the industRy
The team began this evaluation task by individually surveying 
growers, pest control advisors and others who attended the 
March 2014 Citrus Showcase in Visalia, California, hosted by 
California Citrus Mutual with special presentations by the CRB.  
Attendees at the citrus grower seminars in Exeter and Santa 
Paula were given a similar survey, but were able to answer the 
questions with ‘clickers’ (handheld electronic transmitters).  The 
clicker survey posed multiple-choice questions projected on a 
screen. Each participant then submitted their answers using 
the clicker, beaming a signal to the presentation computer, 
which collected the participants’ answers and produced a 
chart that showed immediately how many participants chose 
each answer.  The results of the survey were anonymous.  

A total of 259 responses were recorded: 46 at the Visalia Citrus 
Showcase, 42 in Santa Paula and 171 in Exeter. 
 
Survey questions included information on citrus acreage 
grown or managed, age of participant, and their opinion on 
using genetic engineering to prevent HLB from spreading 
in California citrus.  The survey also asked which type of 
engineering approach growers preferred: GE citrus trees that 
resist the disease, GE trees that kill the ACP when they feed, 
released GE ACPs that don’t spread HLB, or none of the above.  
The last question asked growers to select what they believe is 
the biggest impediment to using GE approaches to manage 
ACP and HLB.  Choices included grower acceptance, public 
acceptance, government approval or “I don’t know.” 

Figure 1: Number of acres of citrus grown.

key suRvey findings:
• What size are citrus farms? The majority who were surveyed at the Visalia Showcase (63 percent) and the Santa Paula meeting 
(76 percent) farmed less than 100 acres of citrus. In Exeter, there were similar proportions of growers with less than 100 acres 
(39 percent) and those with more than 500 acres (37 percent). The remainder (24 percent) farmed between 100–500 acres  
(Figure 1). 

<100 acres

100-500 acres

>500 acres
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Figure 2: Proportion of growers practicing conventional, transitional and organic pest management strategies.

Figure 3: Participant preferences for using GE technology to prevent HLB from spreading in California.

• What types of citrus growers? In all three locations, 89-94 percent of growers utilized a conventional pest management 
strategy of synthetic insecticides and herbicides; the remainder were organic growers or growers transitioning to organic 
(Figure 2).  

• Thoughts on engineering? Most of the survey participants were either strongly (65 percent) or cautiously (25 percent) in 
favor of a GE approach for controlling HLB.  A low percentage (six percent) were indifferent or were completely against (six 
percent) GE approaches (Figure 3).

Conventional
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Both
conventional
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• What engineering approach? Participants were evenly split between GE ACPs (48 percent) and GE trees (51 percent) as 
preferable for controlling HLB (Figure 4).  

 Between the two techniques for GE trees, HLB-resistant trees were preferred (35 percent) over ACP-resistant trees  
(16 percent) (Figure 4). 

 Growers with more than 500 acres of trees preferred GE trees (57 percent) to GE ACPs (43 percent); growers with fewer 
than 100 acres of trees preferred the opposite, GE ACPs (61 percent) over GE trees (39 percent) (Figure 5).  

Figure 4: Preferred GE approach to control HLB.

Figure 5: Grower acreage and preferred GE approach to control HLB.

GE HLB-resistant trees

GE ACP-resistant trees

GE ACPs

None of the above
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Figure 6: Age of survey participants and preferred GE approach to control HLB.

Figure 7: Participant opinions on the impediments to adoption of GE approaches to control HLB.

 Participants aged 40 and younger had a stronger preference for GE trees (62 percent), while those over 50 preferred GE 
ACPs (58 percent) to control HLB (Figure 6). 

• What would the impediment be? Most attendees believed that public acceptance (56 percent) would be the biggest 
impediment to adoption of genetic engineering of either the tree or the psyllid, followed by government approval (33 percent).  
A small percentage thought grower acceptance would be an impediment (six percent), and some did not know (five percent) 
(Figure 7).  

Grower acceptance

Public acceptance

Government approval

I don’t know

GE tree

GE ACP

n = 259
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• What did organic/transitional growers think? While there were only 15 organic/transitional growers who participated in 
the survey, the majority either definitely or cautiously supported GE approaches to control HLB (73.3 percent). A small number 
completely rejected GE (13.3 percent), while some were indifferent (13.3 percent) (Figure 8). Those who supported GE were 
split between GE trees (54 percent) and GE ACPs (46 percent).

