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On The Cover - This is a detail of  “Desert 
Grove at Sunset,” a 3’ x 4’ original oil on 
canvas by Betty Berk, an expressionist 
painter from Visalia, California. The 
Dinuba High School art teacher strives 
to assist schools and the community in 
understanding the important role that 
the arts play in people’s daily lives. She 
developed and serves as chair of the 
annual Dinuba Festival of the Arts and 
has won numerous awards for her work.

The original artwork on the Citrograph 
cover is one of four Berk commissions 
displayed at the Citrus Research Board 
headquarters in Visalia. An on-line 
gallery featuring more of her paintings 

        may be viewed at www.bettyberk.com.

              “Desert Grove at Sunset” ©2014 Betty Berk
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calendar of
events 2014

citrus research Board MeMBer list 
By district 2013-2014      (terMs expire July 31)

the Mission of the citrus research Board:
EnsurE a sustainablE 
California Citrus industry for 
thE bEnEfit of growErs by 
prioritizing, invEsting in and 
promoting sound sCiEnCE.

District 1 - Northern California
Member   Alternate  Expires
Toby Maitland-Lewis  Jack Williams  2016
Donald Roark   Dan Dreyer  2016
Jim Gorden   Dan Galbraith  2014 
Joe Stewart   Franco Bernardi 2014
Etienne Rabe   John Konda  2015
John Richardson  Jeff Steen  2015
Kevin Olsen     Tommy Elliott  2014 
Richard Bennett  Justin Brown  2015

District 2 – Southern California Coastal
Member   Alternate  Expires
Earl Rutz   Alan Washburn  2014
Joe Barcinas    John C. Gless  2015

District 3 – California Desert
Member   Alternate  Expires
Mark McBroom   Craig Armstrong 2016

Public Member
Member   Alternate  Expires
Ed Civerolo   Vacant   2015

Citrus research Board  |  217 N. Encina st., visalia, CA 93291  |  PO Box 230, visalia, CA 93279
(559) 738-0246  |  FAX (559) 738-0607  |  E-Mail Info@citrusresearch.org  |  www.citrusresearch.org

July 15
UCCE/CRB Grower Education Seminar, 
California Citrus State Historic Park,  
Riverside, California.
For more information, visit:   
www.citrusresearch.org

July 17
UCCE/CRB Grower Education Seminar, 
Exeter Veterans Memorial Building, 
Exeter, Calfornia. 
For more information, visit: 
www.citrusresearch.org

september 10-12
CRB Research – Presentation of Proposals, 
Committee Recommendations and CRB 
Board Meeting,  Location – TBD. 
For information, contact the CRB at: 
(559) 738-0246.

september 17
CPDPC Board Meeting, Ventura, 
California. For more information, 
contact CDFA at: 
(916) 403-6652. 

september 23
CRB Annual Meeting, Lindcove 
Research & Extension Center, Exeter, 
California.  
For information, contact the CRB at: 
(559) 738-0246.
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BOARD MEMBER viEw Jeff Steen

When the Citrus Research Board (CRB) finalized a new strategic plan this past winter, 
one of our key objectives was to streamline the research proposal process from top to  

bottom. A five-person Ad Hoc Proposal Review Committee was formed to review and revise 
existing procedures.

Since that time, our committee has taken significant action. The first order of business was to 
establish our goals, which are as follows: 

• One, we will do our best to improve the scientific review of new projects coming in to the CRB. 

• Two, we are reviewing existing projects to ensure that we are only funding the best projects 
and that we continue to fund those projects that have applied value. 

• Three, we want to see how we could improve and streamline the process in a way that  
encourages board member involvement, but also makes the best and most efficient use of 
their time.

Important changes already have been implemented. We have standardized all of the formal 
communications and documents that the scientific community turns into us, from proposals to 
concept letters to progress reports. Every project team has been given a PowerPoint template 
that spells out what we need to see – from Gantt progress charts to how the California citrus 
industry can practically implement the study findings to detailed expenditure of funds. This 
standardization better enables board members to realize more honest comparisons between 
research projects. 

PROPOsAls AnD 
sOlutiOns

Jeff Steen

John Morgan, CRB laboratory data 
equipment technician, preparing samples for 
PCR analysis at the CRB’s Riverside laboratory.
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The same process is being enacted with all new proposals that are 
submitted. We don’t need to receive inordinately lengthy propos-
als. What we do need is a uniform format that better enables us to 
evaluate and compare projects and ensure the growers’ funds are 
being spent in the most responsible manner possible. 

Additionally, we are drastically improving the scientific review  
process by adding an ad hoc science review panel, which is a 
group of scientists who do not have research projects sched-
uled with the CRB. This group can look at proposals, provide peer  
review on each submission’s design and merits, and then grade 
each one according to a set of seven criteria (see sidebar). Each 
of these ad hoc scientists will receive for evaluation anywhere 
from one to five proposals in their specific areas of expertise. We 
have never done this before. In the past, we relied on an existing  
stable of five to seven scientists, who were expected to review all 
new projects submitted, regardless of the scientist’s subject area 
of expertise.

Also, for the first time, we will ask researchers who are submitting 
proposals to list people whom they believe would be appropriate 
reviewers or serve as a reference source for additional information 
and/or clarification.

To prevent huanglongbing (HLB) from establishing in California 
citrus orchards, we must have an improved review process to 
determine whether the science is valid or not. By subjecting the 
project proposals to a panel of minimally biased scientific experts, 
we believe we’re going to have a much more in-depth scientific 
review of projects that we can use as part of our decision-making. 

Right now, we’re working on an overlay of explicit and detailed 
HLB/Asian citrus psyllid (ACP) priorities across a number of  
research areas that were identified at last October’s Citrus 
Health Research Forum (CHRF). To most effectively use our  
resources for California-specific issues, we can apply scientists’ 
findings about the existing research gaps to decide on a detailed 
plan of where additional research is needed. Although HLB/ACP 
is our highest priority, we also fund a wide range of addition-
al important areas ranging from the evaluation of pesticides to  
using molecular tools to solve agricultural problems. A good  
percentage of our research is related to maintaining export mar-
kets, overcoming trade barriers, increasing irrigation efficiency, 
and addressing water regulation issues such as nitrate retention 
and leaching.

As an ad hoc committee of the CRB, we will disband once we have 
achieved all of our goals. We’ll feel gratified, knowing that we have 
streamlined and clarified the process and better targeted our  
resources and priorities for the American citrus industry, in gener-
al, and the California citrus industry, in particular.

Jeff Steen serves on the CRB, where he is chairman of the Ad 
Hoc Proposal Review Committee; chairman of the New Varieties  
Research Committee; vice chairman of the Research Develop-

ment and Implementation Committee; a member of the Priority 
Screening Committee and Vectored Disease Research Committee; 
and serves on the Finance Committee. Outside the CRB, Steen is 
a partner at Mittman Family LP and Ecosa Properties; manag-
er at Mittman-Denni Citrus Management Inc.; and part of Ceres  
Management LLC.

SynopSiS of Criteria/faCtorS
for CrB reSearCh propoSalS 

1. Objectives of proposed research/relevance 
• Is the proposed research redundant, and is the CRB the 
appropriate funding source? 

2. Experimental procedures to accomplish objectives 
• Is the work plan reasonable, feasible and capable of 
meeting stated goals and objectives within the timeframe? 
• What is the scientific merit of the research and work 
plan, and what impact will it have on the citrus industry? 

3. Principal Investigators (PIs), co-PIs and cooperators 
• Do members of the research team have the appropriate 
background, expertise and capabilities for the proposed 
tasks? 

4. Research capacity and likelihood of accomplishing 
objectives 
• Will investigators have the resources to achieve the 
objectives within the timeframe of the proposed research? 

5. Research timetable for project 
• Are milestones appropriate, clearly stated and achievable 
within the timeframe proposed? 

6. Budget 
• Is the budget reasonable and appropriate, including 
support for cooperative/collaborator activities? 

7. Qualitative assessment 
• Is the proposed project great science with the possibility 
of making a unique breakthrough or product, but with 
great risk of achieving success?
• Will the project result in a product or an improvement 
in farming methods with wide application to the citrus 
industry?
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JOhn KOnDA 
Grower, 
porterville and 
terra Bella

On our ranch, we don’t have surface wa-
ter from the canals, so we’re dependent 
on wells.  At the end of last season, we 

already began praying for rain because our wells were so low 
that they were sucking air and cavitation occurred from lack 
of rain the previous year.  This year, we’ve been proactive by 
pulling wells on one specific ranch, overhauling the pump, and 

lowering the pumping level by 60 feet.  Their pumping level is 
on average 600 feet; standing water is around 200 feet.  We also 
took advantage of an efficiency program with Southern Cali-
fornia Edison, which provided some cost sharing on rebuilding 
the pump.  To assure we will have some amount of water for the 
summer, we’ll continue to be proactive by getting everything 
rebuilt and up to snuff. 

The town of Terra Bella is still struggling to determine if they 
will have enough municipal water, let alone a supply to keep 
orchards growing.  Due to the extremely low allocation, there 
will be guys who will not even irrigate.  Terra Bella will lose cit-
rus production unless there is a miracle.  

        CitROgRAPh AsKs...

“hOw is thE DROught AffECting yOuR
CitRus OPERAtiOn?”

inDustRy viEws

lEgEnD

u.s. DROught MOnitOR - CAlifORniA
The U.S. Drought Monitor is jointly produced by the National Drought Mitigation Center at the University of Nebraska-Lincoln, the 
United States Department of Agriculture and the National Oceanic and Atmospheric Administration. Map courtesy of NDMC-UNL.

Author: 
Richard Tinker
CPC/NOAA/NWS/NCEP

MAy 14, 2013
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JEssE silvA 
SaleS/MarketinG, 
kinGS river paCkinG, 
SanGer

As marketers, our job is to help our grow-
ers be more profitable through establish-
ing key relationships and partnerships 

and understanding the factors that drive our markets. Each 
year brings new challenges, and we are looking to better un-
derstand the one ahead of us.   The drought is an issue that 
will affect both supply and demand.  With fruit size likely to be 
impacted, I believe larger sizes will be more profitable than in 
normal years. We need to be smart as an industry to get a good 
return on our smaller-sized fruit. 

On the farming side, the drought will impact a lot of things, in-
cluding potential acreage reduction.  The lack of water will put 
more stress on the trees. It will be interesting to see what kind 
of crop our trees will carry.  We’re all doing our best to be pro-
ductive utilizing the efficiencies we have available to us now, 
but only time will tell what the outcome will be. This is a time 
that we’ve never really experienced before, and we need to be 
smart in every step we take. Everyone will have to react as the 
season brings itself to life.  Even now, we’ve seen some effects 
as this year’s navel fruit size has been smaller than normal, like-
ly due to lack of rain. Heading into the summer, we’ll see the 
drought’s effect on trees’ ability to produce a profitable crop.  

The message from a sales standpoint is that we as marketers 
need to prepare and react differently in the months leading to 
harvest.  The drought should have a big impact in many ways. 

No matter what crop you market, it will be impacted as water 
supplies tighten and guys look to remove current orchards for 
higher-demand and higher-priced crops such as almonds or 
pistachios. We need to share this message with our retailers, so 
they can be ready for some necessary changes as they become 
apparent. 

ERiC shAnnOn 
Grower, kern and 
tulare CountieS

The drought is making it very tough for 
any long-term planning.  My family’s 
ranch management company and I are 
hoping the current wells will hold out to 

make it through the season.  We’re also hoping that what little 
district water is available remains so.  It’s really interesting; we 
don’t know how to plan for the future when we’re so concerned 
with this year.  If all of the wells start surging, they won’t get 
replaced fast enough.  One ranch in particular has us pretty 
worried.  We’re activating some old wells, which will make it if 
they’re able to hold out. If not, we may have to abort the crop 
down the road and lose the time and money we’ve already put 
into producing a marketable crop.  

The drought and minimal water allocation is a “Catch 22” for all 
growers and commodities, but citrus may be in a slightly better 
position.  In most cases, it takes 2.5 acre feet to get through the 
year and produce a good citrus crop.  Luckily, almost all of our 
ranches are on micro-irrigation systems.  Guys on flood irriga-
tion will be in worse shape.  

Author: 
David Smeral
Western Regional Climate Center

Author: 
Mark Svoboda
National Drought Mitigation Center

nOvEMBER 12, 2013 MAy 13, 2014
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Progressive Ag Inc.
1336 McWilliams Way, Modesto, CA 95351

209-567-3232  •  www.proaginc.com  •  800-351-8101

New LectroBlast Tower – Increase your 
total coverage and effi ciency.

Tier 4 Available!

          Join us at the
CITRUS GROWERS EDUCATION SEMINAR SERIES

Presented by Citrus Research Board and UC Cooperative Extension

TUESDAY, JULY 15
California Citrus State Historic Park,

Riverside 9400 Dufferin Ave.
Riverside, California 92504 

8:30 A.M. – NOON

THURSDAY, JULY 17
Exeter Veterans Memorial Building

324 N Kaweah Ave
Exeter, California 93221 

8:30 A.M. – NOON

Agenda and details at www.citrusresearch.org  

No registration fee, but RSVPs are appreciated!  
Please call Citrus Research Board at (559) 738-0246 
or email: Info@citrusresearch.org at your earliest convenience. 
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CAlifORniA DROught
iMPACt On CitRus tREEs AnD POtEntiAl MitigAtiOn
Dong Wang and Ed Civerolo

Going into a third year in 2014, much has been said about the  
current drought in California and its potential consequences on 

crop production.  Citrus crops are especially prone to drought be-
cause severe water stress can cause yield losses and even tree death.

The current assessment of surface water supplies indicates that, 
thanks to above-average precipitation in February and March, 
enough water is in storage for meeting immediate human health and 
safety needs, as well as the mandated fisheries and habitat protec-
tion requirements. However, irrigation water supplies from the state 
and federal water projects are currently set at five percent (as of the 
April 2014 update) for most customers and as low as 40 percent for 
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the most senior water rights held by settlement and exchange 
contractors on the Sacramento and San Joaquin rivers.

With the severe reduction of surface water, citrus growers will 
rely more (or solely) on well water for irrigation.  Pumping 
well water is expensive and requires more energy consump-
tion than surface water.  Also, due to recent episodic droughts 
and lack of recharging, groundwater levels are dropping and  
existing wells are losing production.  Installing new wells to 
deeper depths is costly and expensive to run.

EffECts Of wAtER stREss
Water is essential for plant growth, not only for maintain-
ing internal tissue turgor pressure and basic plant metabolic 
functions, but also for nutrient uptake through the soil-root 
system. In addition, water is an ingredient for photosynthesis, 
a process of assembling carbon into carbohydrates such as 
sucrose or starch.  In transpiration, plants lose water through  
stomates – small pores found on the underside of leaves. The 
stomates must be open to let carbon dioxide into the leaves 
for photosynthesis.  All plant species have evolved to have the  
ability to regulate the opening and closing of stomates in re-
sponse to environmental cues such as changes in light intensity, 
biotic factors (such as pests and diseases) and abiotic stresses 
(such as water stress).  When plants are water stressed, stomates 
tend to close or partially close to conserve water.  Without wa-
ter, photosynthesis would be compromised because the rate of 
carbon dioxide diffusion into the plant leaves also would be re-
duced.  This ultimately results in slowed plant growth.  

When water is lost from plants through the stomates, 
it changes from the liquid phase to vapor phase, which 
requires energy (like heating water to boiling).  This 
process causes evaporative cooling.  In turn, reduced 
transpiration from water stress can indirectly lead to 
less cooling.  Therefore, water-stressed plants tend to 
have a higher canopy temperature than fully-watered 
plants. 

For citrus crops, studies have shown that the lack of 
water can lead to reduced fruit size and lower crop 
yield.  Mild to medium water stress can exhibit curly 
leaves and dull color.  Severe water stress results in 
leaves becoming dry and crisp and falling off the tree.  
If the trees do not receive precipitation or irrigation for 
an extended period, the flowers and fruit will fall off 
the tree, and the tree eventually will die.

