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THAT’S HOW MOVENTO® MAKES ORANGES FEEL.

"'s powerful two-way systemic action makes it unique among insecticides.
stry allows it to move within plants and spread throughout the entire system.
ults in long-lasting, reliable protection against Asian citrus psyllid and red scale.
"~ So you'll have stronger, healthier plants that produce a healthier crop year over year.

For more information, visit www.Movento.us.

Bayer CropScience

Bayer CropScience LP, 2 TW Alexander Drive, Research Triangle Park, NC 27709. Always read and follow label instructions. Bayer, the Bayer Cross, and Movento are

registered trademarks of Bayer. For additional product information, call toll-free 1-866-99-BAYER (1-866-992-2937) or visit our Web site at www.BayerCropScience.us.
CRO512MOVENTA018VOOR1



Cover photo by Anne Warring

An Official Publication of the Citrus Research Board

IN THIS ISSUE

SUBSCRIPTIONS
u.s. Canadian & Foreign: . .
Single Copies: $1.50 1-Year Subscription: $30.00 4 Edltorlal

1-Year Subscription: $15.00  2-Year Subscription: $56.00
2-Year Subscription: $28.00

Send Subscription Requests To:

Citrus Research Board
P.O. Box 230, Visalia, CA 93279

PUBLICATION OFFICE

P.0O. Box 230 FAX: 559-738-0607

Visalia, CA 93279 Web Site:

Phone: 559-738-0246 http://www.citrusresearch.org
Louise Fisher, Managing Editor

Dr. MaryLou Polek, Chief Science Editor

EDITORIAL BOARD SCIENCE REVIEW PANEL
Dr. Mary Lu Arpaia Dr. Mary Lu Arpaia

Ted Batkin James A. Bethke
Richard Bennett Dr. Abhaya Dandekar
Franco Bernardi Dr. Akif Eskalen

Dan Dreyer Dr. Stephen Garnsey

Dr. Ben Faber Dr. Joseph Smilanick
Jim Gorden

Julia Inestroza
Dennis Laux

Editorial services provided by Anne Warring,
Warring Enterprises, Visalia, CA 93277

PRODUCTION INFORMATION

Judy Brent Dale Hahn, Design
Production Manager Phone: 630-462-2308
255 38th Avenue Suite P dhahn@farmprogress.com
St. Charles, IL 60174

Phone: 630-462-2919

Jjbrent@farmprogress.com

ADVERTISING INFORMATION

Sandy Creighton Cherie Averill
Ad Sales Manager Ad Sales Representative
Phone: (559) 201-9225 Phone: 402-489-9334

screighton@farmprogress.com caverill@farmprogress.com

ADVERTISING RATES

RATES B/W 2/C
PAGE ..oorrrerereereneeeemssenseeenes $690.......$860

2/3 Page Vertical.. ..540.......... 700
1/2 Page Vert/Horiz..... ..410.........580..
1/3 Page Square/Vert ....... 285 455....
1/4 Page 200 370....
1/6 Page Vertical 140 310....
1/8 Page Horizontal............ 140.......... 310

*Frequency discounts: 2X-5%, 3X—7%, 4X-10%
Above rates are gross; 15% discount to recognized agencies.

6 Industry Views
10 About the Cover
13 CRB 2012 Annual Report

16 CRB picks Florida’s Ken Keck
as new CEO

22 The future nursery tree:
what can we expect?

26 Bifenthrin trunk sprays as a strategy for
Fuller rose beetle (FRB) field control
in 2013

34 Fruit quality evaluations of introduced
Satsuma selections for California

52 Classical biological control of Asian
citrus psyllid with Tamarixia radiata in
urban Southern California

60 Citrus Roots: California Citrus Spurred
Colonization — 1919 Explosion

66 Celebrating Citrus

Citrograph is published bimonthly by the Citrus Research Board, 217 N. Encina, Visalia, CA 93291. Citrograph is sent to all
California citrus producers courtesy of the Citrus Research Board. If you are currently receiving multiple copies, or would like
to make a change in your Citrograph subscription, please contact the publication office (above, left).

Every effort is made to ensure accuracy in articles published by Citrograph; however, the publishers assume no responsibility
for losses sustained, allegedly resulting from following recommendations in this magazine. Consult your local authorities.

The Citrus Research Board has not tested any of the products advertised in this publication, nor has it verified any of the
statements made in any of the advertisements. The Board does not warrant, expressly or implicitly, the fitness of any product
advertised or the suitability of any advice or statements contained herein.

March/April 2013 Citrograph 3



E DlTORlAL BY TED A. BATKIN, President, Citrus Research Board

Remember, it’s all about the TREE!

: n these days when we all feel like we are continuously drinking

It IS the tree that from a fire hose trying to stay up with this issue or that regulation
. : which is coming at us, we must take a step back and remember
pl‘OVldeS the ff“lt why we are here. It certainly is NOT to see who is the most im-

portant person in the system or what is the most important program
we Se“ and feeds the in the industry, it is truly all about the tree. That is where we all get

economic maChine our livelihoods from and what provides the standard by which we live.
For it is the tree that provides the fruit we sell and feeds the economic
machine we all rely on.

we all rely on. For the past 20 years, I have had to constantly remind myself of
the purpose of the industry programs. It is all too easy to get caught
up in the details of a research project that seems new and exciting
with the discovery of a new gene or new method of managing a dis-
ease and forget the key factor, which is what will this do to the tree
and the fruit quality. The same applies when it comes to programs and
other distractions. We all seem to get so caught up in organizational
posturing and details that we forget why we are doing the program in
the first place.

As an industry worldwide, we are facing a serious threat from the
Asian citrus psyllid and the disease it vectors, huanglongbing. HLB is
all about the tree; we know from experience that it will kill the tree
and, during the slow death, render the fruit inedible and unmarketable.

True, there are pest management hurdles that lead to regulatory
hurdles that lead to higher costs that threaten profitability. This is not
a pretty picture. However, the key point to remember is “What does
it take to protect the TREE?” Experience from other parts of the
globe tells us that control of the vector is the first line of defense in
protecting groves from a possible invasion of the bacteria associ-
ated with HLB.

Now I am hearing questions like “Why are we spending mon-
ey on searching for HLB in urban areas?” This is simple: that is
where the bacteria is, and the sooner we find it the better chance
we have of keeping it contained and away from commercial pro-
duction. CDFA can only exercise their authority of removing an
infected tree if we/they can find it and confirm the presence of
the disease.

Yes, this is an expensive program and threatens profits in tough
times. But what are the costs of having the disease overtake the state
and force you to completely re-tool your operation to another com-
modity? Just remember, HLB Kkills the tree and our industry is “All
about the tree!!”
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INDUSTRY VIEWS

Citrograph asks: What were the most significant take-home
messages from the recent international research conference on HLB?

Some 300 scientists from 22 countries met in Orlando, agenda and proceedings are available at http://irchlb.org.)
Florida, in early February for IRCHLB III, the 3rd Inter- Hosted by Florida Citrus Mutual, IRCHLB III was orga-
national Research Conference on Huanglongbing. The nized by representatives of the USDA Agricultural Research
researchers were joined by industry leaders, bringing the Service (ARS) and the University of Florida’s Institute of
total number of participants to 480. Food and Agricultural Sciences (IFAS).

The conference was four full days of presentations The Citrus Research Board, California Citrus Mutual and
and poster sessions -- 167 topics in all -- dealing with the Sunkist helped sponsor the conference along with Florida’s
biology, epidemiology, management, and economics of Citrus Research & Development Foundation (CRDF), Texas

huanglongbing disease and the

Asian citrus psyllid. (The Citrus Mutual, Fundecitrus, Cutrale, KeyPlex, and Syngenta.

isturbing news from the HLB meeting in Orlando is that we are starting to understand that

ACP and HLB form a high co-evolved vector-pathogen system. We knew that Las bacteria
(Candidatus Liberibacter asiaticus) are mostly dependent on ACP for movement to new plants
where the bacteria can reproduce, but what is now becoming clear is that the presence of Las
bacteria in plants benefits ACP in terms of shorter development time of nymphs and more eggs
produced by females (paper #4.3). A second piece of evidence for this is that uninfected adult
ACP appear to be attracted to Las+ citrus more than to clean citrus, but after feeding on infected
plants (with the potential to pick up the bacterium) they tend to leave infected plants and are
then more highly attracted to clean trees (paper #5.2).

A third piece of evidence for this co-evolution was the statement at the meeting that prelimi-
nary evidence suggests an infected ACP adult can land on an uninfected citrus tree, will choose
an area of the plant to feed on, can inject the bacterium, will lay eggs in the vicinity of where it
fed, and her offspring can acquire Las as nymphs from what had previously been a clean tree. It
is amazing (and disappointing) that transmission to the next generation can occur this quickly.

This news suggests to me that we cannot be too vigilant in California in chemically controlling
ACP and rapidly removing HLB-infected trees. We are at a critical point in time, and the industry
must come together to deal with this vector-pathogen system in a very aggressive manner. From
what we have heard in Florida, area-wide management of ACP can be surprisingly effective, but
this breaks down if only a few growers decide not to treat. Thus, it is critical that ALL growers
become part of area-wide management programs if we are going to effectively manage this deadly
disease. -- Dr. Joseph Morse, University of California, Riverside

(14 Control, Control, Control.” The message was succinct and direct. The Asian citrus psyllid

must be controlled at the highest level possible to enhance the efforts against the intro-
duction or spread of huanglongbing. The results of the Florida industry’s failure to control ACP
early on has those growers fighting for their “citrus lives”, willing to try anything, at consider-
able expense, to extend the lives of the trees and insure some level of production until research
produces “the cure.”

Millions of dollars are being invested, and thousands of research projects are being conducted
worldwide -- several of which were highlighted at the conference. To the layman, it appears the
answer is getting closer, but the timeline remains nebulous.

For California growers, it is encouraging to see the potential of new tools coming on line for
the early detection of HLB prior to visible tree symptoms being exhibited: 1) Development of a
VOC sniffer,2) Ability to detect the unique RNAs produced by the plant as a defense response to
Liberibacter, 3) Identified proteins are secreted by the bacteria that are translocated throughout
the tree, 4) Recent work shows the bacteria has been detected in the tree roots before visible
symptoms on the scion and leaf tissue through PCR analysis. -- Shirley Batchman, California
Citrus Mutual
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he HLB conference was an ears-pinned-back tempest of information and new words (“tet-

razygs” was one of my favorites; they are crosses of four rootstocks, each of which imparts
resistance to a different disease).

The wide array of research projects being explored all around the citrus-producing world
gave me great hope that something, somewhere will be successful. And because we are behind
most of the world in the progression of ACP and HLB, we have a better chance of having a viable
industry to save when research does come to fruition — IF we heed the message that we heard
reinforced repeatedly —CONTROL THE PSYLLID!

“It takes a lot fewer psyllids to spread HLB than we thought.” “Control of ACP must be
almost perfect.” “Failure to control ACP one year will result in a multi-year increase in HLB
infection rates.” It came from multiple angles from people all over the world. ACP is relatively
easy to kill, and the fewer of them around when HLB appears, the slower the disease — for which
there is no cure — will spread. We are at a crucial juncture in California — the early stages of
infestation — and we have one shot to get this right. -- Leslie Leavens, Leavens Ranches

t was most disturbing to find out (paper #7.3) that Florida citrus trees with huanglongbing had
dropped fruit twice this season and resulted in two corresponding reductions in the industry
crop estimate. More fruit drop had occurred than from any previous freeze or hurricane.
Researchers have found (paper #4.3) that the bacteria (Las) causes greater egg production
in infected psyllids. Mike Irey (paper #6.11) said that growers aren’t scouting very well for HLB.
Tree infection rates need to be kept under 5 to 8 percent (the percent of tree removal per year
to stay in business). Under Florida conditions, one ACP caught in a yellow sticky trap equals
approximately 1,000 ACP in the field (Dr. Lukasz Stelinski). We learned at the University of
Florida Lake Alfred station meeting with Dr. Stelinski and Dr. Michael Rogers that Kaolin clay
applications are helping keep young trees protected. In Brazil (paper #6.8), mineral oil has a
repellent effect on ACP. Oil reduces egg laying and kills adults also. Citrus Health Management
Areas (CHMAs ) have reduced ACP risk and slowed down the HLB epidemic (paper #3.2). --
Tom Roberts, Integrated Consulting Entomology

y observations of the development in research on HLB and related topics were:
1. Significant progress in all areas of research, understanding of Liberibacters.
2. Lessons learned from Florida -- early reaction, control ACP, rogue out HLB.
3. Development in breeding, both genetic and conventional.
4. Improving early detection of HLB and advancement of therapeutic ideas.
5. HLB is not seed transmissible; coordinated methods are successful.

Progress in all areas of HLB research is advancing much faster and knowledge gaps are
being filled in, especially with respect to the genetic understanding of the Liberibacters which
most probably cause the tree decline. A new Liberibacter was recently discovered that may lead
to a much better understanding of HLB and maybe the ability to culture a very closely related
bacteria for the first time. This is a significant forward step. (Since the conference, several other
related C. Liberibacters have been identified; the needed information to help detect, understand,
and control the pathogen may be near.)

Also, the action plan for any grower is to have healthy trees, especially roots; survey for ACP
and HLB; control ACP, (area-wide cooperation), rogue out HLB-infected trees as soon as detect-
able! Replant with clean trees as necessary (FL), and in California, search for the presence of
HLB symptoms! Control root pathogens, as weakened roots are more susceptible to the effects
of HLB than healthy roots! HLB may first be at work in the roots prior to the scions! This may
help us with early detection and action plans.

The long-term solutions may include genetically modified trees to confer resistance to CLas
and/or clear the pathogen from the trees. Significant progress has been made on the science side
of the equation; soon the regulation side will have to be addressed, not an insignificant process.
However, there has recently been a very encouraging result of traditional breeding which shows
resistance to HLB -- keep an eye on “US9” as it is studied in trials. More work is ongoing and
shows promise in both genetic and conventional methods.

Several methods of early detection are maturing rapidly: VOCs (volatile organic compounds),
DNA test kits, antimicrobial tests, small secreted molecules, electron microscopy, hypo spectral
methods of disease detection, host plant response methods are all advancing rapidly and will lead
to a set of methods for use in various environments as well as being supportive to each other. All
methods of detection are revealing opportunities to develop ideas to control the pathogens as
well. The last of the results to report here is that HLB is not seed transmissible!

With advancements in the science and cultural practices, we will have the methods to fight
this and other major citrus diseases. The future is looking brighter. We must all work together!
-- Earl Rutz, Rancho Pauma Granite
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INDUSTRY VIEWS ...continued

have been fortunate to have attended each of the first three International Conferences on HLB.
If I had to briefly characterize the mood or mindset at each one, it would be as follows:

¢ 2008 - doom and gloom... Florida was reeling from the wide spread onslaught of HLB in all
its growing areas.

¢ 2011 - still concern... but there seemed to be a more positive and upbeat attitude -- my guess
would be as a result of the massive amount of funds that were made available for ACP/HLB research
since the previous conference.

¢ 2013 - a real sense of urgency to find a solution. The decline in orchards was more evident as
we traveled through parts of the growing areas we had seen in prior years. In addition to the symp-
toms you might expect to see, a very significant amount of fruit drop was also adding to growers’
woes. This was a first since the onset of the disease.

Other takeaways from this 2013 Conference:

¢ Tree nutrition... This is becoming more widely adopted by growers. Improving the tree’s health
through better nutrition seems to have some benefit in keeping orchards in a better productive state
while mitigating the effects normally associated with HLB-infected trees. We visited one of Maury
Boyd’s groves, and while the trees still fell short of the type of tree we normally see in California,
it was still producing fruit that was in good shape and acceptable for processing. There was also a
noticeable lack of dropped fruit there, too. Let me add that this is not a cure. The trees are still infected
with HLB. The real question is, how long will the nutritional program continue to be effective?

¢ HLB movement in the tree... We learned that upon infection of the tree by ACP, the disease
first moves downward into the root system where it may sit for quite some time before it starts the
upward movement into the scion of the tree. Perhaps this plays a role in the disease’s latent procliv-
ity to express itself. It was suggested that testing the roots of suspect trees may give us much earlier
indications of a tree’s health.

e Since these conferences occur every two years or so, 2015 will be the next. If you are familiar
with the dice game Craps, you know that rolling a seven or an eleven is a good thing. Let’s hope
that the next conference (seven years since inception brings results from our scientific community
that results in the solution so urgently demanded this year. Eleven years may be too late for some.
-- Dan Galbraith, Limoneira Company

(559) 584-7695 —

SUPERIOR Limestone
10367 Houston Avenue .
Hanford, CA 93230 Dolomite

Call us or visit our website Compost and
www.superiorsoil.com Compost Blends

o Soil Sulfur “Soluble Powder"
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ABOUT THE COVER

Working to stay ahead
of the curve

Anne Warring

2011 has featured a grower on the cover, and this time
it’s Fresno County’s William Cotner.

Bill is in some ways representative of a number of produc-
ers in our industry these days who farm less than 100 acres and
who have, in his words, “grave concerns” about the long-term
sustainability of small family farming.

He made the comments about an uncertain future while
being interviewed about getting food-safety certified. Gestur-
ing toward the 5” thick GAPs binder next to his laptop, he
said, “large corporations hire people just to do this. That’s one
of the ways small farmers are at a disadvantage because we
don’t have the financial ability to pay someone to take care
of it for us.

Every issue of Citrograph since November/December

L.h_i_-.' [Tl el ] .
Roy Cotner and son Bill at the return system installed 25
years ago that keeps all water on the property even after a
heavy rain. Inset: Bill updating his food safety paperwork.
Photos by Alex Cotner.

10 Citrograph March/April 2013

“If you farm by yourself, you're the farmer, you're the
money manager, the one who stays current with all the re-
quirements, the one who goes to classes, the one who does all
the paperwork. And the hoops you have to jump through are
getting higher and higher.

“I see a time when us little farmers will not exist because
we will not be able to keep up with the rules and regulations
that government is laying on us.”

Even so, having said all of that, he is nowhere near ready
to throw in the towel. In fact, quite the opposite. “I want the
hearse to haul me away from this place!”

‘I love farming’

“I love the farming business,” he says, “and I am deter-
mined to stay here and do this.” What’s more, he and his wife,
Dee, are looking forward to the day when their son Alex takes
over and follows in the footsteps of his father, grandfather, and
great-grandfather.

Bill has been the ranch manager for his parents, Roy C.
and Eva Cotner, for 20 years. Both couples have homes on
their 35-acre ranch near Minkler where they grow mainly
Frost Washington navels but also have a few acres of Fukumo-
tos and Becks. Closer to Sanger, they have another 18 acres of
Fukumotos on a ranch that Eva inherited.

Bill has lived on the ranch for all but five of his 65 years,
and, like every grower’s son, has always been hands-on. But he
has also had another career in information technology.

He was introduced to computers during active duty with
the Air National Guard and went on to work for the County of
Fresno for 33 years in various IT supervisory positions before
opting to take an early retirement in 2006 to be able to do the
farming full-time. His parents own the ranches, and Bill runs
the business under contract. He took over operations when
Roy became semi-retired at age 70.

So, what is Cotner’s approach, as he copes with the ever-
increasing requirements and the ever-increasing workload?

It’s obvious from spending just an hour or two with him
that Cotner is a high-energy person who is eager to get on with
things, and when those things include difficult issues, he deals
by being proactive.

It may be a cliché, but “proactive” is really the right word
for Bill because it’s how he operates -- “acting in anticipation
of future problems, needs, or changes.”

It’s a natural inclination he says he gets from his dad, not-
ing that Roy was ahead-of-the-curve in recognizing air quality
concerns and adopted a no-burn policy early on.

He also mentions Roy’s early instincts about water issues
and points to the irrigation water return system they installed
some 25 years ago. The purpose at the time was water conser-
vation, but when they went to microsprinklers they kept the
return in place. It’s significant today, of course, because there
is absolutely no runoff of any kind from the property, Bill says,
even after a downpour.

‘Grower GAPS’ a challenge to be met

Cotner has been looking at the food safety issue for these
past several years as a challenge to be met head-on.

One of the standards he sets for himself is to always stay
on top of things.

He had been following the news of food-borne illnesses
involving other commodities -- (though citrus is grown off the
ground, he had stopped applying manure after the 2006 E. coli
outbreak in spinach) -- and he was well aware of packinghous-
es needing to undergo third-party audits. ...continued on p. 12
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But his attention to the issue became a whole lot sharper
when he saw a newspaper story that two of the largest big-
box retailers wanted only produce that was certified safe at the
grower level. “I showed the article to my folks that same day
and said I think we should pursue this.”

He recalls “mulling it over for about a week” and then
calling the manager of Orange Cove-Sanger Citrus Associa-
tion, Kevin Severns, to discuss it.

Less than a month later, Severns had arranged for Cotner
to meet with Sunkist’s food safety director Bob Elliott and El-
liott’s colleague, food safety specialist Elena Jimenez.

At the time, Cotner was shipping though both Sunkist and
Duda Farm Fresh Foods, so very shortly he was also in contact
with Melissa Mundo at Duda.

Hosted a mock audit

There are a number of people in California citrus who
have been working in the food safety arena for years -- for
nearly a decade in some cases -- and they come together quite
often as an informal group to coordinate efforts.

Two years ago, the group had a draft set of templates and
checklists for commodity-specific GAPs for citrus and wanted
to test them in the field to see how practicable they would be,
especially for a small-scale operator, and how a grower’s food
safety program based on those checklists would fare in an au-
dit.

This work was part of an initiative by the entire U.S. fresh
produce industry to develop a Harmonized GAPS Food Safe-
ty Standard.

At that point -- June 2011 -- Cotner had become so im-
mersed in the subject and was so engaged, he was willing to be
the guinea pig. He hosted a half-day “mock audit” in his pole
barn and made his ranch and all of his preliminary self-audit
paperwork available for scrutiny.

He was then asked to talk about his experiences as a pan-
elist for a food safety breakout session at California Citrus
Mutual’s 2012 Citrus Showcase.

When he was ready to be audited for certification, he
chose to work through CDFA and USDA and singles out the
staff at the CDFA office in Dinuba as especially helpful.

Overall, he says, the process was constructive.

“Most of the small growers are against this, still to this
day,” he says. “I've got many associate farmers in my area who
are my size who really don’t know why I'm so involved with
this.”