Figure 8: Organic growers’ preferences for using GE technology to prevent HLB from spreading in California.

Overall, the majority of those surveyed are in support of GE 
approaches to control HLB.  Interestingly, preference for the GE 
approaches varied strongly based on age and acreage.  When 
the Exeter audience was questioned about why they chose 
one GE approach over another, the older participants pointed 
out that they don’t have time to replant citrus and reap the 
benefits of full production; and they, therefore, preferred 
modification of the psyllid.  The younger participants felt that 
a GE tree would be a more permanent solution.  Small growers 
preferred a transformed ACP solution, because replanting 
would have a negative impact on their income.    

Although only 16 organic/transitional growers participated in 
the survey, the results showed most were in favor of using GE 
approaches to control HLB.  One GE supporter at the Visalia 
meeting asked if GE would hinder one’s status as an organic 
grower.   We cannot answer that question at this point, 
because GE insects have not been released for agricultural 
purposes in the United States, and the regulatory process 
and consequences for the organic industry have not yet been 
determined.  

identifying potentiaL issues
Many participants recognized that there are potential issues 
associated with GE technology that will need to be addressed.  
The majority felt that public acceptance would be the most 
difficult hurdle, followed by government approval.  Only a 
few participants thought that growers would not support GE 
approaches, which was strongly substantiated by the grower 
survey responses.  Several participants who completed the 
survey in Visalia also mentioned concerns about the safety 
of GE citrus for human consumption and its impact on the 
price of fruit.  In Exeter, one participant was concerned that 
there would be fewer citrus varieties, and that the industry 
could lose some of the tastiest varieties since it takes time 
to engineer each variety and obtain regulatory approval to 
release into commercial production.  Another expressed 
concern about having a monoculture of GE trees and the 
potential for the whole system to “crash and burn.” 

All GE technologies are under development at this time: 
transforming the plant itself to kill the bacterium or psyllid; 

Definite yes

Cautious yes

Indifferent

Definite no
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introducing a virus into the plant that carries an anti-bacterial 
gene; altering the psyllid itself so that it cannot transmit the 
bacteria; or introducing an organism into the psyllid to block 
its activity as a vector. If one or more of the GE approaches 
being researched is successful, one of the greatest challenges 
for the citrus industry will be to address the general public 
and regulatory concerns surrounding the technology.  In all 
probability, both modified ACP and modified trees will be 
introduced along with other management tactics for a systems 
approach to addressing the devastating effects of HLB. 

We are at the beginning of thinking about how to best deploy 
such technologies, and this is an on-going conversation 
in which the views of the industry are a crucial part.  The 
recently announced investment in research to combat HLB 
by the federal government is likely to accelerate the pace at 
which new technologies are developed.  The University of 
California extension and outreach team will be working hard 
to help with the education and implementation processes 
and we strongly encourage the active involvement of the 
grower community.

Carrie Teiken is a graduate student in the Department 
of Plant Pathology at the University of California Davis; 
Peggy Lemaux, Ph.D. is a cooperative extension specialist in 
plant and microbial biology at the University of California 
Berkeley; Beth Grafton-Cardwell, Ph.D. is the director of the 
Lindcove Research and Extension Center and a University of 
California Riverside integrated pest management specialist; 
and Neil McRoberts, Ph.D., is an assistant professor of plant 
pathology at the University of California Davis.

roots make
Stronger

Super
Citrus

Trees



32   Citrograph Magazine  |  Winter 2015

	  

Article courtesy of Citrus Industry magazine

CRB-funded ReseaRCh pRogRess RepoRt

the hLB BiBLiogRaphiC dataBase:
a fRee tooL foR infoRmation
Pilar Vanaclocha and Philip A. Stansly

The huanglongbing (HLB) or citrus 
greening Bibliographical Database 

(http://www.imok.ufl.edu/programs/
entomology/hlb_db.php) was created 
in 2009 by the entomology group at 
the University of Florida’s Southwest 
Florida Research and Education Center 
(SWFREC) in collaboration with the 
Florida Center for Library Automation at 
the University of Florida. The database 
was funded through July 2012 by the 
Citrus Research and Development 
Foundation, and is funded now by the 
(California) Citrus Research Board. The 
database provides, in a single location, 
a wealth of information related to HLB 
as well as its psyllid vectors and causal 
agents (Candidatus liberibacter spp.).

