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Introduction

Use New Pest Response Guidelines: Citrus Greening Disease as a guide when
designing a program to detect, diagnose, contain and control, or eradicate
citrus greening disease (CG). Personnel within state departments of
agriculture, and others concerned with developing local survey or control
programs for CG, should find the Guidelines useful.

United States Department of Agriculture (USDA)-Animal and Plant Health
Inspection Service (APHIS)-Plant Protection and Quarantine (PPQ)
developed the Guidelines through discussion, consultation, or agreement with
staff at USDA-Agricultural Research Service (ARS), universities, industries,
and state departments of agriculture.

The Guidelines will be updated as new information becomes available. Specific
emergency programs should be based on information available at the time of
the incident.

Recent Updates

Significant changes to this document as a result of new information will be
provided in this section. Updates to the current version include the following:

# (Citrus greening disease is the name currently approved for use in USDA
documents, replacing the name huanglongbing disease of citrus. See
Classification on page 2-1 for related information.

€ Seed of citrus and citrus relatives are regulated due to the potential for
seed transmission of citrus greening (USDA, January 11, 2008). See
Regulated Articles on page 5-5 for related information.

€ The diagnostic laboratory with proper authorizations to do final
confirmatory testing for Candidatus Liberibacter is the
USDA-APHIS-PPQ-Molecular Diagnostics Laboratory (MDL) in

June 02, 2008 Citrus Greening Disease 1-1
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Chapter 1
Status

Beltsville, MD. MDL is authorized by APHIS to receive suspect
domestic select agent plant pathogens under APHIS permit number
65253. See Identification on page 4-1 for related information.

Status

Citrus greening disease is one of the most serious insect-vectored pathogens
of citrus. In August, 2005, CG was detected and confirmed in south
Miami-Dade County, Florida. However, a comprehensive delimiting survey
for CG was not conducted in Florida in 2006. Other citrus growing states
conducted general detection surveys in 2006, and no disease was detected.

By mid-2006, the Asian citrus psyllid was widespread throughout the citrus
growing areas in Florida and the lower Rio Grande Valley in Texas. The Asian
citrus psyllid was also detected in Hawaii in 2006. The African citrus psyllid
has not been detected in surveys.

Management

See the Web site USDA-APHIS-PPQ-Citrus Health Response Program (CHRP)
to learn more about the minimum standards for citrus health in Florida.

Address http://www.aphis.usda.gov dmp/citrushealth

The goals of CHRP are as follows:
¢ Sustain the U.S. citrus industry,
€ Maintain the grower’s continued access to export markets, and

# Safeguard the other citrus growing states against a variety of citrus
diseases and pests.

This is a collaborative effort involving growers, Federal and State regulatory
personnel and researchers.

CHRP provides guidelines for nursery stock product compliance and fruit
inspection, treatment, and certification. CHRP will also identify minimum
standards, where available, for implementing appropriate survey, diagnostic,
and mitigation measures to reduce the proliferation and spread of citrus
canker, citrus greening, and other diseases of regulatory significance.

Prevention

Federal and state regulatory officers must conduct inspections and apply
prescribed measures to ensure that the disease or pathogen does not spread
within or between properties. Federal and state regulatory officers conducting

1-2
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Chapter 1
Disclaimers and Document Comprehension

inspections should follow proper sanitation guidelines to prevent spreading
contaminated plant material or tools to other facilities before entering and
upon leaving each property. For information concerning sanitation, see
Disinfecting Equipment on page F-1.

Disclaimers and Document Comprehension

This document provides a foundation, based on available literature, to assist
further work. This document is not intended to be complete and exhaustive.
Some key articles were not available at the time of writing, and not all
specialists and members of the research community were consulted for their
advice. For the most current information on this pest, consult with local
agricultural experts, including personnel from USDA, Cooperative Extension
Service, and state departments of agriculture. Conduct your own literature
search and review Web sites frequently for updated information.

Endorsement

References to commercial suppliers or products should not be construed as an
endorsement of the company or product by USDA.

Safety

The safety of the public as well as the program personnel is a priority
consideration in preprogram planning and training, and throughout program
operations. Safety officers and supervisors must enforce on-the-job safety
procedures.

Support for Program Decision Making

The USDA-APHIS-PPQ-Center for Plant Health, Science and Technology
(CPHST) provides technical support, in consultation with other scientists, to
emergency pest response program directors concerning risk assessments,
survey methods, control strategies, and other aspects of pest response
programs. PPQ managers consult with state departments of agriculture when
developing guidelines and policy for pest response programs.
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Classification

Two species of fastidious phloem-limited bacteria— Candidatus Liberibacter
africanus' and Candidatus Liberibacter asiaticus—are thought to be the causal
organisms of citrus greening disease (CG). These fastidious phloem-limited
bacteria have not yet been cultured on artificial media and are able to survive
only within the phloem vascular system of a plant.

The International Organization of Citrus Virologists adopted huanglongbing
as the official name of the disease caused by Liberibacter species in citrus (Lee
and Garnsey, 1996). Citrus greening is the term approved for use in USDA
documents. Use Table 2-1 on page 2-2 as an aid to classification of the two
species of bacteria that are thought to cause CG.

1 Candidatus is the name that plant pathologists use for bacterial species that have not yet been success-
fully cultured. By convention, the actual genus and species names are not italicized when the name Can-
didatus is used. Plant pathologists will assign a new name once the bacteria have been cultured and
taxonomically described (Halbert and Manjunath, 2004).

June 02, 2008
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Chapter 2

History
TABLE 2-1 Nomenclature of Candidatus Liberibacter africanus Garnier, Candidatus
Liberibacter asiaticus Garnier, and citrus greening disease
Domain Bacteria
Phylum Proteobacteria
Class Alphaproteobacteria
Order Rhizobiales
Family Rhizobiaceae
Candidatus Liberibacter africanus Garnier
. . Candidatus Liberibacter americanus Texeira
Scientific names Candidatus Liberibacter asiaticus Garnier
Candidatus Liberobacter africanus Garnier
Candidatus Liberibacter americanus Texiera
Synonyms Candidatus Liberobacter asiaticus Garnier
huanglongbing (yellow shoot or literally
Official common name (IOCV, 1996) “yellow dragon” in Chinese)
Additional common name (USDA) citrus greening
citrus greening, CG, HLB, likubin, decline (in
Taiwan), leaf mottling (in Philippines), citrus
dieback (in India), vein phloem degeneration
. (in Indonesia), yellow branch or
Additional common names blotchy-mottle (in South Africa)
History
The following two bacterial species were listed as select agents under the
Agricultural Bioterrorism Protection Act of 2002 (7 CFR Part 331):
€ Candidatus Liberibacter asiaticus Garnier—also known as the Asian
form and abbreviated Ca. L. asiaticus, and
€ Candidatus Liberibacter africanus Garnier —also known as the African
form and abbreviated Ca. L. africanus.
Citrus greening is vectored by the following two species of psyllids:
® Asian citrus psyllid (Diaphorina citri Kuwayama), and
€ African citrus psyllid (Trioza erytreae [del Guercio]) (Aubert, 1987).
A third bacterial species — Candidatus Liberibacter americanus—was recently
described from Sao Paulo, Brazil (Texiera et al., 2005, Coletta-Filho et al., 2005).
This species is not currently listed as a select agent. Candidatus Liberibacter
americanus appears to be transmitted by the Asian citrus psyllid, or by
2-2 Citrus Greening Disease June 02, 2008
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History

grafting (Coletta-Filho et al., 2005). The Asian citrus psyllid is common in
Brazil. Research is underway to more fully characterize Candidatus
Liberibacter americanus.

A review by da Graga and Korsten (2004) provided useful information on
CG’s history. Farmers in southern China noted a citrus disease, which they
called huanglongbing (“yellow dragon”), in the late 1800s. In the early 1920s,
similar diseases were reported in the Philippines (mottle leaf), India (dieback),
and Taiwan (likubin). A citrus disease, called yellow branch or greening, was
noted in South Africa in the late 1920s, and a malady known as citrus phloem
degeneration, was reported from Indonesia in the 1940s. The disease has
subsequently been found in numerous other citrus producing countries in
Africa and Asia.