With mandates on the way from the Food Safety Modern-
ization Act, his advice is to “learn all you can and do all you
can” to be in the best possible position, adding that there are
excellent tools available especially on the CCQC and CCM
websites.

He thinks most growers will find they are “already doing
a lot of it,” though probably not with the full documentation
required.

Bottom line, Cotner says, “It’s do-able. It is what it is, and
you’ve got to get with the program and live with it.” @

THE ANSWER

From page 5, what do all of those things have in common?
The answer is sour orange. To read a wonderful article by David
Karp, go to www.latimes.com. Search for “sour oranges david
karp,” scroll down to “where to buy sour oranges” and then open
“sour oranges find sweet spot in California.”




CRB 2012
Annual Report

Ted Batkin, President

the Citrus Research Board relationship with the

Citrus Pest and Disease Prevention Committee
(CPDPC) and the California Department of Food and
Agriculture (CDFA). During the fiscal year, CRB turned
over the supervision of the field trapping program to
CDFA for regulatory purposes. This allowed the trapping
program to provide certification for Australian ship-
ments under the USDA Bilateral Agreement for Asian
citrus psyllid (ACP) populations within the groves. As
a result, the amount of money expended by CRB for
the trapping program was reduced from the previous
year as the funds were shifted directly to CDFA for the
activities in April.

One significant change to the general effort in the
past fiscal year was the addition of the High Risk Ur-
ban Survey conducted by CDFA under contract with
USDA-APHIS. This survey is conducted in urban areas
throughout Southern California to look for the bacteria
associated with huanglongbing disease in citrus trees.
While the focus is on plant material, samples of Asian
citrus psyllid taken in the survey are being processed at
both the CDFA laboratory and the CRB laboratory in
Riverside as part of the overall program.

The CRB research program continues to seek long-
term solutions to HLB while developing short-term
detection mechanisms for infected trees. The VOC
sensor system continues to be the foundational tool for
early detection with confirmation systems coming from
three other methods of detection. All these systems
are based on finding the host plant response before the
actual HLB symptoms become visible or detectable in
the tree by currently certified methods. This has been the
outcome of five programs funded by the CRB over the
past 10 years. Additionally, the Lateral Flow Microarray
program has reached the level of commercialization and
will be available later this year to the grower community
for confirmation testing in Florida where HLB exists.

The Board welcomes your comments and observa-
tions to the Citrus Research Program. The following
table lists the audited financial statement for the 2012
fiscal year. A complete copy of the audit is available for
viewing at the CRB office at 217 N. Encina, Visalia, CA.
You are welcome to visit us at any time to discuss any
elements of the program and see what we are doing.
This is your program, and we look forward to hearing
from you.

The 2012 season brought about more changes in

CITRUS RESEARCH BOARD
October 1, 2011 through September 30, 2012

INCOME
2011-2012 FY Assessment Income.................... 5,609,392
Prior Season INCOME.........cccoceeeveeeicrcceieiieevee (42,011)
Investment Interest Income...........ccccoeveeviereennnee. 37,229
Investment Dividend Income...........cccceevveeveennee. 22,542
RENL... .o ,650
Citrograph Advertising ..........cccccoeevveveecevieececrenene 39,126
Conference Registration Fees ...........ccccceevveurennnee. 33,470
Outside INCOME........cocveeereiieeeeee e 4,550
Grower Seminar Registration ............ccccccceveeeennnee. 83,595
Reimbursed EXPENnSes...........ccoceeeveevirereereeseevennenes 153,813
Lab SEIVICES......coeeveveiereeeteeseeeee e 20,919
CPDPC Reimbursement Income ......................... 2,153,966
TOTAL FUNDS AVAILABLE.................. 8,118,241
EXPENSES
RESEARCH PROGRAM
Production Efficiency
Unforbidden FruitS ..........ccooeeevieeiiceceeceeeecee 14,277
Breaking Citrus Trade Barriers...........ccocvreevienenens 32,858
Measuring Ozone Removal...........ccccevvvvveccvennnns 55,583
Bio Sensor Development for Citrus
Disease Diagnosis .........ccceeeveeveeieieeeciesesresienns 120,113
Integrated Low Cost Nucleic Acid Analysis ............ 153,810
Development, Validation & Deployment................. 297,000
Pre-Commercial Development of
Portable SENSOrs........c.coeeeveveveeeeeeeeeeeee e 122,866
Citrus Cryopreservation .............cccceeevveveeeeisrenennns 28,700
Total Production Efficiency 825,207

New Varieties
Factors Influencing Post Harv Qual Mandarins......... 63,903

Test Transgenic Carrizo Rootstock........................... 50,000
Development of Cryotherapy........cccocceveeenviininen, 25,000
Founder Lines for Improved Citrus ........................ 142,748
Citrus Breeding & Evaluation-CORE........................ 456,707
Total Plant Improvement

Vectored Diseases

Small RNA for HLB Plant Response ....................... 130,432
Identification of Spiroplasma citri............................ 59,577
Avoiding Economic Losses in CA Citrus................... 54,035
Screening Citrus GErmplasm.........ccovvvererereseneneas 19,000
Detection of HLB — Secreted Proteins...................... 62,196
Biomarkers for Detection of HLB..........cccccoevvrinnnee. 59,300

Total Vectored Diseases

Non-Vectored & Post Harvest Diseases

Evaluation of PH Treatments ..........cccccoeeeecviiennene. 56,000
New Technologies to Minimize PH Decay ................ 46,500
Septoria SPot........cceveiiiieecce e 49,000
Investigating Important Citrus Diseases ................ 124,143
Rapid Identification of Unknown Citrus Virus ........... 80,000
PH Microbial Food Safety ..........cccccoeeeveeeecriicnrneee. 55,780
Assessment of Bacteriology ...........ccccoeeveveeeicnnnne. 30,000
Total Non-Vectored & Post Harvest Diseases ........

738,358

384,540

441,423
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Pest Management

Assessment of Systemic Neonicotinoid................. 112,524
Host Specificity Testing of Tamarixia ....................... 80,018
Preparation for Citrus Leprosis..........cccceeeveeveevrrenee. 13,304
Evaluation of QilS .........ccccoeevveeeveieiccecee e 5,532
ACP Attractants..........cccocevvveievececcec e 177,475
Development of Pathogen Dispenser..................... 114,400
Optimizing Chemical Control of ACP............cccccuen.. 80,941
Maintenance of Foundation ACP...........cccccoovevvennee. 64,688
Host Specificity Testing.........ccccevevvveveeevevcceeenee 58,097
ACP GENOME.........ceeveereerieeresee et 94,643
Evaluation of Three Lure Detection Trap .................. 25,000
Release & Monitor Tamarixia...........ccccceoeeerreerennens 110,160
Hydrogen Cyanide ReSidUEs.........ccccevvvvveererenrerenns 10,000
Biological Control of ACP.........ccccveveieeeieiieeee. 101,517
CORE IPM Program...........ccccoeeeeueueeereeeereesiereenene 372,374
Total Pest Management 1,420,673
Research Administration
Salaries & Benefits — Research Admin .................. 172,466
TrAVEL o 15,370
Total Research Admin 187,836
TOTAL RESEARCH PROGRAM ............ccocvreceeene 3,998,037
CRB COMUNICATIONS PROGRAM
Core Grower Education Program..............ccccocca..... 20,790
Gitrograph ........ccoeeeveeeeeeeeeeeee e 134,763
Editorial SUpport ..o 6,125
WEDSILE ... 818
Salaries & Benefits - Communications................... 135,346
SUPPIES et 356
TrAVEL e 3,691
TOTAL CRB COMMUNICATIONS PROGRAM.............. 301,889
CPDPP OUTREACH PROGRAM..............ccccerunene 749,676
CITRUS CLONAL PROTECTION PROGRAM
Core Citrus Clonal Protection Program .................. 448,754
SUPPIES e 2,031
LREC Positive Pressure Greenhouse...................... 197,607

TOTAL CITRUS CLONAL PROTECTION PROGRAM.....

648,392

OPERATIONS PROGRAM
Data Management

Salaries & Benefits — Data Management............... 161,133
GIS Mapping Contract............ccceeeverervireereeisrenennns 54,699
Travel & MIleage .......cccovereeieireeee e 465
Information Services........cccovvveveveeciceciiecenns 142,714
Equip Repairs & Maintenance ..............ccccceeveeverennee. 685
SUPPLIES .ot 475
PRONE et 2,355
Total Data Management
Laboratory — Riverside & Visalia........................cccueunee.
Salaries & Benefits —Lab..........ccccoceeveviiciicnnnnee. 167,192
Travel & MIleage.......ccoevvvereeeereiceeceec e 3,256
Equipment Repairs...........ccoeevveevcereececceseeeen 30,177
Equip/Supplies/Repairs — Visalia lab.......................... 4,525
Supplies
UBIITEIES v
PRONE ...
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362,526

501,960

Field
Salaries & Benefits — Field ...........cccoveeeveevvveeennne. 157,335
Contracts (Outside Personnel)..........cccovveeervrvrernnns 3,424
CASS Staffing ...ccveveveveeiiereseeeceesessse e 283,916
Trap Readers ........coooeeeeeece e 77,056
Travel & MIleage .......ccooeveeveevceieecceeee e 11,117
FUBL .o 115,973
Vehicle Repairs & Maintenance...........ccccoceevrvernnne 42,316
Equipment Repair & Maintenance...........c.ccccccvvuevnee. 3,770
SUPPIIES 1.
PRONE ...t
POSEAQE ......cveeeeceeee e
Total Field 800,787
Administrative Support ..........ccviimmn————— 110,000
TOTAL OPERATIONS PROGRAM...........cccccermennnns 1,775,273
PAYROLL EXPENSE -
Research, Comm, Operations, Admin ...........cocecvninrnrnnens 86,126
CALIFORNIA CITRUS QUALITY COUNCIL (CCQC)
CCQC Administration.............ccccoeeveeeecereeeeeeenee. 309,861
Registration Projects..........ccccooeeveienecenneerceeene 57,204
International ISSUES.........cccccveeeieeierierereeeee e 74,912
Other Projects.......cocveeeeeeeiiceceeeeces e 16,440
TOTAL CALIFORNIA CITRUS QUALITY
COUNCIL (CCQC) .....coerrrrresnsamsmsmsmsesssnsasassssesssnsnsssnsas 458,417
SPECIAL PROJECTS
CONTEIENCES ......ecveeeveeereeeee et 59,164
LREC PacKIing.........cccevereeeieececteeeececeec e 9,224
Riverside Lab EXpansion ..............ccccevevveeeeeerennnnne. 49,668
TOTAL SPECIAL PROJECTS.........cccomrmmmsesnssssssnsnsesens 118,056
GENERAL AND ADMINISTRATIVE
Salaries & Benefits — Administration ..................... 401,106
AUIE FEE .. 15,000
Equipment Repair & Maintenance.............ccccccevvvevennne. 959
Equipment Rental ..o 1,856
Information SErviCes........cooevveveeievreeeieeeeeeeenens 47,850
Insurance & BoNdS...........cccceveveeneneecereeeeeeenns 25,754
Workman’s Compensation Insurance ........................ 9,207
Office SUPPIES ..vvvvvereeeeeeeeee e 20,371
POSEAQE .....ocveeeeeeee e 10,128
Printing.......cooeeeieeee e 14,949
Meeting COStS.......courererirrereerrrre e 34,619
TelEPNONE ... 20,068
Travel & Mileage — Consultant .............c..cccocoevennene. 1,698
Travel & Mileage — Members ..........ccceveevveiennnnne 51,201
Travel & Mileage — Staff.........cccooeeeieeiieeee 55,623
Vehicle Maintenance & FEES ........cccoevveeeeicicrcnennn, 1,016
CDFA — Bureau of Marketing...........ccccevvevvreeerinnnne. 59,849
CDFA - Fiscal Compliance Audit..............ccccevevnene. 15,000
CDFA — Handler Audit.........cccovvreeieiciiieseeieeeieeenens 12,084
Building Repairs.........cccoverrereneireeereeseeesens 12,137
Property TAXES ......cevveveeeeieeceeec e 66
ULIITIES . 27,262
TOTAL GENERAL & ADMINISTRATIVE..........ccousesunnas 837,803
DEPRECIATION 197,978
TOTAL EXPENSES 9,171,649
CURRENT ASSETS 3,033,866
TOTAL ASSETS (INCLUDING CURRENT ASSETS)..... 4,148,798
CURRENT LIABILITIES 233,295
RESERVE 3,915,503




trees that we are

currently raising in our climate-
controlled, bug-proofed hothouses
will still have the high quality you expect
from Willits & Newcomb Citrus Nursery.
After fiddling with soil types, container sizes,
water schedules, fertilizers and a myriad of
other horticultural factors, we've come : -
up with a tree that you are going to _,r'fr T f
be quite pleased with. =i

Ball & burlap trees are still 4! : : 4
available, but we are contracting ;*. i RIS = e
for our hothouse grown
trees as well.

Call us at (800) 889-5370
for all your citrus needs.

WwWw.wncitrus.com g S
WILLITS & NEWCOMB, INC

-acebookd THE CITRUS NURSERY
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CRB picks Florida’s Ken Keck as new CEO

Editor’s Note: The news of Ken Keck’s selection as incoming CRB President was
announced with this press release from Nuffer, Smith, Tucker Public Relations.

CITRUS INDUSTRY VETERAN TO TAKE THE HELM
AT CALIFORNIA’S CITRUS RESEARCH BOARD

Visalia, Calif. — April 8, 2013 — As California citrus
growers continue to invest in needed research to aid the
state’s more than $2 billion citrus industry and battle threats
such as the Asian citrus psyllid, citrus industry veteran Ken
Keck will join the California Citrus Research Board as its
new president on June 1.

Keck brings deep industry knowledge — including expe-
rience in fighting the Asian citrus psyllid and Huanglongbing
(HLB) in Florida — having served as general counsel and
executive director of the Florida Depart-
ment of Citrus from 2006-2012. Prior to that,
he served as the organization’s director of
government affairs and general counsel from
2002-2006, and director of legislative and
regulatory affairs with Florida Citrus Mutual
from 1999-2002. Having served in these roles,
Keck has deep-rooted expertise representing
citrus growers in a governmental, legal and
regulatory framework.

Keck will replace Ted Batkin, who
served as the organization’s president since
1993 and who will retire from this role in
September. Under Batkin’s leadership, the
organization increased its research invest-
ment to a current level of more than $5 million. The primary
focus of the program is detection of HLB disease and vector
management of the Asian citrus psyllid.

“We thank Ted for his tremendous leadership and ef-
forts on behalf of California citrus growers,” said Earl Rutz,
chairman of the CRB. “And while there are big shoes to fill,
we believe Ken’s track record, enthusiasm and alignment
with the perspective of California growers will make him
an excellent asset to the CRB.

A
Ken Keck

“As an industry, we are facing some serious threats, most
notably the continued spread of the Asian citrus psyllid and
identification of HLB in our state. It’s a complex and challeng-
ing time, but we believe Ken has the skills to take us forward.”

Among Keck’s accomplishments with the Florida
Department of Citrus, he: secured an average of $7 million
annually of federal and state appropriations for programs;
commissioned a National Academies study, resulting in the
establishment of a dedicated $10 million annual disease
research, development and commercialization
foundation;and achieved a range of $3-$5 return
to growers for every marketing dollar expended.
Keck has achieved these results not only because
of his tireless work ethic, but also from his un-
derstanding of what citrus growers face.

“I'am a third-generation grower in Florida,
so I know the nature of the business. I know what
it means to depend on the harvest each year. I
know what it feels like to have your livelihood
threatened, and I want to use this understanding
— and my experiences in Florida — to benefit
the California industry.”

Keck holds a bachelor’s degree in Spanish
from Stetson University, and a juris doctorate
degree in law from Widener University School of Law.

The Florida Citrus Department is a state agency charged
with promoting Florida citrus products and is financed largely
through a tax paid by growers on the annual citrus harvest.
The Citrus Research Board administers the Citrus Research
Program, a grower-funded and directed program established
in 1968 under the California Marketing Act as the mechanism
enabling the state’s citrus producers to sponsor and support
needed research.

Do they
work?

Field-testea
for over 45
years!

We think so

e

PACIFIC WESTERN

= Essential for all newly
planted trees!

= Promotes growth.

= Protects against
rodents, herbicides,
sunburn and frost.

ITree Protectors

Lock-On, Staple-On, and Drop-On styles

Santa Ana, CA
800-241-3513
714-547-9266

Vine Protectors, shipping boxes and other
specialty agricultural products available.

www.pacificwestern.com
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Successful growers like
Mark Campbell of Willits &
Newcomb cover their Citrus
with Agra Tech Greenhouses.

Agra Tech is here to help
your crop stay healthy and
protected from Psyllids.

AGRA-:.

GREENHOUSE MANUFACTURERS

2131 Piedmont Way, Pittsburg, CA 94565
Jim Bergantz - Sales Engineer
925-597-0780
jim.bergantz@agratech.com www.agratech.com
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CitriFLO from Helena is a high-concentration
foliar nutrient to help correct deficiencies of
nitrogen, zinc and manganese. The result can be
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PERSPECTIVE

Bob Ellioft

Viewing the pending ‘erower GAPS’ regulations in context

hose of us who have been part of

I the California citrus industry for

the past few decades probably

never expected that we would one day

see the U.S. Food & Drug Administra-

tion preparing food safety regulations

that would include citrus growing and

harvest practices. Yet this year, FDA

issued a Proposed Rule that would do
just that.

In addition, citrus packinghouses
can soon find themselves required to
follow food safety programs similar to
those standard in the processed food
industry.

There has never been a reported
outbreak of food-borne illness attrib-
uted to fresh citrus consumption. We
have a low-risk product grown with
low-risk practices. So how did we get
here?

To answer this question, we need to
consider it from within the framework
of the larger produce industry, global-
ization, changes in food consumption
patterns, consolidation of the retail
industry, an active media, and new
technologies available to authorities to
identify and track the sources of out-
breaks. All these have played a role.

Produce-associated food-borne
illnesses
Outbreaks of food-borne illness

associated with produce began to catch
the attention of FDA in the mid-1990s
when several were reported. Review of
historical data showed that the propor-
tion of total food-borne illnesses as-
sociated with produce had increased
significantly over the previous 15 years.

In response to this, FDA released
in 1998 a voluntary guidance: Guide to
Minimize Microbial Food Safety Haz-
ards for Fresh Fruits and Vegetables.

Unfortunately, over the following
years, reported outbreaks continued
with more and more media attention.
These were largely associated with
sprouts, leafy greens, tomatoes, canta-
loupes, green onions, and fresh herbs.
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FDA began a series of initiatives to
push these industries to take action.
At the same time, U.S. retailers
and foodservice buyers involved in
outbreaks were facing very costly con-
sumer lawsuits, and all felt pressured to
protect themselves. New laws passed in
Europe put responsibility on retailers
to assure the safety of products they
sold. U.S. and foreign buyers began re-

Fortunately, we have an
excellent track record,
low-risk product, scientific
studies, and industry-
developed GAPs to
help bolster our position
and steer this toward

common sense.

quiring that suppliers implement docu-
mented food safety programs including
third-party audits.

California citrus packinghouses
had to comply in order to maintain
their markets. Growers of many com-
modities had to do the same, including
most offshore citrus growers in regions
dependent on the European market.

Despite all this, between 2006 and
2011 the news seemed to be filled with
one report after another of an out-
break of food-borne illness attributed
to produce or other foods, including

several not previously associated with
outbreaks.

Each of these led to consumer
groups calling for more regulation and
a growing belief by the public, and in
Congress, that the system to protect the
public health was failing and needed to
be changed.

This led to the Food Safety Mod-
ernization Act becoming law in January
2011. FSMA mandates that FDA de-
velop regulations for produce growing
and harvesting as well as food facilities
-- including those that pack produce.

So that brings us to where we are
today. FDA has issued Proposed Rules,
and we have the opportunity to re-
spond and influence the final form the
regulations will take.

Proactive steps by California citrus

Our industry hasn’t been idle. Rec-
ognizing where this was likely to go, in
2009, CCQC organized a food safety
working group to begin development
of citrus-specific and practical guid-
ance for food safety Good Agricultural
Practices (GAPs) that reflect the low
risk inherent in our product.

CCM joined in from the beginning
along with Sunkist, several shippers,
growers and harvest contractors. CCM
coordinated several well-attended in-
formation sessions in 2012 to introduce
these to the industry.

CRB has also been instrumental
in this effort, funding research both at
the packinghouse and grove levels to
provide the science needed to address
FDA’s proposals and offer science-
based alternatives where needed.

Current efforts are underway to re-
view the lengthy FDA proposed rules
and prepare comments that reflect the
industry’s interests. There are provi-
sions within the Proposed Rules that
we have reason to question, both as to
their overall validity and applicability
to fresh citrus.

Fortunately, we have an excellent
track record, low-risk product, scien-



tific studies, and industry-developed
GAPs to help bolster our position and
steer this toward common sense.

The regulatory and market cli-
mates have changed significantly. We
may call it farming, but Congress, FDA,
and buyers now consider produce
growers, harvesters and packers to be
part of the food industry with docu-
mented food safety programs.

At first glance, this may all seem
overwhelming and confusing. But ac-
tually, these are simple concepts and
practices, many of which are already
being done. And we now have industry-
developed GAPs guidance to serve as a
basis to move forward.

Since 2006, Bob Elliott has been Di-
rector of Food Safety for Sunkist Grow-
ers, where he has been on staff for 26
years. His efforts are focused on devel-
oping and implementing food safety pro-
grams for citrus growing, harvesting and
packing. He earlier worked in Fruit Sci-
ences managing technical programs in
Jresh fruit production, postharvest han-
dling, phytosanitary requirements, and
value-added product development.

California citrus group prepares
comments on proposed rules

he group of CA citrus industry leaders on food safety who have been involved

in developing the citrus food safety GAPs met in Lindcove April 11 to discuss
and strategize industry comments to FDA on the two proposed sets of regulations
released in January.

Proposed water standards and testing frequency dominated discussion on the
Produce Rule. Ongoing University of California studies funded through CRB will
be critical to the industry offering an alternative to FDA for citrus production.

FDA proposes that alternative water standards are acceptable provided
growers can demonstrate an equivalent level of public safety. The industry will
continue to provide evidence for the low-risk nature of citrus and our growing
practices, but FDA is expecting scientific data presented as part of a quantitative
risk assessment to support it.