Diaphorina citri, the Asian citrus psyllid, 
now occurs in all citrus-growing regions 
of Asia, North and South America, and 
HLB generally follows close behind. 
In lieu of the “magic bullet,” effective 
strategies are needed to slow the spread 
through vector control and inoculum 
reduction, and mitigate effects of the 
disease through improved horticultural 
practices. Given the severity of HLB, 
research efforts are redoubling 
worldwide with a consequent bur- 
geoning of the literature.

The objective of the database is to make 
this information easily available in a 
single location and at no cost to the user. 
The aim of the database is to provide 
rapid and easy access to the most 

Step 1. Go to the entomology section of the SWFREC webpage (http://www.imok.ufl.edu/programs/
entomology/hlb_db.php). The easiest way is to search “HLB database” in Google. Click “Start Searching 
HLB Database” or “Online Searches” and then “Search HLB Database.”

Step 2. The user is directed by default to the “basic search mode.” Search terms can be typed in here or 
select “advanced” search from the top bar.
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current as well as historical documents related 
to the biology, epidemiology or management 
of HLB. Knowledge is power, and more rapid 
and efficient access to information should 
ultimately streamline implementation of effective 
technologies to manage this disease. The database 
contains more than 3,400 references which 
cover refereed and non-refereed publications, 
proceedings, presentations, project reports, 
Extension publications, periodicals, dissertations, 
book chapters and abstracts. Approximately 92 
percent of these are linked to original sources and, 
therefore, provide direct access to the complete 
documents. References are from around the 
world and primarily in English, although there are 
some in Spanish, Portuguese, French, Japanese 
and Chinese. The database must be constantly 
updated with new references to remain current, 
and continue to offer a valuable service to the 
citrus community.

The HLB database site is located on the 
Entomology Program section of the SWFREC 
University of Florida/ IFAS website. Basic searches 
can be carried out by selecting a search type 
(Keyword, Author’s Name, Title, Subject, Journal/
Magazine Title). Advanced searches can be made 
by combining more than one search type and/or 
a range of publication years. Searches go directly 
to the original sources, providing direct access to 
the documents.

Pilar Vanaclocha, Ph.D., is a post-doctoral 
associate and Philip A. Stansly, Ph.D., is a 
professor, both at the University of Florida-IFAS’s 
Southwest Florida Research and Education 
Center at Immokalee.

Step 3. The Advanced Search screen includes three “Keywords” windows, each with
three search options (Author’s Name, Title and/or Journal/Magazine Title), plus a window
for delimiting years. As an example, we will choose “Stansly” as author’s name, “Diaphorina”
and “insecticides” as Keyword(s), and we will limit the search to the year 2014.

Step 4. An output screen will come up with search results according to the selected 
parameters. In this example, the search provides only one reference. This screen also includes 
all search terms used by the database to find this document: Subjects (Keywords), Year, 
Authors and Journal Title.

Step 5. Clicking on the title of the article takes you directly to a screen displaying all this
information plus the abstract and a link to a pdf of the original source, if available.

Step 6 (right). Clicking on the source link brings up a PDF of the original source, which will 
open with a personal copy that can be saved on the user’s computer.
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CRB-funded ReseaRCh pRogRess RepoRt

Contained ReseaRCh faCiLity
at uC davis assists agRiCuLtuRe
A resource for research on invasive citrus pests 

Kris Godfrey, Elizabeth Foster and Tiffanie Simpson

Figure 1.  The Contained Research Facility at the University of 
California-Davis is a Biosafety Level III – Plant facility, certified 
by the USDA-APHIS.
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Invasive plant pests, including insects and plant pathogens, 
are a constant threat to California agriculture due to the 

amount of world trade, domestic and international travel, and 
the pests’ ability to hitchhike with commodities and travelers. 
Once released into a new area, the plant pests can feed, 
reproduce and spread, causing environmental and economic 
damage. 

Research is needed to determine methods to exclude these 
pests from California, limit their spread once introduced 
and/or mitigate the consequences of their introduction. The 
research must be conducted in a facility that minimizes the 
risk of pest release and damage to California agriculture and 
the environment. The Contained Research Facility (CRF) at the 
University of California, Davis is such a facility.  It is designated 

as a Biosafety Level III – Plant Containment Facility by USDA 
(Figure 1).  The Biosafety Level III – Plant designation allows 
for research to be conducted safely on plant pests that could 
do harm to California agriculture and environment, because 
no living organism or portion of an organism that can survive 
in the environment is allowed out of the facility.