PlAnt-sOil-wAtER-wEAthER 
RElAtiOnshiPs
Before discussing how to minimize losses from the 
current drought, it is important to consider some  
general plant-soil-water-weather relationships per-
tinent to citrus water needs.  Like all other plant  
species, citrus trees take up water from the soil through 
the roots.  Water is transported from the root system 

through the trunk, branches and shoots, to leaves where it is 
lost through the stomates into the air (SEE DIAGRAM BELOW).
 
The rate or amount of water taken up by a tree depends on the 
weather, tree size and time of year, as well as whether the tree 
is healthy and its growth and fruit production are limited by  
biotic (diseases) or abiotic (nutrient deficiency) factors other 
than water.  Weather plays a major role in water demands.  

One way to benchmark the effect of weather conditions on the 
water needs of a specific crop, such as citrus, is to use a dimen-
sionless parameter, called crop coefficient or Kc.  The values 
of Kc are determined by normalizing the actual water needs 
of the crop, called crop evapotranspiration (ETc), against the  
water requirement of a well-watered reference crop (either  
alfalfa or grass), which we call reference evapotranspiration 
(ETr). The values of ETc and ETr are directly proportional to 
weather conditions, e.g., hot and dry weather conditions for 
higher ET and cool or wet conditions for lower ET.  The value 
of Kc, however, is relatively independent of daily weather con-
ditions. It is related to crop conditions. Smaller Kc values are 
used for smaller crop size, canopy size or for both early and 
late in the season, whereas larger Kc values are needed for the  
mid-growth period when plants are most actively growing, 
such as in the flowering and fruit-bearing stages. 

According to the United Nations Food and Agriculture  
Organization (FAO) Guidelines on Irrigation and Drainage, for 
citrus crops found in a “Mediterranean climate,” such as most  
inland areas of California, the value of Kc is 65-70 percent for 
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fully established orchards having about 70 percent ground  
canopy cover and no weeds or cover crops planted between the 
tree rows.  Water needs, reflected in Kc values, are reduced for 
smaller canopy sizes when keeping the ground free of weeds 
or other vegetation.  However, more water is needed when the 
orchard floor is covered with weeds or other cover crops.   

Based on the fundamental plant-soil-water-weather interrela-
tions, there are some farm management approaches that can 
potentially improve water use efficiency and help mitigate the 
impact of drought on California citrus growers.  

plant ManaGeMent optionS
First, there are a number of plant management options a  
grower may consider for reducing water use in the orchard.  
To reduce ET, growers may reduce the canopy size by more 
aggressive pruning. This is a relatively easy option to adopt 
because current orchard management requires annual or  
periodic pruning.  However, pruning can affect the yield. The 
challenge for a grower is to decide how far to cut back on the 
trees by striking a balance between an expected yield and  
water that may be available and/or affordable.  

Additionally, growers should consider reducing or removing 
from citrus groves all unnecessary vegetation that also requires 
water and competes with the citrus crop.  This simply can 
be better weed control and/or not planting cover crops.  For  
growers deciding to plant a new citrus crop, drought-tolerant 
varieties/rootstocks should be taken into account.  Although 
market demand may be the single most important deciding 
factor in choosing what varieties to plant, insufficient and  
unreliable water supply would add to the list of risk factors that 
growers would face now and also for the orchard’s lifetime.  

For extreme situations where the amount of water is not even 
available to meet basic metabolic needs for trees to stay alive, 
growers may have to take drastic measures such as removing 
tree limbs.  This is virtually a survival measure for keeping the 
trees or rootstocks alive for future years.  There would be no 
production for the current year, and it would take a few out- 
going years to recover.  This method is already used by 
some stone fruit tree growers.  If the current severe drought  
continues into a fourth (2015) or fifth year (2016), citrus  
growers in areas most impacted by the drought may want to 
contemplate this option.

Canal and grove near Cutler, California.
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iMportanCe of Soil 
ManaGeMent
Second, soil management is very important to better sup-
port root growth and water uptake by improved water in-
filtration, storage and redistribution within the root zone.   
Applications of organic amendments (such as manure) can 
increase soil organic matter content and improve soil quality  
such as water-holding capacity and infiltration.  

In southern and central California, precipitation primarily  
occurs in the winter when citrus crops are not actively growing.  
Improved infiltration and soil water-holding capacity would 
help collect rainwater and store it for the coming growing  
season. The addition of organic matter also can stimulate soil 
microbial activities that would enhance root system function 
for more efficient water and nutrient uptake.  

Growers should have their soil tested for possible nutrient  
deficiencies and chemical imbalances more frequently during 
periods of low or no water availability.  Common soil chemical 
problems are related to salinity, pH and sodium.  Citrus crops 
are sensitive to soil salinity. Yield reductions could occur for soil 
electrical conductivity as low as 1.7 deciseimens per meter or 

dS/m (electrical conductivity is a measure of total soil salinity 
by relating to how easily an electric current passes through a 
soil-water mixture). Soil pH is important to the availability of 
some soil macro and micro nutrients for the plants.  Soils with 
too high sodium, relative to other positively charged divalent 
cations, such as calcium and magnesium, could cause infiltra-
tion problems.  Application of gypsum or liming is a common 
practice to manage high sodium problems and also help for  
pH adjustment in acidic soils. 

iMprovinG irriGation praCtiCeS
Third, growers should make direct changes to minimize the 
impacts of drought through improved irrigation practic-
es that precisely meet plant water demands. In this regard, 
growers should look closely into two aspects: the choice of 
irrigation systems or types of irrigation that can apply water  
efficiently and would be manageable; and irrigation  
scheduling– to know when and how much to irrigate. 

Most new orchards use pressurized micro-irrigation systems 
such as micro-sprinklers, fanjets or drip lines.  These systems 
require up-front investment and maintenance costs, but offer 
flexibility in irrigation management.  They allow frequent water 
application – two to three times a week – to meet crop water 
demands more closely.  For recent low-density plantings in 
windy areas, non-consumptive water loss from mid-air evap-
oration can be a problem with micro-sprinklers.  Also, growers 
should be aware of the efficiency of the system regarding water 
filtration to prevent emitter clogging and uniform distribution 
of emitters across the field.  

In terms of irrigation scheduling, growers can make irrigation 
decisions using plant, soil or weather-based methods or a  
combination of the three.  

The plant-based method often uses leaf or stem water  
potential measurement from a pressure chamber, to determine 
water status in leaves.  Other plant measurements such as trunk 
diameter and canopy temperature or simply visual observation 
of the leaves may be used, but they are either less accurate or 
need more development.  

Soil-based methods include using tensiometers, gypsum or 
WatermarkTM blocks, gravimetric measurement by oven-drying 
or simply hand feel with a soil probe.  Because all soil-based 
methods are site-specific and on a micro scale, the location 
of sensors and the depth at which soil samples are collected 
can make a big difference.  Multiple samples or measurement  
locations in the tree root zone are needed to obtain meaning-
ful soil moisture assessment.  In addition, both the plant- and 
soil-based methods are manually operated, so they lack the 
timeliness in knowing the plant-soil water status to operate 
irrigation systems on-demand unless the sensor readings are 
electronically transmitted at near real time to the grower or  
irrigator.  

The weather-based method uses current crop growth and 
weather conditions to estimate crop water ET. Irrigation 
amounts are then set to meet the ET requirement.  Crop growth 
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conditions such as size and growth stages can be reflected in 
the historical Kc values.  The weather-based reference ETr can 
be calculated from local weather station data.  If a grower does 
not have weather measurement capabilities on site, ETr values 
for the orchard can be interpolated using nearby California 
Irrigation Management Information System (CIMIS) weather 
network data, which is available in the public domain of the 
California Department of Water Resources web site.  It is recom-
mended that growers evaluate their specific current method of 
scheduling irrigation, and then consider adopting a new meth-
od or a combination of the methods if the current method is 
not working or no feedback system is presently utilized.    

CROP ADAPtAtiOn  
Fourth, growers may want to think about how to cope with 
changing weather patterns in terms of the citrus crop’s water 
needs.  Day-to-day crop and irrigation management decisions 
are important; but short-term planning for hot, dry, windy 
spells and seasonal planning for potential summer and winter 
weather anomalies would benefit the grower by strategically 
utilizing limited water supplies.  Right now, we cannot change 
the weather, but making the integrated plant-soil-water  
system more resilient to short-term drought is essential.  

In recent history, California growers have experienced sever-
al drought events, each lasting between two and four years.  
Nationally, the recent White House Climate Data Initiative to 
support climate change preparedness efforts would eventu-
ally benefit agriculture in coping with extreme and disastrous 
weather events such as the extended droughts in California.  

One common observation about climate change is the in-
creased frequency of extreme weather events, such as large 
storms in the eastern U.S. and severe droughts in the west.  Cal-
ifornia has seen a gradual shift of precipitation patterns from 
winter to early spring months.  This shift reduces the snow stor-
age on the Sierra Nevada Mountain Range, which functions as a 
natural reservoir. This range supplies water to nearly the entire 
state during the summer months when crop water demand is 
the highest.  Therefore, citrus growers, like all other agricultur-
al producers, may want to consider some long-term strategies 
that can make their farming practice more resilient to drought 
in the future. 

lOng-tERM stRAtEgiEs
Plant–based approaches, such as choosing drought-tolerant 
varieties or rootstocks with strong and rigorous root systems 
for water and nutrient uptake, also would be a long-term ben-
efit to mitigate drought impact.  Many factors are measured 
in breeding and selecting new varieties or rootstocks, but 
drought tolerance should be considered as a major factor in 
future breeding efforts.  

Some of the soil-based methods discussed earlier, such as in-
creasing soil organic matter content and maintaining good 
chemical balance and soil health, also can see a long-term ben-
efit for help in surviving drought conditions.  Research by Wu 
and Xia demonstrated that using soil amendments with arbus-
cular mycorrhizal fungi during replanting enhanced drought 
tolerance in tangerines.  Root colonization by the arbuscular 
mycorrhizal fungi also attributed to increased soluble sugar, 

Micro-sprinkler in grove.
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starch and non-structural carbohydrates in plant leaves and 
roots.  Additional research is needed to validate the potential 
benefits of fungi for improving citrus drought tolerance. 

With respect to irrigation management techniques, efficient ir-
rigation systems, such as drip systems with embedded in-line 
emitters, are a worthy investment if furrow irrigation is still be-
ing used.  Also, growers should consider improving efficiency 
in scheduling irrigation by using one or more of the methods 
mentioned above.  

Goldhamer et al. have shown deficit irrigation can be used as 
a strategy to apply a fraction of the ET for the purpose of con-
serving water or to improve crop quality such as sugar content 
or fruit coloration (for Goldhamer’s full research reports on defi-
cit irrigation, see www.citrusresearch.org/goldhamer).  For cit-
rus, it should be possible to use this method at certain growth  
stages and with close monitoring of plant and soil water  
indicators, such as pressure bomb measurements for leaf wa-
ter potential, measuring the temperature of the tree canopy 
using infrared thermal sensing, or soil moisture sensors.  With 
pressurized micro-irrigation systems, it also is possible to prac-
tice site-specific irrigation to account for orchard-to-orchard,  
area-to-area within an orchard, or even tree-specific water ap-
plication by accounting for soils and tree growth variability.  The 
technology is available; however, development of a systems  
approach is needed to be simple enough for growers to use at 
the farm level.  

Other new technology that may aid in drought mitigation in-
cludes remote sensing and biotechnology.  It is possible that 
in the near future through gene transfer and expression, new 
or improved rootstocks and scions will be developed with en-
hanced drought-tolerance capabilities.  

For remote sensing applications, new sensor technology now 
can be deployed on vehicle- mounted platforms for use in the 
orchard or carried on an aerial platform such as fixed-wing  
airplanes or unmanned aerial vehicles (UAVs) for use in large areas.  

In addition, new satellite sensors can now produce imagery 
with high spatial, temporal and spectral resolution.  With more 
research, these remote sensors for plant biophysical informa-
tion can be used to detect water stress distribution in orchards, 
for evaluation of irrigation system efficiency or for making irri-
gation decisions in near real-time.
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Glossary
Commonly used units of measurement:
ppm = parts per million
mg/l = milligrams per liter
µS/cm = microseimens per centimeter (Recognized EC units)
mS/cm = milliseimens per centimeter
dS/m = decisiemens per meter

Electrical conductivity (EC)
Water that contains salt is able to conduct electricity. The more 
salt there is in a solution, the easier it is for an electric current 
to flow. The potential of a solution to pass an electric current is 
called electrical conductivity (EC) and it is usually measured in 
microsiemens per centimeter (µS/cm). This is often expressed 
simply as an “EC Unit. ”

As the concentration of salt in a solution increases, so does 
the EC reading. An EC meter can also be used to measure the 
amount of salt in soil by mixing a soil sample with water and 
then testing the EC of the solution. 

Other units for measuring salinity are: 
• decisiemens per meter (dS/m)
• millisiemens per centimeter (mS/cm)
• millimho per centimeter (mmho/cm)
• Parts per million in water (mg/liter)
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tREAting thE 
hOMEOwnER Right
Staff Report

The Citrus Research Board (CRB) has been working with homeowners in the Hacienda Heights area of Los Angeles 
County whose citrus trees have tested “suspect positive” for huanglongbing (HLB). Although science has played a 
large role in the CRB’s activities in Hacienda Heights, the property owners with whom the CRB has interacted are 
being treated as individuals, not pieces of a scientific puzzle.

The CRB’s relationship with Hacienda Heights homeowners 
began two years ago – in June 2012. Because the area of 

the original find remains under HLB quarantine, the CRB re-
quested a permit from the California Department of Food and  
Agriculture (CDFA) to be allowed to conduct plant  
material testing of two experimental methodologies for the  
early detection of HLB: use of volatile organic compounds (VOC) 
and metabolomics (MET). The CRB’s quest was to test orange 
trees within 400 meters of the polymerase chain reaction (PCR)- 
positive HLB find in Hacienda Heights. PCR is the “gold  
standard” USDA laboratory analysis that detects the presence 
of specific and defined pieces of DNA.

To conduct the experiments, the CRB needed access to an  
electrical outlet and a minimum of four hours on each proper-

ty.  It also would be helpful to have multiple orange trees on 
the property, some isolation/security for the equipment, no 
dogs and, most importantly, very cooperative and understand-
ing homeowners. CDFA inspectors, through their intensive  
survey work in the area, located seven properties for the CRB to  
employ its experimental methods. Only five properties were 
used in the testing, as the other two were not entirely practi-
cal. A total of ten trees were tested using the two experimental 
techniques, as well as the standard PCR test. Both the VOC and 
MET results were identical.  They found that five of the trees 
were suspect positive for HLB, three trees were inconclusive 
and two trees were negative for HLB. Standard PCR tests were 
all negative.

Brian Taylor, CRB’s field operations director, 
offered fresh citrus to cooperating Hacienda 
Heights homeowners.
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fiRst, wAit AnD sEE
Well, what to do next? CDFA could not remove the trees,  
because they had not tested positive using PCR methodolo-
gy, which was then – and still is today – the only recognized 
methodology for determining a positive HLB-infected tree 
(or insect). It is also the only test that can form the basis of  
regulatory action. It was decided to leave the trees in the 
ground and wait. After all, these new methods are supposed to 
find HLB-infected trees at an earlier point in time than standard 
PCR. If the new methods were truly accurate, then sooner or 
later the trees would test positive for HLB using PCR.

CDFA continued to test the trees every month using PCR tech-
nology. All tests were negative. They also continued to trap and 
treat for Asian citrus psyllids (ACP) in the area. Sooner became 
later. The looming question was, “How long could the industry 
wait for these trees to have a PCR-positive result?” Even though 
the trees were treated, they still could have ACP feeding on 
them and possibly spreading HLB to other trees in the area.  