Discussions on the proposed Preventative Controls Rule for packing facilities
centered on the fact that the same standard is applied to produce packing as to
processed food and fresh-cut facilities. The citrus industry will formulate com-
ments to FDA specific to our operations. Additionally, a collaborative effort is
underway with other commodities to strategize an effective response to FDA that
addresses concerns of the entire industry.

Meanwhile, on April 18, FDA responded positively to an industry request,
signed onto by CCQC, CCM and Sunkist, to extend the comment period. The
deadline is extended by an additional 120 days to September 16, providing neces-
sary time for thorough review and constructive comment.

— Bob Elliott

Leaders in key positions nationally

Anne Warring

As the Food and Drug Administration moves through the processes involved in
implementing the Food Safety Modernization Act, the California citrus industry
is represented by leaders who not only have a thorough understanding of the issues

but are well positioned nationally.

On May 14, Bob Elliott, who is Sunkist’s food safety director and a member of the

CITRUS - AVOCADOS - OLIVES

Gold Nugget

board of the California Citrus Quality Council, will become chairman of the United
Fresh Food Safety & Technology Council.

With more than 100 members -- including CCQC’s president, Jim Cranney -- the
Food Safety & Technology Council is the largest group within the volunteer leader-
ship structure of the Washington, D.C.-based United Fresh Produce Association.

The FS&T Council is made up of technical representatives from over 65 United
Fresh member organizations and, as described on UFPA’s website (www.unitedfresh.
org), deals with “all aspects of food security, food safety, and technology through the
total supply chain.”

The Council has been active in providing input into commodity guidance docu-
ments and the FDA’s Produce Action Plan and in developing research proposals.

In addition to taking over the chairmanship of the Council, Elliott is separately
serving on both of the special work groups formed by United specifically to review the
two Food Safety Modernization Act proposed rules issued in January.

CCQC’s Cranney also serves on those same United groups -- the Produce Rule
Working Group and the Preventive Control for Food Facilities Working Group.

What’s more, California Citrus Mutual president Joel Nelsen is a member of the
Produce Rule Working Group, and CCM’s Bob Blakely is a member of the Preventive
Controls for Facilities group.

United Fresh will use the industry working group comments and assessments as
an outline and focus for the Association’s official comments to FDA.

A United representative indicated that they are coordinating efforts with the Pro-
duce Marketing Association (PMA) regarding the proposed rules and will be sharing
information.

Miho Wase
Daisy SL

McEwen Nurséi

Exeter, Californi
559-592-3367 Bu:

559-592-4158 Fa
george@mcewen.cc

Quality Trees at Competitive Prices
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CCM'’s 2013 CITRUS SHOWCASE

California Citrus Mutual reports that “a larger crowd that ever before” attend-
ed the 2013 Citrus Showcase at the Visalia Convention Center March 7.

CCM estimates that some 800 people came to visit the trade show and par-
ticipate in workshops, and over 600 were at the luncheon to hear keynote speaker
Greg Calistro, the director of produce for Save Mart stores, share his perspective on
the industry and consumer trends he calls “game changers.”

It was standing room only for the breakout session “The ACP/HLB Partner-
ship — Who is in Charge?” with Dr. Prakash Hebbar, coordinator of the national
Citrus Health Response Program (CHRP), CDFA’s Dr. Robert Leavitt, CPDPC
chairman Nick Hill, and citrus entomologist and UC Extension Specialist Dr. Beth
Grafton-Cardwell. The moderator was CRB vice chairman Dr. Etienne Rabe.

Also on the program were workshops offering presentations and Q& A discus-
sion on water regulations and marketing.

2013 World Ag Expo

ed by the Citrus Entomology Group from the University of California’s Kearney
and Lindcove Research and Extension Centers.

The display always includes fruits and leaves scarred by various pests, micro-
scopes for viewing small insects, and publications. For obvious reasons, the focus
was again on the Asian citrus psyllid, but this year’s display also highlighted earwigs
as a new pest of young citrus.

Across from the IPM section, the Research Board used a small pop-up green-
house as a prop for describing how the parasitic wasp Tamarixia radiata will be
reared in commercial-size greenhouses for release in areas with ACP infestations.

The educational outreach on ACP and huanglongbing (HLB) disease contin-
ued in Pavilion A where the Citrus Pest and Disease Prevention Program had its
booth.

Every year, the CRB exhibit at the World Ag Expo has an IPM section present- |
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March 20 was California Ag
Day in Sacramento. This annual
event, which raises funds for Ag in
the Classroom, is staged on the steps
of the Capitol, providing an excel-
lent opportunity for farm and ranch
leaders from across the state to have
“face time” with legislators and their
staff members while also getting
messages out to the general public.

This year, exhibitors included
the Citrus Pest and Disease Pre-
vention Committee (CPDPC) rep-
resented by the CRB’s Ted Batkin
and Louise Fisher along with Mark
Olsen, the government relations
specialist for the CPDPC outreach
program, and Joel Nelsen and Alys-
sa Houtby from California Citrus
Mutual, plus citrus industry consul-
tant Jim Sebesta.

Event-goers were attracted to
the CPDPC exhibit by a fresh fruit
display and a give-away of fresh or-
anges, lemons, and mandarins. ®
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The future nursery tree:
what can we expect?

Bob Zuckerman

Editor’s note: This article is based
on a talk presented at the 2012 Cali-
fornia Citrus Conference.

he goal of our commercial citrus
Tnurseries is to provide clean cit-
rus trees for California growers.
For years, we had a very success-
ful voluntary registration program, but
the commercial nurseries decided to
pursue a mandatory program to better
protect the industry from endemic and
new invasive pests and diseases. It was
an arduous, contentious, and often con-
voluted path, but what finally evolved
was a mandatory program for citrus
propagative materials.
“It is not enough that we do our best;
sometimes we must do what is required.”
— Winston Churchill

The regulations

The California regulations now
require that all citrus propagative ma-
terials, specifically registered and in-
crease trees, must be grown in CDFA-
approved insect resistant protected
structures.

The simplest way to describe the
two sources of propagative materials is
that buds from registered trees are used
to propagate increase trees. Buds from
increase trees are used to grow citrus
nursery trees, also referred to as citrus
nursery stock. Additionally, seedlings
or rootstock used to propagate regis-
tered and increase trees also must be
grown inside protected structures.

There likely will never be any
specific California state regulations
requiring nursery stock to be grown
inside these structures. However, both
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Increase budwood tl;ees inside solid wall greenhouse. California regulations required

approved insect-resistant structures for all citrus increase trees on Jan. 1, 2013.

Photos courtesy of B&Z Nursery.

state and federal quarantines for
Asian citrus psyllid (ACP), huanglong-
bing (HLB) and Citrus tristeza virus
(CTV) restrict the movement of citrus
nursery stock.

Although currently, many citrus
nurseries are continuing to grow out-
door nursery stock, the inevitable pest
and disease pressures will likely com-
pel all nurseries to produce trees under
cover or risk being caught up in quar-
antine restrictions. We have now seen
these vulnerabilities even in the San
Joaquin Valley with the recently de-
clared ACP finds in Tulare County.

So, to protect the trees and to be
able to move trees to all customers
even when quarantines are declared,
many commercial citrus nurseries have
already begun propagating their nurs-

ery stock inside protected structures.

Each nursery decides on the type
of structure they will construct to meet
the requirements. For most established
citrus nurseries, this is an entirely new
challenge for growing trees, and in-
volves a time-consuming and expen-
sive process of planning, preparing,
constructing and learning to grow in-
side structures.

Once under cover, we no longer
have the luxury of open ground to eas-
ily line out new seedlings or trees for
new orders or speculative growing. We
lose the flexibility of easily adding new
blocks of increase trees for propagation.
There won’t be available space for hold-
ing over trees. Propagation and sched-
uling will be critical and constrained to
terms of weeks and months rather than
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seasons and years. Growing space will
be in square feet rather than acres. All
this has significant implications that will
affect both nurseries and growers.

The trees

The days of the traditional ball
and burlap trees are numbered. Some
nurseries that typically grew outdoor
container trees may continue to do
so under cover. But to accommodate
growing in structures, most trees will
be in small containers, 4 to 6 inches in
diameter, grown in soilless mixes, will
be younger, more tender and more
delicate to handle. They will require
more careful handling because of their
size and not having been grown under
outdoor field conditions.

Growers will need to devote more
attention to field preparation and
planting because of the smaller root-
ball and the disparity of the soilless
mixes to the field soils. Initial irriga-
tion and field establishment will be
more demanding as well.

On the other hand, the trees will
lend themselves to mechanized plant-
ing, high-density orchards, and adap-
tion to advanced production systems
such as open hydroponics. The intact
and well-developed root systems will
allow for an extended planting season
and rapid establishment.

Overall, after the extra care neces-
sary during planting and initial estab-
lishment, we would expect the indoor

Increase budwood.

grown container nursery stock to be a
vigorous, healthy and very successful
tree for the growers.

“It is not the strongest of the species
that survive, nor the most intelligent, but
the ones most responsive to change.”

— Charles Darwin

Nursery challenges

Nurseries need not only learn how
to grow nursery trees inside struc-
tures but must also develop produc-
tion scheduling to prepare, propagate
and deliver trees, and then repeat the
production cycle within the same grow-
ing space. They will need to time their
crops to maximize the use of limited
space while satisfying the needs for
growers’ planting schedules. Tree read-
iness will need to be integrated into
the ordering and production cycles for
each contracted order.

As the nurseries transition from

outdoor to indoor production, they
will have to learn how to modify their
processes, procedures, and work force.
To facilitate a successful transition, we
will need a cooperative effort between
nurseries and growers as we both adapt
to the new realities of citrus nursery
tree production.

More grower challenges

Planting and establishing the trees
in your orchards may be a less sig-
nificant challenge to growers than the
challenges of organizing, planning and
ordering trees.

In almost all cases, trees will need to
be contracted at least a year in advance,
even replants. Speculative growing by
the nurseries may not be an alternative.
Growers will also need to arrange their
field preparations and planting sched-
ules well in advance.

With strict limits on growing space,

Screenhouse for registered (mother) trees. All registered budwood source trees in California were required to be grown in
approved protected structures starting Jan. 1, 2012.
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nurseries will have a narrow window of
time when trees will be available and
when they will need to move trees out
in order to grow the next crop of con-
tracted trees.

With nurseries not necessarily able
to hold over trees, growers will have
to be prepared to take trees on a set
schedule,determined a year in advance,
when they contract for their trees.

Costs

Because of the significant capi-
tal and growing costs associated with
growing in structures, more substantial
deposits or ones timed with production
stages will be required. Regulatory re-
quirements for registered and increase
trees, seedlings and seed add to the
component costs of nursery stock.

During the transition, as outdoor
trees are still available, I would expect
only a moderate increase in tree prices,
likely in the range of $1 to $2 per tree
for 2013-2014 orders.

As ACP and/or HLB pressures
force nurseries into structures, we
may experience tree shortages and see
higher prices. Once nurseries convert
to growing in the protected structures,
holding trees over and rescheduling
deliveries will likely incur added costs
because of the need for additional fa-
cilities and expenses to accommodate
extra tree handling and storage.

Topworking challenges

An unexpected consequence of
the regulations is the problem of be-
ing able to grow sufficient quantities
of budwood suitable for topworking.
There will be fewer and smaller reg-
istered trees to serve as a source for
topworking buds. Space for increase
trees will be limited and the increase
budwood, managed for propagating
nursery stock, will generally be small-
er and unsuitable for topworking.

CTV quarantine regulations make
it illegal to cut buds from unregistered
trees. No one, not even a homeowner,
can legally propagate from an unregis-
tered source. Outdoor field trees can no
longer be registered to use as a source
of topworking buds.

While it might seem that you should
be able to use any tree for a topwork-
ing source on your own property, the
regulations are in place to protect the
industry. The nurseries certainly never
intended, nor have any desire to limit

the availability of topworking buds, but
that is the reality.

With advanced planning some vari-
eties of topworking buds may be avail-
able, but there will be limited quanti-
ties and the cost for buds will be higher,
so topworking may not always be an

Growers and nurseries both have
contributed significant time, effort and
money in their resolve to keep the Cal-
ifornia citrus industry viable. No matter
what obstacles confront us, either natu-
ral or contrived, with cooperative ef-
fort I expect that together we can suc-

option.

“Coming together is a beginning;
keeping together is progress;, working
together is success.”

— Henry Ford

cessfully manage whatever challenges
lie ahead.

Bob Zuckerman is Chair of the
California Citrus Nursery Board
(CCNB). ®
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Bifenthrin trunk sprays as a strategy for
Fuller rose beetle (FRB) field control in 2013

Fig. 1. The flightless adult female Fuller rose beetle must climb to reach the
foliage and fruit.

Fig. 2. Eggs of the Fuller rose beetle are deposited under the button of the fruit.
Fig. 3. Larva (left) and pupa (right) of the Fuller rose beetle. These stages are found
in the soil below citrus trees. Photo by Jack Kelly Clark, courtesy of the University of
California Statewide IPM Program.
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Joseph Morse and
Beth Grafton-Cardwell

Editor’s Note: Work on Fuller rose
beetle is now a part of CRB’s core pro-
gram of Integrated Pest Management
research with Drs. Morse and Grafton-
Cardwell as lead investigators.

uller rose beetle (FRB) (Figure
F 1) goes by many different names

(synonyms) in the scientific lit-
erature including Naupactus godmani
(Crotch) (most correct), N. cervinus,
Pantomorus cervinus, Asynonychus god-
mani, and several others.

FRB is seldom considered a serious
pest in California but has re-emerged
as problematic because it is considered
a quarantine pest in important citrus
export markets such as Korea (see the
sidebar on page 31).

The Fuller rose beetle has one gen-
eration a year. Eggs are laid in a mass
of up to several dozen underneath the
button of fruit, or in cracks and crevices
in the tree (Figure 2). When eggs hatch,
larvae drop to the ground and live in
the soil where they feed on roots of cit-
rus for 6 to 10 months (Figure 3).

They pupate in the soil, and adults
emerge 1.5 to 2 months later. Peak
emergence is July through September,
but adults emerge from the soil year-
round. For example, in the San Joaquin
Valley, roughly 4.3% emerge in June,
14.5% in July, 53% in August, 17.3%
in September, 3.7% in October, 2.6%
in November, 2.8% in December, and
1.9% for the combined months of Janu-
ary through May.

Adults are all female and are flight-
less. They reach the canopy only by
climbing up the trunk or branches that
touch the ground or vegetation.

In past years, Korea has permitted
blanket methyl bromide fumigation of
citrus arriving in Korea as a means of
ensuring that Fuller rose beetle is not
introduced there.

The California citrus industry has
been informed that Korea is not likely
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to allow the blanket fumigation starting
with the 2013-14 shipping season. In-
stead, Korea will reject shipments with
viable (unhatched) FRB egg masses if
they are found on arrival.

To avoid severe impacts on the in-
dustry, it is suggested that growers with
fruit likely to be shipped to this coun-
try reduce FRB levels in their groves to
extremely low levels using a combina-
tion of skirt-pruning and trunk sprays
as detailed below.

Meanwhile, research is continuing
on FRB pre-harvest and postharvest
management, and updates on control
options can be found as they occur at
the following two websites: http://ucant.
org/sites/KACCitrusEntomology/ and
http://www.calcitrusquality.org/.

The ideal method of dealing with
FRB would be an effective postharvest

treatment that could be used only on
loads of citrus destined for shipment to
Korea. Postharvest research will con-
tinue, but at present we do not have
an effective postharvest treatment that
can be recommended for control.

FRB eggs are covered with a pro-
teinaceous coating secreted by the fe-
male after eggs are laid. This coating
protects the eggs from dessication, at-
tack by many natural enemies, and also
makes postharvest chemical control
quite difficult.

A second strategy of control that
has been evaluated is various treat-
ments that might reduce the survival
of larvae found feeding on the roots
of citrus in the soil. Soil application of
parasitic nematodes has been shown to
be only somewhat effective in control-
ling FRB larvae. Based on discussions

Table 1. Citrus MRL situation (ppm, FAS online database as of 1-16-13)
for grapefruit, lemons, oranges, and tangerines.

Common
Name

bifenthrin
carbaryl

Trade
Name

Brigade WSB?
Sevin
Kryocide
Actara

cryolite
thiamethoxam

Tolerance

U.S. Korea PHI

MRL (days)

Codex Japan
MRL MRL

0.05 0.05 2 0.5 1
10 15 7 0.5

7 — -
0.4

15
0.5 1 0

2 Not registered for foliar use (do not allow fruit contact; see the trunk spray discussion below).

Fig. 4. Skirt prune the trees at least 24” from the ground and check the trees

regularly to eliminate suckers and fruit touching the ground in order to prevent
access to the fruit and foliage other than via the trunk.
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with PCAs, it also appears that post-
petal fall soil applications of imidaclo-
prid applied over a period of 4-5 years
gradually lead to reduced FRB levels.
Unfortunately, the level of control that
is needed for the Korean export mar-
ket is much higher than what can be
obtained via these soil treatments.

Substantial research has been done
using foliar sprays to control adult
FRB. The bottom line is that these
insects are very difficult to kill. Even
the most effective materials are not
extremely persistent, making re-appli-
cation necessary if sustained control is
expected of adult beetles which contin-
ue to emerge out of the soil over many
months (June-November).

Check UC Pest Management
Guidelines for updates (http://www.
ipm.ucdavis.edu), but the most effec-
tive materials identified to date are
cryolite, thiamethoxam, and carbaryl.
Unfortunately, MRLs are not estab-
lished for cryolite in Japan or Korea
suggesting that this material should not
be used on export fruit (the PHI of 15
days is based on a U.S. tolerance of 7
ppm — see Table 1).

Carbaryl might be used on export
fruit only well in advance of harvest
(contact the manufacturer for advice).
The PHI of 5 days is based on a U.S. tol-
erance of 10 ppm which is 20-fold high-
er than the Korean MRL of 0.5 ppm.

Only with thiamethoxam is the
MRL in export markets equal or high-
er than the U.S. tolerance, indicating
that the label PHI should result in fruit
residues below the MRL (PHI is 0 days
but REI is 12 hours). The downside of
thiamethoxam is the number of repeat-
ed foliar sprays needed for effective
FRB control; likely 4-5 sprays applied
at monthly intervals from June through
harvest. If the 5.5 fl oz/acre rate is used,
only 2 applications of thiamethoxam
are allowed per year. Therefore, we
suggest that skirt-pruning and bifen-
thrin trunk sprays are more effective
strategies to manage FRB during 2013.

Suggested strategy for 2013: skirt-
pruning + bifenthrin trunk sprays

Research done to date suggests
that an effective method of controlling
FRB is skirt-pruning coupled with re-
peated trunk sprays of bifenthrin; Bri-
gade WSB is the formulation shown to
be effective in trials.

Applications of Brigade WSB
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Fig. 5. Close-up of the business end of a home-built wand sprayer constructed
using PVC tubing and fittings. Use a large nozzle and reduced spray pressure

in order to eliminate drift to fruit or foliage. The butt of the wand rests on the
ground and 4 nozzles apply the bifenthrin all around the trunk from a single
entry into the tree. The opening of the U-shaped device must be wide enough to
accommodate the largest trunk.

L

Fig. 6. Using the U-shaped wand to treat a citrus trunk. The lever is depressed to
turn on the spray and one pass is made up from the soil surface to a height of
about 18” and then one continues spraying back down (up and down ensures no
surface of the trunk is missed).
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should start in early June, just before
adult beetles start to emerge in sig-
nificant numbers out of the soil. Skirt-
pruning alone will reduce FRB levels
only to a limited degree.

It is critical that the skirt be pruned
high enough initially so that when suck-
ers grow or the weight of fruit bends
branches downward, they do not con-
tact the soil or weeds that have been
allowed to grow in the grove (Figure
4). FRB adults have a habit of climb-
ing upward and will rapidly find any
“bridge” into the tree that allows them
to bypass the repellent trunk sprays of
bifenthrin. We suggest that initial skirt-
pruning be done at a minimum height
of 24” (higher is better and might save
labor later in the season).

It is critical that the grove is
walked every 4-6 weeks to touch up
skirt-pruning and maintain weed con-
trol. If adult beetles bypass the trunk
spray, then one has wasted time and
the cost of the skirt-pruning and trunk
spray.

The strategy of using pyrethroid
trunk sprays originates from work
done in California with carbaryl and
azinphos-methyl trunk sprays when
FRB was a problem for California
citrus exported to Japan back in the
late 1980s. This is no longer an issue
because FRB has been found in com-
mercial citrus groves in Japan.

Later research by R.D. Magarey
(Sunraysia Horticultural Centre, Mil-
dura) and co-workers in Australia
showed that several pyrethroids were
effective. Trunk sprays of lamda-cyh-
alothrin are now being used there for
FRB control based on work by Greg
Baker and Peter Crisp of the South
Australian Research & Development
Institute. Lamda-cyhalothrin is not la-
beled for use on citrus in the U.S. Our
research comparing trunk sprays of
lamda-cyhalothrin versus bifenthrin
indicated that bifenthrin is a more ef-
fective FRB trunk spray.

The Brigade WSB 2ee label allows
trunk application of up to 0.5 lbs Al
(active ingredient) per acre. Unfor-
tunately, bifenthrin applied in 1 ap-
plication of 0.5 lbs or 2 applications
of 0.25 1bs is not persistent enough to
provide season-long control due to the
prolonged period of time over which
adults emerge out of the soil. The high-
est levels of soil emergence occur from
July to September. Furthermore, adult



FRB kept in the laboratory lived an
average of 110 days; even under field
conditions, adult FRB will be quite
long-lived.

If skirt-pruning and trunk sprays
are applied too late in the season,
adults that emerged earlier will already
be in the canopy of citrus trees produc-
ing eggs that remain unhatched and
could be detected on fruit at harvest.

Based on our FRB efficacy data
and in cooperation with FMC Corpo-
ration and CCQC, we are working to
obtain a 24c label allowing trunk appli-
cation of a total of 1.0 Ibs AI per acre
(allowing an additional 0.5 Ib AI per
acre amount needed to make this strat-
egy effective).

We are currently evaluating two
strategies for Brigade trunk sprays, and
results will be available prior to the
first June treatment. These strategies
include: (1) 4 applications of 0.25 1b Al/
acre applied every 6 weeks (e.g.,June 3,
July 15, Aug. 26, and Oct. 7) versus (2)
2 applications of 0.5 1b Al/acre applied
at an interval of 12 weeks (June 3 and
Aug. 26).