The CRF comprises a non-contained (non-quarantined) 
area and a contained (quarantined) area (Figure 2). The 
non-contained area houses office space, a conference 
area, a building control room and a receiving laboratory 
(approximately 1,000 square feet). The contained portion 
houses six independent greenhouses (2,400 square feet), five 
laboratories (6,500 square feet), and six additional rooms that 
support research. 

Figure 2.  The floor plan of the Contained Research Facility.
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Each greenhouse has a dedicated anteroom where scientists 
can conduct their research activities (Figure 3). The 
laboratory space is separate from the greenhouse space 
and can accommodate minor changes in configuration  
(Figure 4). Another set of rooms contains common laboratory 
equipment, such as an ultra-cold freezer, biosafety cabinets 
and centrifuges that are shared by researchers. Growth 
chambers also are available for use. The entire contained 
portion of the building is maintained under negative air 

pressure, and all of the air that moves through the building is 
filtered through a high-efficiency particulate air (HEPA) filter 
before exhausting into the environment to ensure that no 
plant pest is accidentally released. Additionally, the building 
has a waste water treatment system for all liquid waste 
generated in the contained area of the building, so that live 
plant pests cannot leave the building in the waste water. All 
of the trash generated in the contained area of the building is 
autoclaved prior to disposal.

Figure 3.  Each greenhouse in containment has an anteroom (top) that leads into the greenhouse (bottom). The temperature and light regimes are 
independent for each greenhouse.
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To conduct research in the CRF, researchers request the type 
of space they will need and provide a brief description of the 
research. Researchers are charged “rent” for the space they 
occupy, which covers the cost of operating the building 
and maintaining containment. They bring in specialized 
equipment  to conduct research as needed, but it must be 
decontaminated before leaving the facility.

Currently underway in the CRF are several projects 
investigating citrus pests. The multi-disciplinary project 
on methods for early detection of the presumptive causal 
organism of huanglongbing (HLB) , outlined in Chin et al. 
2014, is one such project. In addition, research is underway 
on molecular methods of managing Asian citrus psyllid (ACP) 
using RNA interference, transmission studies using different 
strains of the ACP, and testing of certified organic products as 
to their effect on life history parameters of ACP. In this article, 
the results of testing the effect(s) of two certified organic 
products on various life history parameters of the ACP at the 
CRF are presented.

effeCts of oRganiC inseCtiCides 
on aCp Life histoRy 
paRameteRs
As a part of a cooperative research project with researchers 
from the University of California Cooperative Extension, San 
Diego County and the University of California, Riverside, the 
effects on various ACP life stages of two certified organic 
insecticides were tested in laboratory studies in the CRF in 
2013.  The two products tested were Pest-Out® (JH Biotech, 
Inc., Ventura, California), an oil comprising cottonseed, clove 
and garlic oils; and Grandevo™ (Marrone BioInnovations, 
Davis, California), Chromobacterium subtsugae strain  
PRAA4-1. 

Figure 4.  Laboratory space inside the Contained Research Facility.
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Various ACP biological parameters were compared for 
psyllids exposed to the certified organic insecticides, water 
(as a control) and other insecticides.  The insects used in 
the research were obtained from a colony maintained by  
J. Bethke at the Chula Vista Insectary and originally collected 
in urban Los Angeles (Bethke et al. 2014).  The plants used in 
the studies were various types of citrus such as Mexican lime, 
Volkameriana, and Carrizo, that were about four to six months 
in age and grown from seed inside the CRF.

Mortality of nymphs and adults was investigated for Pest-Out.  
To measure nymphal mortality, individual plants were caged 

with 10 ACP adults (Figure 5) that were allowed to oviposit 
(lay eggs) on the plants for 10 days.  Adults were then removed, 
and the number of nymphs and eggs found on flush growth 
was recorded.  Plants were treated with either Pest-Out (1.5 fl. 
oz. per gallon), fenpropathrin (Tame®, Valent USA Corporation, 
Walnut Creek, California, 0.213 fl. oz. per gallon) or water 
(as the control).  The number of live and dead nymphs was 
recorded at 24 hours, 48 hours and one week after treatment.  

To measure adult mortality, plants were treated with either 
Pest-Out (1.5 fl. oz. per gallon), Summit Year-Round® Spray Oil 
(Summit Chemical, Baltimore Maryland; 2 fl. oz. per gallon), 

Figure 5.  Cages designed to hold Asian citrus psyllid adults on individual plants for measurement of biological parameters.
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Figure 6.  The mean percent mortality of Asian citrus psyllid nymphs when exposed to plants treated with Pest-Out, fenpropathrin or water (control).

fenpropathrin (0.213 fl. oz. per gallon) or water.  The plants 
were allowed to dry, and then each one was caged with 10 
adult psyllids.  The number of live adults was recorded at 24 
hours, 48 hours and one week after treatment.