After 12 months of consternation and much hand-wringing, the 
growers representing their fellow industry members at both 
the Citrus Pest and Disease Prevention Committee (CPDPC) and 
the CRB asked CDFA how these trees could be removed. CDFA 
stated again that it could not invoke regulatory authorities to 
remove the trees, but a non-regulatory party could negotiate 

with the homeowners. CPDPC could not conduct these nego-
tiations, because that body is obliged to follow CDFA’s funding 
rules, and that nexus would present legal issues. The collective 
finger pointed to the CRB as the only organization capable of 
entering into these negotiations. In the interest of science, it 
was the CRB that should ask these homeowners to voluntarily 
allow removal of all suspect positive trees for laboratory study.

REquEsting PREvEntivE REMOvAl
Former CRB President Ted Batkin was charged with homeown-
er negotiations. He explained to them that the CRB wanted to 
remove the entire tree, not only as a preventive measure to 
ensure that HLB was not being spread, but also as a scientific 
endeavor, allowing for testing with PCR, VOC, MET and sever-
al other methodologies that were being developed. All of the 
trees would be tested again (using the three primary methods) 
prior to any removals.

In appreciation for the participants’ cooperation, the CRB 
would replace each tree with another non-citrus fruit tree of 
the homeowners’ choosing (restrictions applied), and would 
provide the homeowners with citrus fruit twice a year for the 
next four years (the approximate amount of time it would take 
for the new non-citrus fruit tree to begin producing). Various 
packing houses throughout the industry graciously volun-
teered to donate the fruit. (See photos.)

Susana Jimenez proudly displayed her second delivery of fruit, standing next to her fledgling avocado tree.
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For those who know Ted Batkin, it is not surprising that not one 
of the homeowners hesitated in giving the CRB the go-ahead 
to remove their citrus trees. Prior to the trees being removed, 
they were again tested using VOC and PCR. One of the original 
possibly positive trees targeted for extraction already had been 
removed by the homeowner because “it was not doing well.” 
The CRB also tested two additional non-orange trees on two of 
the properties. Seven of the original trees and one of the new 
trees now tested suspect positive using the VOC methodology. 
The other three trees were inconclusive. PCR tests were again 
all negative.

CRB obtained a permit from CDFA allowing removal of six trees 
from the five properties with requirements to double-bag all 
material, use certain vehicles and only drive a specific route 
with the material from the site to the CRB’s laboratory in  
Riverside. Trees, prior to removal, were marked in 18-inch  
sections and mapped. A tree removal company was  
contracted that removed the affected trees, including the 

roots. Each 18-inch section was identified, bagged and stored 
in a walk-in cooler until tested. 

The compilation of a unique set of data for the scientific  
community studying HLB has been made possible by these  
cooperative and magnanimous homeowners. As each section 
of their removed trees is tested, it becomes more possible for 
researchers to reconstruct the path that the suspected infec-
tion followed in each tree under Southern California residential 
growing conditions.

COntinuing hOMEOwnER 
COOPERAtiOn
The scientific insights that will result are exciting, but this story 
is about the homeowners involved. They have had to put up 
with quite a bit. Their properties have been surveyed, treated 
and had trees removed. The surveys and treatments for ACP 

Outside their Hacienda Heights home this April, Flor and Marcela Rodas showed their freshly-delivered citrus fruit.
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continue because they all still have additional citrus on their 
properties. 

As both the CRB and CDFA continue to test trees from Hacienda 
Heights and other communities, involvement with homeown-
ers who have positive or possibly positive trees will be critical. 
The industry, via whatever research or regulatory vehicle, must 
continue to communicate effectively with “door-yard” tree 
owners to gain their cooperation and understanding of the 
threat represented by HLB. This communication will be critical 
to the success of keeping HLB out of California, or at least slow 
its spread.

A good deal of effort and expense has gone into each of these 
tree removals. Can the CRB continue this one-on-one approach 
with property owners, especially when considering that the LA 
Basin area in which “door-yard” citrus is intermittently spread 
is reportedly larger than the area occupied by all the solid-set 
commercial citrus throughout California? The early experience 
has been encouraging, but the expenditure of industry time 
and resources in just a miniscule part of the potentially infected 
urban area has been significant.
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DEAn DillARD’s DOOR is OPEn
inCREAsing uC DAvis COllEgE Of Ag’s COMMuniCAtiOn AnD visiBility
Staff Report

Dean Helene Dillard toured Foundation Plant Services with the 
program’s director, Deborah Golino. Foundation Plant Services 
produces, tests, maintains and distributes premium foundation-level 
virus and disease-tested plant materials for use by California nurseries, 
as well as the grower-direct sweet potato seedlings pictured here.
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California agriculture has been delighted to welcome home 
one of its own. Plant disease expert Helene Dillard, Ph.D., 

has returned to her alma mater, the University of California 
at Davis (UC Davis), to become dean of the world-renowned  
College of Agricultural and Environmental Sciences. 

The Golden State native arrived in late January to assume 
the helm of the university’s founding college and its 15  
departments that focus on agricultural, environmental and 
human sciences. She will lead 330 faculty, 800 staff, 5,800  
undergraduates in 29 majors and 1,000 graduate students in 45 
graduate groups and programs. 

Dillard’s new role follows three decades spent at Cornell  
University in New York, where she rose to become a full pro-
fessor, Associate Dean of the College of Agriculture and Life  
Sciences and the College of Human Ecology, and Director 
of Cornell Cooperative Extension. In her latter capacity, she 
worked to strengthen ties with commodity groups and agricul-
tural agencies – an area she also will focus on in her new role as 
a UC Davis dean.

Among Dillard’s many honors, she has been the 2013 recipient 
of the College of Agriculture and Life Sciences Outstanding 
Faculty Award at Cornell, the 2013 New York Farmers Medal 
from the New York Farmers Association, and the Excellence in 
Extension Award from the American Phytopathological Society 
in 1992. In 2008, the educator was named a National Women of 
Color STEM All Star.

The UC Davis search process to find the best possible  
professional for the job took nearly a year. In the university’s  
announcement, Chancellor Linda P.B. Katehi said of Dean 
Dillard, “She has been a strong supporter of fundamental  
research and, through her own educational and research  
efforts, has demonstrated a commitment to solving practical 
societal problems, especially through Cooperative Extension 
and its service to agriculture, the environmental community 
and the general public.” 

“What made this opportunity so exciting was that UC Davis has 
been named number one in the world for agriculture,” Dillard 
explained.* “I was very intrigued by the prospect of working for 
a higher education institution in a state with 400 agricultural 
commodities, where the environment is a priority, and where 
those two broad areas work closely together. Plus, the college 
is my alma mater. Although I received a bachelor’s degree from 
UC Berkeley, I earned my master’s degree in soil science and my 
doctoral degree in plant pathology right here.”

visiBility AnD COMMuniCAtiOn
Visibility and open communication have been two focal  
areas for the dean since she took over the reins this winter. “I’m 
truly striving to keep an open door,” she explained. “I want to  
connect with all of our stakeholders and get the best science 

out there for California. It’s vital to strengthen our relationships 
by sharing with people everything we’re doing and why.”

Dillard hopes to boost the recognizable presence of the college 
by increasing her own visibility. In her first 100 days, she took 
to the roads up and down the state, in between tending to her 
academic duties in Davis. “We don’t want to be California’s best-
kept secret, so I have made a full-court press to connect with  
industry leaders and have been doing my best to make it to 
a lot of meetings,” she said. “I have been able to get out and 
about and meet many people to let them know that I’m ‘all ears,’ 
and that it’s important to me to know what their needs are.”

stEPPing uP COMMODity 
OutREACh
The dean believes that the university’s relationships with com-
modity organizations such as the Citrus Research Board already 
are strong from an individual faculty standpoint. However, she 
believes that the groups need to be connected to the university 
as a whole. “They must be able to call me as a reference,” Dillard 
said. “We want to be their first choice to turn to for assistance.

Helene Dillard, Ph.D., dean of the UC Davis College of Agricultural and 
Environmental Sciences.

*UC Davis has been ranked number one worldwide for teaching and research 
in agriculture and forestry by QS World University Rankings, one of the most 
highly-regarded ranking providers.
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“At Cornell, our commodities (such as snap beans, cabbage 
and sweet corn) met every year with the faculty who worked 
in their research area,” she continued. “We brought together 
our researchers from various disciplines for a day-long meeting 
with farmers, processors and commodity boards. This helped in 
applying for big grants that involved multi-disciplinary areas, 
and also allowed for integrated discussions with wide-ranging 
areas of expertise.” 

Dillard saw a close relationship develop between her, the com-
modity groups and the researchers. “I’d like to see us do more of 
that, even including creative approaches such as web meetings.” 
She wants to be kept in the loop with commodity organizations 
so that she knows the key issues that various boards are tackling.

“Dean Dillard understands the frustrations that producer  
research boards such as the CRB can experience with the  
traditional university paradigm of research,” said CRB President 
Ken Keck. “The scientists’ need to publish basic research is set 
against the growers’ need to quickly get at solutions that can 
be implemented in their operations. Dean Dillard strikes me as 
an administrator and agricultural communicator who ‘gets it,’ 
and has spent her career successfully balancing this tension.”

stREngthEning thE COllEgE
Her focus on visibility extends to letting the College of Agricul-
tural and Environmental Sciences faculty and students know 
that their new dean is accessible. Dillard has instituted “Coffee 
with the Dean” gatherings separately for students and for staff 
so that she may answer their questions in an informal setting.

The college currently is in a faculty-rebuilding mode due to  
retirements and previous budget cuts. Dillard knows that 
bringing in the right faculty will attract even more students.

The dean also has been working closely with the Under-
graduate Dean for Academic Programs since her arrival. Dil-

Food Science and Technology Ph.D. student Luis (Tonio) Garay showed Dean Helene Dillard a sample of oil that was synthesized by a yeast in the Phaff Yeast 
Culture Collection. This yeast can turn sugars from agricultural and food processing wastes into oil, and also secrete them in the form of glycolipids. These have 
potential to become new biofuels, lubricants, detergents or many other useful products. A provisional patent was recently filed on this process.

“My door always is open, I want 
people to know that there is a 
face and a helping hand to go 
with the name.”
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lard strongly believes that students, particularly those just 
starting out, need sound advice about how to deal with any  
academic difficulty. “Additionally, we’re going out into places 
like the Central Valley and assertively recruiting new students,” 
she said. “Since UC Davis requires good GPA and SAT scores, 
many young people are too intimidated to even apply. We 
want all strong candidates across our majors to apply and not 
be intimidated.”

Other areas of focus for Dillard will be seeking ways to increase 
financial gifts to the college and working with the Assistant 
Dean for Financing to free up money for the faculty to advance 
research, teaching or extension work. She is pleased that she 
had been able to obtain some “21st century” equipment for the 
classrooms. Now she wants to ensure that her researchers are 
familiar with the recently passed federal Farm Bill. “We need to 
make sure that the best teams are formed – across state lines, 
when appropriate – and pray that the deadlines are not during 
finals!”

The new dean is enthusiastic about furthering “collaborations 
that develop solutions to the grand challenges and opportuni-
ties, that we, as a global community, face. 

“My door always is open,” Dillard said. “I want people to know 
that there is a face and a helping hand to go with the name.”

the SurpriSinG dean dillard
After hours, Dean Dillard has two very different ways to  
unwind. Along with her husband, Victor, and college-age son, 
Jamar, she enjoys fishing, particularly fly-fishing. The dean also 
is a Fifth Degree Master of Tae Kwon Do. Although she hasn’t 
had much opportunity for either activity since returning to  
California due to her hectic schedule, Dillard is looking forward 
to adding her interests back into the mix as time permits.

Dean Helene Dillard met with graduate and undergraduate students at the UC Davis Student Farm this spring to learn more about their hands-on agricultural 
experiences and career aspirations.
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Georgios Vidalakis, Greg Greer and Rock Christiano

MEEt thE CitRus ClOnAl 
PROtECtiOn PROgRAM: 
gEnERAtiOn fOuR
Following a series of discussions in 1955 and 1956, the Citrus Research Advisory Committee (precursor of the Citrus 
Research Board) requested that the University of California (UC) “assume responsibility for the development and 
maintenance of variety foundation plantings” to serve as standard sources for true-to-name scion and rootstock varieties 
of citrus. The university accepted, and the Citrus Variety Improvement Program (CVIP) was inaugurated in 1957. It has 
since evolved into the Citrus Clonal Protection Program (CCPP). 

In this article, we will discuss the most recent upgrades to quarantine and foundation operations as part of on-going 
CCPP efforts to achieve excellence in service. As a result of these activities, both the Rubidoux Quarantine and Lindcove 
Foundation Operations continue to be in compliance with California Department of Food and Agriculture (CDFA) and 
U.S. Department of Agriculture (USDA) standards and protocols for safe movement of nursery stock. The cost of these 
upgrades was approximately $2 million and was made possible by the generous support of the UC Riverside College 
of Natural and Agricultural Sciences, Citrus Research Board (CRB), California Citrus Nursery Board, National Clean Plant 
Network, UC Agricultural and Natural Resources, and the Delfino family; and for that, we express our gratitude.

CCPP facilities at Lindcove Research and Extension.

1937-Psorosis Freedom Program. 
Drs. Fawcett and Wallace. 

In 2005, the CCPP entered a fourth generation following its 1937 origins in the Psorosis Freedom Program (Drs. Fawcett and  
Wallace), the establishment in 1957 of the Citrus Variety Improvement Program (Drs. Calavan and Reuther) and the 1977 evolution to 
the Citrus Clonal Protection Program (Dr. Gumpf).

1957-Citrus Variety Improvement Program. 
Drs. Calavan and Reuther. 

1977-Citrus Clonal Protection 
Program. Dr. Gumpf
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For the past 58 years, CCPP quarantine and foundation  
operations have been taking place at the original Rubidoux  

Quarantine and Lindcove Research and Extension Center (LREC) 
Foundation Block Facilities (Figures 1 and 2). The upgrades, 
growth and improvements at both CCPP operational sites have 
been constant. At Rubidoux, the screenhouse was expanded, 
and a prototype quarantine greenhouse was built shortly after 
the program’s inauguration. During the 1980s and ‘90s, head-
house, office and laboratory spaces also were added to support 
quarantine operations (Figure 3). At the LREC, protected foun-
dation blocks and a headhouse for budwood processing and 
fruit evaluation were established in the 1990s-2000s (Figure 4).

Figure 1. 1959:  Rubidoux quarantine screenhouse of the 1907 Citrus 
Experiment Station (CES) at Riverside. CES building visible behind the 
screenhouse.

Figure 2. 1961:  Chester Roistacher planted the first tree in the CCPP 
foundation block at LREC. 

Figure 3. Early Rubidoux quarantine structures:  A) greenhouse headhouse and 
B) modular lab and office space.

Figure 4. The first CCPP foundation block structures at LREC: The headhouse 
for budwood processing and fruit evaluation (front) and the screenhouse of 
the protected foundation block (back). First section completed; second section 
under construction.

In 2005, the California citrus industry and the University of  
California created a new collaborative platform for the position 
of CCPP director and marked the beginning of the program’s 
“generation four.” At that point, the university, citrus industry 
and state and federal regulatory agencies realized that CCPP 
operational sites at Rubidoux and LREC needed expansion,  
improvements and upgrades to face upcoming regulatory and 
quarantine issues from the continuing spread of endemic dis-
eases such as Tristeza, as well as the approach of invasive pests 
like the Asian citrus psyllid and huanglongbing. In addition, dy-
namic changes in the California citrus nursery and fruit industry 
demanded incorporation of the newest available technologies 
and protocols in diagnostics, therapy and citrus germplasm 
maintenance and distribution. 

CCPP RuBiDOux quARAntinE fACility: 
intRODuCtiOn Of CitRus vARiEtiEs
All structures associated with Rubidoux have been upgraded. 
The oldest structure – the wood frame screenhouse covered 
with aged, large-mesh screen – could not be upgraded and 
had to be demolished. Its low ceiling and several engineering 
constraints rendered structural modifications impractical and 
cost prohibitive (Figure 5 A-C). 