Obviously, growers would prefer
to put on two sprays at a higher rate |
rather than 4 sprays at the lower rate =T i - - ; L=
to save on application costs; however, Figure 7. A weed sprayer is used to power the wand. Three people (one driving,
our recommendation will depend on two spraying) can treat an acre in approximately 30 minutes using 5-10 gpa.

Maintaining access to Korean market

Korea’s Quarantine Inspection Agency has advised Using the 10 million carton figure and assuming a
the California citrus industry that they plan to eliminate ~one-third reduction in exports to Korea means the indus-
methyl bromide fumigation of oranges on arrival in Ko-  try would have to divert approximately 3 million cartons
rea beginning next season. to other markets that are already pretty well satisfied.

The California Citrus Quality Council (CCQC) is He said, “It’s not likely that kind of volume could be
recommending that growers Skirt prune their groves mOVed on Short nOtiCG Wlthout price reductions, and that

and use trunk applications to control Fuller rose beetle ~includes the domestic market.”

(FRB) so the industry can maintain access to the Korean Cranney reports that CCQC is working with its Uni-

market. versity of California and USDA partners to provide as
According to the CCQC’s Jim Cranney, “Growers Many FRB con'trol options as po§sible. '

risk lower returns next season if they do not skirt prune UC Riverside’s Joe Morse is leading the effort on

and treat their groves for FRB.” He said the California FRB control using pesticide applications to the trunk,
citrus industry ships approximately 10 million cartons of ~Lindcove Director Beth Grafton-Cardwell is screening
oranges to Korea each year, but the removal of blanket foliar treatments, the Agricultural Research Service’s
fumigation and poor FRB control could reduce that vol- ~ Spencer Walse is evaluating phosphine fumigation, and

ume by a third or even by half. UC Davis’ Beth Mitcham and Veronique Bikoba are
Cranney said he is sympathetic to growers who will ~ testing ethyl formate as an additional fum.igation option.
incur greater costs to skirt prune and make trunk ap- However, Cranney added, “It’s unlikely that any

plications, but he said growers also need to consider the sipgle option e fully control FRB. Unfortunately, this
impact that significant reductions in exports to Korea Will be a multiyear process of defining the best control
would have on prices. He said some fruit that is not sent ~ practices and then learning how to use them in the most

to Korea can be diverted to other markets, but not large ~ efficient and cost-effective combinations.
numbers. “There are no easy answers” he said.
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bifenthrin efficacy data we will have
quite soon.

The first two applications of 0.25 1b
Al/acre or the first application of 0.5 Ib
Al/acre are legal under the 2ee label.
If a 24c Special Local Needs label is
granted, an application of the second
0.5 1b Al/acre would be allowed (a total
of 1.0 Ib Al/acre, which is the amount
shown by research to be effective).

It is critical that bifenthrin trunk
sprays do not contact foliage and fruit
because the current tolerance, which
was originally established for a soil ap-
plication, is quite low.

Concurrently, we are working with
the IR-4 program to register a more
practical method of bifenthrin applica-
tion that we hope would allow contact
with fruit and foliage; if successful, this
will take 3 or more years.

At present, applications must be ap-
plied using a homemade “wand” similar
to that depicted in Figures 5-7. This will
be required on the 24c label, if it is ap-
proved. Each grower or PCA may have
ideas on how to build their own wand
applicator and/or to power the spray.

The key features of this strategy

Summary of the Bifenthrin Trunk Spray Strategy:

1. Build a model wand sprayer by early May so you can test it and consider modifica-
tions.

2. Skirt-prune to a minimum height of 24” by early June.

3. Treat with either 4 applications of 0.25 Ib Al/acre bifenthrin spaced out every 6
weeks or 2 applications of 0.5 Ib Al/acre applied 12 weeks apart. (Stay tuned for a
California Citrus Quality Council [CCQC] advisory by early May advising which strat-
egy is most effective).

4.0.5 Ib Al/acre is allowed under the Brigade WSB 2ee label. Legal use of the second
0.5 Ib Al/acre (total of 1.0 Ib Al/acre) depends on approval of CCQC’s 24c¢ application
(CCQC advisory expected early August).

5. The trunk spray must be hand-applied using a home-built u-shaped wand. Trunk
sprays cannot be applied with a weed sprayer or other device that would allow the
spray to contact foliage and/or fruit.

6. It is critical the first bifenthrin trunk spray be applied BEFORE significant emergence
of adult beetles out of the soil occurs — get the spray on by early June.

7.The grove must be patrolled every 4-6 weeks to make sure that weeds growing
under trees or suckers/branches do not allow FRB adults to bypass the trunk.

are: (1) the spray must contact only
the trunk (soil runoff is ok but appli-
cation to the trunk provides the best
control); (2) the spray cannot contact
the foliage or fruit; (3) to be effective
and persistent, a high spray concentra-
tion is needed (5-10 gpa or less is ideal)

applied to 127-18” of trunk height all
the way around the trunk; (4) it may
be necessary to move irrigation emit-
ters away from the trunk so they do not
wash bifenthrin off the trunk (should
know by the time of the April 22 FRB
meeting at Lindcove); (5) at this con-
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centration, the bifenthrin will be a thick
slurry — agitation of the spray solution
is important; and (6) we suggest grow-
ers and/or PCAs build their own wand
applicator well in advance (by early
May) and test it out so as to consider
possible changes or improvements.
Stay tuned for future develop-
ments which will be posted on the
following two web sites: http://ucanr.
org/sites/KACCitrusEntomology/ and
http://www.calcitrusquality.org/.
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Fruit quality evaluations of
introduced Satsuma selections
for California

Tracy L. Kahn, Toni Siebert, Zongpeng Zheng and Karen Huaying Xu

Editor’s Note: The work reported
on here is part of a Citrus Research
Board core program to develop and
evaluate new citrus scion and root-
stock cultivars suitable for Califor-
nia conditions.

atsuma mandarins historically
S have been an important part of

the mandarin group, holding an
important place in the commercial mar-
ket due to their general earliness.

In recent years, the focus on the
mandarin market has been on clem-
entine and other mandarin types, but
there has been recent interest in in-
troducing additional Satsuma varieties
into California.

Most growers are familiar with the
Frost Owari Satsuma or more recently
the Okitsu Wase, but few understand
how this group was introduced into
California and the potential for intro-
ducing improved material.

Unsh@t Mikan and the orange of
Wenzhou are unfamiliar Satsuma man-
darin names in California but trace
back to the ancient origins of Satsuma
mandarin and the selections that arose
from this cultivar.

Satsuma mandarin is thought to
have been imported from Wenzhou,
China, to Nagashima, Japan, where an
original chance seedling became es-
tablished sometime before 1600 AD.
Unsha Mikan was the first known ref-
erence to Satsuma mandarin in Japan.

The origin of the name Satsuma is
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credited to the wife of a U.S. minister
to Japan who sent trees to the United
States in 1878 labeled with the former
province name where Satsuma was be-
lieved to have originated, which is now
called Kagoshima Prefecture on the
southern tip of Kyushu Island (Hodg-
son, 1967).

Although the Satsuma mandarin
was originally despised in Japan for
producing seedless fruit due to the as-
sociation with childlessness, seedless-
ness is now highly valued around the
world (Mizutani, 2006).

A consumer survey conducted in
grocery stores in nine cities in Ala-
bama and Georgia to assess consumer
preferences for external attributes of
Satsuma found that low-priced, high-
quality fruit that is larger, blemish-
free, non-green and seedless were pre-
ferred (Campbell et. al. 2004).

Satsuma mandarins are also
known for being very easy to peel and

Although the
Satsuma mandarin
was originally despised
in Japan for producing
seedless fruit due to the
association with child-
lessness, seedlessness
is now highly valued
around the world.

__’
P o el

the most cold tolerant of all commer-
cially important mandarin varieties.
Mature trees have been documented to
survive minimum temperatures of 15-
18°F in northern California and south-
ern Alabama without serious damage.

Also, some selections are the earli-
est maturing commercial citrus in Cali-
fornia due to low total heat require-
ment (Hodgson, 1967). Yet, despite the
low total heat requirement of Satsuma
mandarins, warm weather is needed
during the growing season in order for
the fruit to develop satisfactory quality.

Our laboratory (Kahn and Siebert)
has been funded by the Citrus Research
Board (CRB) since 1995 to provide ini-
tial fruit quality evaluations of new va-
rieties introduced from outside Califor-
nia for their commercial potential.

For the first time during the 2011-
2012 season, this project became incor-
porated into a larger core CRB pro-
gram with the goal of developing and
evaluating new citrus scion and root-
stock varieties suitable for California
entitled “Integrated Citrus Breeding
and Evaluation for California.”

Our initial evaluations of newly in-
troduced cultivars into California per-
mit us to screen 30 to 50 citrus cultivars
for fruit quality traits and tree charac-
teristics against commercial controls
in the same cultivar class (i.e. Satsuma
mandarins, navel oranges) in an effi-
cient and cost-effective manner.

These evaluations are conducted
for three to five years to determine
commercial potential and whether



any should be considered for inclu-
sion in multi-location, replicated trials
that compare selected promising intro-
duced varieties with those developed
from the UCR breeding program.

Reducing the number: new Satsuma
introductions with commercial
potential

Early maturing seedless Satsuma
selections having other high quality
characteristics such as larger fruit size,
smooth rind, and lower incidence of
sunburn and granulation are important
for the California citrus industry, espe-
cially since Satsuma mandarins are the
earliest California citrus fruit to reach
the market in the fall, typically in Oc-
tober.

Frost Owari has been the most
commonly grown mid-season Satsuma
selection in California, but in years
when the market window of Frost
Owari and Clementine maturation
overlap, competition from the Clemen-
tine market makes it difficult to market
Satsuma in the mass market.

Okitsu Wase is the second most
planted Satsuma variety in California,
and the fruit is earlier to mature than
Frost Owari but its fruit size is small.

The desire for early varieties with
better fruit quality characteristics was
part of the motivation for the introduc-
tion of new Satsuma varieties for Cali-
fornia.

During the past decade, over 40
Satsuma varieties have been intro-
duced into California through the Cit-
rus Clonal Protection Program (CCPP).
Thomas Chao first reported on the per-
formance of a number of Satsuma se-
lections based on a topworked trial in
Santa Paula from three-year-old trees.
Based on data from the 2004 season, he
found that Armstrong, Miyagawa, Chi-
na S-9 and Xie Shan are early maturing
Satsuma varieties (Chao, 2005).

We continued this project and
have previously provided preliminary
data on these varieties at field days and
grower meetings and on the Citrus Va-
riety Collection website (http://www.
citrusvariety.ucr.edu).

In this article we present a sum-
mary of data collected on 19 newly
introduced Satsuma varieties over a
7-year period (2005-2011) providing a
comparison to the existing commercial
varieties, Okitsu Wase and Frost Owari.

Although some of these introduced

selections are very old varieties in their
country of origin, they were not com-
mercially available in California nor
had they been previously compared to
other Satsuma selections.

Background on Satsuma varieties
included in this study

Below are short descriptions of
each of the two Satsuma commercial
standards and the 19 introduced selec-
tions included in this study along with
their CCPP Variety Index (VI) num-
bers used by citrus nurseries to order
budwood.

Budwood of all of the varieties list-
ed below except for some of the Chi-
nese selections is currently available
from the CCPP.

Satsuma commercial standards in
California

Frost Owari (VI 33): Frost Owari
is a nucellar seedling selection of the
original Owari variety introduction
from Japan (See insert on nucellar
seedlings). The original introduction
of Owari is considered to be of ancient

and unknown Japanese origin, and
likely occurred more than 100 years
ago. Frost Owari Satsuma trees are
cold-hardy, productive, and vigorous-
growing, and small in size at maturity
with fruit that have a smooth, thin and
easy-to-peel rind at maturity. The flesh
is bright orange; the fruit are tender,
juicy, seedless, and mild in flavor. Owari
is a mid-season Satsuma, with its sea-
son of harvest starting in October in
most areas of California. The fruit itself
does not hold well on the tree, but it
stores well after harvest.

OKkitsu Wase (VI 389): Okitsu Wase
is an early maturing nucellar seedling
selection of Miyagawa by M. Kajiuera
and T. Iwasaki at the Horticultural Re-
search Station in Okitsu, Japan, made
in 1940, and is a sister seedling of Miho
Wase.

Newly introduced Satsuma
selections

Aoshima (VI 584): Aoshima is an
Owari bud mutation discovered by
H. Aoshima in 1950 in Fukudaga Val-
ley, Shizuoka Prefecture in Japan. It is

Table 1. Background Information on Chinese Satsuma Introduction from Citrus

Clonal Protection Program (CCPP) Database and Information Provided by Dr. Huang

15:;:: I(:tf Sacril:fy lerre‘n‘t Da.t ¢ Collection Tree Fruit Co} d
Satsuma Index (VI) Availability Received Location it Qua.llt); Harqlne:s
Selection Number From CCPP at CCPP Rating Rating
Yes CCPP
China S-2 635 Screenhouse 6/5/1995 Sichuan AH=F A=F +++
Budwood
Yes CCPP
China S-3 654 Screenhouse 6/5/1995 Sichuan Saai ++ ++
Budwood
China S-5 714 Not Yet 6/5/1995 Data Not Available From Dr. Huang
Yes CCPP
China S-6 640 Screenhouse 6/5/1995 Hubei ++ ++ ++++
Budwood
Yes CCPP
China S-7 641 Screenhouse 6/5/1995 Hubei ++ ++++ +++
Budwood
China S-8 728 Not Yet 6/5/1995 Hubei ++ -+ ++
Yes CCPP Early
China S-9 636 Release 6/5/1995 Hubei ++++ +++ ++++
Budwood
China S-11 683 Not Yet 6/5/1995 Hubei -+ ++ ++
China S-12 715 Not Yet 6/5/1995 Sichuan +=r ++ -
China S-15 729 Not Yet 6/5/1995 Data Not Available From Dr. Huang
China S-17 730 Not Yet 6/5/1995 Sichuan 4=E AHE ++
China S-18 716 Not Yet 6/5/1995 Hunan +++ +++ +++
China S-20 755 Not Yet 6/5/1995 Sichuan ++ ++ +++
China S-1 722 Not Yet 10/16/1998 Data Not Available From Dr. Huang
China 6-15 732 Not Yet 10/16/1998 Data Not Available from Dr. Huang
China 6-18 757 Not Yet 10/16/1998 Data Not Available From Dr. Huang
China 6-21 769 Not Yet 10/16/1998 Data Not Available From Dr. Huang
China 6-22 770 Not Yet 10/16/1998 Data Not Available From Dr. Huang

*Tree vigor, fruit quality and cold hardiness ratings designated by Dr. H. Huang for the first group introduced
were defined as ++++ = very good, +++ = good and ++ = acceptable. ** NA = Not applicable because no HU

names were assigned for this second group.
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one of the leading late-maturing Sat-
suma varieties in Japan. It is harvested
from mid-December to early January,
and the fruit is reported to store well
(Mizutani, 2006).

Armstrong (VI 580): Also known
as Armstrong Early, this selection was
selected by California citrus nursery-
man Albert Newcomb from the col-
lection at Louisiana State University
Citrus Research Station, Port Sulphur,
LA. Armstrong Early has been grown
for over two decades in south Alabama
where the fruit of this cultivar matures
30 to 40 days earlier than Owari fruit
(Nesbitt et. al., 2008). The cultivar Am-
strong Early is grown on a limited scale
due to production of fruit with thin
rind and inconsistent fruit quality (Nes-
bitt et. al, 2008).

Chinese cultivars

The majority of selections evalu-
ated between 2005 and 2011 were in-
troduced from China. These Satsuma
selections arrived in two groups, one

Frost nucellar seedling lines

Many varieties of Citrus are able to produce seeds with more than one

in June 1995 and the other in October
1998 from three different locations in
China (Table 1).

Dr. David Gumpf, the director of
the Citrus Clonal Protection Program
from 1998 to 2003, was instrumental in
introducing many citrus varieties into
California from around the world. Dr.
Gumpf, in collaboration with Dr. Wil-
liam Dozier from Auburn University
in Alabama and a Dr. Huang who was
a graduate student from China at the
time, made it possible to introduce a
number of Satsuma selections into Cal-
ifornia and Alabama from regions in
China that had recently been affected
by a severe freeze (Table 1).

Three characteristics were used
when Dr. Huang made the selections
and rated these characteristics: cold
hardiness, fruit quality, and tree vigor
(Table 1).

The first group arrived as 21 indi-
vidual bundles of Satsuma budwood,
each individually labeled S-1 through
S-21. When grafted in 1995, they were

Nucellar seedlings. Photos by
Dr. Joseph Kepiro.

seedling coming out of an individual seed. These additional seedlings, or
nucellar seedlings, are produced asexually from the nucellar tissue which is
part of the structure that later becomes the seed.

Normally, seeds also produce a seedling
that resulted from fusion of the sperm and
egg cell through sexual reproduction called
the zygotic seedling. Nucellar seedlings dif-
fer from the zygotic seedlings in that nucel-
lar embryos are genetically similar to each
other and produce trees that resemble the
“mother” tree or the tree that the fruit and
seed developed from.

Yet W. T. Swingle’s discovery that nu-
cellar seedling lines from old citrus vari-
eties were different from the parent lines
led H. B. Frost and others in the 1920s to
conduct research that demonstrated that
nucellar seedling lines eliminated viruses,
produced temporary juvenile character-
istics, and sometimes resulted in genetic
variation.

Prior to the development of techniques
such as thermal therapy and shoot-tip-mi-
crografting used by the CCPP to eliminate

disease pathogens from the budline, nucellar lines were an important way to
produce vigorous, higher yielding, virus-free lines.

Howard Frost utilized knowledge on nucellar budlines to develop many
nucellar lines that we still grow today such as Frost nucellar navel, Frost
nucellar Eureka and Frost nucellar Owari Satsuma.
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identified as China S-1, China S-2 and
so forth.

Of the 21 selections, 13 survived
and are described in Table 1 with their
CCPP VI number, current availabil-
ity from the CCPP, date received from
CCPP, HU number assigned by Dr.
Huang, location, and performance rat-
ing data from Dr. Huang. Based on his
conversations with Dr. Dozier, the HU
numbers correspond to the S identifica-
tions for the surviving selections.

The second group received had five
individual bundles of Satsuma bud-
wood, also numbered in succession as
China -1 to -5.

The China S-1 selection of the first
group received in 1995 died, and Dr.
Dozier was able to reacquire the se-
lection known as China S-1 and sent it
with the second batch of budwood. The
remaining four selections of the second
batch were given an identification pre-
fix number 6, such as China 6-15 and
China 6-18, to differentiate this batch
from the first. Several of these selec-
tions listed in Table 1 are just now be-
ing evaluated or will be evaluated in fu-
ture years (e.g. China S-20, China 6-18,
China 6-21, and China 6-22).

Miho Wase (VI 585): Miho Wase
originated in Japan as a nucellar selec-
tion derived from a controlled pollina-
tion of Miyagawa Satsuma. This variety
is a sister seedling of Okitsu Wase but
has some minor differences such as be-
ing a more vigorous tree and producing
fruit with higher sugar content, lower
acid content, and earlier in maturity
in Japan. Compared to Owari, Miho
Wase is reported to be slightly smaller
and flatter with a less pronounced neck
(Iwasaki, 1966).

Miyagawa (VI 612): Miyagawa
originated as a limb sport in a tree of
the Zairai cultivar in Japan and was
named and introduced by Dr.T. Tanaka
in 1923. Miyagawa is an early maturing
Satsuma with harvest as early as mid-
September in Japan, and stores well
(Hodgson, 1966).

Xie Shan (VI 621): This variety,
collected by Dr. Fred Gmitter, Univer-
sity of Florida, was imported from the
Institute of Subtropical Crops of Zhei-
jlan Academy in China in 1992. Xie
Shan is the Chinese translation of this
cultivar that originally came from Ja-
pan. The original name was Wakiyama.
Fred Gmitter communicated that Xie
Shan is extremely early in maturity in
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China (maturing in mid-September) in
comparison to other Chinese Satsumas.

Evaluating fruit quality

Fruit of the 19 new introduced
Satsuma cultivars were randomly har-
vested three times a season from two
to four trees at the Lindcove Research
and Extension Center (LREC) in Ex-
eter, CA (fruit either from the demon-
stration orchard or the CCCP Founda-
tion Block), and from two trees at the
UCR Citrus Variety Collection (CVC)
in Riverside, CA.

The trees varied in age because
we initiated multi-year evaluations as
soon as trees began producing fruit, but
trees of the commercial standards were
older, more established trees.

Most of the trees were grown on
either Carrizo or C-35 citrange root-
stocks, but two of the trees used in this
study were grown on Troyer (two Ok-
itsu Wase and two Frost Owari trees at
LREC) and Rich 16-6 trifoliate (one
tree each of Xie Shan and Miyagawa
at CVC).

The samples of ten randomly col-
lected fruit per tree were brought to

Riverside. The following fruit charac-
teristics were measured: fruit width,
length, weight, rind color and texture
(based on a correlation to standard col-
or and texture charts), flesh color, seed
number, juice weight, presence of gran-
ulation and sunburn, soluble solids, and
percentage acidity based on citric acid.

Juice was extracted from the ten
fruit samples with a Sunkist extractor,
and an Atago PR-100 digital refrac-
tometer was used to determine the per-
centage of soluble solids. The percent
acid was determined based on citric
acid by titration of a juice aliquot to
pH 8.3. The data were used to calculate
soluble solids to acid ratio and average
fruit count per packed carton size des-
ignation.

For each variety, the data were ag-
gregated together for the seven years
for each location separately to permit
comparison of the variety within each
location and the patterns between lo-
cations.

For seed number, data for all sam-
ple dates were grouped for each variety.

For characteristics associated with
maturity and other characteristics, data

were grouped separately for each of
the same sample periods each year:
September 28-October 6, Oct.17-21
and Nov.9-11.

For particular characteristics asso-
ciated with maturity, seed number and
fruit width, we used the MIXED pro-
cedure in SAS (Statistical Analysis Sys-
tem, provided by SAS Institute Inc.) to
statistically analyze the data from first
sample dates and used LSMEANS
statement with PDIFF option to made
pairwise comparisons between any two
cultivar selections for selected charac-
teristics.