It was not until the 1960s that the link among the various diseases was
established. The disease was initially believed to be caused by drainage
problems, while later reports suggested that a mineral deficiency was the
cause. Likubin, in Taiwan, was reported to be associated with a nematode
problem.

Successtul graft transmission of the disorder in the 1940s and insect
transmission in the 1960s led to speculation that the causal agent was a virus.
In 1970, mycoplasma-like organisms (or phytoplasmas) were putatively
observed in the sieve tubes of CG-infected orange leaves. More recent
molecular studies have established that the causal organisms are actually true
bacteria (da Graga 1991). In 1996, the International Organization of Citrus
Virologists officially adopted huanglongbing as the name to describe the
disease caused by Liberibacter species in citrus.

The disease has subsequently been found in numerous other citrus producing
countries in Africa and Asia. The first report of the disease in the Western
Hemisphere came from Brazil in 2004; confirmation of the disease in Florida
was announced in a press release on September 2, 2005 (USDA, 2005).

June 02, 2008 Citrus Greening Disease 2-3
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Damage to Hosts

Within the citrus plant, the bacteria are limited to the phloem. This condition
leads to the following symptoms:

€ Shoot color yellow,

¢ Leaves with characteristic blotchy mottling,

€ Normally green tissue turns yellow (chlorosis),
¢ Total foliage reduced, and

¢ Leaf tips dieback (Bové and Garnier, 2002).

Citrus fruits infected with CG have the following characteristics:
€ Shape lopsided,
€ Size small,
¢ Color remaining green with seeds aborted (Bové and Garnier, 2002), and
¢ Taste sour.

The three forms of bacteria produce similar symptoms in citrus. Bacterial
strain differences affecting symptom severity have been noted in both the
African and Asian forms.

Candidatus Liberibacter africanus Garnier

The African form of the pathogen is heat sensitive, with symptoms produced
under relatively cool conditions (20 —24° C optimum) (Garnier and Bové,
1993). Extended periods of high temperatures suppress symptom
development but do not suppress infection of citrus.

Candidatus Liberibacter americanus Texeira

Little is currently known about the temperature requirements for the
American form of the pathogen.

Candidatus Liberibacter asiaticus Garnier

The Asian form usually produces a more severe disease reaction than the
African form. This form is also heat tolerant, producing symptoms under cool
to relatively warm conditions (up to 32° C) (Bové et al., 1974).

Transmission and Bacterial Development

The disease is graft- and vector-transmissible (Catling, 1970; Catling, 1973;
Ghosh et al.,1977; Garnier and Bové, 1983; Garnier et al., 1984b; Garnier et al.,
1984a; da Graga, 1991; Swai et al., 1992; Kohno et al., 2001).

The bacteria reproduce in the hemolymph and salivary glands of the insects
after they feed on infected plants (Catling, 1970; Garnier et al., 1984a; Aubert,
1987; Rae et al., 1997; Subandiyah et al., 2000; Bové and Garnier, 2002). Once

2-4
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Economic Impact and Host Range

the citrus psyllids acquire the bacteria, they transmit it to new hosts for the
remainder of their life cycle in a persistent, propagative manner (Garnier et al.,
1984a; da Graga, 1991; Bové and Garnier, 2002). It is not known if the bacteria
are transmitted transovarially to subsequent generations, but the nymphs and
adults can acquire the bacteria in less than one day (Aubert, 1987).

Incubation periods in the vector range from as little as one day (Ca. L.
africanus) to as long as 12 days (Ca. L. asiaticus). Adult insects are then
capable of transmitting the bacteria for the remainder of their lives (Aubert,
1987). The 2™ through 5" instar nymphs can also acquire and, under
experimental conditions, the 4™ and 5" instars can transmit the bacteria.

Only adult psyllids are known to transmit the bacteria under natural
conditions.

Economic Impact and Host Range

The host range of the bacteria under natural conditions appears to be
restricted to rutaceous plants (members of the plant family Rutaceae),
although dodder, periwinkle (Tirtawidjaja, 1981), and tobacco (Garnier and
Bové, 1993) have been infected under experimental conditions. CG severely
affects sweet orange, mandarin and tangelo trees, but susceptibility among
other Citrus species varies (Garnier et al., 1984a; Bové and Garnier, 2002).
Mexican lime (Citrus aurantifolia) is less susceptible than sweet orange and
mandarin even though it is a preferred host of the Asian citrus psyllid
(Garnier et al., 1984a; Bové and Garnier, 2002).

Several wild and ornamental rutaceous species are hosts of the psyllid vectors,
such as orange jasmine (Murraya paniculata) and curry leaf tree (Murraya
keonegii); however, the literature is inconclusive as to the status of Murraya
spp.- as hosts for the CG pathogens (Halbert and Manjunath, 2004).

By the early 1990s, CG had become widespread throughout the citrus growing
regions of Asia and the southern and eastern parts of Africa. Infection with
CG resulted in the estimated loss of over 60 million citrus trees by the early
1990s. The following examples serve to illustrate the seriousness of both the
Asian and African forms of this disease.

Four million citrus trees were eradicated on the island of Bali from 1986 to
1988. These trees were replaced with mandarins in 1991. By 1993, 40% of the
replacements were infected with CG, increasing to a 90% infection rate by
1996.

The area planted to citrus in the Philippines was reduced by over 60%
between 1961 and 1970 due to CG, with a loss of over one million trees
recorded in one province in 1971. Many trees in Thailand die or go out of
production within 5-6 years after planting.

June 02, 2008
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Plant Hosts

An estimated 4 million of the 11 million citrus trees planted in South Africa
were infected with CG by the mid 1970s. By this time, three major production
areas, representing 20% of the citrus industry, had been eliminated due to the
disease.

Plant Hosts

Rutaceous plants are the natural hosts of liberibacter species, with all species
and cultivars of citrus susceptible to infection (Garnier et al., 1984; Bove and
Garnier, 2002). Sweet oranges (Citrus sinensis), mandarins (C. reticulata), and
mandarin hybrids are the most severely affected. Grapefruit (C. x paradisi),
sour oranges (C. aurantium), and lemons (C. limon) are moderately affected.
Mexican (Key) lime (C. aurantifolia), pummelo (C. maxima) and trifoliate
orange (Poncirus trifoliata Raf.), including its hybrids, are the most tolerant.
Kumquat (Fortunella spp.) is also a host.

A number of other rutaceous plants have been observed to be hosts of both the
bacteria and the citrus psyllid, either experimentally or naturally: Severinia
buxifolia, Balsamocitrus dawei, C. grandis, C. hystrix, C. jambhiri, Citrus x nobilis,
Clausena indica, Cl. lansium, Microcitrus australisica, Triphasia trifolia, Atalantia
missionis, Severinia buxifolia, Limonia acidissima (= Feronia limonia), and Swinglea
glutinosa (Hung et al., 2000; Hung et al., 2001; Halbert and Manjunath, 2004).

Several wild and ornamental rutaceous species are hosts of the psyllid vectors,
such as orange jasmine (Murraya paniculata), curry leaf plant (Murraya
keonegii), jackfruit (Artocarpus heterophyllus), and cape chestnut (Calodendrum
capense Thunb). Murraya spp. are hosts for the vector and the pathogen (Deng,
et al., 2007). Specimens of Calodendrum capense were found that were infected
with a distinct subspecies of Candidatus Liberibacter africanus.

Some of these ornamentals may be used in warm climate areas of the United
States. Orange jasmine is a preferred host of the Asian citrus psyllid, and has
likely aided the spread of this insect throughout the citrus growing areas of
Florida and Texas. The plant Toddalia lanceolata (=Vepris undulata), considered
to be one of the original hosts of the African citrus psyllid, is also a host of the
African form of CG.