Today, a new aluminum frame structure, which has the  
potential to be retrofitted to a solid panel greenhouse (if 
needed in the future) with a thrips-resistant screen and high 
A-frame roof stand in place of the old building. The new screen-
house provides critical features necessary for safe operation 
in a pest quarantine zone, including isolated compartments 
with independent double-entry entrances, air curtains and an  
enclosed soil and plant work area. Wood benches have been  
replaced with metal ones (Figure 5 D-F). More work is in  
progress, including an automated shade cloth system, irrigation 
and electrical service for the recirculating fans. Installation of  

3-a 3-B
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Figure 5. CCPP quarantine screenhouse, “before” and “after:”  A) original wooden frame structure; B) demolition; C) original wooden benches in main growing area 
of the wooden screenhouse; D) new metal frame, compartmentalized screenhouse; E) drive-in vestibule and soil transfer area; and F) interior metal plant growth 
benches. 

an exterior pesticide sprayer, gravel walkways around the perimeter, concrete driveway, lights and a positive pressure environ-
ment for the soil/plant transfer area are some additional improvements planned.

The second oldest structure at the CCPP Rubidoux location is the quarantine greenhouse with a small office and attached work 
area that was inadequate to support any diagnostic or therapeutic protocol. Its workflow was poorly designed (for example, the 
restroom was accessible only through the quarantine greenhouse and was built of material containing asbestos). Therefore, the 
small headhouse was demolished to make room for new functional facilities that allow for a safe environment for daily green-
house operations and quarantine practices (Figure 6 A-C). 

5-a

6-a

6-d

6-G

5-C

6-C

6-f

6-i

5-e

5-B

6-B

6-e

6-h

5-d 5-f

Figure 6. The genesis of the Delfino Family Plant Laboratory:  A-C) demolition of original outdated transite structure; D-F) construction of the modern headhouse-
laboratory for citrus therapy, diagnostics and greenhouse management. G) Ramon Serna, CCPP nursery technician, extracting seeds in the general working area; 
H) equipment room with growth chamber, autoclave and water purification system; and I) clean laboratory area for shoot-tip-grafting and diagnostics.
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Today, the Delfino Family Plant Laboratory (Figure 7) provides secure access to the greenhouse and soil/plant work vestibule 
with air curtains, double door entrances and electronic card activated doors (Figure 6 D-F). It offers three distinct working areas 
– the main entrance opens to a work area with a large stainless steel sink and countertop where general work duties such as seed 
extraction are performed. Two rooms make up the remainder of the building. One houses equipment such as environmental 
growth chambers used for thermotherapy and shoot tip grafting, an autoclave, a water purification system and an ice machine. 
The second room provides a small clean laboratory environment for in vitro sterile therapy protocols such as shoot tip grafting 
and sample processing for pathogen testing (Figure 6 G-I). 

Figure 7.The plaque marks the November 8, 2011, dedication of the CCPP quarantine 
structure to the Delfino family.

Greg Greer recalled, “When I started with CCPP in 1990, shoot tip 
grafting was used  primarily for new varieties that tested positive for  
viroids. This treatment was performed on campus in Dr. David Gumpf’s 
laboratory. Citrus flush tips were harvested from source plants in the 
Rubidoux Quarantine Facilities and then taken to the dedicated cul-
ture room at the UC Riverside campus (approximately four miles away) 
for processing. They remained there until any successful grafts were 
large enough for the next step. Then the tubes containing the shoot 
tip grafts were transported back to Rubidoux and grafted to rough 
lemon seedlings inside a shade cloth box in the quarantine green-
house. Later, we started performing shoot tip grafting in the modu-
lar lab space at Rubidoux (Figure 3); but lack of modern equipment, 
the inability to prepare shoot tip grafting sterile media on site and the 
overall building quality did not allow for optimum results.” (Figure 8)

The CCPP now conducts every stage of shoot tip grafting inside the 
modern Delfino laboratory for all citrus introductions, regardless of 
their pathogen load (i.e., viroid infected or not). With the new support-

ing equipment, shoot tip grafting can be p formed efficiently throughout the year.  Furthermore, imported varieties receive shoot  
tip grafting immediately after the original shipped budsticks have been cultivated in vitro in growth chambers and incubators 
(Figure 8 D-F). When this process is successful, the quarantine time is significantly reduced by nearly 12 months. This practice, in 
combination with bio-indexing and improvements to laboratory testing, has decreased the time of introduction to 24 months or 
less. CCPP staff aim to decrease this timeframe even more.   

8-a 8-C

8-ea 8-eB

8-B

8-d 8-f
Figure 8. Shoot tip grafting equipment “before” and “after:” A-C – equipment used before upgrades. A) laminar flow; B) homemade wooden box with florescent 
lights for growth of shoot tip grafted plants; C) shade cloth box in the quarantine greenhouse for rough lemon propagations of shoot tip grafted plants. D-F – 
new equipment. D) modern class II bio-safety cabinet with new dissecting microscope and digital imaging for shoot tip grafting; E) modern dedicated growth 
chambers for in vitro budwood cultivation [32 C˚] and shoot tip grafted plants growth [28 C˚]; and F) dedicated growth chamber with ebb and flow hydroponic 
system for in planta propagation of the shoot tip grafted plants. 
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Attached to the Delfino laboratory is a large, enclosed soil and work area with a roll-up door. This structure supports all green-
house operations and allows for safe handling of plants. Today, we can park the soil trailer inside. Transferring soil and plants is 
now safer, and exposure to the outside environment is greatly reduced. Before, the soil trailer was parked just outside the main 
entrance; and we had to constantly go in and out to perform greenhouse operations (Figure 9). Future improvements will include 
creating a positive pressure environment and temperature controls.

Figure 9. Soil transfer and plant handing area upgrades “before” and “after:” A) old headhouse with soil trailer in the open; B) enclosed soil transfer area with 
roll-up door and air curtains; and C) soil trailer and potting supplies inside the enclosure. 

Similar to the old headhouse, the lower exterior walls and a double-entry vestibule of the quarantine greenhouse were 
built with asbestos-containing materials, all of which have been replaced with aluminum panels (Figure 10 A). In addi-
tion, wood benches (Figure 10 B) have been replaced with metal ones (Figure 10 C), while all the roof and sidewall glass  
panels have been painstakingly resealed (Figure 10 D). The old internal wood doors have been replaced with heavy-duty metal 
ones with viewing windows that close tightly for the creation of a compartment (Figure 10 E). Internal walls and the heating 
system have been modified accordingly to support internal compartmentalization (compartments are a critical element of facil-
ities operating inside pest quarantine zones). The cooling units have been upgraded with new energy-efficient fans and controls 
equipped with tightly-sealed automated louvers. Cooling equipment on both exterior sides of the greenhouse has been covered 
with an insect-resistant screen (Figure 10 F-H). Finally, all buildings at the Rubidoux location are now protected against power 
failures with a powerful emergency back-up electrical generator (Figure 10 H).

Figure 10. Quarantine greenhouse upgrades: A) aluminum panels on the lower greenhouse walls replaced transite panels; B-C) wooden benches requiring 
constant treatments with copper naphthenate replaced with modern metal plant-growth benches; D) resealing glass panels; E) new internal greenhouse doors; 
F) old greenhouse exhaust fans and controls replaced with G) new energy-efficient fans and controls equipped with mechanical louvers inside insect protecting 
structures; and H) emergency back-up electrical generator. 

Citrus introductions are released from state and federal quarantine after they have successfully completed comprehensive 
tests of the variety index (VI) and tested negative for all known graft-transmissible pathogens and diseases of citrus. The VI  
index includes graft-inoculation of a number of different citrus species/plant indicators maintained under controlled envi-
ronmental conditions in the Rubidoux quarantine greenhouse that will express disease symptoms if a pathogen is present. 
In the past, the VI index was performed annually between the months of November and August. Today, the CCPP has the  
capacity to execute two VI indexes per year (i.e. winter and fall), which in combination with the shoot tip grafting innovations (see 
page 33) will further shorten the time for quarantine release. 

Laboratory tests also are a part of the VI index. These tests are performed at the CCPP Citrus Diagnostic Laboratory at UC  
Riverside. Innovations in this field have been remarkable in the past few years with the acquisition of state-of-the-art  
equipment (Figure 11), the development of novel diagnostic protocols, and the identification and characterization of both 
known and unknown citrus pathogens.
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Figure 11. Upgraded CCPP diagnostic equipment: A) modern dark-field microscope with digital imaging [notice the Spiroplasma citri cells on the microscope 
screen]; B) real-time PCR thermocyclers; C) robotic liquid handler in protective air flow/UV light chamber; D) plant tissue grinder and robotic nucleic acid extraction 
machine; and E) freeze dryer for citrus sample processing. 

As a UC Riverside faculty member, the CCPP director has been successful in securing research funds, independently of the CCPP 
operational budget, to support a research team focused on CCPP growth and development needs. This team has recently isolated, 
partially sequenced and characterized two novel viral agents associated with the vein enation and yellow vein diseases of citrus. It 
also has completed a study on the characterization of a century-old CCPP collection of citrus tristeza virus isolates and has devel-
oped a novel method for the simultaneous detection of ten viral and six bacterial pathogens of citrus. 

Additionally, the team has developed real-time PCR assays, paired with semi-automated robotic citrus tissue-process-
ing procedures, for detection of regulated citrus viroids, viruses and bacterial pathogens for use in the CDFA “Citrus Nurs-
ery Stock Pest Cleanliness Program.” This last development was one major factor responsible for the increase in the CCPP  
diagnostic capacity, both at the bioindexing (two VIs per year) and laboratory levels (thousands of samples per year for multiple 
pathogen detection). For example, when we compared the novel laboratory detection assay for citrus viroids with the previously 
used bioindexing method, we identified a fourfold increase in the annual sample capacity of the program (from ~800 to ~3,500 
samples) and the reduction of time for results development by half (from ~12-18 to ~6-7 months). 

The most recent development for the Rubidoux Quarantine Facility is one with emotional and historical significance. The CCPP 
will return home to Dr. Fawcett’s office in the original 1907 Citrus Experiment Station building at Rubidoux (Figures 1 and 12). 

11-a

12-a 12-B

11-C11-B

11-e11-d

Figure 12. The CCPP returns home to the original 1907 Citrus Experiment Station building at Rubidoux:  A) The original staff of the station. [Front row, left to 
right]: C. O. Smith, J. T. Barrett, L.D. Batchelor, H.S. Reed, W.P. Kelley, H.J. Webber. [Back row, left to right]: E.E. Thomas, W.M. Mertz, H.B. Frost, H.S. Fawcett, W.D. 
Drew, R.S. Vaile. (Courtesy of Special Collections and University Archives, UCR Libraries, University of California, Riverside). B) These same steps today lead to the 
new CCPP offices.
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With the help and collaboration of UC Agricultural and Natural Resources and the UC Riverside College of Natural and Agricultural 
Sciences, the CCPP offices will occupy the ground floor of the original building. The second floor houses the Office of News and 
Information Outreach in Spanish. We thank Program Manager Myram Grajales-Hall and her colleagues for the warm welcome and 
for all their efforts to prepare for us. The new office space has access to a small conference room where we can receive visitors 
from local, national and international  government, regulatory, scientific and industry organizations, and a storage room for filing 
cabinets to retain the hundreds of volumes of citrus quarantine records (Figure 13). 

Figure 13. The new CCPP offices: A-B) First and second office rooms; C) conference room; and D) file storage room.

CCPP linDCOvE fOunDAtiOn OPERAtiOns: MAintEnAnCE AnD 
DistRiButiOn Of CitRus vARiEtiEs
When new citrus introductions successfully have completed the VI index at Rubidoux, they are released from state and federal 
quarantines. At that time, plants or budwood are moved to the CCPP Foundation Block at LREC for budwood distribution and 
trueness-to-type evaluation. Since 1961, when the first tree was planted in the outdoor foundation block (Figure 2), budwood 
was distributed three times a year (i.e., January, June and September). In recent years, however, threats from serious citrus pests 
and pathogens have transformed citrus nursery operations in California. 

As of May 2010, mandatory CDFA regulations require that budwood source plants and increase blocks be maintained un-
der protective structures. In addition, USDA and CDFA quarantines prohibit the movement of citrus nursery stock un-
less it is produced within protective structures and moved under a certificate of compliance. This transition to citrus nurs-
ery production in protective structures has affected budwood demand dynamics. Therefore, since July 2013, the CCPP 
offers budwood on a monthly basis, and more recently, without any minimum number of buds per order (http://ccpp.ucr.edu/ 
budwood/cutdates.php) (Figure 14). In other words, someone can order as little as one budstick, which was not the case in the 
past. This change has encouraged many homeowners, hobbyists and rare fruit growers to acquire pathogen-tested budwood 
from the CCPP, thereby reducing the risks of introducing and spreading graft-transmissible pathogens of citrus. As of April 2014, 
there were 370 registered users in the online CCPP budwood ordering system. Considering that in California, there are approxi-
mately 40 commercial citrus production nurseries, it becomes obvious that CCPP services have a much broader impact. 
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Figure 14. Preliminary data on CCPP monthly 
budwood distribution patterns.

Monthly budwood distribution without 
minimum limits has been one of the big-
gest changes in CCPP operations, bringing 
balance between variety introduction and 
variety distribution activities. This balance 
is the result of establishing a new position 
at the LREC – manager of CCPP Founda-
tion Operations. The position is an excel-
lent example of how the collaboration 
of different entities brings a positive and 
desirable result. Drs. Beth Grafton-Card-
well, director of LREC, and Georgios  
Vidalakis, CCPP director, petitioned the 
UC Agricultural and Natural Resources 
Administration and the California Citrus 
Nursery Board to kick-start the position. 
After the successful launch of the foun-

dation operations manager position and recognition of its value, this position has been welcomed and supported by the entire 
citrus industry, as well as state and federal agencies. 

The annual CCPP LREC foundation block walk-throughs and fruit displays also have been modified in the last few years. In the 
past, the walk-through typically was held every December. Given the diversity of the citrus varieties in the foundation and eval-
uation bock and their maturity dates, we started organizing the walk-through during each season so that we can experience 
different varieties at various times of the year, as well as inspect trees at different growth stages (http://ccpp.ucr.edu/news). 

Because many small growers and nurserymen cannot always attend the walk-throughs, the CCPP is experimenting with  
another option. Citrus fruit of different varieties is washed, packed and shipped, according to all regulatory requirements, to 
individual or organizations for specific citrus events. So far the feedback has been positive. We believe that this kind of outreach 
activity will have a positive impact on the use of pathogen-tested citrus budwood. Additional information on this option may  
be obtained through the CCPP via ccpp@ucr.edu.

Due to the increasing threat of the natural spread of citrus tristeza around LREC, the CRB sponsored construction of the first 
protected foundation block in 1998. A protected screenhouse was completed in two phases in 1998-99 (Figure 4). In 2007, after 
tristeza was detected in the foundation and evaluation block, the protected foundation block became the primary source of 
budwood. The following year, the CRB committed the funds necessary for the expansion of the protected block. Construction of 
phase three was completed in 2010, and tree plantings began that same spring (Figure 15). 

Figure 15. The 2010-built, 30,000-sq. ft. protected foundation block screenhouse:  A) construction; 
B) internal view of citrus budwood source trees. C) completed external view with double-door entry 
for pedestrians on the left and the drive-in vestibule to the right.

Both of the protected foundation block structures (i.e., 1998-99 and 2010) were re-
cently re-screened. The operation was delicate and required special handling to avoid 
exposure of budwood source trees to insects and also to achieve maximum protec-
tion from the new screen materials. During the re-screening process, we noticed that 
the pore size around the screen seams had increased and could allow entry of some 
insect pests. Therefore, we took immediate action, which was extremely important 
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since LREC is inside the Asian citrus psyllid quarantine zone; and any facility breach would have resulted in regulatory violations 
that, in turn, could have disrupted the budwood distribution scheme (Figure 16).