Evaluating a large number of selec-
tions from a small number of trees for
multiple years from two locations per-
mits us to narrow down which of these
selections may have commercial poten-
tial in California and would be worth
including in multi-location replicated
trials with larger numbers of trees of
fewer varieties.

Maturity-related characteristics
Varieties that produce the earliest

maturing fruit generally yield the high-

est financial returns. In California, the
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legal minimum maturity standard for
mandarins and tangerines, including
Satsuma mandarins, requires fruit to
have at least 6.5 parts soluble solids to
1 part acid. This is calculated based on
citric acid in the juice -- which is quite
low, and fruit are very tart.

Multiple packinghouses in Califor-
nia use higher initial standards of 10 to
1 or 12 to 1 soluble solids to acid as a
minimum standard. Louisiana legally
requires a 10 to 1 soluble solid-to-acid
ratio for Satsuma mandarins before
they can be sold (Ebel, et. al, 2004).

The soluble solids-to-acid ratio is
used as a legal standard because the
soluble solids and acidity based on cit-
ric acid are closely associated with the
quality of fruit. As the fruit matures,

the soluble solids concentration, which
is predominately sugars, gradually in-
creases and acidity decreases.

Assessing varieties for soluble sol-
ids and acidity separately is useful since
two fruit can have similar ratios but dif-
fer in flavor at least partially due to dif-
ferent combinations of soluble solids
and percent acid based on citric acid.

Although consumers differ in
what they like in regards to sweetness
and tartness, Satsuma fruit with total
soluble solids of 11.3 and percent acid
around 0.9 is likely to be more flavorful
than one with low soluble solids of 7.5
and acidity of 0.6 since when the acid
level drops as the fruit mature, the fruit
is likely to taste bland.

For the first sampling period (Sep.

Fig. 1. Average Soluble Solids to Acid Ratio for Fruit of Varieties

Harvested from Exeter 2005-2011
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28-Oct. 6) from the Exeter location, 12
of the selections (Miyagawa, Xie Shan,
Armstrong, China S-5, China S-9, Miho
Wase, China S-17, China S-1, OKkitsu
Wase, China 6-15, China S-18 and Chi-
na S-11) had fruit with soluble solids-
to-acid ratios above the legal maturity
of 6.5 to 1(Figure 1).

Using the ratios utilized by a num-
ber of packinghouses, none of the cul-
tivars had average soluble solid-to-acid
ratios above 10 to 1 for the first sample
period.

Five of these selections, Miyagawa,
Xie Shan, Armstrong, China S-5 and
China S-9, had fruit with significantly
higher soluble solids-to-acid ratios than
China S-11, China S-6, Aoshima, Frost
Owari, China S-7, China S-3, China S-2,
China S-12, China S-15, and China S-8
but not from each other.

Fruit of Miho Wase, China S-17,
and China S-1 did not have significantly
higher soluble solids-to-acid ratios than
each other or the cultivars with the
highest ratios (Miyagawa, Xie Shan,
Armstrong, China S-5 and China S-9),
but had fruit with significantly higher
solids-to-acid ratios than fruit of China
S-6, Aoshima, Frost Owari, China S-7,
China S-3, China S-2, China S-12, China
S-15 and China S-8 (Figure 1).

The early maturing commercial
standard, Okitsu Wase, produced fruit
with significantly higher solids-to-acid
ratio than fruit of China S-6, Aoshima,
Frost Owari, China S-7, China S-2, and
China S-8 but not any of the other cul-
tivars (Figure 1).

The remaining selections had fruit
with lower solids-to-acid ratios for that
first sample period (China S-6, Aoshi-
ma, Frost Owari, China S-7, China S-3,
China S-2, China S-12, China S-15 and
China S-8), and the ratios were not sig-
nificantly different than each other.

For this same first sampling pe-
riod (September 28-October 6), fruit
of most of the varieties evaluated from
Riverside had solids-to acid ratios
above the legal maturity of 6.5 to 1. The
only ones that had not reached legal
maturity by this period in Riverside
were China S-7, China S-6, China S-8,
China S-2 and China S-12.

Those selections with the highest
average solids-to-acid ratios were, in
order: Miyagawa, Miho Wase, Okitsu
Wase, China S-9, Xie Shan and China
S-1. Of these six selections, all had sol-
ids-to acid ratios above 10 to 1 when



sampled for this first period in River-
side except China S-1. The ratios for
the fruit of these selections were not
significantly higher than each other but
were significantly higher than most of
the other selections.

The order from highest to lowest
for the fruit of the different selections
for solids-to-acid ratio differed be-
tween fruit sampled at Exeter and Riv-
erside, but of the six selections with the
highest ratios at both locations, four of
them, Miyagawa, Miho Wase, Xie Shan,
and China S-9, were the same.

To get a clearer picture of how
these varieties differ from each other in
terms of maturity, a comparison of the
average soluble solids and percentage
acidity based on citric acid provides
additional information on these differ-
ences.

For the first sample period of fruit
harvested in Exeter, Okitsu Wase fruit
had the highest average soluble solids
even though Okitsu Wase fruit was not
among the varieties with the highest
soluble solids-to-acid ratios for that
sample period (Figure 2).

Okitsu Wase, Frost Owari and
Miho Wase also had significantly higher
average soluble solids from each other
and all of the other varieties evaluated
(Figure 2).

Aoshima fruit from the same loca-
tion and time period had significantly
lower average soluble solids than Ok-
itsu Wase, Frost Owari, Miho Wase, and
higher than Xie Shan, China S-1, China
S-3, China 6-15, China S-11, China S-8
and China S-18, but not significantly
different from any of the other selec-
tions (Figure 2).

China S-2 fruit from the same lo-
cation and time period also had sig-
nificantly lower average soluble solids
than Okitsu Wase, Frost Owari, Miho
Wase, but higher than China S-11 and
China S-18 (Figure 2).

The soluble solids of fruit of all of
the other selections (China S-9, China
S-5, Armstrong, Miyagawa, China S-15,
China S- 6, China S-7, China S-17, Xie
Shan, China S-1, China S-3, China 6-15,
China S-11, China S-12, China S-8,
China S-18) harvested from Exeter at
these first sample date were not signifi-
cantly different from each other (Fig-
ure 2).

Even though the average soluble
solids levels of fruit increased from one
sample date to the next for most of the

varieties, Okitsu Wase, Frost Owari and
Miho Wase still had the highest aver-
age soluble solids for the last two sam-
ple dates (Figure 2).

For the first sample period in Riv-
erside, Miyagawa had the highest aver-
age soluble solids followed by, although
not significantly different from, Ok-
itsu Wase, Frost Owari, Miho Wase and
Aoshima.

Miyagawa and Okitsu Wase had sig-
nificantly higher average soluble solids
of all cultivars except for several with

lower average soluble solids that were
not significantly lower, perhaps because
they have been evaluated for fewer
years and had smaller sample sizes.

Fruit sampled from Riverside from
most of the selections also had in-
creased average soluble solids for each
of the later two sample dates. However,
by the last sample period (November
9-15), Miyagawa, Miho Wase, Aoshima,
Xie Shan and China S-9 had the high-
est average soluble solids.

The comparison between the two
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sampling locations demonstrates both
similarities and differences between
these Satsuma varieties for soluble
solids. Overall, Frost Owari and Miho
Wase fruit had high average soluble
solids or sugars at both locations. Dif-
ferences among the fruit of the other
selections may reflect performance dif-
ferences between these two locations
for these selections.

Fruit of eleven of the selections
(Miyagawa, Xie Shan, China S-17, Chi-
na S-5, China S-1, Armstrong, China
S- 9, China S-18 and China 6-15, China
S-11 and Miho Wase) harvested during
the earliest period (September 26-Oc-
tober 6) in Exeter had an average per-
cent citric acid below 1.3 (Figure 3) .

All of these selections, except
China S-11 and Miho Wase, had signifi-
cantly lower percent citric acid than the
other nine varieties (China S-3, Aoshi-
ma, China S-7, China S-7, Okitsu Wase,
China S-12, China S-2, China S-15,
China S-8, and Frost Owari) at this first
sample time but were not significantly
different from each other (Figure 3).

Fig. 3. Average Percentage Acid based on Citric Acid for Fruit of Varieties
Harvested from Exeter 2005-2011
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Miyagawa and Xie Shan fruit had fruit having significantly higher aver-

the lowest average percent citric acid
for this first period (Figure 3). On the
other hand, Frost Owari and then Chi-
na S-8 fruit had the highest average
percent citric acid with Frost Owari
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age percent citric acid than all other
varieties except China S-12, China S-15
and China S-8 (Figure 3).

By the second and third sampling
times, eight of the selections (Miya-
gawa, Xie Shan, China S-5, China S-1,
Armstrong, China S-9, China 6-15 and
China S-11) had acidity at or below
percent citric acid 7.0, indicative of be-
ing past maturity (Figure 3).

In contrast, fruit of four varieties
(Okitsu Wase, China S-2, China S-12
and Frost Owari) still had average
percent citric acid above 1.0, which
indicates that these four cultivars, and
especially Frost Owari, are the latest
maturing of the selections evaluated
(Figure 3).

Fruit of these 21 selections sampled
in Riverside during the first sample pe-
riod had a different ranking from low-
est to highest average percentage acid
than fruit sampled from Exeter the
same period, but Miyagawa had the
lowest average percent citric acid at
both locations.

Miyagawa fruit and fruit of seven
other varieties (China S-1, Miho Wase,
China 6-15, China S-5, Okitsu Wase,
China S-9 and Xie Shan) did not have
significantly different average percent
citric acid from each other, but each
had significantly lower average percent
citric acid than five of the other variet-
ies (Frost Owari, China S-6, Aoshima,
China S-7 and China S-2).

Twelve of the selections had aver-
age percent citric acid content near or
below 1.3 at the earliest sample period
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(Miyagawa, China S-1, Miho Wase,
China 6-15, China S-5, Okitsu Wase,
China S-9, Xie Shan, and China S-11,
China S-17, China S-8 and China S-3).

By the last sample period, fruit of
all selections harvested in Riverside
had average percent citric acid below
1.0. Frost Owari and China S-2 fruit
had the highest average percent citric
acid when sampled in mid-November.
These two selections also had the high-
est average percent citric acid when
fruit were harvested in Exeter, indicat-
ing that these two are the latest matur-
ing of the 21 selections evaluated.

Peel color is another characteristic
associated with maturity, yet the devel-
opment of peel color does not neces-
sarily coincide with internal quality.

For example, Owari Satsuma man-
darins can have a solids-to-acid ratio
of 10:1 when the peel still has green
patches (Ebel et. al. 2004). So, typi-
cally in California and other parts of
the world, Satsuma mandarins are har-
vested when the external peel is green
and commercially degreened after
harvest by exposing fruit to ethylene
for a few days. However, degreening
can have detrimental effects on ex-
ternal fruit quality. Accordingly, the
comparative peel color for the sample
period can indicate which Satsuma
mandarin varieties have greater early
color development and may require
less degreening.

Rind color was rated based on a
correlation to standard color charts on
a scale from 3 to 13 (Figure 4). Rind
with a color rating of 3 is dark green,
and rind with a color rating of 5 is at
color break when the rind is partially
orange. A rind rating of 13 is reddish
orange, which is not typical of Satsuma
mandarins.

None of the varieties harvested
from Exeter during the first sample
period had rind color at or past color
break. The varieties with the highest
peel color ratings for the first sample
period from Exeter were Okitsu Wase
(4.2) followed by Miyagawa (4.1) and
Miho Wase (4.1), then Armstrong (3.9),
Frost Owari (3.8), Xie Shan (3.8) and
China S-9 (3.7). The rind color ratings

Peel color is another characteristic
associated with maturity, yet the
development of peel color does not
necessarily coincide with internal
quality.
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for Okitsu Wase, Miyagawa and Miho
Wase were not significantly differ-
ent from each other, but those ratings
for Miho Wase and Okitsu Wase fruit
were significantly higher than those for
Armstrong, Frost Owari, Xie Shan and
China S-9 fruit.

There was a slightly different rind
color pattern for fruit harvested from
Riverside. The varieties with the high-
est peel color ratings for the first sam-
ple period from Riverside were China
S-9 (4.5) followed by Miyagawa (4.3)
then Okitsu Wase (4.1), Miho Wase
(4.1), Xie Shan (4.1), Armstrong (4.1)
and China S-1 (3.9). None of these rat-
ings were significantly different from
each other. Figure 5 illustrates the rind
color of all of the Satsuma varieties
from Riverside during the week of Oc-
tober 22,2012.

Fig. 4. Standard Color Chart.

Other fruit characteristics of
commercial importance

Satsuma fruit are usually consid-
ered to be seedless. Satsuma mandarins
are reported to have very low levels of
pollen capable of causing fertilization
and seed set. However fruit of the dif-
ferent Satsuma selections can produce
a low number of seeds.

When fruit was harvested from
Exeter, Aoshima fruit had the highest
average seed number (1.8) and had
significantly higher seed numbers than
all other selections evaluated. Six other
varieties had the next highest average
levels of seediness: China S-8(0.84),
China S-3 (0.81), China S-15 (0.8),
China 6-15 (0.77), China S-2 (0.67), and
Frost Owari (0.65).

The seediness rankings among the
varieties of fruit harvested from River-
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Fig. 5. Photographs of the Satsuma varieties from Riverside during the week of October 22, 2012. Photos courtesy of UC
Riverside Citrus Variety Collection.
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side differed slightly from those sam-
pled from Exeter. Frost Owari (3.79)
and Aoshima (2.82) had the highest
and second highest average seed num-
ber, and each was significantly higher
than each of the other selections evalu-
ated. Other selections with high aver-
age seed numbers and in some cases
significantly higher included China S-6
(2.18), China S-3(1.79), Xie Shan (1.75),
Okitsu Wase (1.52), China S-2 (1.3),
Miho Wase (1.25), China S-9 (0.99) and
China S-12 (0.99).

Varieties with average seed num-
bers less than 0.25 when harvested from
Exeter included China S-18 (0.05),
China S-11 (0.10), Miho Wase (0.11),
Armstrong (0.20), China S-5 (0.2), and
China S-17 (0.21) but seed numbers for
these varieties were not significantly
different from each other.

Varieties with the lowest average
seed number when fruit was harvested
from Riverside included China S-15
(0.03), China S-18 (0.09), China S-5
(0.22) and China S-11 (0.23), although
the seed numbers for these varieties
were also not significantly different
from each other.

Blocks such as the Exeter and

Riverside locations used for this study
have many varieties so the amount of
pollen available would be much higher
than a commercial grove and would
vary between the locations. In addi-
tion, differences in the timing of flow-
ering and year to year, and variation in
pollen availability may also influence
some of the rankings of seediness at
each location.

Yet despite these possible influ-
ences on seed number, it was interest-
ing to note that Aoshima, China S-2,
China S-3 and Frost Owari fruit had
higher average levels of seediness at
both locations.

Fruit size is an important commer-
cial characteristic for the marketing
of Satsuma mandarins. Commercially
in California, Satsuma mandarins are
packed and sold based on either one of
two size categories.

One system, which is also utilized
for Clementine and other mandarins,
is based on number of fruit in a five-
pound box or bag, and the size catego-
ries based on fruit diameter range from
size 14 for the largest fruit to size 40 for
the smallest diameter fruit.

The other system is based on the

old olive nomenclature. In this system,
fruit are sized based on the diameter
ranges of fruit in categories ranging
from small to super colossal.

Table 2 summarizes the average
fruit width and fruit size based on both
systems for each variety for each sam-
ple period at each location.

When fruit was harvested over
2005-2011 from the Exeter location for
the first sample period, China S-9 had
the largest fruit, followed by Miyagawa,
Xie Shan and Aoshima but they were
not significantly different in size from
each other (Table 2).

On the other hand, Okitsu Wase
followed by Frost Owari had the small-
est average fruit for this first sample
period. Okitsu Wase fruit were signifi-
cantly smaller than all other varieties
and the only variety classified as small
and a 40 when harvested from Exeter
at the first sample date (Table 2).

When fruit was harvested from
Riverside for all years from the first
sample period, China S-5 fruit had the
largest average fruit width followed by
Aoshima, China S-2, China S-12, China
6-15 and China S-11. None of these va-
rieties had significantly larger fruit than

Table 1. Average fruit width data and two mandarin size categories for each variety at each of the sample dates for 2005-2011.

Exeter Location Riverside Location

Average Fruit Width (cm) / Mandarin size categories Average Fruit Width (cm) / Mandarin size categories

assigned based on average fruit width for each sampling assigned based on average fruit width for each sampling

period. period.

Satsuma
Variety |Sep.28-Oct.6 Oct.17-Oct.21 Nov.9-Nov.15 Sep.25-Oct.3 Oct.17-Oct.24 Nov.6 - Nov.13

Aoshima 6.61 |20 [Jumbo ]7.22 [15 |Mammoth|7.37 [15 |Mammoth [[6.38 [24 |Large 6.74 |20 [Jumbo ]7.25 [15 |Mammoth
Armstrong  |6.44 |24 |Jumbo ]6.68 [20 |Jumbo 6.98 [18 |Jumbo 5.54 [32 |Medium |5.75 [28 |Large |6.44 |24 [Jumbo
China S-3 5.96 |28 [Large ]6.63 [20 |Jumbo 7.13 [15 |Mammoth [[5.70 [32 |Large 6.18 |24 |Large ]6.57 [20 |Jumbo
China S-6 5.88 |28 [Large ]6.22 |24 |Large 6.60 [20 |Jumbo 547 [36 |Medium |6.04 [28 |Large ]6.33 |24 |Large
China S-7 5.83 |28 |Large ]6.33 |24 |Large 6.55 120 |Jumbo 5.37 |36 |Medium |5.65 |32 |Large [6.06 [28 |[large
China 6-15  |5.73 |28 [Large ]6.61 |20 |Jumbo 5.81 [28 |Large 6.22 [24 |Large 6.40 [24 |Jumbo ]6.70 |20 |Jumbo
China S-1 6.18 |24 [Large ]6.53 [20 |Jumbo 6.63 [20 |Jumbo 5.74 [28 |Large 5.93 |28 |Large ]6.03 |28 |Large
China S-11  |6.49 |20 |Jumbo ]6.86 [18 |Jumbo 7.04 [18 |Mammoth [[6.21 [24 |Large 6.35 |24 |Large ]6.28 |24 |Large
China S-12  |5.99 |28 [Large ]6.48 |20 |Jumbo 6.85 |18 |Jumbo 6.27 |24 |Large 6.79 [18 |Jumbo ]7.05 |18 |Mammoth
China S-15  ]6.10 |24 |Large [NA [NA |[NA NA |NA[NA 6.00 |28 [Large 6.34 |24 |Large ]6.55 (20 |Jumbo
China S-17  |6.24 |24 |Large ]6.74 [20 |Jumbo 747 [15 |Mammoth [[5.94 [28 |Large 6.43 |24 |Jumbo ]6.45 [24 |Jumbo
China S-18  [6.45 |24 |Jumbo |7.26 |15 [Mammoth]6.68 |20 [Jumbo 6.02 [28 |Large 6.62 |20 |Jumbo [6.62 |20 |Jumbo
China S-2 6.49 |20 |Jumbo ]6.97 |18 |Jumbo 7.32 |15 |Mammoth [16.33 [24 |Large 6.64 (20 |Jumbo ]6.97 |18 |Jumbo
China S-5 6.24 |24 |Large ]6.65 |20 |Jumbo 6.69 120 |Jumbo 6.61 120 |Jumbo |6.65 |20 |Jumbo |5.72 [28 [Large
China S-8 5.77 |28 [Large ]5.93 [28 |Large 6.04 [28 |Large 5.46 [36 |Medium |5.97 [28 |Large []6.04 |28 |Large
China S-9 6.86 |18 |Jumbo ]7.12 |15 |Mammoth|7.44 |15 |Mammoth [|5.83 [28 |Large 6.02 |28 |Large ]6.00 |28 |Large
Frost Owari |5.38 |36 |[Medium]5.73 (28 |Large 6.05 [28 |Large 5.21 [36 |Medium |5.55 [32 |Medium]5.97 |28 |Large
Miho Wase |6.02 |28 |Large ]6.50 {20 |Jumbo 6.70 {20 |Jumbo 5.69 [32 |Large 5.99 |28 |Large ]6.06 [28 |large
Miyagawa |6.76 |18 |Jumbo [7.17 [15 |Mammoth|7.54 [15 |Mammoth [(5.93 [28 |Large 6.08 |28 |Large ]6.05 |28 |Large
Okitsu Wase [4.97 |40 [Small ]5.15 |36 |Medium [5.43 |36 [Medium [5.24 [36 [Medium |5.62 |32 [Large |5.83 |28 |Large
Xie Shan 6.73 |20 [Jumbo ]6.99 [18 |Jumbo 7.14 [15 |Mammoth [[5.62 [32 |Large 5.64 |32 |Large |]5.81 |28 |Large
NA: Insufficient data for this variety at this location to provide sizing information.
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the other varieties or each other except
that China S-5 fruit were significantly
larger than China S-2 fruit.

When harvested at this first sample
date from Riverside, the varieties with
the smallest fruit width which were
classified as medium and 32 were Frost
Owari and Okitsu Wase. Frost Owari
and Okitsu Wase fruit had significantly
smaller fruit width than all other se-
lections except Xie Shan, Armstrong,
China S-6, China S-8, and each other.
Although those varieties with the larg-
est fruit width differed between the
two locations, Okitsu Wase and Frost
Owari had the smallest fruit widths at
both locations.

Rind texture or the smoothness
of rind was evaluated for each 10-fruit
sample based on how the rind for each
sample correlated with a standard tex-
ture chart for each sample period on a
scale of 1-8 with a score of 1 being the
smoothest and a score of 8 the roughest
(Figure 6).

Ratings for samples of fruit har-
vested from Exeter ranged between 1.0
and 5.5, whereas the ratings for samples
from Riverside ranged from 1.0 to 5.0.

Over the 7 years, for the first sam-
pling period at Exeter, three variet-
ies (China S-18, China S-5 and Miho
Wase) had average ratings below 2.0,
and four others (China S-3, Miyagawa,
Armstrong and Xie Shan) had slightly
less smooth rind with average ratings
between 2.0 and 2.25.