Dodder has been used to experimentally transmit both Candidatus
Liberibacter africanus and Ca. Liberibacter asiaticus. Cuscuta reflexa has been
used for citrus-to-citrus transmission, and C. campestris has been used to
transmit the pathogens to periwinkle (Catharanthus roseus Don.) with marked
foliar yellowing. Candidatus Liberibacter asiaticus has also been transmitted to
tobacco (Nicotiana tabacum var. xanthi NC L.) via dodder. Dodder itself appears
to be a host to the bacteria, but in the epidemiology of the disease, dodder as a
host and potential vector of the pathogen is not likely to be significant.

See Regulatory Procedures on page 5-1 for a list of regulated hosts.
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Geographic Distribution

Pathogens causing CG have been reported from the following countries in
Africa, Asia and South America: Bangladesh, Bhutan, Brazil, Burundi,
Cambodia, Cameroon, Central African Republic, China, Comoros, Ethiopia,
Hong Kong, India, Indonesia, Japan, Kenya, Laos, Madagascar, Malawi,
Malaysia, Mauritius, Myanmar, Nepal, Pakistan, Papua New Guinea,
Philippines, Reunion, Rwanda, Saudi Arabia, Somalia, South Africa, Sri
Lanka, Swaziland, Taiwan, Tanzania, Thailand, Vietham, Yemen, and
Zimbabwe.

To date, CG pathogens have not been reported from citrus-producing regions
of Australia, Mexico, countries in Central America or the Mediterranean.

Development of Citrus Greening Disease

Citrus greening is vectored by the following two species:

€ African citrus psyllid (Trioza erytreae (del Guercio) (Aubert, 1987)), and

€ Asian citrus psyllid (Diaphorina citri Kuwayama).

The bacteria can also be transmitted in orchards or nurseries by grafting, and
experimentally by several species of dodder (Cuscuta spp.) (Halbert and
Majunath, 2004). Natural transmission of Ca. L. africanus is facilitated by both
the African and Asian citrus psyllids.

Ca. L. asiaticus and Ca. L. americanus are vectored by the Asian citrus psyllid
(Teixeira et al., 2005). However, each psyllid species has been demonstrated to
transmit either the African or the Asian form of the bacteria experimentally.

Candidatus Liberibacter Species

The bacteria have not yet been successfully cultured outside of the phloem of
citrus plants or the psyllid vectors (Garnier et al., 1984a; da Graga, 1991; Bové
and Garnier, 2002). Candidatus Liberibacter africanus, present in South Africa,
Kenya, Ethiopia, Madagascar and Yemen, is heat sensitive and unable to cause
symptoms at temperatures above 25-30°C, whereas Ca. L. asiaticus, which
occurs throughout much of Asia, India, and Indonesia, is heat-tolerant and
able to cause symptoms at temperatures above 30°C (Garnier et al., 1984a; da
Graga, 1991; Bové and Garnier, 2002).

The liberibacters inhabit the nutrient-rich phloem. Other similar organisms
cause more than twenty diseases of plants, including papaya bunchy top,
watermelon yellow vine, and strawberry marginal necrosis (Kiritani and Su,
1999; Bové and Garnier, 2002). None of the organisms have been cultured
(Bové and Garnier, 2002).
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When the 16s ribosomal DNA of Candidatus L. africanus was amplified, the
DNA was most similar to the bacteria of the a subdivision of Proteobacteria,
which includes plant and human pathogens such as Agrobacterium tumefaciens,
Bradyrhizobium spp., and Brucella abortus (Jagoueix et al., 1994; Bové and
Garnier, 2002).

Psyllid Vectors

The African and Asian citrus psyllids are the only known insect vectors of the
CG pathogens. The Asian citrus psyllid is now widespread throughout the
citrus growing areas of Florida (Halbert et al., 1998, Tsai et al., 2002) and the
lower Rio Grande Valley of Texas (French et al., 2001).

The host range of Asian citrus psyllid is restricted to citrus and closely related
Rutaceae (Aubert, 1987, Halbert and Manjunath, 2004). The preferred host is
Murraya paniculata, an ornamental rutaceous plant called orange jasmine (also
known as orange jessamine and commonly in the Florida nursery trade as
Lakeview, a cultivar) found throughout the citrus belt in its native range
(Kohno et al., 2001) and often planted in the southeastern United States as an
ornamental hedge plant. The Asian citrus psyllid recently spread to all citrus
growing areas in Florida with the host plant (Halbert and Majunath, 2004).
However, orange jasmine is not currently considered a host for the
liberibacters (Hung et al., 2000).

Adult citrus psyllids are small (3 to 4 mm) with mottled brown wings. Adults
are active, jumping insects. Eggs are bright yellow and deposited on newly
emerging citrus tissue. Nymphs are green or dull orange, and feed on leaves
and stems where they are difficult to see. Asian citrus psyllids are most likely
to be found on new shoots, and population increase occurs during periods of
active plant growth (Aubert, 1987).

The Asian citrus psyllid has a light brown head, while African citrus psyllid
adults have a black head. When disturbed, the adult psyllids move or jump
quickly, occasionally flying short distances. Nymphs of the Asian citrus
psyllid are light yellow to dark brown, with large, well-developed wing pads.
Nymphs of the African citrus psyllid vary in color from yellow to olive-green
to dark gray, with marginal fringes of white, waxy filaments and small wing
pads. Find additional information on psyllid identification in Identification
of Psyllids on page D-1.

High population densities of Asian citrus psyllid stunt and twist young
shoots, causing a rosette appearance. Leaves become curled, but do not
contain the pit galls typical of the African citrus psyllid. High population
densities of African citrus psyllid severely distort leaves, which are stunted
and contain typical pit galls.

Vector Pathogen Interaction

Psyllid numbers increase in late winter and spring when the citrus trees are
flushing (new foliage growth) and adults may fly for short distances. Cool,
moist conditions favor increased populations of African citrus psyllid, while

2-8

Citrus Greening Disease June 02, 2008
Plant Protection & Quarantine



Chapter 2
Development of Citrus Greening Disease

the Asian citrus psyllid prefers a warmer, drier environment. High psyllid
population densities are often found in citrus nurseries, since the young trees
are maintained in a state of almost constant growth. Active growth on
alternate plant hosts support psyllid populations when citrus flush is not
available.

The interaction between the vector and the pathogen is poorly understood.
Acquisition times of between 30 minutes and 24 hours have been reported
(Aubert, 1987). The pathogen also multiplies in the vector. Adults and fourth
and fifth instar Asian citrus psyllid nymphs can transmit Ca. L. asiaticus after
8-12 days, with a shorter latent period of 1 day reported for African psyllids.

Following a 1-21 day incubation period (average 7-12 days), the psyllids are
able to transmit the bacteria for the rest of their lives (average lifespan of 60
days). A 2™ or 3" instar could acquire the pathogen and become increasingly
infective in the 4™ or 5™ instar (Hung et al., 2004). Nymphs, however, would
remain on the CG-infected host material from which it acquired the Ca. L.
asiaticus pathogen and pose little risk of spreading the disease to new
material until reaching the adult stage.

Recent experiments by Hung et al., (2004) showed the pathogen is not
transmitted transovarially (from adult to egg).

Nymphs reportedly do not transmit the pathogen in the field, although they
are able to acquire it when feeding on infected plants and later transmit it as
adults. Late-instar nymphs are, however, able to transmit the bacteria when
moved from infected to healthy plants under experimental conditions. Most
adult insect movement is within the host plant or to nearby plants, but the
psyllids are capable of flying considerable distances (1.5 miles has been
documented) in search of suitable hosts.

Not all plants the psyllids feed on are hosts of the bacteria. For a complete list
of psyllid hosts, see Halbert and Manjunath (2004).
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Introduction
Plant regulatory officials conduct detection, delimiting, and monitoring
surveys. Detection surveys are performed to ascertain the presence or absence
of a pest in an area where it is not known to occur. Delimiting surveys are
performed to define the extent of an infestation. Monitoring surveys are
performed to determine the success of control or mitigation activities
conducted against a pest.
Use this chapter as a guide to conducting a survey for citrus greening disease
(CG) and its vectors.