Figure 16. Re-screening and enhancing screen seams of the CCPP protected foundation block structures:  A) roof re-screening; B) citrus budwood source trees 
pruned back with no green tissue (i.e. if any insects entered the structure they could not feed on budwood sources), treated with insecticides and bagged 
individually during re-screening; C) increased screen pore size at seam areas; and D) application of silicone in all seams of foundation block screenhouses. 

In response to the concern for a back-up budwood source, the CRB funded construction of a 5,700 sq. ft. positive pressure green-
house in 2011. The purpose of this structure is to duplicate and maintain commercially important varieties as small plants. Cur-
rently, there are no plans for regular budwood distribution from this structure. The greenhouse has come to life with power and 
power back-up connections, interior floors and plant growth benches. It was built with all possible safety components, pressur-
ized double-entry entrances, computerized fertigation system and two compartments (Figure 17). In time, we expect all current 
and future citrus varieties of the foundation block to be duplicated in the positive pressure greenhouse in the form of small, con-
tainerized trees. This long-term, proactive planning is a staple of the California citrus industry. 

Figure 17. Positive pressure greenhouse:  A) construction; B) internal plant growth benches and citrus rootstock seedlings C) computerized fertigation system; and 
D) emergency back-up electrical generator for positive pressure maintenance in case of power failure. 

The CCPP is dedicated to helping maintain the California citrus industry at the forefront of high-quality citrus nursery and fruit 
production. Continued availability of pathogen-tested propagation materials from the CCPP is essential for the viability, sustain-
ability and profitability of the industry. Improvements in the foundation and quarantine operations and infrastructure are critical 
and will continue to be made. The past few years have been challenging, but the support and input from the industry and all of 
CCPP’s friends have been extremely valuable. We feel stronger, rejuvenated, confident and ready to face the next challenges that 
will take CCPP operations to the next level. 
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Support 
the
future
Support and enhance the future of the 
CCPP with a tax-deductible gift to the 
“Citrus Clonal Protection Foundation.”  
Visit http://cnas.ucr.edu/supporting_
cnas/, click on “Make a donation now!” 
and type “clonal” in the search box.

SCreenhouSe vS. neSt 
Apparently, screen threads (A) are the material of 
choice for birds when it comes to nest building (B). 
A) Threads were pulled from the screen walls.
B) Nest built from screen threads.
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A group of scientists met in December 2013 as a Science 

Advisory Panel (SAP) to listen to presentations by the Citrus 

Research Board (CRB) and the California Department of Food 

and Agriculture (CDFA) and to respond to questions posed 

by CDFA personnel and the general public. The goal of the 

meeting was to review the current California huanglongbing 

(HLB)/Asian citrus psyllid (ACP) management program and 

to make science-based recommendations for improvement. 

The following are highlights of the SAP’s recommendations 

provided to CDFA and the California citrus industry. CDFA has 

already begun to respond to many of these recommendations. 

RAPiD DEtECtiOn Of hlB-infECtED 
tREEs AnD/OR PsylliDs 
The SAP stated that the absolute top priority of the program should 
be rapid detection and elimination of HLB-associated Liberibacter-in-
fected trees.  

Conduct a statewide survey for HLB-affected trees twice a year.  
It is almost certain that CLas is currently present in one or more cit-
rus trees in California. Every effort should be made to rapidly find 
these infected trees and to remove them so as to reduce the poten-
tial for acquisition of Liberibacters and spread by ACP. Tim Gottwald, 
Ph.D., (USDA-ARS, Florida) has developed a risk-based protocol for 
the survey of both commercial and residential citrus for CLas (Citrograph, 
Spring 2014). This analysis includes information such as traffic corridors, 
psyllid density, citrus and human population density, climatological  
factors and the likelihood of CLas-infection to define high-risk  

Beth E. Grafton-Cardwell, Joseph G. Morse, Edwin Civerolo, Tim Gottwald, Mark S. Hoddle, 
Mamoudou Setamou and Georgios Vidalakis 

sCiEnCE ADvisORy PAnEl MEEts tO DisCuss

hlB/ACP Non-PCR methods 
of CLas detection 
are being tested in a 
quarantine facility at 
UC Davis.
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areas. It is the opinion of the SAP that focusing on high-risk locations 
twice a year with existing funding is better than trying to survey more  
locations less frequently. HLB visual symptoms vary markedly over the 
year, and two surveys per year provide a higher likelihood that at least one 
of the surveys will be done during a symptom-optimal time of the year.

Rapid exchange of information. It is certain that CLas is going to be 
found in California again. Anticipating this, involved parties need a 
communication system whereby the details on what sites have been 
sampled and the results (positive vs. negative) are communicated rap-
idly between risk modelers and those who are conducting the surveys. 

Training on HLB visual symptoms. Visual symptoms of CLas infec-
tion in dooryard citrus are easy to miss due to the similarity of HLB 
with other disease symptoms and also nutritional disorders. Survey 
personnel need to be trained and re-familiarized with HLB symptoms 

on a regular basis to detect infected trees. This retraining should be 
done every six months by sending survey leaders to Florida or Texas to 
view field symptoms. 

Hacienda Heights experimental CLas survey. The Citrus Pest and 
Disease Prevention Committee (CPDPC) has authorized funding of a 
survey for CLas using several of the non-PCR early detection meth-
ods (i.e., metabolomics, proteomics, etc.), currently under evalua-
tion, in a five-mile area around the “Ground Zero” Hacienda Heights 
CLas-positive tree. Preliminary work indicates these methods may be 
able to detect CLas infections before the USDA-approved PCR anal-
yses can. The SAP believes that surveys of citrus trees around Haci-
enda Heights and removal of those trees that are suspect positive is 
an extremely important activity to prevent spread of HLB. Further, 
the SAP recommends that Gottwald’s risk-based analysis be used to 
suggest which trees in this five-mile area should be tested. Such sam-
pling should also be done in the East Los Angeles area where ACP has 
been present for quite some time, and census data (e.g., population 
ethnicity and density) predict high risk. Note: samples were collected in  
January-March 2014 per the above recommendations and are currently 
being evaluated in five different laboratories. 

Commercial grove CLas sampling. The SAP suggests that a high 
priority of the CPDPC should be sampling and testing for CLas in any 
psyllids that can be collected and in plant material when suspicious 
symptoms are present in commercial citrus groves. This is especially 
important where area-wide ACP management programs have begun 
and ACP is established.

Expanding capacity for CLas sampling. Additionally, the SAP  
recommends that processing a large number of samples in a timely 
manner is critical; and the volume of this work is going to increase 
exponentially in the future. Thus, processing capacity needs to be  
expanded substantially. 

ACP treatments/sampling in Hacienda Heights. Because of the ex-
istence of the single PCR CLas-positive citrus tree (Hacienda Heights 
“Ground Zero”) and the neighboring CLas-suspect positive trees 
(based on tests using experimental methods), it is critical that two 
objectives be met simultaneously: (1) improved control of ACP in the 
Hacienda Heights area, and (2) ACP nymphs be collected for CLas 
testing as frequently as possible. The SAP believes that CLas-positive 
ACP nymphs collected from a tree may be the best way to confirm if a 
tree is HLB-positive at this time. This is because ACP nymphs acquire 
the CLas bacteria via feeding on even sparsely infected plant cells or 
plant cells with a low titer of the bacterium, the “source” of inoculum; 
and CLas multiplies in their bodies, making them excellent “sinks” 
for the bacteria and for testing. Because ACP nymphs cannot fly, the 
pathogen had to have come from the tree the nymphs were feeding 
on, whereas a CLas-positive ACP adult may have flown to a tree from 
somewhere else.  

Beth Grafton-Cardwell, Ph.D., and Joseph Morse, Ph.D., (UC Riverside) 
volunteered to work with CDFA in developing an optimal ACP treat-
ment program for Hacienda Heights. One suggested change is to  
apply systemic imidacloprid only during June – September (when it is 
most effective). Secondly, at least three foliar treatments of beta-cyflu-
thrin should be applied annually and rotated with other insecticides if 
they become registered for residential citrus.  

There are three species of bacteria 
identified to date (Candidatus Liberibacter 
asiaticus, americanus, and africanus) that 
are associated with HLB in various parts of 
the world. It is important to differentiate 
between the disease (HLB) and the 
pathogen (Candidatus Liberibacter spp.) 
that causes the disease because of the 
time lag between tree infection and the 
appearance of symptoms in citrus (one to 
three years). The asiaticus species (CLas) 
is found in many areas of Florida and 
Mexico, a small number of orchards and 
dooryard trees in Texas, and has been 
detected using polymerase chain reaction 
(PCR) in one tree in California. PCR is the 
“gold standard” USDA laboratory analysis 
that detects the presence of specific and 
defined pieces of DNA. CLas stands for 
Candidatus Liberibacter asiaticus -- the 
Candidatus refers to the fact that the 
micro-organism has not yet been cultured 
in the laboratory. Thus, Koch’s postulates 
have not been completed (or “fulfilled”) 
to establish a causal relationship with the 
disease, despite ~40 years of attempts to 
do so by many experts.
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Voluntary removal of Hacienda Heights citrus trees. Depending 
on the results of the expanded CLas survey in the Hacienda Heights  
region using experimental non-PCR methods, the SAP suggests it is 
prudent to enlist homeowners in Zone 1 of Hacienda Heights (400 
meters around Ground Zero) to voluntarily remove their citrus trees 
if they are found to be positive by one or more of the experimental 
methods. It is crucial that such a removal project is carefully planned 
and executed by enlisting homeowner support to ensure a positive 
public relations experience. (For more information on Hacienda Heights 
activities, see “Treating the Homeowner Right” on p. 22.)

lOngituDinAl stuDy unDERwAy in 
thE uC DAvis COntAinMEnt fACility
The overall goal of this in-progress study is to validate the sensitivi-
ty and reliability of experimental early detection methods as soon as 
possible (Citrograph, Winter 2014). These methods include the follow-
ing CLas non-PCR early detection methods: 

• Volatile organic compounds (VOC) by Cristina Davis, Ph.D., et al., UC 
Davis Department of Mechanical & Aerospace Engineering 

• Metabolomics by Carolyn Slupsky, Ph.D., et al., UC Davis Department 
of Nutrition

• Elicitors by Wenbo Ma, Ph.D., et al., UC Riverside Department of Plant 
Pathology and Microbiology

• Proteomics by Michelle Cilia, Ph.D., et al., USDA-ARS Boyce Thompson 
Institute at Cornell University 

• Small RNAs by Hailing Jin, Ph.D., et al., UC Riverside Department of 
Plant Pathology and Microbiology

These technologies have been designed to detect “HLB-signature 
products” that appear in trees in advance of visual symptoms. The 
SAP feels that the “experimental” non-PCR early detection methods  
currently being developed are critical for preemptively managing HLB. 
The Panel applauds the Citrus Research Board and other agencies for 
funding such work and moving toward acceptance of one or more of 
these methods for regulatory use in the near future. 

Varieties, replication and timing. The SAP has several suggestions 
regarding the longitudinal study, some of which likely have already 
been implemented by the research group that designed this work. 
All experimental plant material was obtained from the CCPP Founda-
tion Block with the consult of Georgios Vidalakis, Ph.D. The group also  
believes it is important that sufficient replications of each variety with 
adequate negative controls be included so that analysis can be done 
on the frequency with which false positives and false negatives result. 

The study should be replicated over time (first inoculation with CLas 
in February 2014). Citrus grows best during the summer. Infection is 
slower due to the lower metabolism of the plant and is less receptive 
to CLas infection during winter months. The SAP suggests that there 
should be a second round of inoculations later in 2014 and that the 
study be replicated at least three times in order to take into account 
seasonal effects. 

Other strains of CLas. Logically, the UC Davis longitudinal study 
(B1) is using the Hacienda Heights strain of CLas. Our understanding 
is that due to regulatory constraints, only this single CLas strain can 
be housed at the containment facility at any given time. However, 
the SAP is concerned that it is likely that a different strain or strains of 
CLas is moving northward from Mexico toward California. The Panel 
suggests that it is prudent to plan several tests of the most promis-
ing methods from the longitudinal study on HLB-positive citrus trees 
in other locations, such as Mexico, or in other containment facilities  
and/or to expand tests done in Texas to examine their efficacy in  
detecting multiple strains. 

POtEntiAl fOR sPREAD Of ClAs- 
infECtED ACP with BulK CitRus 
MOvEMEnt
An important goal is to limit the spread of ACP and CLas via bulk  
citrus movement. There already are mechanisms in place to clean 
fruit to some extent; however, the methods may not be sufficient to  
prevent ACP movement on fruit, leaves and twigs. This will become 
more important as HLB spreads.

Movement of fruit from Mexico into the U.S. HLB is increasing in 
Mexico and spreading northward toward California, Arizona and  
Texas. The SAP requested and was provided a conference call to  
discuss the regulations and procedures for imported fruit disinfesta-
tion prior to arrival in California.

Field cleaning of citrus fruit removes leaves and stems that could harbor Asian 
citrus psyllid.
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ACP treatment buffer along the California-Mexico border. The 
Science Advisory Panel suggested that the current treatment zone, 
i.e., two miles south into Mexico and two miles north into California, 
should be continued until such time that the Mexican strain of CLas 
is determined to be present in California at multiple locations, and  
further eradication is deemed unproductive.

Movement of fruit from southern California into the San Joaquin 
Valley. The SAP believes that the risk of moving bulk citrus fruit that 
are potentially ACP-infested and CLas-infected into the San Joaquin 
Valley (SJV) is too high to continue current protocols that provide 
inadequate security. Furthermore, the group strongly believes that 
in-field dry brushing or pre-harvest pesticide treatments in south-
ern California are inadequate with respect to removal of ACP that 
might carry the HLB-associated bacterium from fruit loads. Densities 
of ACP in some areas of southern California are high and will contin-
ue to increase; and with in-field dry brushing, some adult ACP are 
likely to resettle in pack bins and hitchhike during transport. Field- 
applied pesticide treatments without leaf/stem removal are inadequate  
because it is difficult to achieve perfect coverage, and live ACP are  
likely to be present on trash leaves in the bins following such treat-
ments. The SAP recommends that all fruit shipments (including culls 
going to juice plants) from southern California entering the SJV should 
first go through a packing house wet wash and brushing, and trucks 
shipping such fruit should be enclosed or tarped to exclude ACP 
adults that could contaminate clean fruit loads. 

RECOMMEnDAtiOns REgARDing AREA- 
wiDE ACP tREAtMEnt PROgRAMs
Area-wide ACP management is a critical method for reducing CLas 
spread until a cure/treatment for HLB is found. Therefore, area-wide 
Citrus Health Management Areas (CHMAs) need to be established in 
all areas of California as soon as possible. The SAP is of the opinion that 
a statewide coordinator is needed urgently to interface with and help 
coordinate treatment liaisons.

Optimal size of area-wide treatment programs. Using Florida data 
and a landscape analysis for California, Gottwald in collaboration with 
Grafton-Cardwell can provide recommendations by June 2014 (Ed-
itor’s note – following press deadline) regarding the optimal size and 
configuration of California area-wide treatment programs. This will 
be especially important for the SJV, where there are large contiguous  
areas of commercial citrus. Treatment area optimization will  
include the geography and ecology of the land, as well as socio-po-
litical influences such as prior pest management areas and producer  
collaborations. Citrus grower treatment liaisons and the University of  
California will work together to define the most efficacious treatments  
for various regions in the state.  

Commercial ACP treatments. There are differences between Florida, 
Texas, Arizona and California regarding the specific design or com-
ponents of an optimal area-wide treatment program. This also will 
vary across different citrus growing regions of California. Involved  
parties need to initiate and optimize area-wide treatment programs in  
California as quickly as possible to proactively combat immigrating 
ACP populations and minimize CLas introductions and spread.