The amount of mortality of both nymphs and adults varied 
with product.  The mean percent nymphal mortality was 

greatest with fenpropathrin applications, followed by Pest-
Out applications and then water applications (Figure 6).  
Fenpropathrin caused 100 percent mortality of all nymphs in 
the first 24 hours compared to 83 percent mortality caused 
by Pest-Out, and 4.13 percent mortality in the water control.  
There were statistically significant differences among the 
effects of the products; and for each time period, the nymphal 
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mortality imparted by fenpropathrin and Pest-Out did not 
differ statistically.  Both fenpropathrin and Pest-Out imparted 
significantly more mortality on psyllid nymphs than water 
control (Figure 6).  Good coverage with either fenpropathrin or 
Pest-Out was key to imparting significant nymphal mortality.
Mean percent adult mortality was greatest with fenpropathrin 
applications, followed by Summit Year-Round Spray 
Oil applications, Pest-Out applications and then water 
applications (Figure 7). Fenpropathrin caused 100 percent 
mortality of the adults during the first 24 hours.  

Again, there were statistically significant differences among 
treatments at all time periods with fenpropathrin causing 
much higher mortality than the other three treatments for the 
24 hours and 48 hours after treatment.  The mortality caused 
by the Summit Year-Round Spray Oil was significantly greater 
than that for the Pest-Out and water for all time periods and 
was equal to the mortality caused by fenpropathrin after one 
week.  Adult mortality caused by Pest-Out did not differ from 
that of water.  These results are not surprising, considering 
that the product was sprayed onto a plant and allowed to dry,  
 

rather than treating the adults.  Pest-Out is designed to coat 
and smother insects.

The possible effects of Grandevo insecticide on various life 
history parameters other than mortality of the ACP were 
investigated in laboratory studies in the CRF.  Plants with 
similar number of flushes were sprayed to run-off with either 
Grandevo (0.02 pounds per gallon) or water and allowed 
to dry overnight.  Each group of plants (those sprayed with 
Grandevo or those sprayed with water) was caged with 30 ACP 
adults and held for oviposition (laying eggs). The plants were 
checked daily until the first oviposition event was observed, 
then left in the cage for two more days (three-day oviposition 
period).  The plant was removed from the oviposition cage, 
all adult psyllids removed, the number of eggs on the plant 
counted and then the plant was placed into an individual 
cage.  Cages were checked daily, and life history events were 
observed.  Life history parameters measured included number 
of days to first oviposition, number of eggs laid in a three-day 
oviposition period, number of days to first egg hatch, number 
of nymphs produced, number of days to first adult and the 
number of adults produced.
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Figure 7.  The mean percent mortality of Asian citrus psyllid adults when exposed to plants treated with Pest-Out, fenpropathrin, Summit Year-Round Spray Oil 
or water (control).
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During the course of the study above, it was noted that the 
water-treated plants usually had oviposition beginning earlier 
than the Grandevo-treated plants. To determine if oviposition 
was delayed on the Grandevo-treated plants, choice testing 
was conducted. Groups of plants with similar numbers of flush 
were sprayed to run-off with either Grandevo (0.02 lbs. per 

gallon) or water and allowed to dry overnight. The plants were 
then placed in a cage such that equal numbers of Grandevo 
and water-treated plants were available to 30 adult ACP 
(Figure 8). The adults were released in the center of the cage, 
which was left undisturbed for 10 days. Then the number of 
eggs found on each plant was counted and recorded.

Figure 8.  Plant arrangement for the ovipositional choice test with Grandevo-treated plants on one side and water-treated plants on the other.
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Some of the ACP biological attributes were influenced by 
the Grandevo treatment (Table 1).  Numerically, the mean 
number of days to first oviposition and the mean number of 
days to first egg hatch were slightly longer for the Grandevo-
treated plants than the water-treated plants, although the 
differences were not statistically significant. The number 
of eggs laid on the plants differed significantly with almost 
twice as many eggs being laid on water-treated plants than 
on Grandevo-treated plants.  The number of flushing stems 
between the Grandevo-treated and water-treated plants did 
not differ statistically, so the difference in the number of eggs 
laid is most likely due to adult preferences.  The lower number 
of eggs placed on Grandevo-treated plants resulted in fewer 
nymphs on those plants as compared to water-treated plants.  
The number of days to the appearance of the first adult 
and the mean number of adults produced were lower for 
Grandevo-treated plants than for water-treated plants, but no 
statistically significant differences were found.