Precautions

Take the following precautions before starting a survey.

Pesticide Applications

Before starting a survey, always determine if there have been recent pesticide
applications that would make it unsafe to inspect the citrus. Check with
property owners or managers for this information. Look for posted signs
indicating recent pesticide applications, particularly in commercial groves.

Quarantines

Determine if any quarantines are in effect for the area being surveyed, such as
for root weevils or citrus canker. Comply with all quarantine requirements.

Private Property
Obtain permission from the landowner before entering a new property. See
Regulatory Procedures on page 5-1 for pertinent information.
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Sanitation

When visiting nurseries to conduct surveys or collect samples, regulatory
officials must take strict measures to prevent contamination by plant
pathogens between properties during inspections. Viroids—small pieces of
naked RNA similar to a plant virus but lacking the protein coat—are
extremely difficult to remove from tools. Most disinfectants, as well as heat,
fail to inactivate viroids.

When collecting samples, disinfect pruning shears between cuts and prior to
use on a new property, to avoid spreading citrus exocortis or other citrus
viroids. These citrus pathogens can be carried on the cutting surfaces of
pruning shears, knives, and other implements used for cutting and pruning
operations. Making a cut on an infected tree is sufficient to contaminate the
cutting tool; subsequent cuts on other trees will introduce the viroid and infect
the tree.

See Disinfecting Equipment on page F-1 for instructions on how to use a 5%
solution of common household bleach (sodium hypochlorite) to inactive citrus
viroids.
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Survey Strategies

Conduct a detection survey to determine if CG is present or absent in a
defined area. After a new U.S. detection, or when a detection in a new area is
confirmed, conduct a delimiting survey to define the geographic location of
the disease. Conduct a monitoring survey if you have applied a control
procedure and need to measure its effectiveness.

Additional types of surveys may be appropriate. See Survey for Satellite
Infestations on page 3-10, Vector Survey for Predicting Future Outbreaks
on page 3-10, and Surveys of Other Hosts on page 3-11.

Survey task forces should consist of an experienced survey specialist or plant
pathologist familiar with the disease symptoms and personnel responsible for
sample collection and proper recording the data and GPS coordinates.

Detection Survey
Perform a detection survey to ascertain the presence or absence of a pest in an
area where it is not known to occur.

A detection survey can be broad in scope —as when assessing the presence of
the disease over large distances—or it may be restricted to determining if a
specific pest is present in a focused area.

Statistically, a detection survey is not a valid tool to claim that a pest does not
exist in an area, even if results are negative. Use negative results to provide
clues to mode of dispersal, temporal occurrence, or the effects of local
industry practices. Compilation of results are also important particularly
when considered with results from similar that are topographically, spatially,
or geographically similar.

Survey for CG over a broad area on a regular basis, using various techniques.
General survey strategy may be focused on finding disease symptoms,
vectors, or both, depending on the target location. Use Table 3-1 on page 3-4
to determine the type of detection survey strategy to use.
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TABLE 3-1 Decision table to determine detection survey strategies focused on finding disease symptoms or
vectors

Then
If you conduct this
want to type of
detect the detection
following: | And: survey: And follow this procedure:
CG disease One of the vectors is | Symptom 1. Train surveyors to recognize the symptoms of CG infection
symptoms known to occur in Survey on on various hosts.
the State page 3-5 2. Direct trained surveyors to look for those symptoms.
CG vectors The vectors are VectorSurvey | 1. Use aspirators, a sweepnet, or detection traps to collect
known to occur in on page 3-5 psyllid specimens.
the survey area 2. Use molecular diagnostic techniques to analyze psyllid

specimens for the presence of the CG pathogen.

The vectors are not Vector Survey | Use the following tools:

known to occur in for CG on # Visual inspection (see Visual Inspection for Detection
the survey area page 3-5 Survey on page 3-11),

€ Sweepnets (see Sweepnet on page 3-13),
@ Trapping (see Detection Traps on page 3-13), and
¢ Tap Sampling (see Tap Sampling on page 3-13).

CG disease Neither CG or the Sentinel 1. Train surveyors to do the following:
symptoms vectors have been Survey on => Recognize the symptoms of CG infection and its vectors (see
and vectors found in the State page 3-5 Similar Symptoms on page c-G), and

=& Set traps for vectors.

2. Select a sentinel tree (of a susceptible species) in an area
where CG and the vectors have not been found.

3. Direct trained surveyors to set traps in sentinel trees, then
inspect the following:

= Sentinel trees for signs of CG infection, and
= Traps every 30—90 days for trapped vectors.

The area is Targeted 1. Request a query from PPQ-National Identification
residential and at Survey on Services—Pest Interception Database.
high risk page 3-6 2. Search for Citrus spp. plants seized in passenger baggage

for any pest.

3. Compare CG world-wide distribution with results from
previous step (2), then use United States census data to
identify zip codes with a higher number of residents that may
have originated in those countries.

4. Make contact with residents before inspecting trees on their
property.
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Detecting
Disease
Symptoms

Detecting Vectors

Detecting
Disease and
Vectors

Symptom Survey—In states where one of the CG insect vectors is known to
occur, follow these steps to conduct a symptom survey for the disease:

1. Train surveyors to recognize the symptoms of CG infection on various
hosts (see Visual Inspection for Detection Survey on page 3-11), and

2. Direct trained surveyors to look for those symptoms.

Vector Survey—If the psyllid vectors are not known to occur in the survey
area, use the following tools to detect them during a survey:

€ Visual inspection (see Visual Inspection for Detection Survey on page
3-11),

€ Sweepnets (see Sweepnet on page 3-13),
@ Detection Traps (see Detection Traps on page 3-13), and
¢ Tap Sampling (see Tap Sampling on page 3-13).

Winged adults are easier to see than nymphs because they appear flattened on
a host leaf surface similar to scale insects. Flush growth on host plants is the
most likely place to find adults and nymphs.

Conduct a vector survey in citrus nurseries that sell orange jasmine (Murraya
paniculata). Orange jasmine is the preferred host of the Asian citrus psyllid
(Diaphorina citri). Do not analyze orange jasmine for the presence of the CG
pathogen.

Vector Survey for CG—If the psyllid vectors are known to occur in an area,
follow this sequence to detect CG in vectors:

1. Use aspirators, sweepnets, or detection traps to collect psyllid
specimens.

2. Use molecular diagnostic techniques to analyze psyllid specimens for
the presence of the CG pathogen.

3. If vectors are confirmed positive for CG in a state or county where the
disease has not been confirmed in plant tissue, continue to survey the
area for plant disease symptoms. Take both symptomatic and
non-symptomatic leaf samples from the tree where the positive psyllids
were collected. Also look for symptoms on other host trees in the
residential area or grove surrounding the site.

Sentinel Survey—Sentinel trees are specific trees selected to conduct surveys
on a repeated basis (every month or several times per year). In states where
CG and the vectors have not been found, survey specific designated trees on a
continuing basis. Conduct a sentinel survey in residential or commercial
groves. Follow this sequence:

1. Train surveyors to do the following;:

June 02, 2008

Citrus Greening Disease 35

Plant Protection & Quarantine



Chapter 3
Survey Strategies

A. Recognize the symptoms of CG infection and its vectors (see Similar
Symptoms on page C-6), and

B. Set detection traps for vectors.

2. Select a sentinel tree in an area where CG and the vectors have not been
found. Select a susceptible species as a sentinel tree. The most
susceptible CG hosts are orange, mandarin, tangelo, and tangerine. The
most susceptible psyllid hosts are Murraya spp. and Citrus spp.

3. Direct trained surveyors to set detection traps in sentinel trees, then
inspect the following:

% Sentinel trees for signs of CG infection, and

R

% Traps every 30—90 days for trapped vectors'.