The SAP has four critical treatment 
recommendations at this point:
• The winter dormant period (approximately December–February), 
when mostly adult ACP are present and it is cold (so that there is limit-
ed adult movement), is a critical time for coordinated area-wide treat-
ments.  Note there may be some varieties, e.g., lemons or limes, that 
flush during the winter. Also, coastal areas may be warm enough so 
that some adult movement occurs during the winter. 

• All grower treatments within the area-wide program should be  
applied over a two- to three-week period, regardless of season. If 
ground treatment is feasible, growers should treat first the perimeter 
two trees/rows and then treat the center of the grove. 

• Additional insecticide treatments are needed during the field  
season, especially during the early stages of flushing. Insecticides that 
are needed for other pests that are ACP-effective can be used in-sea-
son. Rotation of pesticides from different chemical classes is critical for 
avoiding pesticide resistance.  

• It is essential that research continue to identify the best organic treat-
ment options and that organic growers be included in area-wide treat-
ment programs. Because of the short residual activity of organic prod-
ucts identified to date, two organic sprays should be applied within 10 
days of each other for each traditional spray in the area-wide program.

Urban treatments around commercial citrus. In areas where the 
eradication approach is no longer feasible and growers treat to re-
duce ACP as part of an area-wide program, the current CDFA proto-
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col is to treat urban citrus 400 meters around commercial citrus. The 
urban treatment requires that all commercial citrus must be treated 
in a short time span as part of a coordinated spray program. The SAP 
believes this practice is sound and should be continued in all regions 
of California. If issues in the urban areas arise, such as the presence 
of bees, alternatives to pyrethroids and neonicotinoids, such as oil, 
should be used rather than not treating.  

ACP sampling within area-wide programs. The SAP believes that 
consistent ACP sampling will be essential to the success of area-wide 
treatment programs. The sampling should be standardized and occur 
at approximately monthly intervals, as well as before and after treat-
ments to demonstrate efficacy of insecticides. In Florida, sampling 
data are displayed on a web site visually, and the presence of groves 
with high levels of ACP provides industry pressure inducing recalci-
trant growers to treat. The SAP suggests that the CPDPP accelerate 
their efforts to assist area-wide grower groups in web-based visualiza-
tion of sampling data and pesticide applications.

Management of abandoned or poorly managed groves. The SAP 
realizes that where effective area-wide management is conducted, 
a few growers who are unwilling to participate can undermine work 
that is done by others at a significant cost. The SAP believes that ar-
ea-wide management programs should explore options (e.g., initiate 
discussions with local county agricultural commissioners) to maximize 
compliance with coordinated spray programs.

RECOMMEnDAtiOns AffECting 
quARAntinE AREAs
Suggestions are provided below regarding current quarantine areas. 
These recommendations will likely change as new detections occur.

Tulare County quarantine area. Based on the known low sensitivity 
of traps used to detect ACP, the map of ACP finds in the SJV and the 
overlap of eradication zones in Tulare, the SAP believes that it is no 
longer feasible to eradicate ACP in Tulare County; thus, all of Tulare 
County should be quarantined for ACP. If a Tulare ACP find is near the 
border of another county, then the treatment area should extend 800 
meters around the find into that neighboring county. Treatments in 
Tulare and the neighboring county should be coordinated. The SAP 
considers that a treatment zone of a minimum of 800 meters around 
an ACP find is appropriate within eradication areas.

ACP trapping methods. The SAP examined preliminary trapping data 
in which two groves with ACP in southern California were sampled us-
ing the current protocols for GWSS trapping, CPDPC commercial cit-
rus trapping, and CDFA (urban citrus) trapping. Data suggested that 
the CDFA method trapped a higher number of psyllids. However, the 
SAP suggested changes to the trap testing methodology (blocked and 
replicated trial) to make it more scientifically sound. The SAP recom-
mends that more data should be collected and assessed before adop-
tion of a change in trapping methods can be recommended. 

ACP tRAPPing 
MEthOD tRiAl

           GWSS trap on pole         
   

           CPDPC commercial trap at eye level

           CDFA urban trap placed high in canopy

Psyllid detection could be enhanced by 
determining the best position and orientation 
of yellow sticky cards  – testing is in progress.
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Citrus cull piles. The SAP is concerned with cull piles and waste  
disposal of citrus materials relative to the spread of ACP. However, the 
SAP does not feel well-enough informed regarding the handling of 
citrus cull piles (composted or left as animal feed) and green waste to 
suggest what should be done. The SAP recommends an industry work-
ing group, perhaps containing an SAP member, be put together to  
develop strategies for managing culls.

RECOMMEnDAtiOns AffECting 
CitRus nuRsERiEs
The goal for nurseries is to provide best management practices for 
movement and sale of disease-free nursery plant materials within Cal-
ifornia. The issues listed below are complex enough that the SAP feels 
an industry working group is needed to develop recommendations 
that may be presented for consideration to USDA-APHIS and CDFA. 
 

Movement of tissue culture material and cuttings. The SAP  
perceives extremely low risk of contamination with ACP or CLas during 
movement of citrus tissue culture material from an approved laborato-
ry facility (even if it is within a quarantine area) to another such labora-
tory (even if it is outside of quarantine), as long as the material is trans-
ported securely in a sealed container (i.e., properly contained and not 
opened until inside the second laboratory, within a Bio-Safety hood). 
Similarly, the SAP sees extremely low risk with movement of citrus cut-
tings from inside an approved enclosed facility (even if within a quar-
antine area) to other locations (even if outside quarantine), as long as 
(a) the cuttings contain no leaves or small twigs that might harbor ACP 
nymphs or adults, and (b) the movement is inside a sealed container.

Accelerate movement into protective structures. Outdoor  
nursery trees are at risk for HLB infection and have been implicated in 
the spread of HLB elsewhere. The SAP recommends that all citrus nurs-
ery production (not just mother trees and increase trees), regardless of 
location in California, be moved into approved protective structures 
by July 1, 2015. 

All nursery citrus trees will need to be 
placed in protective structures to guard 
them against psyllids that could be carrying 
CLas. 



48   Citrograph Magazine  |  Summer 2014

Storage and sale of citrus nursery trees at retail outlets. It is the 
opinion of the SAP that retail outlets are among the highest-risk 
pathways for the spread of ACP and HLB. This was well demonstrat-
ed in Florida. There are several significant problems with how retail  
nurseries are being currently handled in California: 
• Citrus trees are often treated with pesticides long before they reach 
the retail nursery.

• Citrus trees are being held at retail outlets for long periods of time, 
often well in excess of 90 days, sometime for more than a year without 
re-treatment.

• Trees are often over-watered at retail outlets, resulting in leaching 
of systemic pesticides so that the expected duration of ACP control is 
not achieved.

• CDFA no longer is monitoring or regulating retail outlets.

• As CLas spreads in California, it can be carried by ACP into nurseries 
and spread by consumers purchasing and moving plants.  

For the above reasons, the SAP believes a working group needs to be 
appointed immediately to develop a safeguard system that allows for 
citrus trees free of ACP and HLB-associated Liberibacter(s) available 
to the public.  The SAP does not want to constrain ideas this working 
group might develop, but the Panel’s recommendations are as follows: 

• Trees should be treated with both an approved systemic and foliar 
pesticide a short period of time before they leave the production nurs-
ery, perhaps no more than 10 days before movement (the regulations 
currently state 90 days).

•  Trees must be either destroyed or re-treated with both an approved 
systemic and foliar pesticide if they have not been sold within 90 days 
of when they left the production nursery.

• Ensure that trees from southern California are not moved into coastal 
areas or the SJV.

• The working group may need to entertain novel strategies – such 
as asking/requiring residential buyers to order citrus trees in advance, 
including prepayment (thus making it likely trees would remain at the 
retail location for a limited period of time). A system must be devel-
oped that will generate a ready supply of citrus trees to the public in a 
safe manner, or consumers are likely to obtain unsafe trees from other 
sources and contribute to the spread of ACP and HLB.

Interim plan for movement of nursery trees until all trees are in-
side protective structures. Another issue the SAP suggests the work-
ing group address is to develop protocols for the movement of differ-
ent types of plant material within, between and through quarantine 
areas within California. These protocols need to focus on potential risk 
with the goal of reducing pesticide use and maximizing the level of 
protection of trees where there is high risk of ACP and/or CLas expo-
sure. These guidelines should be re-examined by the SAP as CLas is 
found in new areas and/or as quarantines expand. 

Harmonization of USDA and CDFA regulations. It is essential 
that CDFA regulations governing interstate citrus movement be  
harmonized with existing USDA-APHIS regulations governing citrus 
movement nationwide. The list of approved systemic and foliar treat-
ments should be the same under both sets of regulations and should 
be updated as new information is made available. The approved foliar 
and systemic treatments should be made shortly before shipment (the 
SAP suggests within 10 days). SAP reasoning is that the foliar treat-
ment will not remain effective for a prolonged period of time. Thus, if 
the systemic treatment is made more than 10 days prior to shipment, 
the time period that treatments will remain effective in controlling 
young nymphs resulting from eggs laid on foliage after the trees leave 
the production nursery will be reduced.

Use of solid systemic insecticides. The SAP is not aware of  
efficacy data showing that solid systemic insecticides (e.g., tablets) are  
effective as ACP management treatments. Thus, the SAP cannot  
suggest they be added to the list of approved treatments at this time.

COnClusiOns
 The ACP-HLB situation in California is fluid; and many factors, some 
of which are unforeseen at this time, may affect and alter some of 
the recommendations made by the SAP as reported here. A highly  
coordinated safety-first approach is needed to manage ACP and, more 
importantly, HLB at these early stages of infestation and spread. As 
indicated here, recommendations to minimize the threat HLB poses 
to commercial organic and conventional citrus in California is going 
to require effort from multiple parties simultaneously. These efforts 
will include coordinated area-wide treatments of groves, responsi-
ble movement of picked fruit, protective screening of nursery stock,  
management of retail plants, ongoing surveillance for ACP and HLB 
spread, and continued outreach to the public on the threat posed by 
moving citrus within California and the illegal introduction of plant 
material from outside of the state.

Beth Grafton-Cardwell, Ph.D., is an IPM specialist and research  
entomologist with the Department of Entomology at the Uni-
versity of California, Riverside and Director of the Lindcove Re-
search and Extension Center. Joseph Morse, Ph.D., is a professor 
of entomology at UC Riverside. Edwin Civerolo, Ph.D., is a plant 
pathologist, USDA-Agricultural Research Service, retired, in Parli-
er, California. Tim Gottwald, Ph.D., is a plant pathologist with 
the USDA-Agricultural Research Service in Fort Pierce, Florida. 
Mark S. Hoddle, Ph.D., is an extension specialist in biological con-
trol at the Department of Entomology, UC Riverside. Mamoudou 
Setamou, Ph.D., is a citrus entomologist at the Texas A&M Uni-
versity-Kingsville Citrus Center. Georgios Vidalakis, Ph.D., is 
an extension specialist plant pathologist at UC Riverside and  
director of the Citrus Clonal Protection Program.  
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Jason Leathers

CDfA iMPlEMEnts
sAP RECOMMEnDAtiOns
The California Department of Food and Agriculture’s (CDFA) Asian citrus psyllid (ACP) and huan-

glongbing (HLB) Science Advisory Panel (SAP) met in December 2013 to develop recommen-
dations for a series of non-regulatory questions vetted by the CDFA.  (Editor’s Note: See article im-
mediately preceding this one.) The SAP provided program-wide guidelines that would fall under the 
responsibility of not only the CDFA, but also collaborating agencies and stakeholders. 

On April 16, 2014, the CDFA then held a joint stakeholder meeting at its headquarters and via tele-
conference with all affected entities, including the Citrus Pest and Disease Prevention Committee, 
U.S. Department of Agriculture, Citrus Research Board, agricultural commissioners and the nursery 
industry to ensure there was a common understanding of those recommendations that could be 
implemented by each agency and/or stakeholder responsible.   The agenda and detailed minutes of 
the session, as well as all other CPDPP meetings, may be viewed on-line at http://www.cdfa.ca.gov/
citruscommittee . 

Since this stakeholder meeting, the CDFA has evaluated all SAP recommendations that fall under 
the Department’s responsibility and begun implementation of those that are immediately feasible. 

Prior to its removal, 
California’s first 
documented (and now 
infamous) HLB-positive 
tree stood in a backyard in 
Hacienda Heights.
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1. The SAP recommended that the Department treat a 
400-meter radius around ACP detections where HLB has 

not been detected, as well as 800 meters around ACP detec-
tion sites where HLB-associated bacteria have been detected.  
The 400-meter treatments are to offer growers protection from 
psyllids, while the 800-meter treatments are to minimize the 
risk of spreading the pathogen by the psyllid vector. The CDFA 
adopted this recommendation as of May 6, 2014.

2. The CDFA adopted the scientists’ recommendation that 
the five-mile HLB quarantine around the positive tree in 

Hacienda Heights be continued. Once a tree becomes infected 
with the bacteria that cause HLB, it may not express any disease 
symptoms observable to humans, nor can it be confirmed to 
be HLB-positive by polymerase chain reaction (PCR) for several 
years. Because of the risk posed by possible undetected reser-
voirs of HLB in the Hacienda Heights area, the CDFA continues 
to conduct an intensive survey in this quarantine area. Host 
plants are examined for visual disease symptoms and for ACP. 
If psyllids are found, they are collected in alcohol, sent to the 
diagnostic laboratory and analyzed for the presence of HLB-as-
sociated bacteria. 

CDFA and USDA APHIS team up to inspect 
a backyard tree as two curious neighbors 
look on. 

A CDFA field inspection crew aspirates Asian citrus psyllids into vials so that 
they may be preserved in alcohol for study.



52   Citrograph Magazine  |  Summer 2014

3. The panel advised that the pattern of ACP detections in 
Tulare County may be evidence of an undetected breed-

ing population in the area.  Therefore, the department will no 
longer require mandatory treatments around ACP detections 
in Tulare County. The CDFA will continue to encourage and 
conduct voluntary treatments in this area, but will not pursue 
warrants to force treatment as long as the area remains free of 
HLB. The Department is committed to working alongside the 
citrus industry to implement area-wide programs with the goal 
of maintaining psyllid populations at undetectable levels.  

4. It was recommended by the SAP that if ACP nymphs test 
positive for HLB-associated bacteria, then the tree from 

which they were collected should also be considered HLB-pos-
itive. ACP nymphs do not have wings, so they cannot move 
between trees. The rate of transovarial transmission (i.e., the 
ability of an adult female ACP to pass the pathogen on to her 
offspring through her eggs) is very low. If nymphs test posi-
tive for HLB, they must have obtained the bacterium from the 
tree. The CDFA has adopted this recommendation and will take 
action on trees in the future when nymphs test positive for 
HLB-associated bacteria.

5. To mitigate the risk of natural spread of HLB north from 
Mexico, the CDFA currently treats a 400-meter radius 

around ACP detections within a two-mile buffer along the in-
ternational border. The science panel recommended that this 
two-mile minimum buffer should be maintained indefinitely.  
The CDFA accepts this recommendation and will continue to 
maintain the buffer until the pathogen becomes established in 
California in multiple locations and eradication of the disease is 
no longer considered feasible. 

Jason Leathers, Ph.D., is the primary entomologist for the 
State of California.