When ACP adults were given a choice of ovipositing on 
Grandevo or water-treated plants, more eggs were found on 
water-treated plants than on those treated with Grandevo. 
The mean number of eggs found on water-treated plants was 
83.73 (std. error = 27.41), and the mean number on Grandevo-
treated plants was 36.53 (std. error = 15.05). However, after  
 

appropriate statistical analysis, this difference was not 
significant.

The results of this study demonstrate that Grandevo can 
affect biological parameters other than mortality of ACP 
in laboratory studies.  The reduction in the number of eggs 
laid on Grandevo-treated plants needs to be studied under 
field conditions.  If this reduction in oviposition occurs under 
field conditions, Grandevo may be able to be used to reduce 
the fitness of the ACP or modify the behavior of the adult to 
increase the impact of other tactics.

The University of California-Davis Contained Research Facility 
is designed to allow researchers to conduct important 
research on plant pests or pest plants that threaten California 
agriculture without serious environmental impacts. The study 
reviewed here could not be conducted safely in California 
outside a quarantine facility, yet the information generated in 
these studies is needed by individuals involved in agriculture. 
Studies on other citrus pests that could also be conducted 
safely within this facility include investigating the ability of 
native Brevipalpus mites to transmit citrus leprosis virus or the 
interaction of citrus stubborn disease and huanglongbing.  The 
CRF is unique to California, and continues to provide facilities 
for researchers to answer questions critical to maintaining and 
enhancing California agriculture.

9 
 

Table 1.  The mean values and standard errors of the mean for various biological parameters for 

the Asian citrus psyllid when reared on plants treated with Grandevo or water. 

 

Attribute Grandevo Treated Plant Water Treated Plant 
Mean days to first oviposition (S.E.) 6.3 (0.42) 5.29 (0.64) 

Mean number of eggs (S.E.)a 64.4 (12.4) 125.3 (36.18) 

Mean days to first egg hatch (S.E.) 6.06 (0.55) 5.24 (0.51) 

Mean number of nymphs (S.E.) 47.12 (8.63) 69.58 (8.98) 

Mean days to first adult (S.E.) 14.03 (1.29) 14.48 (1.62) 

Mean number of adults produced (S.E.) 20.82 (3.84) 29.50 (5.70) 
 

aStatistically different – F = 6.33, P = 0.02, degrees of freedom = 1,27 

 

  

table 1.  the mean values and standard errors of the mean for various biological parameters for the asian citrus psyllid when reared on plants 
treated with Grandevo or water.

aStatistically different – F = 6.33, P = 0.02, degrees of freedom = 1,27
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CRB-funded ReseaRCh RepoRt

inCReased 
deteCtion 
sensitivity 
of hLB 
pathogen
Targeting a multi-copy 
gene 

Jianchi Chen, Zheng Zheng 
and Xiaoling Deng

Jianchi Chen examines a petri dish containing a bacterial culture.
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Citrus huanglongbing (HLB, yellow shoot disease) is a highly destructive disease in citrus production worldwide. 
“Candidatus Liberibacter asiaticus” is the pathogen of HLB based on strong evidence linking this bacterium 
with the disease. A single incidence of HLB has been reported in California. Although the infected tree was 
quickly destroyed, continuing efforts for early pathogen detection is crucial for the California HLB control 
program. We are developing a new technique for early diagnosis. We have identified a multi-copy gene in the 
HLB pathogen genome. By targeting this bacterial gene, a highly sensitive and accurate detection protocol has 
been developed. Further optimization of the protocol using the new gene is underway.  
     