Targeted Survey—Consult PPQ-National Identification Services or a PPQ
Identifier to conduct a query from the Pest Interception Database (commonly
referred to as Pest ID) system. Target the survey in residential neighborhoods
that are at high risk. Using Pest ID, search for Citrus spp. plants seized in
passenger baggage for any pest. Results will indicate source countries for host
plants carried by passengers. Couple the CG world-wide distribution with
this list and then use United States census data to identify Zip Codes with a
higher number of residents that may have originated in those countries.
Surveys can be then targeted in higher risk areas.

Targeted surveys are useful in detecting new foci of infection from
unauthorized importations of infected plant material. Outreach materials can
be distributed door-to-door. Make contact with residents before inspecting
trees on their properties.

Delimiting Survey
After a new U.S. detection, or when a detection in a new area is confirmed,
conduct a delimiting survey to define the geographic location of the pest.

Surveys after the first U.S. detection should be most intensive around the
known positive detection(s) and any discovered through traceback and trace
forward investigations. The intensity of survey sampling around the known
positives will lessen in concentric circles away from the positive points on a
map. The level of sampling in various radii away from the known infestation
will depend on recommendations from USDA-CPHST-ARS, and other
scientists, and will also depend on resources available. These surveys should
include residential, nursery, and commercial groves with the results mapped
to develop potential quarantine boundaries.

Because the disease is distributed randomly;, all citrus trees—if
possible—should be inspected for the presence of CG symptoms. Be aware
that symptoms may occur on only one or a few branches, or (in later stages of

1 If psyllids are being trapped for PCR analysis, they should not be left in traps for more than 48 hours
before analysis.
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infection) throughout the canopy of the tree. Foliar symptoms resemble
certain mineral deficiency symptoms and those produced by several other
citrus diseases.

When in doubt, always collect and submit samples for laboratory analysis.
See Procedure for Sampling and Identification on page 4-4 for more
information on laboratory analysis.

The use of a sentinel tree system like that in place for citrus canker in Florida
would be an appropriate survey strategy for this disease, but a more intensive
stratified survey around known positive detections will help delimit the
extent of the disease in that area.

Data collection can be simplified by the use of preprogrammed hand held
units that allow ease of data recording with GPS capability. If available, use
PPQ-Integrated Survey Information System (ISIS) for gathering and reporting
survey information. ISIS is an internal database. Consult the PPQ Pest Survey
Specialist in your area for more information.
Collect the following data during surveys:

¢ Date of collection,
Sample number from predetermined numbering system,

Collector’s name and agency,

Full address including county,

*® 6 o o

Type of property (residential, nursery, commercial grove, feral or
abandoned grove),

Grower'’s field identification numbers (if appropriate),
GPS coordinates of the host plant and property,
Species and cultivar of host plant,

Observations of the number of infected trees,
Presence of vectors,

General conditions or any other relevant information, and

® 6 6 6 O o o

Positive or negative results from testing (recorded later).

Recording negative results in surveys is just as important as positive
detections, since it helps define an area of infestation. A system of data
collection should include an efficient tracking system for suspect samples
such that their status is known at various stages and laboratories in the
confirmation process.
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Rapid Delimiting Survey—A rapid delimiting survey is one which uses
concentric annuli in circular transects. Survey task forces start surveying at
one or more known positive host plants in a given location, then conduct
inspections in increasing five mile increments along the arcs of concentric
annuli.

Depending on the availability of hosts and survey resources, the first 5 mile
annulus has 16 equally spaced survey points around the circle. As suspect
positive hosts are discovered in the first 5 mile arc, the next survey points will
be in a 10 mile annulus, with 32 points, and 15 miles with 64 points (Figure 3-1
on page 3-8).

If no suspect positive hosts are discovered at a five mile increment, survey
crews begin to work back toward the center point to define the delimitation of
the infestation. At each sampling point, surveyors will search for the nearest
host tree in the immediate area for susceptible hosts (Figure 3-1 on page 3-8).
Use the following order of plant preference when sampling:

1. Orange, mandarin, tangelo, and tangerine

2. Pummelo, grapefruit, and sour orange

3. Lemon and lime
Examine trees for the presence of yellow shoots, foliar mottling, zinc pattern

deficiency, and yellow veins. See Symptoms On Citrus on page C-1to view
images of symptoms.

Transect Line

FIGURE 3-1 (A) Sampling points along concentric annuli transects at 5-mile
increments away from a known positive host tree (B) Sampling points along an arc
transect showing where searching begins to find the nearest host tree for survey

3-8

Citrus Greening Disease June 02, 2008
Plant Protection & Quarantine



Chapter 3
Survey Strategies

If no disease symptoms are found or no hosts are found in the sampling point
area, search for hosts and symptoms at points adjacent on the same annulus.
Depending on the survey crew’s instructions, and with no evidence of the
disease, searches can begin in 1-mile increments back toward the center of the
sampling annuli (Figure 3-2). At each sampling point, surveyors will search
for the nearest host tree in the immediate area for susceptible hosts.

FIGURE 3-2 (A) If disease is not found in the transect sampling point, travel back
toward center sampling in one mile increments. (B) If disease is found to extend

beyond an annulus in one or two directions, use a partial annulus combined with

information from other transects to define the boundaries of the infestation.

Use the following order of plant preference when sampling:
1. Orange, mandarin, tangelo, and tangerine
2. Pummelo, grapefruit, and sour orange

3. Lemon and lime

Examine trees for the presence of yellow shoots, foliar mottling, zinc pattern
deficiency, and yellow veins. See Symptoms On Citrus on page C-1 for
images of symptoms.

Further narrowing of infestations boundaries is possible by continuing
sampling in different directions along newly defined transects along the
annuli. Once suspect samples have been identified and new positive locations
are mapped, the points around the original positive trees will more clearly
define the extent of the infestation. Refinements will occur with increased
sampling.

Depending on the configuration of the survey area, linear transects can be
used instead of concentric annuli for conducting a rapid delimiting survey.
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Survey for Satellite Infestations

After one or more infestations are delimited, regulatory and control measures
may require the removal of exposed hosts around the known infested areas.
Further surveys will be necessary to discover satellite infestations or other
areas of potential infection. Design a sentinel or other stratified survey to
accomplish this (Figure 3-3). See Sentinel Survey on page 3-5 for more
information.

FIGURE 3-3 Stratified survey to detect satellite infestations after delimiting survey

Vector Survey for Predicting Future Outbreaks

Citrus psyllids that are in a known area of CG infestation may be subjected to
PCR diagnostics to determine their status as carriers of the pathogen.

See See Psyllid Samples on page 4-6 and Identification of Psyllids on
page D-1 for methodology when submitting psyllid vectors for identification,
and for the testing of psyllid vectors for the presence of disease. Collect
psyllids with aspirators, sweep-nets, or detection traps. Collection of psyllids
for this purpose should include all appropriate data as plant samples.
Conduct vector surveys on the edge of the citrus grove, where psyllid
populations might be higher.

Overlay results in map layers with known plant infections and citrus
occurrence. Analysis of the maps can help predict the occurrence of CG in
subsequent seasons.

310

Citrus Greening Disease June 02, 2008
Plant Protection & Quarantine



Chapter 3
Survey Tools

Monitoring Survey

Inspections during the same, or subsequent, growing seasons are appropriate
in order to examine hosts for symptoms. After any control or eradication
procedures are conducted, it is necessary to do follow-up monitoring surveys
to assess the success of the program. Also, in areas where control actions have
occurred and trees have been removed, monitor for new host plants that may
have sprouted from roots remaining in the ground. The length of time for this
monitoring should be ascertained in consultation with the Huanglongbing
Science Panel. See Citrus Greening Science Panel on page -ii for a list of
members.

Surveys of Other Hosts

Inspect and sample other ornamental and native hosts in the area for
symptoms. These plants may serve as reservoirs for the pathogen. See
Regulatory Procedures on page 5-1 for more information.