A CDFA field technician sprays foliar treatments at 
a residence in Upland, California.
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roots make
Stronger

Super
Citrus

Trees

.67± ac lot, with a view Lindsay area ...................................... $50,000

1.44± acs Exeter Commercial Building .................................. $250,000

4.2± acs Exeter/Farmersville Area Homesite Price Reduced ... $135,000

4.68± acs Almonds & Homesite, Kingsburg .................................. SOLD

4.76± acs Frazier Valley Citrus .............................................. $135,000

7.51± acs Foothill Ranch Navels............................................ $120,000

8.06± acs Ivanhoe Citrus & Home  ......................................... $250,000

11.7± acs Lindsay Area Citrus ...................................................... SOLD

13.49± acs Lindsay Area Navels ................................................... SOLD

18.54± acs Terra Bella Ranch One (In Escrow) ............................... SOLD

18.79± acs Exeter Custom Home & Plums ............................. $879,000

19.90± acs Terra Bella Citrus ........................................................ SOLD

20± acs Lindsay Area Citrus (In Escrow) ................................. $230,000 

20± acs Exeter Area Citrus & House (In Escrow)...................... $800,000

20.18± acs Sanger Citrus/Residence ..................................... $875,000

38.01± acs Porterville Area Navels ............................................... SOLD  

52.37± acs Orosi Area Citrus & Homes .......................................... SOLD

78.11± acs With Food Processing Facility (In Escrow) ...........$2,950,000

158.41± acs Orosi Organic Citrus .................................................. SOLD

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

For Brochure Contact:  Roy Pennebaker #0845764 (559)737-0084   or   Matt McEwen #01246750 (559)280-0015
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Richard Lee, Gayle Volk, and John Hartung

DEvElOPing CRyOthERAPy

tO EliMinAtE
gRAft-tRAnsMissiBlE
PAthOgEns in CitRus

CRB-funDED REsEARCh PROgREss REPORt

Remi Bonnart, USDA-ARS biological science technician, evaluates seedlings that have 
undergone cryotherapy and are being re-juvenated through tissue culture methods.
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Citrus, as a perennial clonal propagated crop, is a host for numerous graft-transmissible 
pathogens.  It is important that there are methods to eliminate those pathogens. This is the 

basic premise of citrus certification programs.  Over the years, methods have been developed 
to eliminate these graft-transmissible pathogens from desirable varieties so that the plants 
grow better, thrive on any rootstock selected to perform well in the local area, and produce 
more fruit of higher quality.  
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The first method used for eliminating graft-transmissible patho-
gens was nucellar selection, or growing a citrus tree from seed.  
Most graft-transmissible pathogens are not seed transmitted, 
so seedlings are free of most graft-transmissible pathogens 
commonly present in old line budlines; e.g. tristeza (a virus), 
exocortis (a viroid) and cachexia (a viroid).  The disadvantage to 
growing citrus from seed is that nucellar selections take time, 
as citrus seedlings commonly display juvenility characteristics 
such as thorniness, upright growth and failure to set fruit for up 
to 10-12 years. In addition, a disease called leaf blotch can be 
transmitted through seed. 

The next advancement in therapy of citrus to eliminate 
graft-transmissible pathogens was heat treatment, or ther-
motherapy.  In the late 1950s, Dr. Ted Grant, USDA, discovered 
that a temperature regime of 42°C for a 16-hour day followed 
with a 35°C eight-hour dark period for a period of 12-16 weeks 
was effective in eliminating the virus-causing psorosis.  This  
thermotherapy approach is still used in citrus certification pro-
grams today, but it is not effective in the elimination of citrus 
viroids, citrus stubborn and Citrus tatterleaf. 

Citrus therapeutics advanced even further with the develop-
ment of shoot-tip grafting (STG).  In simple terms, this tech-
nique consists of taking a very thin tip (0.1 - 0.2 mm) of an 
apical meristem from a three-leaf primordial bud and grafting 
it onto a disease-free rootstock seedling grown in vitro in the 
dark.  The principle behind this technology is that plant cells re-
produce at a much faster pace than the pathogen; one is essen-
tially staying ahead of the pathogen’s growth curve (or ahead 
of the wave). A skilled technician can use STG to eliminate all 
recognized graft-transmissible pathogens of citrus, but leaf 
blotch and citrus tatterleaf viruses (CTV) are the most difficult.  
The major drawback to STG is the requirement for a very high 
level of expertise. The technique requires months of practice 
before the method can be mastered.  The technician must have 
extremely steady hands and work while looking through a ste-
reoscope, all under sterile conditions.

APPlying CRyOthERAPy
Recently, Dr. Gayle Volk, USDA ARS National Center for  
Resources Preservation, Fort Collins, Colorado, applied  
cryopreservation (freezing and storage of vegetative buds in 
liquid nitrogen) to citrus.  We investigated whether a modi-
fication of this technique, referred to as cryotherapy, could 
be useful in eliminating graft-transmissible pathogens from 
clonally propagated crops.  Elimination of graft-transmissible 
pathogens by freezing in liquid nitrogen (cryotherapy) has 
been successfully implemented recently in potato, sweet po-
tato, grapevine, raspberry and Prunus to eliminate pathogens 
that have been challenging using the traditional methods of 
thermotherapy and/or STG. 
 
In cryotherapy, the vegetative meristems are frozen in liquid 
nitrogen, then carefully thawed and budded onto a seedling 
rootstock that has been grown in the dark. Vegetative meri-
stems up to one millimeter long (including three or four leaf 
primordia) are excised and used in cryotherapy (Figure 1).  

The use of larger shoot tips in cryotherapy increases the sur-
vival rate, enables easier grafting to the in vitro rootstock and 
makes the procedure more reproducible when compared with 
STG.  As in the case of thermotherapy and STG, the cryotherapy 
method does not induce juvenility.  

Figure 2.  Sweet orange plant 12 weeks after cryotherapy treatment and 
grafting onto the seedling Carrizo rootstock.  Recovered plants are tested for 
graft transmissible pathogens after 12 weeks of growth to allow any pathogens 
that may have survived the treatment time to reproduce to detectable levels.

Figure 1.  Left:  Excised citrus shoot, about one millimeter in length following 
cryotherapy treatment.  Center:  Seedling Carrizo rootstock grown in the dark 
being prepared to receive the excised citrus shoot.  Right:  Trimmed excised 
citrus shoot place in the notch of the seedling Carrizo rootstock.
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The objective of this project is to develop a reliable protocol to 
eliminate graft transmissible pathogens from citrus using the 
cryotherapy approach.  The project will also consider and test 
for the elimination of exotic citrus pathogens with trials being 
conducted at the USDA ARS Citrus Disease Quarantine Facility, 
Beltsville, Maryland. If cryotherapy is proven to be easier, cost  
effective and as reliable as the traditional pathogen elimina-
tion methods, application of cryotherapy in California will help  
ensure availability of pathogen-free materials in the threat of 
HLB and other exotic diseases.

PROgREss tO DAtE  
Research was focused initially on developing the protocol to 
effectively and efficiently eliminate citrus viroids and Citrus tat-
terleaf virus, as these pathogens are the most difficult to elimi-
nate by thermotherapy and by shoot-tip grafting, the currently 
used methods for cleaning germplasm of graft-transmissible 
pathogens.  From the most recent trial, 31 of 31 CTV-infected 
plants recovered following cryotherapy tested negative, and 16 
of 17 plants recovered from sources infected with citrus viroids 
tested negative.  The cryotherapy procedure has been per-
formed successfully with sweet orange, lemon and mandarin 
cultivars (Figure 2).  Present trials are being done with other 
graft-transmissible pathogens of citrus, including huanglong-
bing and viruses that are exotic to California.  The research on 
exotic pathogens is being performed in Beltsville, Maryland, 
and Fort Collins, Colorado.  

The protocol for cryotherapy requires significantly less train-
ing than the conventional shoot-tip grafting, as the buds be-
ing treated are larger in size; 1.5 mm as compared to 0.1 mm 
for shoot-tip grafting.  Availability of cryotherapy for cleaning 
germplasm of graft-transmissible pathogens will eliminate the 
bottleneck of shoot-tip grafting for cleaning new accessions for 
release from quarantine status.
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Glossary
Nucellar embryony is a form of seed production 
that occurs in many citrus varieties in which the 
seeds develop from maternal cells, and therefore, 
are the same genetically as the tree that produces 
the fruit/seeds.  In zygotic embryony, the seed 
contains genetic material from both the tree 
bearing the fruit and the tree that produced the 
pollen.

Apical meristem is the point of rapidly 
multiplying cells at the end of a shoot or root.  
These cells will differentiate to form the shoot or 
root tissue as they mature.  The apical meristem is 
used for shoot-tip grafting because it often grows 
faster than the virus can multiply to move into this 
rapidly-growing tip of the shoot.  For shoot-tip 
grafting, a thin (about 0.1 mm) slice of the apical 
meristem tip is cut and grafted onto a healthy 
rootstock.

In vitro is a term used to describe a process 
performed outside the living organism, e.g., in 
glass or culture.  In the case described in this 
article, the rootstocks used to receive the shoot 
tips from cryotherapy or shoot tip grafting, are 
grown in artificial media in a test tube in a sterile 
environment.
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Aviva Goldmann, Anna Soper and Richard Stouthamer

whAt’s EAting ACP
in CAlifORniA?
iMPACt Of REsiDEnt PREDAtOR sPECiEs 
On COntROl Of AsiAn CitRus PsylliD

CRB-funDED REsEARCh PROgREss REPORt

Generalist predators cause significant Asian citrus psyllid (ACP) mortality, but it is not known which 
predators are important in California. Identifying important predatory arthropods may offer improved 
biological control options. We confirmed that substantial predation of ACP occurs in California, and 
collected predators from orange groves to determine by DNA testing which have eaten ACP.

Green lacewing larva collected from Mentone, 
California, in the act of eating Asian citrus psyllid. 
Photo courtesy of Mariana Romo

Millions of unmanaged trees planted at private homes constitute one of the major challenges to ACP control in 
California. This sprawling “urban orchard” is where the infestation was first detected and where the inevitable 

outbreak of huanglongbing (HLB) is expected. But although the ACP infestation of urban trees is generally regard-
ed as rampant and uncontained, evidence suggests that a natural force is already at work, without intervention or 
expense, to drastically reduce ACP survival between egg and adulthood. 
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This is an ecosystem service provided by 
generalist predators, a large and diverse 
group of arthropods. The benefits that 
generalists provide can be cryptic, diffuse 
and often poorly understood. Neverthe-
less, they appear to be important to ACP  
control in California, as demonstrated in 
predator exclusion studies conducted 
by Anna Soper, Ph.D. In Southern Califor-
nia orange groves, ACP exposed to pred-
ators were 33 – 99 percent less likely to 
survive to adulthood than ACP sheltered 
from predators (Figure 1). Predation var-
ied according to the time of year and was 
highest in spring and fall, perhaps be-
cause alternate prey was less abundant at 
those times. 

Figure 1: Survival of ACP in field colonies exposed to predators (white bars) vs. protected from predators 
(black bars) in 2013.

Specialist natural enemies are an important tool in a biological control arsenal, and 
a major push for classical biological control is in progress with the importation and 
planned mass-rearing of specialist parasitoid wasps Tamarixia radiata and Diapho-
rencyrtus aligarhensis. However, experiments conducted by Florida researcher J. P. 
Michaud suggest that generalist predators exact an even heavier toll on ACP survival 
than parasitoids do. Yet the benefits of predation by generalists cannot be exploited 
until they are understood. Currently, our knowledge is so limited that we are faced 
with the most basic question: what’s eating ACP in California?

The traditional approach to understanding an arthropod predator-prey system is an 
observational study, which is typically very time-consuming and inefficient. However, 
over the last two decades, molecular methods have been developed that allow for 
accurate, broader and more effective data collection. Today, with DNA testing, hidden 
phenomena are routinely revealed and broadly applied questions are answered, such 
as how much Neanderthal is in your genes, or which species of fish you were sold as 
“red snapper.” Such technology can even distinguish individual marine seals by the 
DNA in their feces (termed “molecular scatology”), and catch an alleged serial killer by 
the DNA left behind on a pizza crust. Most importantly for ACP control, DNA testing 
can identify predators that have fed on an economically important pest.

For a limited time after feeding, a predator’s body contains some of its prey’s intact 
DNA. We can use this DNA to determine whether a predator ate a certain target pest, 
such as ACP. To test for ACP DNA in a predator’s digestive system, we first grind up 
field-collected predatory arthropods and chemically extract the DNA content. We 
then test for a particular molecular marker (short DNA sequence) that is specific to 
ACP, using a technique called quantitative polymerase chain reaction (qPCR). If the 
molecular marker is present, qPCR copies it. Every time a new copy is created, one 
molecule in the test tube (called the molecular probe) becomes fluorescent. The qPCR 
machine runs through 40 copying cycles, and the amount of fluorescence produced 
throughout the test is detected by the machine. Predators that have eaten ACP will 
produce a detectable fluorescent signal. 
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Collecting predators to test was the first step. We collected 
predators every two weeks over a period of 12 months from 
two minimally-treated orange groves in Yorba Linda and Men-
tone, California. Arthropods were collected from foliage in two 
ways: 1) by a gas-powered vacuum fitted with a mesh collec-
tion bag (Figure 2), and 2) by beating vegetation with a stick 
and collecting arthropods that landed on a tray held under-
neath. The beating method is required to sample predatory 
mites, which are usually too small to be caught by the mesh of 
the vacuum collection bag. The possibility of biological control 
by predatory mites is of particular interest--its potential is sug-
gested by two studies from the journal Florida Entomologist in 
which commercially available predatory mites had a significant 
impact on ACP survival in greenhouse and field cage experi-
ments. 

On sampling days, we visited an orchard twice—once before 
dawn to ensure fresh gut contents of nocturnal predators that 
fed during the night (e.g. lacewings and many spiders), and 
again in the late afternoon/early evening to capture fresh gut 
contents of diurnal predators that fed during the day (e.g. la-
dybeetles and jumping spiders). We collected an estimated 
7,000+ predator specimens, the most numerous of which were 
spiders, predatory mites, lady beetles and lacewings, in that or-
der. Also collected were small numbers of predatory fly larvae, 
rove beetles, ground beetles, predatory thrips, earwigs and 
predatory true bugs. 

We are in the process of sorting predators into apparent spe-
cies groups (Figure 3) and have begun DNA testing of the most 
common species. DNA testing will continue through the end 

Figure 2. Vacuum collecting. Photo courtesy of Mike Lewis
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of this year. Species identity of predators that 
test positive will be confirmed by sequencing 
those predators’ DNA. Budget permitting, we 
will test at least 1,500 field-collected predators 
for ACP DNA.

Concurrently, we are conducting laborato-
ry feeding experiments to complement our 
field work. These experiments are designed 
to determine the sensitivity with which ACP 
DNA can be detected in ACP-fed predators, in-
cluding convergent lady beetles (Hippodamia 
convergens), predatory mites (Euseius sp.), and 

brown lacewings (Sympherobius barberi) after digestion has 
begun. Extensive laboratory and field feeding tests will follow 
to evaluate identified ACP predators for potential usefulness in 
biological control programs.

Aviva Goldmann is a Ph.D. candidate, Anna Soper, Ph.D., is 
a postdoctoral scholar, and Richard Stouthamer, Ph.D., is a 
professor of entomology in the University of California, 
Riverside Entomology Department.

CRB Project 5500-197

Glossary
Generalist predator: A predator that attacks a range of prey 
species. Generalist predators vary in the diversity and types of 
prey they attack.

Predator exclusion studies: A method to determine the im-
pact of predators in the field by comparing the survival and/or 
population growth of pests protected from predators (usually 
by a mesh sleeve or cage) vs. not protected from predators. 

Classical biological control: Importation and establishment 
of specialist natural enemies.

Parasitoid: An organism with a parasitic life history that kills 
its host by consuming it, as well as by sometimes occupying its 
body cavity during development.

Figure 3. Field sample sorting by student technician Sarah Smith. Photo courtesy of Aviva Goldmann
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intRODuCing thE fiRst COMPREhEnsivE

univERsity Of CAlifORniA

Citrus production is complex, requiring a delicate balancing 
act, as well as lots of preparation. The new Citrus Production 
Manual covers the many steps the process involves and 
does it in a clear and accessible way. It also details the latest 
historical, horticultural and disease issues that affect citrus 
production. From deciding scion variety and rootstock to 
establishing an orchard to managing production, you’ll find 
it all here in a readable format that includes helpful colorful 
photos throughout. 434 pp. 2014.