For this same sampling period at
Riverside, two varieties (China S-1 and
China S-3) had average ratings below
2.0, and three others (Miho Wase, Chi-
na S-11, China S-18 and China S-5) had
average ratings between 2.0 and 2.25.
The rind of all other varieties had high-
er average ratings for this sample pe-
riod, and the average ratings increased
with each sampling period as the fruit
continued to mature.

Sunburn and granulation

Each fruit from the 991 separate
random 10-fruit samples collected
from both locations was evaluated for
the presence of sunburn and granula-
tion, an internal physiological disorder
characterized by enlarged, hardened
and nearly colorless juice vesicles (Er-
ickson 1968). The presence of both of

these conditions reduces the number of
marketable fruit.

Of the 21 varieties, the six varieties
with the most number of fruit with one
or both of these conditions from both
locations were China S-18 followed by
China S-9, Miho Wase, China S-1, Chi-
na S-17, and Armstrong.

Trends

Of the 21 different Satsuma vari-
eties evaluated for fruit quality traits
from 2005 through 2011, those that
stood out as early maturing varieties
based on the highest average solids-to-
acid ratios from fruit harvested from
Exeter included: Miyagawa, Xie Shan,
Armstrong, China S-5 and China S-9,
Miho Wase, China S-17, China S-1 and
Okitsu Wase.

In contrast, the fruit of these cul-
tivars sampled from Riverside with
the highest average solids-to-acid ra-
tios were Miyagawa, Miho Wase, Ok-
itsu Wase, China S-9, Xie Shan and
China S-1.

Based on the soluble solid or sweet-
ness component of the ratio for those
cultivars listed above with early high
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soluble-solids to acid ratios, OKitsu
Wase and Miho Wase had highest sugar
levels when fruit was sampled from Ex-
eter. Miyagawa, Okitsu Wase, and Miho
Wase had highest sugar levels when
fruit was sampled from Riverside.

Further, the varieties with high
soluble solids-to-acid ratios had ac-
ceptable acidity percent below 1.3
from both locations include Miyagawa,
Xie Shan, Armstrong, China S-5 and
China S-9, Miho Wase, China S-17, and
China S-1 and Okitsu Wase. Of these
selections, only China S-9, Miyagawa,
Okitsu Wase, Miho Wase, Xie Shan,
Armstrong and China S-1 had high
peel color at the first sample period at
either location. Miho Wase, Armstrong
and China S-5 had less than 0.25 seeds
per fruit at one or both locations.

Of these early maturing varieties,
Miho Wase, Miyagawa, Armstrong and
Xie Shan and China S-1 had smooth
rind texture when harvested from ei-
ther one or both of the locations.

Considering fruit size of these ear-
ly maturing varieties evaluated so far,
Okitsu Wase had the smallest average
fruit width and smallest fruit size cat-
egories of all of the varieties. This sug-
gests that these other introduced early
maturing varieties may have promise
over the current early maturing com-
mercial standard.

Our results indicated China S-9,
Miho Wase, China S-1 and Armstrong
varieties had the highest number of
fruits with granulation and/or sunburn
among all fruit sampled, but for most
varieties this was based on fruit har-
vested from young trees and may not
be an issue for fruit of mature trees
since young vigorous trees are more
likely to develop granulated fruit than
older trees (Erickson 1968).

Based on these characteristics of
these early maturing cultivars collec-
tively, both Miho Wase and Miyagawa
had high soluble solids-to-acid ratios,
high sugar levels, acceptable acidity
levels, high early rind color, and smooth
rind texture.

Both Miho Wase and Miyagawa
are currently included in multi-location
replicated trials which are part of the
CRB-funded Integrated Citrus Breed-
ing and Evaluation for California core
program.

These trials were designed to sys-
tematically evaluate the most promis-
ing new scion cultivars from introduc-

Fig. 6. Standard Rind Texture Chart.

What’s in a name?

Scientific names help differentiate and organize biological organisms like
the ones we think of as orange, mandarin, pummelo, grapefruit, lemon, lime,
sour orange and citron.

In 2011, the International Code of Nomenclature http://www.iapt-taxon.
org/nomen/main.php) made significant changes in the rules governing what has
long been termed botanical nomenclature.

These rules for naming algae, fungi and plants such as citrus are based on
ranks with kingdom on the top and species on the bottom. Yet each species
must have two names, both a genus and species name such as Citrus sinensis for
sweet oranges including navel oranges and blood oranges.

There are many other rules that govern how the genus and species name
is written, with the first letter of the genus name being capitalized and the first
letter of species name not capitalized but both are in italics.

What’s in a name is even more complicated because there have been differ-
ent taxonomic systems used throughout history.

Many of us think about citrus based on a system of taxonomy developed
by Walter T. Swingle in the 1940s, but his is not the first or the most recent
taxonomic system proposed. However, Swingle’s system is the one that gave us
names like Citrus reticulata for common mandarins.

Another taxonomist named Tyozaburo Tanaka from Japan was what is
called a “splitter” taxonomist and assigned what Swingle thought of as manda-
rin into a number of different named species including naming Satsuma man-
darin as Citrus unshiu. Even to this day, you will see some refer to Satsuma as
C. unshiu and other as C. reticulata.

To make things even more confusing, a cultivar or horticultural variety
(sometimes shortened to variety although not exactly the same) refers to a
named group of cultivated as opposed to wild plants within a species. A cultivar
that developed from a budsport or nucellar seedling is referred to as a selection.

Names are also important for identification. The Citrus Clonal Protection
Program (CCPP) facilitates the introduction of pathogen-tested citrus culti-
vars from outside California which may have commercial potential. The CCPP
provides a comprehensive process of testing for graft-transmissible pathogens,
shoot tip grafting, thermal therapy and release of varieties from quarantine for
distribution to the industry.

Once a cultivar is selected for the final indexing by the CCPP, this index of a
cultivar is given a VI or variety index number that is used by nurseries to order
budwood of that particular cultivar from the CCPP. There are cases where a
particular cultivar has been indexed more than once at different times, so the
VI number provides identification for both the cultivar and variety index.
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tions and selections from the breeding
program together in five locations that
represent the main citrus production
zones in California (Exeter, Riverside,
Arvin, Santa Paula, and Thermal).

The first sets of multi-location rep-
licated trials were planted in summer
2012 at four locations appropriate for
Satsuma and Clementine mandarins
(Exeter, Riverside, Arvin, and Santa
Paula). These trials also include two
additional Satsuma varieties (China
S-9 and Okitsu Wase) and three Clem-
entine varieties (Sidi Aissa, Nour, and
Clemenules) which will be compared
against three releases from the UCR
breeding program (Daisy SL, Fairchild
LS and Nova LS).

Based on the results of this project,
and the positive attributes of Xie Shan,
Armstrong, China S-1 and China S-5,
these four additional Satsuma varieties
will be included in a future set of multi-
replicated trials.

These multi-replicated scion trials
will make it possible for us to evalu-
ate small numbers of varieties on three
established rootstocks for tree perfor-
mance including tree health and size,

fruit quality, yield, packout, posthar-
vest quality, and consumer acceptance
in later years of a 10-year cycle.

We are currently evaluating a
number of additional Satsuma variet-
ies, some of which are reported to be
early maturing varieties in Japan (Chi-
na 6-18, China S-20, China 6-21, China
6-22, Iwasaki, Miyamoto and Nichinan
Ichigo). Results of these initial evalu-
ations of introduced varieties will be
posted on the Citrus Variety Collection
website  http://www.citrusvariety.ucr.
edu and presented at field days.

We plan to continue our goal of
evaluating of newly introduced cul-
tivars and conducting multi-location
replicated trials to provide the industry
with the data needed to make informed
decisions about which varieties best
serve the California citrus industry.
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CRB Funded Research Reports

Research Project Progress Report

Classical biological control of Asian citrus psyllid
with Tamarixia radiata in urban Southern California

Mark S. Hoddle and Christina D. Hoddle

biological control program for
AAsian citrus psyllid (ACP), Di-

aphorina citri, in Southern Cali-
fornia was initiated in September 2010
when the authors visited the University of
Agriculture in Faisalabad Pakistan to as-
sess the feasibility of using this campus as a
home base for foreign exploration efforts to
find and collect ACP natural enemies (see
Citrograph Sept/Oct. 2010, page 30-33 for
more on this initial trip).

In the intervening two years, a lot has
been accomplished with cooperators in
Pakistan (especially Vice Chancellor Iqrar
Kahan [a UCR alumnus] and Dr. Moham-
mad Jalal Arif), colleagues at UC River-
side (in particular the Stouthamer Lab),
with the citrus industry, the California De-
partment of Food and Agriculture, USDA,
and homeowners with ACP-infested citrus
in Los Angeles, Orange, Riverside, and San
Bernardino Counties.

This article provides the latest up-
dates on the ACP biocontrol program in
California with Tamarixia radiata (Hymenoptera: Eulophi-
dae) a host-specific parasitoid imported into Southern Cali-
fornia from the Pakistan Punjab. Punjab was selected for
natural enemy collections for two major reasons: (1) it has
a climate similar to California, and (2) it is part of the area
of origin for ACP.

The prevailing climate in the Pakistan Punjab has about
a 70% match with major citrus production areas in Califor-
nia. Biological control theory states that natural enemies pre-
adapted to the climate of the area into which they are to be
introduced should perform better than strains or biotypes of
the same species that come from areas with a poor climate
match. We considered a 70% climate match between Califor-
nia and the Pakistan Punjab to be very good for this project.

Pakistan is thought to be part of the evolutionary center of
origin for ACP. If this assumption is correct, biological control
theory suggests that biocontrol agent diversity would be high-
est here because natural enemies attacking ACP have had the
longest time to evolve and diversify into new species on this
pest. As you move away from the pest’s evolutionary center of
origin, towards the margins of its natural range, it is generally
thought that natural enemy diversity declines as a result.

So the Punjab of Pakistan, if it is the center of the area

52 Citrograph March/April 2013

Tamarixia radiata is a parasitoid
that attacks fourth and fifth instar
Asian citrus psyllid nymphs.

This parasitoid from Pakistan is
being released for the classical
biological control of Asian citrus
psyllid in California. Photo by Mike
Lewis, Center for Invasive Species
Research, UC Riverside.

of origin for ACP, could offer the greatest
chance of finding several different species
of natural enemies for use in a classical bio-
logical control program in California.

Working with Pakistani researchers

The first major collecting trip to Paki-
stan for ACP natural enemies was 10
March to 11 April 2011. During this time
several major tasks were completed. First,
we recruited and trained a Master of Sci-
ence (MS) student, Mr. Shouket Zaman
Khan, under the supervision of Dr. Mo-
hammad Jalal Arif, from the Department
of Agri-Entomology at the University of
Agriculture (UAF) in Faisalabad.

Zaman’s MS research has focused on
medium-term population monitoring of
ACP (weekly surveys over a 2-year pe-
riod), parasitism rates, and natural enemy
diversity on two types of citrus, Kinnow
mandarin and sweet orange at two differ-
ent research sites at UAF (Square 9 and
the Postgraduate Agricultural Research
Site [PARS]) (Figure 1).

He has also been responsible for clearing a malaise trap
(Figure 2) each week that has been set up in citrus at Square
9.These malaise trap collections provide important informa-
tion on insect biodiversity associated with citrus in Pakistan,
which could reveal new pest and natural enemy species that
we are currently unaware of.

Zaman has surveyed other native Pakistani species of
Diaphorina (the genus to which ACP belongs) to determine
how diverse the parasitoid fauna associated with these na-
tive psyllids is and whether or not there is overlap in para-
sitoid species attacking different Diaphorina species in the
Punjab (Figure 3).

Zaman has also been instrumental in preparing the
groundwork, taking care of logistics, and proactively scout-
ing collection sites in advance of collecting trips by the au-
thors. The value of this work cannot be overstated as Za-
man’s efforts have saved a lot of time and greatly increased
the success of collecting trips.

As part of this UCR-UAF collaborative program on
ACP, Zaman completed a four-week training period in the
Hoddle Lab in September-October 2012. This visit allowed
him to be trained in all aspects of the ACP biological con-



trol program operating at UCR. Needless to say, it was very
exciting for Zaman to work with parasitoids sourced from
our collecting trips to Pakistan both in the lab at UCR and
at various field sites in Southern California. He also made
many new friends during his visit, which undoubtedly was a
great thing for building positive Pakistan-USA ties.

Second, during the March-April 2011 visit, Mark Hoddle
(MH) and Christina Hoddle (CH) scouted citrus production
areas in Sargodha, Gujranwala, Toba Tek Singh, and Faisala-
bad (Figure 4) with collaborators from UAF who had strong
connections to the citrus producing community in these ma-
jor Punjabi production areas.

A basic field day would consist of an early start (often

Fig. 1. Shouket Zaman Khan and Christina Hoddle conducting
weekly Asian citrus psyllid and parasitism surveys at the
Postgraduate Agricultural Research Site (PARS), University of
Agriculture Faisalabad, Punjab Pakistan.

g— : , -
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Fig. 3. Christina Hoddle and Shouket Zaman Khan collecting
Diaphorina aegyptiaca nymphs from Cordia myxa in a
cemetery in Faisalabad Pakistan to rear parasitoids to
determine if Asian citrus psyllid parasitoids attack other
species of Diaphorina in Pakistan.

around 5:30 a.m.), scouting fields in search of ACP-infested
trees, and collecting ACP-infested stems to return to the lab
for processing that night (Figure 5). Lab work was challeng-
ing, especially at night, because load shedding (a euphemism
for Pakistan’s unpredictable electricity supplies; we were
getting an erratic six-hour supply a day) would knock out
lights and fans and this meant working with headlamps and
flashlights (Figure 6), and sometimes temperatures in the lab
would surpass 125°F — this makes you sweat a lot!

Once processed, stems from collection sites were isolat-
ed in bugdorms that were labeled by locality and collection
date, and parasitoids that emerged were kept separate ac-
cording to the bugdorm into which they emerged.

LSk I i
Fig. 2. Saif-ur-Rehman (right), Christina Hoddle, and Shouket
Zaman Khan with the malaise trap set up in a block of
Kinnow at Square 9, University of Agriculture, Faisalabad
Pakistan. The first Kinnow trees were donated to Pakistan in
1940 by the University of California Riverside. This mandarin
was developed by H.B. Frost and released for commercial
cultivation by the Citrus Experiment Station in 1935. Kinnow
accounts for 85% of citrus production in Pakistan, and fruit
are exported internationally.

Sargodha Gujranwala

Lahore

Faisalabad

Toba Tek Singh

Fig. 4. A map of Pakistan indicating the major citrus

growing areas (Sargodha, Toba Tek Singh, Gujranwala, and
Faisalabad) that were scouted for Asian citrus psyllid natural
enemies. The major point of entry into the Pakistan Punjab
is the Allama Igbal International Airport in Lahore.
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Consequently, parasitoids were not mixed across locali-
ties or collection dates, and they were hand-carried under
USDA-APHIS permits in carefully labeled vials back to the
Insectary and Quarantine Facility at UCR. Strict adherence
to this collection protocol enabled the establishment of iso-
cage lines of Tamarixia on ACP in Quarantine at UCR.

Preserving genetic diversity

Because each parasitoid isocage line represented a
unique collection site and date, parasitoids from isocages were
never mixed in Quarantine. The idea (promoted by Richard
Stouthamer, professor of Entomology at UCR) behind these
isocage lines was to preserve as much genetic diversity as pos-
sible by inbreeding parasitoid populations in each cage.

This isocage line approach differed significantly from
what has been done traditionally, where all parasitoids col-
lected from different locations and times are commingled
and allowed to mix freely and cross breed inside mass pro-
duction cages.

Studies with Drosophila (i.e., vinegar flies routinely used
in genetics studies) suggested that more genetic variation
is preserved with isocage lines because it prevents random
matmgs As a result of continuous mass random matings,

Yo genetic variation decreases as

populations uniformly become

| more and more adapted to pre-
"' vailing Quarantine conditions.

Although some genetic vari-
ation is lost with isoscage lines,
it is more easily increased again
when inbred isocage lines are al-
lowed to cross with each other in
a “mongrel” breeding cage. Re-
constitution of genetic diversity
is achieved via hybrid offspring
production that results from
crosses by adults from different
isocages. It is these genetically
diverse “mongrel” or “hybrid”
offspring that are released from
Quarantine for the biological
control of ACP (see Figure 7).

After the March-April 2011
trip, three more trips to collect

Fig. 5. Christina Hoddle
collecting citrus twigs
infested with parasitized
Asian citrus psyllid
nymphs in Sargodha
Punjab Pakistan. Cuttings
were returned to the lab
for processing.

Fig. 6. Mark Hoddle processmg parasitized Asian citrus
psyllid nymphs inside Bugdorms in the laboratory at the
University of Agriculture Faisalabad (A) and then the
electricity goes out, headlamps are turned on, and the

fast! (B).

parasitoids from Pakistan were made;4-13 June 2011, 28 Oc-
tober — 4 November 2011, 2-5 June 2012 (see Table 1 for a
summary of the ACP parasitoids collected in Pakistan).

These collecting trips and Zaman’s MS research were
supported, in part, by funds issued by the California De-
partment of Food and Agriculture (CDFA), via the Citrus
Health Response Program (CHRP). After each of these col-
lection trips, new isocage lines were established in Quaran-
tine at UCR, and a total of 17 lines resulted.

In addition to Tamarixia, other parasitoid species attack-
ing ACP were collected, and these included Diaphorencyrtus
aligarhensis (Hymenoptera: Encyrtidae), and Psyllaphycus
diaphorinae (Hymenoptera: Encyrtidae). Four isocage lines
of D. aligarhensis were established in Quarantine, but P, di-
aphorinae colonies were not set up because this parasitoid
was collected too infrequently to be considered an impor-
tant ACP parasitoid.

Two species of hyperparasitoid, that is parasitoids para-
sitizing ACP parasitoids, were reared out in Quarantine,
these being Marietta leopardina (Hymenoptera: Aphelini-
dae) and Aprostocetus (Aprostocetus) sp. (Hymenoptera:
Eulophidae) (Table 1). Careful studies by CH in Quarantine
conclusively demonstrated that these two hymenopteran
species were not ACP parasitoids, and they readily attacked
and emerged from ACP mummies that were parasitized by
Tamarixia or D. aligarhensis. Consequently, all Marietta and
Aprostocetus were Killed off in Quarantine once their repro-
ductive biology was understood and it was clear that they
were hyperparasitoids. ...continued on p.56

temperature goes up ...
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Starting in March 2010, Dr. Raju Pandey (a post-gradu-
ate researcher in the Hoddle Lab) started safety evaluations
for the Pakistani Tamarixia (these parasitoids were sourced
from the Department of Primary Industries in Florida for
these studies and none of them have been released in Cali-
fornia), and this work was supported by the CDFA’s Spe-
cialty Crops Program and the Citrus Research Board.

Stringent, mandatory safety tests

These safety tests were mandatory and required for re-
view by USDA-APHIS. The issuance of a permit by USDA-
APHIS to release Tamarixia from Quarantine would only
occur if it could be demonstrated that this natural enemy
posed no undue risk to California’s environment. After
about 18 months of work in Quarantine, the safety testing
for Tamarixia was completed. This allowed the preparation
of a 60-page Environment Assessment Report (EAR) for
USDA-APHIS to review.

The EAR provided the rationale for a classical biologi-
cal control program against ACP in California using Tama-
rixia, the selection criteria for seven test species of psyllid
(see Table 2 for psyllid species tested and their selection cri-
teria) to determine their suitability as hosts for Tamarixia.

A major component of the test psyllid selection process
was made possible because of work funded by the Citrus
Research Board to develop a checklist of native and intro-
duced psyllid species in California, an area of research that
had been neglected for over 20 years (see Percy et al., 2012
Zootaxa 3193: 1-27 for this checklist).

The EAR also covered the design and execution of three
different experiments (sequential no choice, static choice
and no choice experiments) to determine the host range of T.
radiata when exposed to the seven test psyllids, and analyses

Establishment of IsoCage Lines in Quarantine

2 3 4

B E

Hybrids released into field

Fig.7. This schematic shows 13 of the 17 isocage lines of
Pakistani Tamarixia radiata set up in Quarantine at UC
Riverside. Offspring produced in each isocage are recycled
back into the isocage from which they were derived. Genetic
theory suggests that maintenance of these isocage lines
helps preserve greater levels of genetic diversity. Diversity
is reconstituted when isocage lines are introduced into a
mass sting cage where individuals from different lines can
freely interbreed. The “mongrel” offspring are expected to
have greater genetic diversity because isocage “hybrids”
result from random matings. It is these hybrid Pakistani
parasitoids with increased genetic diversity that are
released against Asian citrus psyllid in California.



of the results of exposure experiments
to ascertain the risk Tamarixa posed to
non-target psyllid species in California.

Table 1. Summary of parasitoids (Tamarixia, Diaphorencyrtus, and Psyliaphycus)
and hyperparasitoids (Marietta and Aprostocetus) reared from Asian citrus
psyllid nymphs collected from four different trips to the Pakistan Punjab.

The results of this painstaking and

difficult work clearly demonstrated that  Collection Date

No. of No. of No. of No. of No. of
Tamarixia Diaphorencyrtus Psyllaphycus Marietta Aprostocetus

Tamarixia posed no undue risk to native collected collected collected collected collected
California psyllids, and it was concluded 10 March—11 April 2011 80 70 5 0 0
that this parasitoid was safe to release  4-13 June 2011 406 25 0 0 0
and establish for the biological control of =~ 28 Oct. —4 Nov. 2011 1012 20 22 52 4
ACP. 2-5 June 2012 238 164 1 24 3
The EAR was submitted to USDA- Grand Total 1736 279 28 76 7

APHIS on 15 November 2011, and US-

DA-APHIS issued the release permit (P526P-11-04159) for
Tamarixia on 7 December 2011. The first release of Tamar-
ixia occurred on 20 December 2011 at the citrus Biocontrol
Grove at UCR (see Citrograph Jan/Feb. 2012, page 11 for
more on this initial release).

This was not the first time Tamarixia had been released
in the USA; it was first deliberately established in Florida for
the biological control of ACP in 1999, and the parasitoid is
self-introduced into Texas and Mexico.

Extensive survey work in Southern California, especial-
ly urban citrus in Los Angeles County, indicated that ACP
nymphs were not parasitized and that it was likely that this
pest was benefiting, to some degree, from natural enemy-free
space.