Survey Tools

Visual Inspection
for Detection
Survey

Citrus Greening Disease
Use visual inspection as a tool when surveying for CG.

Limitations—Symptoms alone are not diagnostic. Other plant pathogens or
cultural conditions (fertility, weather, etc.) can cause similar symptoms. Do
not conclude that a plant with the symptoms described below is infected with
one of the three Candidatus Liberibacter species. Assume that the plant is
suspect and take samples for further testing.

CG can be difficult to find for the following reasons:

€ Symptoms are lacking in its early stages (long latent period);

€ Current diagnostic methods fail to detect it;

¢ Before detection occurs, the pathogen may be vectored over a wide area.
The normal interval between vector inoculation and symptom development

ranges from 4—12 months (Hung et al., 2000), but the latency period can be
longer.

Symptoms on Foliage—The foliar symptoms mentioned in this section are not
limited to CG. Symptoms of CG can resemble mineral deficiencies [zinc, iron,
and manganese (see Similar Symptoms on page C-6)] and other diseases
(blight, stubborn, and tristeza).

Early foliar symptoms include the following;:

® Yellowing of leaves—along the midrib and larger veins—spreading to
produce a blotchy, mottled appearance (see Figure C-7 on page C-3 and
Figure C-9 on page C-4); and
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® Yellow shoot appears on the tree (see Figure C-6 on page C-2).

Yellowing of leaves may not be noticed until the yellow shoot appears on the
tree. The changes are usually confined to one limb or sector of the tree; other
limbs bear leaves and fruit that appear healthy. However, if infected at an
early age, the yellowing may spread to the entire tree.

Infected sectors of trees exhibit the following symptoms on leaves:
® Leaves small, sparse, upright; and

¢ Appearance of zinc deficiency symptoms including green veins with
chlorotic interveinal areas (see Figure C-12 on page C-6).

Leaves with CG have a mottled appearance that differs from nutrition-related
mottling. HLP-induced mottling usually crosses leaf veins. Nutrition related
mottling usually occurs between or along leaf veins. However, in both cases,
leaves may be small and upright.

Symptoms on Fruit—Unlike foliage, symptoms on fruit are much more
characteristic of and specific to this disease, although there is some overlap
with the symptoms produced by several other citrus diseases.

Symptoms on fruit include the following:

€ Fruit is smaller than normal;

@ Fruit is usually lopsided (caused by a curved columella):

R

% Shaded side remains green

R

% Normal coloring develops on unshaded side (see Figure C-10 and
Figure C-11 on page C-5)

€ Fruits with a somewhat salty, bitter taste (unsalable); in contrast, fruit
with similar symptoms caused by other citrus diseases is generally
sweeter than normal;

€ Seeds generally aborted; and
@ Fruit drop is heavy.

Other Symptoms—Twig dieback can occur in severe cases. Heavy leaf
abscission and fruit drop, followed by out of season flushing and bloom, can
occur on infected trees and branches. Young (1-2 year old) trees may die from
the infection. Symptoms of feeding by certain psyllid species may also be used
as a possible indicator of their presence. See images of pit-galls caused by
African citrus psyllid in Figure C-4 on page C-1.
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Visual Inspection

Sweepnet

Detection Traps

Tap Sampling

Citrus Psyllids
Use visual inspection, a sweepnet and traps as tools when surveying for citrus
psyllids.

Inspect the new flush growth of citrus plants for the presence of psyllids. Use
an aspirator to collect the psyllids and place them in alcohol.

Use a sweepnet to collect psyllids in foliage of citrus or other hosts. Preferred
citrus hosts or orange jasmine (Murraya paniculata) are more likely to yield
positive samples if psyllids are present in the area. Take several sweeps
against foliage in 15 inch arcs. Choose sites in a variety of geographic areas
where hosts occur, especially in urban areas or areas around nurseries.
Examine the insects under a dissecting microscope. Submit suspect specimens
to an identifier.

Use yellow or blue sticky cards or suction traps to detect psyllids. Place yellow
or blue sticky cards at 0.5 meters in height on or within preferred host plants.
Check traps regularly and have an identifier examine them. Suction traps
have been used experimentally and may be effective for monitoring pysllids
in flight.

Use a short piece of PVC pipe or a stick to firmly tap a branch while holding a
pan or beating sheet under it. Psyllids or other insects present will fall on the
sheet and can be aspirated before taking flight (Hall, ef al. [in press]).

Traceback and Trace Forward Investigation

Traceback and trace forward investigations help determine priorities for
delimiting survey activities after an initial U.S. detection. Traceback
investigations attempt to determine the source of infection. Trace forward
investigations attempt to define further potential dissemination through
means of natural and artificial spread (commercial or private distribution of
infected plant material). Once a positive detection is confirmed, investigations
are conducted to determine the extent of the infestation or suspect areas in
which to conduct further investigations.

Homeowner Properties

For positive detections on homeowner properties, ask the owner of the
infected material to determine where it originated (nursery, neighbors, etc.)
and where it might have been further distributed.

Nursery Properties

For nursery hosts, compile a list of facilities associated with infected nursery
stock from those testing positive for CG. The lists will be distributed by state
to the field offices, and are not to be shared with individuals outside
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USDA-APHIS-PPQ regulatory cooperators. Grower names and field
locations on the lists are strictly confidential, and any distribution of lists
beyond appropriate regulatory agency contacts is prohibited.

When notifying growers on the list, be sure to identify yourself as a USDA or
state regulatory official conducting an investigation of facilities that may have
received CG infected material. Speak to the growers or farm managers and
obtain proper permission before entering private property.

Several actions need to occur immediately upon confirmation that a citrus
nursery sample is positive for CG:

€ Check nursery records to obtain names and addresses for all sales
during the prior six months. These should be grouped in three sales
categories prior to the confirmation of CG:

0

«» Past one month,

R

«» Past three months, and

R

«» Past six months.

€ Evaluate the disease situation, including identification and inspection of
the budwood source(s) of the diseased tree(s), the location within the
nursery, and the disease severity.

See Regulatory Procedures on page 5-1 and Control on page 6-1 for more
information).

Guidelines for Conducting Surveys

Twigs, Leaves
and Petioles

Follow these guidelines when designing a program to survey residential
areas, commercial groves, or nurseries, for CG or its vectors.

Residential Areas

Important Follow sanitation precautions to avoid spreading plant disease. See
Sanitation on page 3-2 and Disinfecting Equipment on page F-1 for more
information.

Inspect citrus trees on the property for CG symptoms and the presence of
citrus psyllids. Examine newer foliage and branches on larger trees, since
older foliage is frequently spotted by other pathogens or covered with sooty
mold, which can make it difficult to see CG symptomes.

If symptoms are found on a tree, collect samples from those areas of suspect
trees that show the best symptoms. Collect green twigs (6—8 inches long)
with leaves and petioles attached. Some asymptomatic leaves on the same
branches may also be submitted with symptomatic ones.
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Fruit

Handling and
Shipping

Records

If Most Trees
Show Symptoms

Citrus Psyllids

If you have access to a camera, take a photograph of the symptomatic region
of the tree. Also, take photographs of the entire tree, being sure to include the
symptomatic region in the photograph.

Since fruit symptoms are far more indicative of CG than foliar symptoms, you
should carefully examine any fruit that may be present on the affected
branches. If any fruit showing CG symptoms are found, several typical
symptomatic fruit should be submitted with the leaf and twig samples. Fruit
is not known to harbor high concentrations of the bacterium, so it should not
be sampled without accompanying leaf or stem tissue from the same tree.

Pack leaves between dry paper towels and bundle the twigs together with a
rubber band, then place samples in resealable plastic bags along with their
identification. Double bag the sample and place the sample information on a
sheet in the outside bag.

Fruit samples should be wrapped in dry paper towels and placed in paper
bags, along with their identification. Double bag the sample. Keep the
samples as cool as possible, and ship them via overnight delivery to the
laboratory. Call the laboratory and advise them that samples are being
shipped.