• Botany and phySioloGy
• orChard eStaBliShMent
• orChard ManaGeMent
• peSt ManaGeMent
• poStharveSt handlinG

MORE thAn 400 PAgEs Of 
REsEARCh COvERing:

to order the Citrus ProduCtion Manual, viSit:
anrCataloG.uCanr.edu or Call 800-994-8849  

Citrus Production Manual: $75.00
978-1-60107-840-7 • ANR #3539
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MAnuAl  On CitRus PRODuCtiOn, fROM

AgRiCultuRE AnD nAtuRAl REsOuRCEs

The University of California’s Division of Agriculture and Natural 
Resources is the bridge between local issues and the power of
UC Research. ANR’s advisors, specialists and faculty bring 
practical, science-based answers to Californians. Visit ucnr.edu.

ROAD DEsign AnD 
COnstRuCtiOn 
When designing an access road system, several guidelines 
should be observed. 
• Main roads should be a minimum of 14 feet wide for two-way 
traffic. Haul or pick roads can be 10 feet wide for single-lane 
traffic. 
• The optimal gradient for haul roads is 0 to 2% (0 to 2 ft per 
100 ft); main access roads should be at 2 to 10%. If gradients 
exceed this, surfacing with rock, asphalt, or concrete should be 
considered. 
• Avoid slopes in excess of 66%, which is the natural angle of 
repose of soil or a pile of sand. Steeper slopes require excessive 
cut and fill, and this consumes usable land.
• Roads with less than 8% gradient should be sloped slightly 
away (out-sloped) at 2% from the cutbank toward the outside 
edge of the road. Do not leave a berm along the outside of the 
road because the water flow off the road should sheet evenly 
onto a well-vegetated fill bank, reducing the erosive action of 
runoff.
• Roads with greater than 8% gradient should be sloped into 
the cutbank (in-sloped) at 2%. The collected water can then 
be conveyed safely under the road with culverts into stable  
material or existing drainage ways. Provide rock energy  
dissipaters as needed so that additional gullies are not created. 

• Cut and fill banks should be at a slope of 2:1 if practicable. On 
steeper slopes, this is not possible, and they must be graded 
according to existing terrain.
• Final road grading should be done after mid-April to reduce 
the chances of exposing loose soil to rainfall. 

Culverts 
Culverts will be needed at all natural drainages. Install them 
at right angles to the road (fig. 9.1). Determine the size of the 
culverts based on the amount of water produced from the  
watershed. Reduce plugging by installing catch basins or  
debris racks several feet upstream of the culvert entrance. 
Drop inlets to culverts create proper hydraulics and also reduce  
siltation.

ExCERPt fROM CitRus PRODuCtiOn MAnuAl, ChAPtER 9: “EstABlishing thE CitRus ORChARD”

Find us on Facebook: www.facebook.com/ucanr Follow us on Twitter: @ucanr
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Spencer Walse, Aaron T. Dossey, Dave E. Bellamy and Leonel Jimenez

REMOving ACP fROM CAlifORniA CitRus DuRing

POst-hARvEst ClEAning 
AnD PACKing

usDA tEChniCAl AssistAnCE fOR sPECiAlty CROPs gRAnt

The Asian citrus psyllid (ACP), which transmits huanglongbing (HLB), has the potential to impact the export 
of fresh citrus from California and Arizona.  This research systematically demonstrated the removal of ACP 
adults from fresh citrus subjected to commercial protocols for cleaning and packing in California (e.g., 
dunking, soaking, rolling, brushing, flooding or high-pressure washing). In addition, the toxicological 
response of adult ACP to forced hot air used in a commercial wax dryer was evaluated. ACP eggs and 
nymphs were not included in these studies because they are localized on fresh flush that does not enter 
the export channels of fresh citrus fruit. 
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DunKing
In the first study, adult ACP (~25) were collected into 15-dram 

clear plastic vials. Specimens were gently tapped from the vial 
onto a wet navel orange, causing them to loosely stick to the 
surface. Infested navel oranges (Figure 1) were dunked into 
soak tank water (100 ppm calcium hypochlorite and three per-
cent sodium bicarbonate), held for one second under water, 
removed and then evaluated for the efficiency of ACP removal. 
This technique was used to simulate the effect of bin drench-
es on ACP removal. As a result, 1,994 out of 2,000 psyllids were 
removed (Table 1) from the surface of fruit, suggesting bin 
drenching will not completely remove ACP from the surface of 
bin-loaded fruit.

Treatment n trials n psyllids n psyllids on 
fruit

n psyllids 
alive on fruit

n psyllids 
escaping 

(lids/walls)
% mortality

1Dunking
Dunking only 40 2000 6 6 -- 0.997

2Soaking
Ambient water 40 2000 0 0 26 0.987*

Ambient chlorine 40 2000 0 0 18 0.991*
Heated soda ash 40 2000 0 0 10 0.995*

3Brushes
Brushes only 36 1782 27 9 -- 0.995

w/flooder 40 2000 11 8 -- 0.996
w/pressure washer 106 5120 5 0 -- 1

4Rollers
Rollers only 40 2000 103 10 -- 0.995

w/flooder 40 2000 2 2 -- 0.999
w/pressure washer 100 5000 0 0 -- 1

5Hot air
t = 30 s 6 136 -- 54 -- 0.603
t = 60 s 6 140 -- 12 -- 0.914
t = 90 s 6 141 -- 4 -- 0.972

t = 135 s 28 738 -- 14 -- 0.981
t = 165 s 14 342 -- 3 -- 0.991

1Removal of adult ACP by dunking infested fruit in soak tank water for 1 s
2Adult ACP removal from fruit into recirculating tanks containing (1) ambient tap water, (2) an ambient solution of 100 ppm chlorine 
(calcium hypochlorite) and 3% sodium bicarbonate, and (3) a solution of 3% soda ash at 90-100 °F.

3Adult ACP removal from packing line brushes, brushes with flooding and brushes with high-pressure (~210 psi) washing.
4Adult ACP removal from packing line rollers, rollers with flooding and rollers with high-pressure (~210 psi) washing.
5Adult ACP removal from exposure to hot forced-air (118-138 °F) in a commercial fruit dryer for varying amounts of time.
*Mortality rates were calculated from non-flying surviving adults that were encapsulated in water droplets on the sides and lid of the soaking 
tank.  No surviving adult from any treatment was found on the fruit after soaking (mortality = 1.000).

table 1. adult acP treatment results for several commercial protocols for cleaning and packing in california.

Figure 1.  Specimens were gently tapped from a vial onto the surface of a wet 
navel orange, causing them to loosely stick to the surface followed by dunking 
for removal.
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sOAK tAnKs
In the second study, storage bins were modified to simulate 
soak tanks used to clean fresh citrus in commercial California 
packing houses (Figure 2). Adult ACP were placed on oranges 
(Valencia or navel) as described above. Then the infested fruit 

were circulated in soak tanks containing either an ambient  
(circa 75°F) chlorine solution, ambient tap water or heated  
(circa 90 to 100°F) soda ash solution. Less than one percent of  
the treated adults were found on the walls or lid of the soak tank 
and were presumed to still be alive. Results suggest adult ACP  
sink and/or are physically destroyed by the crushing and cir-
culating mechanics of the soak tank system. In addition, any 
surviving ACP were rendered flightless following the soak tank 
treatments, as none of the ACP found on the sticky lid or walls 
of the tank were capable of flight after lid removal.  In fact, the 
few survivors were trapped inside water droplets, possibly hav-
ing splashed out rather than crawled or jumped. 

Mortality of ACP in ambient chlorine versus ambient tap water 
versus heated soda ash solutions were tested for significance 
against the null hypothesis that the solution composition was 
unimportant (Table 1 and Figure 3). Results indicate the three 
tests were not significantly different (ANOVA: F2,117 = 2.417,  
P = 0.091), supporting the conclusion that removal of ACP from 
the surface of citrus fruit during soaking and the subsequent 
mortality resulted from physical entrapment by the water 
and drowning, rather than the toxicological properties of the  
solution.

It is critical to note that no adult ACP (n = 6,000 treated) were 
found on the fruit in any of the soak tank scenarios, which in-
dicates soaking was effective at removing adult ACP from the 
fruit surface as well as eliminating the return of adult ACP to the 
fruit surface over the course of the treatments.

ROlling OR BRushing with 
AnD withOut flOODing AnD 
high-PREssuRE wAshing
A pilot-scale packing line at the University of Florida Citrus Re-
search and Education Center (CREC) in Lake Alfred, Florida, was 
used to evaluate the impact of several other packing operations 
on the removal of ACP from the fruit surface.  Brushes or rollers 
(six-foot span) alone and in combination with one of two com-
mercially-utilized washing devices, a flooder or high-pressure 
washer, were evaluated (Figure 4). The procedures removed 
adult ACP from the fruit surface with varying efficacy (Table 1). 
Results show, when used alone, more ACP were removed with 
brushes than with rollers.  We hypothesize that the brushes 
sheltered adult ACP from the washing, whereas rollers offered 

 

 
Figure 2.  Top. Dunk tanks designed to simulate standard citrus packing house 
conditions whereby fruit is washed with either ambient chlorine (right) or hot 
soda ash (left) solutions.  Note the pumps (for both) and the in-line water heater 
for the hot soda ash tank. Bottom.  A thin layer of Tangle-Trap was applied to 
“sticky-lids” to trap adult ACP that attempted to escape the tank. 

 

 
 

 

 

 

Figure 4.  Custom-designed high-pressure washer for pilot scale fruit packing 
lines (top left) was used to assay the removal of ACP adults from the surface of 
fruit following the passage of fruit over a six-foot span of rollers (top right) or 
brushes (bottom).
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Ambient Chlorine Ambient Water Only Heated Soda Ash

Treatment
All Pairs
Tukey-Kramer
0.05

Treatment
Error
C. Total

Source

2
117
119

DF

3.2000
76.5000
79.7000

Sum of
Squares

1.6000
0.6539

Mean Square

2.4471

F Ratio

0.0910

Prob > F

Analysis of Variance

Ambient Chlorine
Ambient Water Only
Heated Soda Ash

Level
40
40
40

Number
0.4500
0.6500
0.2500

Mean
0.12785
0.12785
0.12785

Std Error
0.1968
0.3968

-0.0032

Lower 95%
0.70320
0.90320
0.50320

Upper 95%

Std Error uses a pooled estimate of error variance

Means for One-way Anova

One-way analysis of psyllids escaping three treatments

Figure 3. Statistical tests (JMP v. 10) show that removal and mortality of adult ACP results from physical entrapment in the water and drowning rather than from 
the toxicological properties of the soak solution.
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no such resource (Figure 5). It is important to note that the ma-
jority of packing lines used for commercial cleaning in Califor-
nia span longer than six feet, thus increasing the likelihood of 
removing more ACP. No live adult ACP were found on the test 
oranges conveyed by either rollers or brushes when combined 
with a high-pressure wash (~ 210 psi).  

fORCED hOt AiR
Finally, a wax dryer was evaluated at CREC to test the effect of 
forced hot air (circa 118-138°F) on ACP mortality without the 
application of any wax (Figure 6). As expected, ACP mortal-
ity was positively correlated to the duration of forced hot air 
exposure in a commercial drying apparatus (Table 1). Expo-
sure-mortality regressions projected a probit 9-level mortality 
of 99.9968 percent following an exposure of 3.3 minutes. The 
demonstration of probit 9-level efficacy is often required to val-
idate an effective phytosanitary treatment, particularly when 
the commodity is moved internationally. 

 

 

Figure 5.  ACP were removed when the fruit was conveyed over brushes. 
(Note: ACP within the red circles on the brush.)

Figure 6.  Forced air dryer at CREC was heated to 118-138°F (128 ± 10°F) with 
exposures lasting ~ two minutes.
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events in series.  In Table 3, one can clear-
ly see that no single event was effective 
at removing ACP from the surface of fruit 
at a probit 9-level; however, probit levels 
greater than 9 were achieved when two 
or more events common to commercial 
protocols for cleaning and packing were 
“jointly” combined.

It is important to note that the citrus  
industry of California used the systems 
approach described in this report to  
retain export access to Australia and 
New Zealand.  In the coming years, an 
increased utilization of system approach-
es to demonstrate quarantine securi-
ty is certain.  This provides an exciting  
opportunity to dovetail the collective 
practices used in field production, as 
well as post-harvest scenarios, into an 
integrated assessment of how California 
continues to provide the most secure and 
safe fresh citrus in the world. 

Spencer S. Walse, Ph.D., research 
chemist; Aaron T. Dossey; Dave E. 
Bellamy, Ph.D., research entomol-
ogist; and Leonel Jimenez are all 
with the USDA Agricultural Research  
Service – San Joaquin Valley Agricultur-
al Science Center.

CuMulAtivE systEMs EvAluAtiOn 
System(s) approaches to pest control integrate practices used in production, harvest, 
packing and distribution to cumulatively meet the requirements of phytosanitary 
treatments, particularly those related to quarantine security.  The research team at 
USDA-Agricultural Research Service-San Joaquin Valley Agricultural Science Center 
(ARS-SJVASC) has been working to apply the systems approach to pest control issues 
confronting the citrus industry.  A large part of the effort is rooted in the development 
of mathematical models to quantitatively demonstrate to trading partners and regu-
latory agencies that an efficacy threshold, such as removing 99.9968 percent of ACP 
from the surface of fruit (i.e., probit 9), has been achieved.  Table 1 lists the probabil-
ities of treatment efficacy, as well as the corresponding probit-levels (at the 95 per-
cent level of confidence) for all the packing house events investigated in this study, 
whereas Table 2 lists how these factors change as a function of combining various 

P (Ex)
event x 

  observed 
 surv (%)

    % mort 
 (95% LOC)

dunking
chlorine soak
soda ash soak

brushes
brush w/ flood
brush w/ spray
rollers
roll w/ flood

 (95% LOC)  (95% LOC)
probit

 (% CI)
probit 9

tap water soak

dryer-30s
dryer-60s
dryer-90s
dryer-135s
dryer-165s
dryer-198s

0.3 99.40 0.0059 7.58
0.9 98.67 0.0133 7.24
0.5 99.15 0.0085 7.43
1.3 98.20 0.0180 7.12
0 99.95 0.0005 8.29 17.5

0.5 99.12 0.0088 7.42
0.4 99.28 0.0072 7.49
0 99.94 0.0006 8.25 15.1

0.5 99.24 0.0076 7.43
0.1 99.78 0.0022 7.85
0 99.94 0.0006 8.25 14.8

39.7 59.39 0.0466 5.09
8.5 87.53 0.1246 6.15
2.8 94.86 0.0510 6.63
1.9 97.27 0.0272 6.92

0.87 98.29 0.0171 7.12
0 99.71 0.0029 7.75 3.3

roll w/ spray

S soak 

P (E1+E2+En)joint events     % mort. 
 (95% LOC)             (95% LOC)  (95% LOC)

probit
 

99.999560 4.4 E-6 9.44
99.999577 4.2 E-6 9.45
99.998520 1.5 E-5 9.18
99.999987 1.3 E-7 10.15
99.999987 1.3 E-7 10.16

Σ soak + brushes
Σ soak + rollers
Σ soak + dryer-135s
Σ soak + brushes + dryer-135s
Σ soak + rollers+ dryer-135s

table 2.  summary of treatment results as probabilities (P (ex)), probit levels at the 95 percent 
level of confidence, and the percent confidence (% ci) associated with probit 9 analyses.

table 3.  treatment results tabulated as joint probabilities associated with a respective 
series of independent events. several series of post-harvest events typically employed by 
california industry yield removal/mortality efficacies > 99.9968 percent (Probit 9), a statistical 
benchmark of phytosanitary treatment efficacy.
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C L E A N  C I T R U S
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• Professional field service from experienced horticulturists:

  Ed Needham (559) 977-7282
  Steve Scheuber (209) 531-5065
  John Arellano (559) 804-6949

Find us on Facebook