Establishment of Pakistani Tamarixia in heavily infested
areas would exert much needed “top-down” pressure on
ACP which has the potential to not only reduce pest pop-
ulation densities but to also lower the probability of ACP
finding citrus infected with huanglongbing (HLB) (see Citro-

graph May/June 2012 pages 8-9 for more on the HLB find in
Los Angeles County.)

Since the initial release of 281 Tamarixia into the Bio-
control Grove at UCR, a total of 39,934 (30,788 females and
9,146 males) Pakistani Tamarixia reared at UCR have been
released at 210 sites across 46 cities in urban areas in Los
Angeles, Orange, Riverside, and San Bernardino Counties
(see Table 3 for more release details.)

These parasitoids have been produced from two Cit-
rus Research Board projects that are supporting the mass
production of Tamarixia at UCR (Dr. Anna Soper and Lisa
Forster in the Stouthamer lab) and monitoring the impact
and spread of Tamarixia in urban areas (Ruth Amrich and
Allison Bistline in Hoddle lab and Grace Radabaugh with
the CDFA).

Confirmed parasitoid activity
Of the 210 sites that have received Tamarixia, at least 49
(~23%) of them have evidence of parasitoid activity, mean-

Table 2. The five selection criteria and selected species of non-target psyllids used for host specificity testing of Tamarixia
radiata in quarantine at the University of California Riverside (UCR). These tests were conducted to determine how broad
a host range T. radiata would have in CGalifornia. Ideally a safe and effective natural enemy has a very narrow host range,
and therefore poses little undue threat to non-target species, especially native and beneficial psyllids.

Selection criteria Selected species

Source of test psyllids

Target pest species Diaphorina citri Kuwayama

(Liviidae: Euphyllurinae)

USDA-APHIS-PPQ-CPHST Mission Laboratory,
Edinburg, TX (certified HLB-free)

1) Close phylogenetic

relatedness to D. citri (Liviidae: Liviinae) (native)

Euphyllura olivina (Costa) (Liviidae:

Diclidophlebia fremontiae (Klyver)

Wrightwood, San Bernardino Co., CA

Temecula, Riverside Co., CA

Euphyllurinae) (self-introduced pest)

2) Close native host plant
relatedness to citrus
(Rutaceae: Sapindales)

Calophya californica Schwarz

UCR botanical garden, Riverside Co., CA

(Calophyidae: Calophyinae) (native)

3) High probability of
occurrence in native
vegetation surrounding
citrus groves

Heteropsylla texana Crawford

(native)

Heteropsylla sp. (Psyllidae: Ciriacreminae)

UCR botanical garden, Riverside Co., CA

(Psyllidae: Ciriacreminae) (native)

UCR botanical garden, Riverside Co., CA

4) Common native pest psyllid

Bactericera cockerelli (Sulc) (Triozidae:

Trumble Laboratory, Dept. of Entomology, UCR

no sub-family classification is available

for Triozidae) (native)

5) Beneficial psyllid attacking
a noxious weed, and
functioning as a weed
biocontrol agent

Arytainilla spartiophylla (Foerster)
(Psyllidae: Psyllinae) (self-introduced
exotic infesting broom, Cytisus scoparius)

El Dorado Co., CA
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ing we have recovered ACP nymphs with Tamarixia inside
them and we have found ACP nymphs with exit holes from
which adult Tamarixia have emerged.

This is almost certainly an underestimate of the number
of sites Tamarixia is likely to have established at, as many
release sites have not had repeat visits to assess Tamarixia
establishment since the initial release. Work this summer is
planned to rectify this.

Additionally, following inspection of neighboring prop-
erties around these 49 confirmed sites, we have found an
additional 19 properties with Tamarixia activity, indicating
that the parasitoids are moving into neighboring properties
without our assistance (again this is likely an underestimate
because follow up studies have not yet been made).

In fact, some recoveries have been made up to 7.5 miles
from release sites which could indicate that this tiny parasit-
oid has the ability to spread quickly and over long distances
without human assistance (this was seen in the Caribbean
and South America).

Dr. Paul Rugman-Jones (Stouthamer lab) has conducted
DNA analyses on the parasitoids we have found in the field,
and his results provide two very important pieces of infor-

Table 3. Summary of Tamarixia releases in southern Galifornia for the classical biological
control of Asian citrus psyllid over the period 20 December 2011 to 14 March 2013.

mation: (1) the DNA confirms that the parasitoids we are
finding are of Pakistani origin because their DNA is similar
to that analyzed from the colonies in Quarantine at UCR,
and (2) there are fairly high levels of genetic diversity in the
recovered parasitoids which justifies the efforts that have
gone into maintaining isocage lines in Quarantine.

Initial stages ‘very encouraging’

The initial stages of this ACP biocontrol program are
very encouraging. Tamarixia has been cleared from Quar-
antine and released in Southern California, and it appears
to be establishing and spreading on its own. This is remark-
able given that relatively few parasitoids have been released
so far (< 40,000), releases were made at just over 200 sites,
and recoveries have been made at sites where releases were
made during the winter, a less than optimal time of year for
establishing natural enemies.

The next big steps for the urban monitoring project are
to assess the impact Tamarixia is having on ACP and what
role ants are playing in parasitoid establishment and parasit-
ism rates.

There is also a lot interest in ramping up the production
of Tamarixia. The USDA is
currently working with the
Citrus Research Board on

No. sit No. sit the feasibility of this objec-
O 518 | No. sites with O- SIS Total Total tive, and private insectaries
- . Tamarixia L with . .
Cities Counties Tamarixia ) females males also want to be included in
released . confirmed .
- establishment — released | released mass production effor'ts.
Host safety testing for
Azusa Los Angeles 8 7 4 1889 716 D. aligarhensis is currently
Beaumont Riverside 4 0 0 705 140 underway at UCR, and it is
Bellflower Los Angeles 3 0 0 439 130 anticipated that by Fall 2013
Bell Gardens Los Angeles 11 9 3 2497 928 this parasitoid Will be C]eared
Cabazon Riverside 1 0 0 136 40 for release in California for
Calimesa Riverside 3 1 0 643 203 the bio]ogical control of ACP.
Chino San Bernardino 7 4 0 1672 478 Finally, one more collect-
Colton San Bernardino 1 0 0 145 32 ing trip to Pakistan is being
Compton Los Angeles 5 0 0 874 164 made in April 2013. These
Covina Los Angeles 1 0 1 23 8 collections will add addition-
Downey Los Angeles 10 0 0 1093 280 al Tamarixia and D. aligar-
Duarte Los Angeles 1 0 0 99 28 hensis isocage lines in Quar-
Fontana San Bernardino 9 4 3 1641 550 antine, and this new genetic
Fullerton Orange 4 0 0 662 249 stock could further help to
Hemet Riverside 4 0 0 680 105 | bolster the genetic diversity
Irvine Orange 2 0 0 295 40 of these parasitoid popula-
La Habra Heights Los Angeles 3 0 0 488 92 tlonzm CEallforn.la. Special
La Mirada Los Angeles 3 0 0 459 68 L r;) lxte.ns;on PelClzl)'
La Puente Los Angeles 12 4 0 981 251 Ist in bio nga, contr? » LT
Mark Hoddle is the director
Long Beach Los Angeles 6 0 0 424 117 .
of the Center for Invasive
Los Angeles Los Angeles 17 4 0 3327 1229 . .
. g Sy 1 0 0 7 24 Species Research, Univer-
ynw.czo - Sd sity of California Riverside.
Mem e Rfversf € 1 0 0 234 101 Christina Hoddle is an As-
Mira Loma Riverside 1 2 0 20 LS sistant Specialist in the De-
Montclair San Bernardino 1 0 0 194 55 partment ofEntomology, Uc
Moreno Valley Riverside 8 1311 245 Riverside.
Norwalk Los Angeles 3 267 84 CRB research project ref-
Ontario San Bernardino 3 0 0 288 81 erence number 5500-194.
Pico Rivera Los Angeles 9 4 8 496 217
Pomona Los Angeles 9 5 0 750 284
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Preservin g Citrus Heritage Foundation

If you have found our articles of value and
engaging, Please Support Your Founda-
tion in any size denomination. Our busi-
ness plan is the same as this age-old
expression “Watch your pennies and the
dollars will take care of themselves.” Your
donation directly equals our continuation!

Buy our books, crate labels, make a cash contri-
bution ...Or give to Citrus Roots Foundation your
crate labels, books, citrus memorabilia ...you will
save FED and CA taxes to the full extent allowed.

Our website is a reference center
www.citrusroots.com

Our “Mission” is to elevate the aware-
ness of California citrus heritage through
publications, education, and artistic work.
We are proud of our accomplishments as a volunteer
organization, which means each donated dollar works
for you at 100% [for we have no salaries, wages, rent,

etc.]. All donations are tax deductible for income tax
purposes to the full extent allowed by law.

Citrus Roots -Preserving Citrus

Heritage Foundation
P.O. Box 4038, Balboa, CA 92661 USA
501(c)(3) EIN 43-2102497

The views of the writer may not be the same as this foundation.
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California
Citrus Spurred
Colonization

From Butte County to
the border of Mexico...

1919...The California
Citrus Rush... Explosion...

Richard H. Barker

a collaborative effort of many different motivations

Colonization just did not magically come together. It was

and factions. This synergistic energy built communities.

Here are just a few influences.

In 1900, the Southern Pacific Passenger Department
came out with a one-way fare to California. This plan ceased
in 1916, though 795,000 passengers had accepted the “colo-
nist rate” (per Richard J. Orsi, in his book Sunset Limited

- the Southern Pacific Rail-
road and the Development
of the American West 1850-
1930).

As the story unfolds,
about 50,000 annually trav-
elled to California under
the “colonist rate.” This
does not imply the choice
for all users of the South-
ern Pacific system, for some
women and children came
by coach, and the father and
sons rode in a freight car
to care for their horses and
mules, and additionally to
guard their belongings.

Santa Fe further offered

COLONIST TICKETS
T0_ CALIFORNIA

EVERY TUHESIDAY
PRI FERRPARY liTe T Antm e

Irem Chbcaps  :  : . s

THE GREATEST OFPORTUNITY

B Bl s Rt

HOMES IN CALIFORNIA

SOUTHERN PACIFIC €O

MPANY

a competitive choice. They chose to advertise using pictures
of outstanding scenes and promised a pleasant journey to
California plus Fred Harvey meals. The photo in their “or-
ange groves” ad shown here offers proof of the scant popula-



This Sunset Magazine Special
Photography car made the route
covering “Scenic Spectaculars”,
promoting the wonders of California
and the economic opportunities
including the citrus industry.

tion in the peripheral, exurban areas. Just
to add a comparison, in 1910 the City of
Los Angeles had a population of 319,200.

The reader may raise the question of
the alternative, the motor vehicle. This
mode of travel was really pioneering!
The conveniences offered to serve the
motorist were next to nonexistent. One
camped at night off the road without
plumbed water. The traveler had to
carry his own drinking water and wa-
ter for the engine, and a hand pump
to inflate the tires. There were very
few fuel outlets, and the roads were
in poor condition (you felt each rut).

In 1919, the writer’s mother
came to California in a new car
from Nebraska, and her stories of
the trip were very vivid. Nothing
was simple! If you registered in a
hotel a member of the family had
to protect your car by sleeping in it. Theft
of automobiles was high all over the western states.

ered the subjects of “scientific farm-
ing” by printing work of the Univer-
sity of California, small-scale farming,
stories on cooperatives, and examples
of successful colonization.

In the September 1904 issue, Wil-
liam R. Staats of Pasadena (which had a
population of 20,000 in 1906) wrote that,
“from Pasadena to Los Angeles will be
a solid phalanx of homes within a few

years.”

He was correct, and this action was
at the forfeiture of the citrus industry. We
will explore this in the “Boom of 1920s”
(in the May/June 2013 issue). But for now,
one can clearly determine the influences

and synergism of many diverse powers

In 1898, Southern Pacific Company launched the Sun-  which pushed further the “citrus rush.”
Now relative to the January/February issue, we covered

the California Fruit Growers Exchange’s preeminent ad-

set Magazine to stimulate tourism and create the image that
California was really a “health resort”. This magazine cov-

e S S Aln. o NegeE p . 4 L&
Board of Directors, California Fruit Growers Exchange, 1919. (Left to right): President F.Q. Story, representing Semi-Tropic
Fruit Exchange; General Manager G. H. Powell; First Vice President P.J. Dreher, representing San Antonio Fruit Exchange; A.E.
Bennett, Orange County Fruit Exchange; C.A. Brown, Duarte Monrovia Fruit Exchange; C.C. Teague, Ventura County Fruit Exchange;
R.C. Merryman, Lindsay-Merryman Fruit Exchange; E.W. Hart, San Dimas Fruit Exchange; J.S. Edwards, Redlands-Highlands Fruit
Exchange; W.M. Griswold, Covina Fruit Exchange; W.E. Sprott, Tulare County Fruit Exchange; H.E. Swan, Ontario-Cucamonga
Fruit Exchange; N.T. Edwards, Northern Orange County Exchange; A.S. Holden, Riverside Fruit Exchange; G.H. Merrifield. Central
California Citrus Exchange; J.D. McGregor, San Bernardino County Fruit Exchange; C.S. Whitcomb, Azusa, Covina, Glendora Fruit
Exchange; C.C. Arnold, Arlington Heights Fruit Exchange. Absent: FJ. Mueller, Queen Colony Fruit Exchange, and J. Mills, Sr.,

Superior California Citrus Exchange.
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This Sunset Magazine Special Photography car made the route covering “Scenic Spectaculars”, promoting the wonders of
California and the economic opportunities including the citrus industry.

vertising of a perishable food product — a first, which was
targeted for a selected area, and saturated with marketing
material. It was a great success, and because of its success
others followed in more than one way.

For this issue, let’s focus now on the California Fruit
Growers Exchange cooperative’s organizational structure.

For the reader who is interested in their many attempt-
ed efforts expended to organize the growers, may I suggest
you read my book, Selling the Gold, History of Sunkist and
Pure Gold. My thoughts were why try to rewrite the work
of one who was the corporate secretary of the California
Fruit Growers Exchange. She witnessed from the begin-
ning every success and bump. I obtained permission and
republished Rahno Mabel MacCurdy’s award-winning
book which was printed in 1925, and I commenced my con-
tribution after that year.

On March 27, 1905, thirteen men, each representing
a different, specific citrus growing district sales exchange,
signed the corporate charter establishing the California
Fruit Growers Exchange. The board of directors met each
Wednesday at 10:00, and all growers were cordially invited
to attend, for they were mutually united. (This is a differ-
ing circumstance from a public corporation, for the board
meetings are closed to the shareholders. In public corpora-
tions the Annual Meeting is open, and following this public
gathering the board convenes in the usual closed session.)

By 1919, packinghouses had been modernized by elec-
tric motors and most were hooked up to electric power
that carried the fruit along conveyer belts for washing,
waxing, sizing and grading. From there the fruit moved into
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From the archives of the L.A. County Agricultural Commissioner

CALIFORNIA FRUIT GROWERS EXCHANGE

DISTRICT EXCHANGE & ASSOCIATION MAWAGERS

Exchange or Association

A, G, G. FRUIT EXCHANGE

Azusa Citrus Assocciation
Azusa Foothill Ciﬁrus Company
Azusa Orange Coupany

Duarte Orchards Cowpany
Duquesne Fruit Coupany
Glendora Citrus Aesooiation

Griffith Fruit Asen.
Irwindale Citrus Assoociation

ARLINGTON HTS. FRUIT EXCHANGE
Alta Cresta Groves

Arlington Hts. Fruit Company
Sierra Vieta Packing Assn.
Viotoria Avenue Citrus Aesn.

CENTRAL CAL. CITRUS EXCHANGE
Balaam einhorn

Craig Y Nos Orchards

Drake Citrus Association
Exetor Orange Growers Assn,
Kaweah Lemon Company

Lemon Cove Association
Lindsay Fruit Asdociation
Lindsay Packing House CUompany
Lindsay Producers Association
Northern Tulare Citrus Asen,
Ohio Lemon Company

Paloma Oitrue Association
Pogue, J. E,

Rocky Hill Citrue Asen.

| Sequoia Citrus Association

Glendora Hts.Or.& Lem.Grs.Assn.

Slerra Madre-Lamanda Citrus Assn.

May 1, 1819.

Hanager
C¢. C, BILLIS
Kuhry
G, A. Griffith
4. H, Goslin
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. Pogue
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AZUSA
Azusa
Azusa
Azusa
Duarte
Charter Oak
Glendozas

.-Gléndora

Azusa
Irwindals
Lemanda Park

RIVERSIDE
Riverside
Riverside
Riverside
Riverside

LINDSAY
Exeter
Lindsay
Lindsay
Exeter
Lemon Cove
Lemon Cove
Lindeay
Lindeay
Lindsay B
Dinube
Lemon Cove
Woodlake
Lewon Cove
Exeter
Lemon Cove




*COVINA FRUIT EXCHANGE
Covina Oitrue Aesociation
Covina Orange Growera Asen.
Riley Fruit Co., J. M.

DUARTE-MONROVIA FRUIT EXCHANGE

LINDSAY-MERRYMAN CITRUS EXCHANGE
Black:& White Cowpany
~Craig Y Noe Packing House Co.
Dungan, 4. C.
Elderwood Packing House Coupany
Gundelfinger, Emil
Gillette Orohard
Hersey Citrus Groves
Johnson Orchard, Katie E,
Klink Oitrus Association
Lancashire, F, H.
Iindsay Citrus Association
Lindsay Dietrict Orange Co.
Lindeay Orange Growers Assn,
Acindoo, Willian
cu3€s Bros.
sryman Fruit Land & Lumber Co,
“utual Orange Growers Company

LINDSAY-MERRYMAN EXCH. {(Cont'd)
avelenocla Cltrue Association
Orange Oove Citrus Association

Orosi Foothill Citrus Association
Stevenson, G. F.

Woodlake Hts. Fruit Oo.

NO. ORANGE COQUNTY CITRUS EXCH.
Anabeim Oitrus Fruit Aeen.
Anahein Orange & Lewon Assn,
Le Habra Citrus Asen.
Placentia Mutual Orange Asen.
Placeniia Orange Growers Asen.
Yorba Linda Citrus Assooiation

ONTARIO-~CUCAMONGA FRUIT EXCHANGE
1ta Lowme Hts. Cltrue Aesn.

Alta Hilleide Groves

Citrus Fruit Association

Cucamonge Citrus Frt.Gwe.Assn.

Etiwanda Citrus Fruit Asen.
Hanson Fruit Company, G. A.
Lemon Growers Exohange

Mt. View Fruit Asecciation
Stewart Citrus Association
Upland Citrus Association '
Upland Hte. Orange Asen, .

Weet Ontario Citrus Assooiation-

ORANGE GOUNYY 'FRUIT EXCHANGE
Central Lemon Assgoiation .
David Hewes Realty Oonmpany
Garden Grove Citrus Assn.
Golden Weet Citrus Association
MoPhereon Heighte Citrus Agen. -
Ulive Hta, Cltrus Asen.

San Joaquin Fruit Company
Santiago Orange Growers Asen.
Tustin Hills Citrus Associatio
Tustin Lemon Association -~ - -
Villa Park Orohards Asen, .

ngEN COLONY FRUIT EXCHANGE
all Eptate, A.F. B
Corona Citrue’ Aspociation -
Corona Lemon Company - :
El.Cerito Ranch Company
Jamepon Association, W. H. -
Orange Hts. Fruit Aesn. -

REDLANDS-HIGHLANDS FRUIT EXCH.
Bryn-Mawr Fruit owers Aesni’
Crafton Qrange Growers Aeen,
QOrown Jewel Groves .

Gold Buckle Asegciation
Highland Exchange Association
Highlands Fruilt Growers Assn,
Highland Orange Assooiation
Misslon Citrus:4ssociation
Redlands Co-operative Fruit-Aesn.
Sunshine Heights Association
West Highland Citrus Asen.

RIVERSIDE FRUIT EXCHANGE -
Monte Vista Citrus -Association
Riverside Hts. Qrange Grs.Asen,
San Jacinto Packing House

JéAN ANTONIO FRUIT EXCHANGE
Claremont Citrus Assoclation
College Hts.Or. & Lemon Asen.
El Canino Citrue Assooiation
Indian Hill Citrus Association
La Verne Or.& Lemon Gwra.Assn.
Pomona Fruit Growers Exoh.
Walnut Fruit Growers Assan.

W. i, GRISWOLD COVINA
W. W. Bennett Covina
¢, E. Orawford Covina
Henry Damersl Covina
D. E, BROWN DUARTE
R. H. SHOEMAKER Jr, LINDBAY
L. G. White Lindsay
E. L. Tobin Lindsay
A, C. Dungan Exeter
M, R, Whiffen Visalia
Emil Gundelfinger Seville
King G, Gillette Lindeay
M. R. Hersey Lindsay
i, MoKee Lindsay
Bteele Klink
F., H. Lanoashire Woodlsake
K. H, Plate Lindaay
H, 0. Mason Lindsay
%, 8, Cairns Lindsay
W, McIndoo Lindeay
Martin HcLess Lindsay
R. C, Merryman Exeter
Chas. K. Towt Lindsay

R, H, SHOEMAKER,Jr.LINDBAY

Roy.P. Matthews
C. E. Ray

E, B. Brighanm
G. F. Stevenson

E, Hillse

DALE R, KING

W. H. Bohureman
G. ¥, Sandilands
C. L, Crumrine
Chas. Fuller

Abe Pritchard

S. E, 8kidwore

D. E. MYERS®
C. E, Roberts

M,

‘Miss I, Deumens

Webber
Petty

Foss
Hanson
Bradley
Woods
Beattie
Norton

C. Rogenberger

B, F.
H. H,

E. C.
‘Ww, Hartley

L. D. PALMER"
E. B. Collier
D, Eyman Huff -
E. M, ‘Dozier
Geo. 'Bi Bhattuok
C. W, Post-

B. Hi Cole

J. A, Bray.

W, G, Mumper
B,.A, Crawford
Roy Runnels

H. D. Nichols

A; E; LANG

Ry L: %illite
F.J.Mieller
R: L. Willits
E. T, Brink
Joy G. Jameson
F. H. Roberts

H. W. BEAGER
N. B. Hinckley
E:D,Higginbothan
J. D. Langford
J. 8. Edwards
R. 8. Thoumpson
John Gozwin
Clark Roberts
J. D: Blaok®
N. Leo"Lelean -
Ed. Hawes

R. F. Hosking

H, A,
L..D
E,
H.