Mark the tree with the sample identification, draw a map of its location on the
property, and record GPS coordinates since tags are easily lost.

If most (or all) citrus trees on the property show symptoms throughout the
tree, it may indicate a mineral deficiency problem. Submit samples from
several of the trees exhibiting typical symptoms. Any trees with symptoms
confined to one or a few branches, rather than the entire tree, should be
sampled.

Trees should also be checked for the presence of psyllid vectors, particularly if
new growth is present. If small pit galls are seen on young leaves, African
citrus psyllids may be present. Samples of this psyllid should be collected and
submitted for identification, regardless of which state the African psyllids are
found in. Mark the tree the psyllids were collected from, and record its
location using GPS.

Note the presence or absence of orange jasmine on the property, and if present
check for Asian citrus psyllids. If Asian citrus psyllids are found in any states
other than Florida or Texas, submit samples for identification of psyllids and
the presence of Ca. Liberibacter spp. See Identification of Psyllids on page
D-1 and DNA Extraction and PCR Detection in Citrus on page E-1 for more
information.
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Twigs, Leaves
and Petioles

Fruit

Handling and
Shipping

Commercial Groves

Walk every row in the orchard in order to inspect as much of the newer
growth and young branches on the outside of the trees as possible. Examine
newer foliage and branches on larger trees, since older foliage is frequently
spotted by other pathogens or covered with sooty mold, which can make it
difficult to see CG symptoms.

Important Follow sanitation precautions to avoid spreading plant disease. See
Sanitation on page 3-2 and Disinfecting Equipment on page F-1 for more
information.

Important Reschedule inspections for commercial orchard blocks where harvesting

operations are underway. Ask the owner or manager if any other cultural
operations (e.g., hedging, irrigating, or fertilizing) are planned that might
interfere with the inspection, and reschedule if necessary. Surveys should be
scheduled for times when the citrus orchards are producing new foliage.
Determine when the most likely season for flush of new leaves occurs in your
area and try to target that time for surveys. Also check all sentinel trees in
the areas adjacent to commercial groves.

If symptoms are found on a tree, collect samples from those areas of suspect
trees that show the best symptoms. Collect green twigs (6—8 inches long)
with leaves and petioles attached. Some asymptomatic leaves on the same
branches may also be submitted with symptomatic ones.

If you have access to a camera, take a photograph of the symptomatic region
of the tree. Also, take photographs of the entire tree, being sure to include the
symptomatic region in the photograph.

Since fruit symptoms are far more indicative of CG than foliar symptoms, you
should carefully examine any fruit that may be present on the affected
branches. If any fruit showing CG symptoms are found, several typical
symptomatic fruit should be submitted with the leaf and twig samples. Fruit
is not know to harbor high concentrations of the bacterium, so should not be
sampled without accompanying leaf or stem tissue from the same tree.

Pack the leaves between dry paper towels and bundle the twigs together with
a rubber band, then place samples in resealable plastic bags along with their
identification. Double bag the sample and place the sample information on a
sheet in the outside bag.

Wrap fruit in dry paper towels and place in paper bags, along with their
identification. Double bag the sample and include collection information on a
sheet inside the bag.

Keep the samples as cool as possible, and ship them via overnight delivery to
the laboratory. Call the laboratory and advise them that samples are being
shipped.
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Records

Citrus Psyllids

Mark the tree with the sample identification number, and draw a map of its
location within the block and the location of the block on the property. It may
be helpful to designate one corner of the block —for example, NE corner—and
count the number of rows from that corner and the number of trees down the
designated row to precisely locate the sampled tree, or record the appropriate
GPS coordinates. Flagging the sampled branch or branches will make it easier
for subsequent sampling.

Trees should also be checked for the presence of psyllids, particularly if new
growth is present. If small pit galls are seen on young leaves, African citrus
psyllids may be present. Samples of this psyllid should be collected and
submitted for identification, regardless of which state the African psyllids are
found in. See Identification of Psyllids on page D-1 for more information.
Mark the tree the psyllids were collected from and map its location.

If Asian citrus psyllids are found in any states other than Florida or Texas,
samples should be collected and submitted for identification. See Survey
Procedures on page 3-1 for more information. Note the position of any
sample with GPS coordinates.

Nurseries
Citrus nurseries generally employ one or more of the following methods to

grow trees:
€ Outdoors in rows in the ground;
4 Outdoors in containers (may be under shade cloth or in a lath house);
@ Fully enclosed in a screenhouse, generally in containers; and
¢ Fully enclosed in a greenhouse, generally in containers.

Trees in rows in the ground are usually budded sequentially by budders
moving down the rows. This is often not true of container-grown trees, which
are moved about as nursery operations dictate.

Important Follow sanitation precautions to avoid spreading plant disease. See
Sanitation on page 3-2 and Disinfecting Equipment on page F-1 for more
information.

Important Nursery stock may be widely disseminated throughout a large geographic

are—especially stock purchased by big retail chains—making it very
important to thoroughly inspect all host trees being grown in the nursery.

Depending on tree and row spacing, it may be necessary to walk every row in
order to see all of the foliage on each tree. Examine newer foliage and
branches on larger trees, since older foliage is frequently spotted by other
pathogens which may make it difficult to see CG symptoms. Any budwood
source trees located at the nursery should also be inspected.
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Twigs, Leaves
and Petioles

Fruit

Handling and
Shipping

Records

High Suspect
Samples

Citrus Psyllids

Collect green twigs (6 —8 inches long) with leaves and petioles attached. Some
asymptomatic leaves on the same branches may also be submitted with
symptomatic ones.

Since fruit symptoms are far more indicative of CG than foliar symptoms, you
should carefully examine any fruit that may be present on the affected
branches. If any fruit showing CG symptoms are found, several typical
symptomatic fruit should be submitted with the leaf and twig samples. Fruit
is not know to harbor high concentrations of the bacterium, so should not be
sampled without accompanying leaf or stem tissue from the same tree.

Pack the leaves between dry paper towels and bundle the twigs together with
a rubber band, then place samples in resealable plastic bags along with their
identification and accurate GPS coordinates. Double bag the sample and place
the sample information on a sheet in the outside bag.

Wrap fruit samples in dry paper towels and place in paper bags, along with
their identification and accurate GPS coordinates. Double bag the sample.
Keep the samples as cool as possible, and ship them via overnight delivery to
the laboratory. Mark the samples and the package to indicate that they are
nursery samples. A hold will be placed on the nursery until the samples are
can give these samples priority handling. Call the laboratory and advise them
that nursery samples are being shipped.

Flag the sampled tree and attach the appropriate identifying numbers to it, as
well as mapping its location within the block and the nursery and acquire
accurate GPS coordinates.

If high suspect samples are obtained, instruct the nursery owner or manager
not to move nursery stock out of or within the property until results are
obtained. (See Rating of Suspect Plant Tissue Samples on page 4-6 for more
information on sample rating.) Several suspect trees occurring sequentially in
a row of young field-grown stock suggests the possibility that they were
propagated from infected budwood. Question nursery personnel to determine
the source of the budwood used to bud the stock and examine the tree if
present. Based on this finding, conduct additional trace forward-traceback
investigations if appropriate.

Trees should also be checked for the presence of psyllids. If small pit galls are
seen on young leaves, African citrus psyllids may be present. Samples of the
psyllids should be collected and submitted for identification. See
Identification of Psyllids on page D-1 for more information.

Note the presence or absence of orange jasmine on the property, and if present
check for Asian citrus psyllids. If Asian citrus psyllids are found in any states
other than Florida or Texas, samples should be collected and submitted for
identification.

Mark the tree the psyllids were collected from and map its location and obtain
accurate GPS coordinates.
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Accurate identification of citrus greening disease (CG) is pivotal to assessing
its potential risk, developing a survey strategy, and determining the level and
manner of control. Identification of the psyllid vectors is especially important
in a new area where the disease is not known to occur. Increased surveillance
for the disease may be undertaken in these areas once a vector is confirmed
there.