“Candidatus Liberibacter asiaticus” is a phloem-limited 
bacterium associated with HLB. It was first observed in 

Guangdong, China, more than a century ago, and the disease 
remains as a serious problem for citrus production there  
(Figure 1). The United States was free of HLB until 2006 when 
the disease was diagnosed in Florida. In 2012, a single citrus 
tree was diagnosed with HLB in Hacienda Heights, California. 
Although the diseased tree was quickly removed, serious 
concerns remain about whether infected trees could still exist 
in the state. The current HLB control strategy in California is 
eradication. An effective eradication program depends on the 
early diagnosis of HLB and requires great sensitivity, accuracy 
and confidence to detect the HLB pathogen. 

the numBeR game in using pCR 
to deteCt BaCteRia
Detection of the HLB bacterium has relied heavily on PCR 
(polymerase chain reaction) techniques, which require known 
bacterial DNA sequences to work. Since HLB bacteria cannot 
be cultured in artificial media, few gene sequences were 
known about the pathogen before the completion of a whole 
genome sequence of a Florida strain. The 16S rRNA gene was 
among the first few genes recognized and studied in the HLB 
bacterium. For this reason, the standard PCR protocol for the 
detection of the HLB bacterium employs primers derived from 
the16S rRNA gene. PCR sensitivity is directly proportional to 
the copy number of the gene used for primer design, because 
a higher copy number means more DNA templates will be 
available for the PCR process to begin with. There are three 

Figure 1.  Huanglongbing (HLB) symptoms on sweet orange trees in Guangdong, China. Left: yellow shoot symptoms. Note the characteristic of yellowing of 
young shoots from the green canopy. Right: zinc deficiency-like symptoms.
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copies of the 16S rRNA gene in the HLB bacterial genome. To 
increase the sensitivity of detection of HLB bacteria based on 
the use of 16S rRNA gene primers, one simple and straight 
forward idea is to identify an HLB bacterial gene that has more 
than three copies in the genome and design a primer set for it.

In our last report (Citrograph, Fall 2014), we had successfully 
developed a PCR system to detect Spiroplasma citri, the 
pathogen of citrus stubborn disease. Since the stubborn 
disease pathogen can be cultured, more basic research 
has been performed on it than on the HLB bacterium; and, 
therefore, more biological information is available. One finding 
about the stubborn disease pathogen is that it has phage or 
bacterial virus genes in its genome. Phage genes in a bacterial 
cell can have hundreds or thousands of copies. Therefore, 
for the citrus stubborn pathogen, two primer sets targeting 
phage genes were designed and used to significantly increase 
bacterial detection sensitivity compared to use of 16S rRNA 
gene primers. 

an unsuCCessfuL attempt 
to inCRease hLB pathogen 
deteCtion sensitivity with the 
phage gene
The stubborn disease pathogen shares similarity with the HLB 
pathogen in that they both colonize citrus phloem tissue. 
Therefore, the method for detecting the stubborn pathogen 
is a good reference for detection of the HLB pathogen. 
Recent research on the HLB pathogen also suggested that 
this bacterium could contain phages; however, the evidence 
for HLB pathogen phages was not as strong as that for the 
stubborn disease pathogen. Regardless, a phage gene in the 
HLB pathogen was selected to design PCR primers. As shown 
in Figure 2, there was no significant sensitivity increase 
by using phage-based primers instead of 16S rRNA gene-
based primers. In fact, the phage-based primer set exhibited 

Figure 2. Comparison between a phage-based primer set and a 16S rRNA gene-based primer set for PCR detection of HLB pathogen with six samples from China 
and six samples from Florida. Note that the lower the Ct value, the higher the detection sensitivity. There are no significance sensitivity differences between the 
phage primer set and the 16S rRNA gene primer set. 
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lower sensitivity than the 16S rRNA gene-based primer set, 
suggesting that the copy number of the phage gene was 
fewer than three. 

Research efforts then shifted to find other gene(s) in the HLB 
pathogen genome that have copy numbers greater than the 
16S rRNA gene. This required comparisons of whole genome 
sequences from multiple HLB pathogen strains. Our goal was 
to obtain more whole genome sequences, particularly from 
the “California strain” (which was found infecting one tree in 
Hacienda Heights, subsequently labeled HHCA). The California 
strain genome sequence not only provides information to 
find high copy number genes, but also sets a foundation for 
further research related to the California HLB. Bacterial whole 
genome sequencing itself was and remains a challenging 
research issue. However, we successfully employed a new 
technology, called next generation sequencing (NGS), to 
reach our sequencing goals.

whoLe genome sequenCing of 
two hLB pathogen stRains 
Next Generation Sequencing (NGS) is a term used to describe 
a number of recently developed sequencing technologies 

including Illumina, 454, Ion Torrent, SOLiD and others that have 
made it possible for affordable, high through-put sequencing 
efforts in recent years.  NGS generates a huge amount of DNA 
sequence data (Giga-base level short sequences of 200-300 
base pairs or bp each) in one experimental run from a single 
sample. This means that potentially all bacterial DNA along 
with plant DNA in the sample can be sequenced, and an 
extensive DNA sequence information data set is built. The NGS 
sequence data set is then subjected to computer analyses. 
One popular Illumina technology is MiSeq, which enables up 
to 15 Giga-base of output with 25 million sequence pieces 
and 200-300 bp for each piece.