LYNN
Barnes

Anderson
S. Knapp

KNOX

Ford
Jones
Ball
Knight
Arbuthnot
E, Walcott
Woletencroft

L.
F. W
B.
C.
w.
G.

Navelenc ia
Orange Cove
Orosi
Laughlin Bl
Los Angel
Wood lake

FULLERTON
Anaheim
Anaheim

La Habra
Placentia
Placentia
Yorba Linda

Uplands
Alta Loma
Alta Loma
Ontario
Cucamongs
Etiwanda
Uplande
Uplands
Uplands

- Uplands
Uplands
Uplands
Ontario

ORANGE
Orange
‘QOrange
Garden
Tustin
Orange
0live -
Tustin
Orange
Tust?n
Tustin
Orange

CORONA
Corona
Coronga
Corona
Corona
Coronsa
Corona

REDLANDS
Bryn-Mawr
Mentone, Box
Redlands
E,Highlands
Highland

Grove

Redlands
Mentone
Highland

RIVERSIDE
Riverside
Riverside
Arlington

POMONA
Claremont
Claremont
Claremont
N. Pomona
La Verne
Pomona
Walnut

SAN BERNARDINO CO. FRUIT EXCH.
ocomington Fru sgociation

Colton Fruit Exchan

Fontana Citrus Assooiation

Hemet Orange Growere Assn,

Highgrove Fruilt Exoh.

Rialto Heighte Assdoiation

Rialto Orange-Lemon Asgsociation

Rialto Orange Coupany

Rialte Paocking Coupany

S8AN DIMAS FRUIT EXCHANGE
Chartar Oak Citrus Association
San Dimas Lemon Associlation
San Dimas Orange Associatlon

SEMI-TROPIC FRUIT EXCHANGE
"Alhatbrs Orange Growers Assn.
Ball & Tweedy Ass'n,

Bradbury Estate

Cahuenga Valley Lemon Aes'n,

Chapman Estate,
Duffill Estate Co.

East Whittier Citrue Aes'n.
El Ranchito Citrus Ass'n.
ubbard Fruit Co., C., D.
effinywell Ranoho, Ino.
MoNally Ranch
Jfurphy 01l Company
Ojai Orange Aes'n,
*Pasadena Orange Growers Ass'n.
Piru Citrus Ass'n.
fRivera Fruit Ass'n.
| Ross Amsociation, E. M,
San Fernando Fruit Ass'n.
San Fernando Lemon Ase'n,
\San Marino Growers Packing Asan.
Tapo Citrus Assooiation
MMmittier Citrue Association
Whittier Select Citrus Groves
Whittier Orange & Lemon Aes'n,

A pce i v th Tl (s ee.

SUPERIOR CALIFORNIA CITRUS EXCH.
Bates, Geo. E.

Currey Orchard

Fairoske Fruit Co.

i4i11e" Orochard Corporation, Jas.
Orangevale Fruit Growers Exoh.
Pelaruo Citrus Asesn.

Whitney Estate Oompany

TULARE CO, CITRUS FRUIT EXOH,
Artelupe Helghts Orange Co.

Boydaton Bros.
Edison Orange Growers Asen.

TULARE COUNTY (Cont'd)
Mig-California Oltrus Aesn.
Plano Packing House Co.
Porterville Citrus Asen.
Strathmore Fruit Growers Asen.
Strathmore Orange Growers Asen,
Strathmore Packing House Jo.
Sunland Packing House Co.
Sunnyside Citrus Assn,

Tulare Co.Lem.& Grapefruit Assn.

Tule River Citrus Asen.
Zante Citrus Asen.

YENTURA COUNTY FRUIT EXCHANGE
Blanchar nvestmen
Limoneira Company

Teague-MoKevett Company

6., N.9.

JOHN I, CUMMING
A. G, Burch

W, F. Sharp

Jas, D, McGregor
Hamilton
Cunming
Morgan
Nicholls
Canaday
Boyd

H. 0. FOSTER
W, Hoogendyke
T. Roe Hobbe
E. ¥, Wheeler

C, H, GRASSLY

A. G. G. Collins
Tweedy
Canterbury
C. Bell

A, B,
A, H,
G, T
J. T,
J. C.

Chapman
Haskell

Willlams
Robinson
Olney
Schuyler
MoGill

Ohas.
A, D.
H, A,
R. C.
J. T,
Samuel Brown
W ldr-Bookiman
Ceoil Bell

J. Bhanker
Lester Jones
F. A. Pomeroy
F. G. Wehder

F. Baeyertz

RIALTO
Bloomington
Colton
Fontana
Hemet
Highgrove
Rialto.
Rialto
Rialto
Rialto

SAN DIMAS
Charter Oak
San Dimas
San Dimas

LOS ANGELES
Alhambra
Downey
San Gabrisl
Sante Monica
Blvd., L, A,
431 Securlty
Bldg., L. A.
Cons. Realty
Bldg., L. A,
Whittier
Rivera .
Carpenteria
Whitt ler
La Mirada
Whittier
Nordhoff
Pasadena
Piru
Rivera
Federal Bldg,LA
San Fernando
San Fernando

Archie Smith San Gabriel

H. R, Zander Santa Susana

Lou Brundidge Whittier

0. V. Hightower Whittier

0, Schuermann Whittier

Mrasneo

M. L., BIDWELL SACRAMENTO

J, F, Fitzgerald Palermo, Cal.

C. B, Phil%ips Dixon

W, W. Hinsey Fairoaks

James Mills Hamilton City

Vey Cramer RFD Fairoaks

Geo, 0, Post Palermo

H. J. Lorentsen Rocklin

W, E, SPROTT PORTERVILLE

W. B, Robb Unlon 01l Bldg.,

Los Angsles.
Chas. Boydston Porterville
W. W. Worden Firest Nat.Bank,
Bakersfield

w. E, SPROTT PORTERVILLE
F. L. Kennedy Porterville
%. 8., Shippey Porterville
J. A, Milligen Porterville
W. 8. Bhippey Porterville
F. L. Kennedy Porterville
A. W, 8wain ‘ Strathmore
W. 8. Shippey Porterville
W. L. Hemphill Porterville
W. 8. Bhippey Porterville
Frank Wilson Porterville
D. R, Jamison Porterville
C. P, FOBTER SANTA PAULA
N.W,Blanchard, Jr. Santa Paula
C. C. Teague Santa Psula
0. C. Teague Santa Paula

DIRECT CONTRACT SHIPPERS:

Barnard Cowmpany, E. 8.
Butte County Citrus Asen.
Chula Vista Citrus Assn.
Crocker—Sperry Company

ElvCajon Valley Oitrus Gwr.Assn.

Egsoondido Oitrus Union
Escondido Pruit Growers Assn.
Fallbrook Citrus.Agscciation
Fillmore Citrus Fruit Aesn.
Johnston Fruit Company

Keen & Company

Lemon Grove Fruit Grow. Asen.
Loveless Fruit Co, .

Mupu Citrus Aesociation
Oxnard Citrus Association
Ranoho Sespe

San Diego Land Corporation
Sante Paula Oitrus Fruit Asen.
Sweetwater Fruit Coupany

E. 8. Barnard
QOscar. Warnexr
8. M. Wildes
Frank Kahles
H. E. Maydole
H. E, Crenshaw
R. G. Beok

C. E..Dunbax__ .

F. M, Erskine
Jes, Birgs

Frederiock F, Keen

V.
o Je
E,
¢

v. H.
8. XM,

c.

Jester
Loveless
Whipple
MeCully
Fleet
Wildes
Sheldon
Allen

=

Q

Ventura
Oroville
Chula Vieta
Banta Barbara
El Cajon
Escondido
Escondido
..Fallbrook
Fillmors
Santa Barbara
Le Mesa, Cal.
Lemon Grove
Escondido
Santa Paula
Hueneme
Sespe
National City
Santa Paula
Bonita
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accumulation bins for wrapping (with a treated tissue) and
packed in the 75-pound wooden crates.

It took 190 packinghouses to handle the production.
Through colonization, the California Fruit Growers Asso-
ciation had grown to 10,000 members, and they represented
about 75 percent of all California citrus production. The an-
nual generated revenue had grown to approximately $70
million, making it California’s second largest income genera-
tor next to oil. It was this growth that led the Fruit Growers
Supply Company to build a second lumber mill in 1921 at
Susanville, California.

Shipments of shook to the member packers amounted
annually to 15 million crates.

This 1919 uncommonly viewed photo showing 17 of the

N#

19 directors of the California Fruit Growers Exchange coin-
cides very appropriately with the list of 190 member packers
in gaining a better understanding of this cooperative orga-
nization.

The reader will note the expanse or stretch from Butte
County all the way down to National City (next to the Mexi-
can border). This list the writer found in the papers of the
luminary, long-serving Harold Ryan, who was Commissioner
of Horticulture of Los Angeles County.

Wherever colonization went, and the climate was con-
genial, citrus was planted... a very compelling fruit... the
“California citrus rush”continued to compound!

In the May/June 2013 issue, we will have the privilege of
reading a masterpiece, written in 1927 by Harold Ryan, cov-

ering the “Boom of the 1920s” and how it af-
fected the California citrus industry. Primarily,
the loss of citrus acreage was localized within
Los Angeles County.

Richard H. Barker is the founder and
president of the Citrus Roots-Preserving
Citrus Heritage Foundation. For a number
of years, he has been leading a drive to bring
about a higher awareness of the role citrus

| played in developing California. Dick is a
retired investment banker and was a third

/ oeidliyy Sl |
T of e et of it b oy ey | generation Sunkist grower. He has pub-
AU /*f””‘? s 4 e - i lished four volumes on citrus heritage.
w ey of e Sk o of -"l s r Fycowars £ adhanat i Photos and other material courtesy of:
= ‘ o ”i’(“’"a by ie . The Barker Collection; Huntington Library,
‘ LLELES e wpy of soek Auobes ol of i s ,;f"  fobeed v '; San Marino, CA; County of Los Angeles
ikl of e SEEEED 0 7, ”‘.Irg", ididls smed e ooy Bhosonf. e ’:“ = Agricultural Commissioner/Weights and
r-;_,. oAl P g o ASIEEE o ,-,;,r;_,_ Y csrls “Bleongd e prighoct Measures; Sunkist Growers, Inc
fz Aiadmend 1f Fork e et Pl e e f f o R L Averelod s Frmellh, o Forse
’: VL0 - A "“,-'“" g J!‘” 9'\ PV Y A——_ frf: Articles of Incorporation for the California
g o senit Dol e b of el it SRS BN o Bl mimitl f okl Fruit Growers Exchange. The first
,"" el 2 i i o Gl metnd o o sl Sheals directors, who signed the original articles
T el s i i Mmmﬁ vndeisict et fv o | on March 27, 1905, were: F.Q. Story,
it e RS e ?' 4 et Il of Sk o ffic s Heses® 1 plhambra; A.P. Harwood, Upland; W.R.
Wil sy b et oo M B e Powell, Glendora; S.J. Beals, Orange; A.P.
(ol e T8 7

Johnson, Riverside; W.H. Young, Duarte;
D. Felsenthal, Los Angeles; W.E. Sprott,
Porterville; H.E. Cheseboro, Covina; P.J.
| Dreher, Pomona; W.G. Fraser, Riverside;
""" Frank Scoville, Corona; and E. F. Van
Luven, Colton.

etting the GOLD

Sunkis!

nd Bure Gold®

GIFT IDEAS!!

Citrus Roots...Our Legacy - Volume IV
Citrus Powered the Economy of Orange County

visit our website

(itrus ‘Roots

for over a half century Induced by a “Romance”
All donations are tax deductible for income tax
purposes to the full extent allowed by law.

For ordering information

www.citrusroots.com

CITRUS ROOTS

... OUR LEGACY

Citrus Roots...Our Legacy - Volume |

O L o
Selling the Gold - History of Sunkist® Baldy View
and Pure Gold® ENTREPRENEURS
Citrus Roots...0ur Legacy - Volume Il
Citriculture to Citrus Culture =
Citrus Roots...Our Legacy - Volume I1l T S

Our Legacy...Baldy View Entrepreneurs
- 25 men & women who left a legacy

~ Preservin ¢ Citrus Heritage Foundation

(Fed. Tax ID # 43-2102497)

Keeping citrus heritage alive in the minds of those living in California through publications, educational exhibits and artistic works
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VeratranD ¥

Veratran D™ is a botanical insecticide
= with Sabadilla alkaloids as its active
Sometl mes ingredient. Sabadilla has a centuries-
long history of agricultural use as an
Id h M effective botanical insect control
a n O option. Today, Sabadilla is used as
— the active ingredient in Veratran D to
an re Y~ - control thrips on citrus, mangos and
avocados in California. Veratran D
can be applied via air or the ground

h
a few n alyy and may be re-applied as needed at
10-14 day intervals. See label for
|
tricks.

more details.

Veratran D

M Only insecticide registered with
U.S. EPA containing Sabadilla as
an active ingredient

VeratranD

Botanical InSectiC ontrol on citrus, mangos and avocados
M 12-hour field re-entry interval

M Highly effective control of thrips

ow avallable fTromiWVIGK® _
B Wettable powder formulation

Ask your PCA or crop advisor
for MGK® products.

y @mgkcropprotect

©2013 MGK®
MGK® is a registered trademark of McLaughlin Gormley King Company.
Veratran D™ is a trademark of McLaughlin Gormley King Company.
Keep out of reach of children. Use only as directed.

To learn more visit: www.mgk.com ’ MK '
1-800-645-6466 -




Celebrating Citrus

‘It’s an amazing ingredient in the kitchen’

xecutive chef and co-owner
EMichael Shackelford will tell

you straight out that there is
one thing you will never see at his
Trelio restaurant in Old Town Clovis
and that’s a foodservice supplier’s
delivery truck.

In Chef Michael’s kitchen, virtu-
ally everything is made by hand with
only the freshest and the finest in-
gredients. He personally selects all of
the meats and fish he serves, and he
sources nearly all of his produce local-
ly by buying direct from growers and
by frequenting the several (excellent)
farmers’ markets in the area.

Mike fully appreciates how for-
tunate he is to be a restaurateur in
Fresno County where farmers produce some 350 different com-
modities. “It’s the seeing, smelling, tasting crops right out of the
field,” he says, “that stimulates a chef’s creativity.”

“Our ever-changing menu (with the date printed at the bot-
tom) allows me and my team to remain inspired and passionate,
to continually learn, try new things, stay in tune with the seasonal-
ity of local products, and it keeps the cuisine at Trelio refreshed
and exciting.”

About working with citrus, he says, “The flavor that this fam-
ily of fruit delivers is unparalleled. Fresh, vibrant, and sensational
are all adjectives I would use to describe it.

“There are three components that make it so versatile in the
kitchen, and they are acidity, sweetness, and aroma. While the bal-
ance of sweet and sour makes the fruit so delicious, I believe it’s
the aromatic qualities that make it exceptional. It’s an amazing
ingredient in the kitchen.”

Mike and his business partners -- brother, Chris, the sommelier

At Trelio restaurant in Old Town Clovis, Mike
Shackelford, executive chef, and Chris Shack-
elford, sommelier, who are the co-owners with
their father, Jim. Photo by Jonathan Carr.

and “front of the house” host, and their
father, Jim -- have set some very high
standards for themselves at their res-
taurant, which is fine dining in a small,
quiet, romantic setting. They are open
for dinner Tuesday through Saturday.

Trelio had been operating under
various owners for a number of years
when the Shackelfords took it over
in 2006. “We set out to develop one
of the Central Valley’s most intimate
yet inviting restaurants,” Mike says.
The dining room “was gutted to the
cement floor and two-by-fours and
completely re-designed. We wanted
an ambiance that was not too modern,
without pretension, that said ‘upscale,
classic, and refined’.”

The cuisine is Regional American, with Chef Michael’s inter-
pretation being heavily influenced by his experiences on the East-
ern seaboard and the Gulf of Louisiana in addition to his time
in the kitchen at the five-star. five-diamond Erna’s Elderberry
House in Oakhurst.

Classically trained, he took his formal schooling at the New
England Culinary Institute and then perfected his technique --
(and his plating artistry) -- during two internships that had him
working with nearly a dozen Certified Master Chefs from across
the country.

Incidentally, Mike and Chris were raised in the Santa Ynez
Valley, but their grandfather worked with citrus packinghouses in
Ventura County hauling products fruit to the processing plant. “I
grew up making lemonade, and fresh orange juice was a staple,”
Mike recalls.

“And who can forget the beloved Sunkist Fruit Gems candies
that Grandpa used to bring on the week-ends...”

Citrus Salad with Cara Cara and Blood Oranges, Meyer Lemon-Poppy Seed Dressing,

Goat Cheese and Roasted Almonds

Meyer Lemon-Poppy Seed Place the onions, lemon zest, juice of Meyer

Dressing and regular lemon, and honey into the
* % ea. Yellow Onion, blgnde_r and puree _untll s_mo_oth. Slowly
sliced thin drizzle in the oils while continuing to puree

until emulsified. Season to taste with salt

* 5 ea Meyer Lemons, zest
and pepper.

¢ 5 ea Meyer Lemons, juice

* 3 cup Lemon Juice

* 1 thsp Dijon Mustard

* % cup Honey

* % cup Blended Oil

e Y4 cup EV Olive Oil

¢ Salt and Black Pepper to taste
¢ 4 tbsp Poppy Seeds, toasted

Mixed greens to include some nice hearty
winter varieties such as Mustards, Kales,
Swiss chard etc., tossed with the Meyer
lemon-poppy seed dressing, garnished with
supremed segments of Blood orange, Cara
Cara orange, Meyer lemon, and any other
nice seasonal citrus supremes, crumbled
goat cheese and toasted almonds.

Food photography by Teresa Feuson
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White Wine and Citrus Braised Bacon Wrapped Belgian Endive, French Lentils,

Pomegranate Molasses

White Wine-Citrus Braised
Bacon Wrapped Endive

¢ 2 thsp Blended Oil

¢ 1 tbsp Butter

Cut the endive in half length-
wise and remove the core,
leaving enough of the core
intact to hold the endive
* 4 ea Belgian Endive together. Wrap each half in a
« 4 ea Bacon Slices piece of bacon and weave a
« % cup Chardonnay, or other dry white wine toothpick through the bacon
* % cup Fresh Mandarin Juice, reduced to % cup 10 hold it in place. Heat a

(Orange Juice Concentrate to Substitute) heavy bottomed sauté skil-

Fresh Pomegranate Molasses

e 2 cups Pomegranate Juice
Reduce the pomegranate juice by three

quarters over low heat in a heavy bottomed
saucepan. Chill and place into a squeeze

bottle.

e 1 cup Prepared Braised Lentils

e Y4 cup Pomegranate Arils

¢ 2 ea Mandarins, peeled and separated
(remove any seeds)

let over medium-high heat
and add the oil. When the oil
starts to lightly smoke, add
the butter; then place the
bacon wrapped endive pieces, toothpick side down, into the foaming butter.

Cook until the bacon is browned, turn over and brown the other side. Add the white
wine and reduce by half; then add the reduced mandarin juice, turn the heat to
medium-low, cover the pan and simmer for five minutes. Turn the endive over and
simmer covered for an additional five minutes. Remove from the heat and reserve.

Place two endive pieces over the braised lentils (toothpicks removed), and garnish
the plate with mandarin segments, pomegranate arils and pomegranate molasses.

Moroccan Preserved Lemon Risotto and Chardonnay-Citrus Beurre Blanc

to accompany Seared Scallops

Moroccan Preserved Lemons

¢ 5 ea Lemons, quartered

e 4 cup Kosher Salt

¢ 1 ea Cinnamon Stick

e 3 ea Cloves

e 5 ea Coriander Seeds

e 4 ea Black Peppercorns

¢ 1 ea Bay Leaf

e Enough squeezed Lemon juice to cover

Toss the lemons in a large mixing bowl! with the salt, cinnamon stick, cloves,
coriander, peppercorns, and bay leaf until the lemons are well coated and ingre-
dients are mixed. Begin packing the lemons and other mixed ingredients into an
appropriate sized jar packing the lemons down until all of the lemons are packed
to the top of the jar. Poor enough lemon juice over the lemons to take up any
leftover space in the jar; then screw the lid on tightly. Some juice should run out
as the lid seals. Rinse and dry the outside of the jar and place in a dark cabinet of
the kitchen for one month. After one month, the preserved lemon is ready to use
and can be refrigerated.

Preserved Lemon Risotto

¢ 1 ea Minced Shallot

e 2 thsp Unsalted Butter

¢ 1 thbsp Minced Preserved Lemon

* 2 cups Blanched Arborio Rice

¢ > cup Chardonnay or Dry White Wine
¢ 3 %2 cups Vegetable or Chicken Broth
¢ 1 thsp Chopped Parsley

e Salt and Pepper to taste

Bring a large pot of salted water to a boil over high heat on the stove. Pour the
Arborio rice in and boil as you would with pasta, ensuring to stir the rice to keep it
from sticking together. Cook for five minutes stirring periodically, then pour through
a colander. Immediately cool the rice thoroughly and reserve.

In a medium saucepan on medium high heat, sweat the shallots in butter until
translucent. Add the white wine and reduce by half. Add the blanched Arborio rice
and stir until the rice is coated. Add
the preserved lemon and broth and
continuously stir until the rice ab-
sorbs all of the liquid and becomes
tender. Stir in the parsley, salt and
pepper to taste. Serve immediately.

Chardonnay-Citrus Beurre Blanc

¢ 1 cup Chardonnay, or other dry white
e 2 ea Zest and Juice of Orange

e 4 cup Orange Juice Concentrate

* 1 ea Minced Shallot

e 2 thsp Heavy Cream

e %2 Ib Unsalted Butter

e Salt and Pepper, Squeeze of Lemon

Put the juice, zest, wine, shallots
and concentrate in a sauce pan
on medium high heat. Cook until
it reduces to a syrupy consistency.
Add the cream and simmer. On low heat, whisk in the butter continuously, 1 thsp
ata time. Butter and cream are the emulsifiers for this sauce; slowly add the butter,
continuously stirring, until the sauce achieves a silky smooth texture. Add salt and
pepper to taste and a squeeze of lemon.
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Trade Show

Tours
Presentations

Wine Tasting

T

JREES & VINES! § 1555 Baldwin Rd.

For more information contac Hughson, CA. 95326

Lily Penfold at lily@duarten 1-800-GRAFTED