As illustrated in Figure 3, a MiSeq experiment generated a 
large number of short sequences from a citrus sample known 
to be positive for the HLB bacterium. As expected, most DNA 
pieces were from the host citrus tree, but some DNA pieces 
were from the HLB pathogen and other microorganisms. 
Using available computer software, all sequences of the 
HLB pathogen DNA could be collected and assembled into 
a whole bacterial genome. By following such a process, two 
HLB bacterial whole genome sequences were successfully 
obtained. Strain A4 was from Guangdong, China, representing 
a collection from an “old” region; and strain HHCA was from 
Hacienda Heights, California, representing a collection from a 
“new” region.  

Figure 3. Illustration of how Next Generation Sequencing (NGS) technology helps to obtain HLB pathogen whole genome sequence. Briefly, a HLB sample 
is turned into DNA pieces. HLB pathogen DNA was collected and assembled into a whole genome sequence through computer analyses. CLas, “Candidatus 
Liberibacter asiaticus.”



48   Citrograph Magazine  |  Winter 2015

identifiCation of an hLB 
pathogen gene with five Copies
Strain psy62 is the first published HLB pathogen genome 
sequence that was collected from a psyllid in Florida and 
is commonly used as a reference strain. After aligning the 
genome sequences of strains A4 and HHCA with the referenced 
genome sequence of strain psy62 using computer software, 
high copy number sequences among the genomes became 
visible (Figure 4). These high copy number sequences were 
then collected and analyzed. A gene called ribonucleotide 
reductase (RNR) was identified to have five copies in the HLB 
pathogen genomes. This was greater than the three copies of 
the16S rRNA gene. 

 With the sequence of the RNR gene, a PCR primer set, RNR322-
8f/RNR322-8r, was designed. A PCR experiment was performed 
with HLB samples collected from nine regions, seven in China 
and two in the U.S. The 16S rRNA gene-based primer set was 
used for comparison. As shown in Figure 5, the Ct values from 
RNR gene-based primer set were consistently lower than 
those of the 16S rRNA gene-based primer set, implying greater 
amplification and, therefore, greater sensitivity of the RNR 
primers. More research is currently underway to vigorously 
test and optimize the use of the RNR primer set.    

In conclusion, this project employed NGS technology 
to generate new genome sequences and used the new 
information to improve HLB pathogen detection sensitivity. 
An HLB pathogen gene, RNR, with a copy number of five was 
identified through whole genome sequence analyses. A PCR 
experiment using a primer set developed for the RNR gene 
demonstrated greater detection sensitivity than the 16S rRNA 

Figure 4. Illustration of whole genome sequence comparison of three HLB pathogen strains (Psy62, HHCA, and A4) to identify high copy number genes. An RNR 
(ribonucleotide reductase) gene was found to have five copies (red arrows) compared to three copies of 16S rRNA gene (blue arrows).

Glossary
Phages – Bacterial viruses. One bacterial cell can have many 
viruses of the same type. 

Copy number – The number of the same DNA sequences in 
a bacterial cell. 

Polymerase Chain Reaction (PCR) – A biochemical 
technology used to amplify a single or a few pieces of DNA 
and generate thousands to millions of copies of a particular 
DNA sequence.

16S rRNA – A type of RNA molecules involved in protein 
synthesis in bacterial cells. The gene sequence coding for 
16S rRNA in a bacterial species has very limited changes. 
Therefore, it is used to classify bacteria species.
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Figure 5. Increase of PCR detection sensitivity (decrease in Ct value) from an RNR-based primer set over the 16S rRNA-based primer set with HLB samples from 
China (GD, YN, HN, GX, JX, ZJ and FJ) and from U.S. (Florida and Texas). An overall Ct value decrease is 2.35.

gene primer set currently used for HLB pathogen detection. 
The improved detection system is of particular significance 
for screening asymptomatic plants and insect vectors to 
determine whether or not they carry the HLB pathogen. 
Programs such as California Citrus Clonal Protection Program 
may consider using this technique in variety registration and 
nursery surveys. 
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