Consult DNA Extraction and PCR Detection in Citrus on page E-1 for
details on approved diagnostic methods for the pathogens that cause CG.

A USDA-recognized, centralized national survey screening center must
positively identify the first suspected pest before initiation of survey and
control program quarantine activities. Subsequent identifications may be
performed elsewhere. For details, see Centralized National Survey Screening
Laboratory on page 4-2.

PPQ permit and registration requirements for plant diseases and laboratories
fall under the following two authorities:

€ Plant Protection Act (7 CFR Part 330) (See Plant Protection Act on
page 4-2)

€ Agricultural Bioterrorism Protection Act of 2002 (7 CFR Part 331) (See
Agricultural Bioterrorism Protection Act on page 4-2)

Laboratories receiving suspect infected plant material or cultures are required
to have PPQ permits. Laboratories possessing, using, or transferring select
agents are required to be registered. However, diagnostic laboratories that
identify select agents are exempt from this requirement as long as they
complete APHIS—Centers for Disease Control and Prevention (CDC) Form 4
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and destroy or transfer infected material to a laboratory registered with the
APHIS Select Agent Program within the mandatory seven days. APHIS-CDC
Form 4 is available at the Select Agent Web site.

Address Agricultural Select Agent Program:
http://www.aphis.usda.gov/programs/ag_selectagent/index.html
Telephone: (301) 734-5960

Centralized National Survey Screening Laboratory

A National survey conducted in citrus growing states requires consistency in
diagnostic procedures, and assurances that requirements for handling select
agents are followed. During a survey, centralized molecular diagnostic
screening tests must be conducted for all CG host material rated as high or
medium suspect for CG. (For more information on rating, see Rating of
Suspect Plant Tissue Samples on page 4-6.)

Until a CG proficiency test panel and laboratory approval program is
implemented, all suspect CG plant and vector samples collected in the
APHIS-funded National survey must be sent to the PPQ-National
Identification Services—-Molecular Diagnostics Laboratory (MDL).

Address Dr. Mary E. Palm
USDA-APHIS-PPQ-National Identification Services
Molecular Diagnostics Laboratory
BARC-East, Bldg. 580
Powder Mill Rd.
Beltsville, MD 20705
T: 301-504-7154 or 504-5700 ext. 327
F: 301-504-6124
Email: mary.palm@aphis.usda.gov

See Procedure for Sampling and Identification on page 4-4 for more
information.

Plant Protection Act

Plant Protection Act permit requirements apply to all plant pests and infected
plant material, including diagnostic samples, regardless of their quarantine
status. If any material is shipped interstate, the receiving laboratory must have
a permit. For further guidance on permitting of plant pest material, consult
PPQ Permit Services or visit the PPQ Permits Web site.

Address PPQ Permits Web site: http://www.aphis.usda.gov/plant_health/permits/
Telephone: (301) 734-8758

Agricultural Bioterrorism Protection Act

Federal regulation on Agricultural Bioterrorism Protection Act of 2002 (7 CFR
Part 331) specifies requirements for possession, use, and transfer of organisms
listed as select agents and toxins. Once an unregistered diagnostic laboratory
identifies a select agent, they must take the following steps immediately:
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1. Notify the APHIS Agriculture Select Agent Program,
2. Complete and submit APHIS/CDC Form 4 within 24 hours, and

3. Destroy or transfer the agent to a registered entity within 7 days.

In compliance with this Act, if a diagnostic laboratory held back part of a
screened sample for voucher purposes and that sample (forwarded to the
PPQ-Molecular Diagnostics Laboratory) came back as positive for a select
agent, the diagnostic laboratory is required to notify staff in the APHIS Select
Agent Program immediately.

If the determination of the unregistered laboratory is to destroy the sample,
this must take place within seven days of results notification and a PPQ
Officer must witness the destruction of the sample on or before the seven-day
period expires. Clarification of this and other information related to
adherence to the select agent regulations is available on the APHIS
Agricultural Select Agent website.

Address Agricultural Select Agent Program: http://www.aphis.usda.gov/programs/
ag_selectagent/index.html
Telephone: (301) 734-5960
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Procedure for Sampling and Identification

Samples of plants exhibiting CG symptoms must be submitted through
normal regulatory networks. Follow the instructions below.

Instructions

1. Field personnel who are participating in a National survey will collect
samples of plants that exhibit CG symptoms, and then submit the
samples to a regulatory laboratory through their usual network. See
Symptoms On Citrus on page C-1 for images of symptoms to look for.

Sampling &
Shipping
Instructions

=¢ Collect leaves with mid-ribs that are attached to stems.
=& | eaf samples

1. Send a minimum of 20 leaves with stems.

2. Place leaf and stem samples with paper towels in two resealable
plastic bags, one bag inside another larger bag.

3. Express air from bag.

4. Seal bag.

5. Record sample identification number on bag.

6. Keep samples cool, but not frozen (in an ice chest).

=& Fruit samples

1. Place fruit in two paper bags, one bag inside another larger bag.
2. Record sample identification number on bag.
3. Keep samples cool but not frozen (in an ice chest is good).

= Pack resealable bags inside a sturdy cardboard box. Include packing
material to prevent movement in the box. Omit ice packs.

=& Assign and record for each sample a unique ID sample number. Assure
that the sample is linked to any survey data collected for that sample by
including the Survey ID number on the form.

=¢ Include the completed PPQ 391 Specimens For Determination on page
B-2—and any relevant tags or barcodes that came with the
sample—inside the outer bag.

=& Do not send fruit samples without accompanying suspect leaf samples
from the same tree.

=> Use overnight delivery to ship samples; FedEx®is preferred. Send
samples on the same day they are collected, or before noon the following
day. Ship samples Monday through Thursday only.
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2. Regulatory laboratory will use Table 4-1, “Decision table to determine
rating of sample,” on page 6 to perform a diagnostic test to rate samples
as high, medium, or low suspect for CG.

3. Regulatory laboratory will forward all high and medium suspect leaf
and stem samples to PPQ-National Identification Services-Molecular
Diagnostics Laboratory (MDL).

Address

Instructions

Dr. Mary E. Palm

USDA-APHIS-PPQ-National Identification Services
Molecular Diagnostics Laboratory

BARC-East, Bldg. 580

Powder Mill Rd.

Beltsville, MD 20705

T: 301-504-7154 or 504-5700 ext. 327

F: 301-504-6124

Email: mary.palm@aphis.usda.gov

=& Do not forward fruit samples without accompanying suspect leaf samples
from the same tree.

=0 Mark packaging for all CG survey samples as follows: ATTENTION APHIS
CITRUS SAMPLES

4. MDL will conduct molecular diagnostic screening tests on all samples
that rate as high or medium suspect, with results within 24 hours after
receipt. If a presumptive positive sample is determined, MDL will notify
the originating state and PPQ.

Address

Important

Dr. Mary E. Palm

USDA-APHIS-PPQ-National Identification Services
Molecular Diagnostics Laboratory

BARC-East, Bldg. 580

Powder Mill Rd.

Beltsville, MD 20705

T: 301-504-7154 or 504-5700 ext. 327

F: 301-504-6124

Email: mary.palm@aphis.usda.gov

Do not send samples directly to MDL unless given specific instructions to do
Sso.
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Rating of Suspect Plant Tissue Samples

Regulatory laboratories will use Table 4-1, “Decision table to determine rating
of sample,” on page 6 to perform a diagnostic test to rate samples as high,

medium, or low suspect for CG.

TABLE 4-1 Decision table to determine rating of sample

If symptoms include the following:

Then apply this
suspect rating for
CG:

Classic CG mottle! alone or accompanied by one or more of the
following symptoms:

@ Zinc-like deficiency
€ Yellow veins
& Corking veins

4 Misshapen or oddly colored fruit

High

Non-classic mottle? alone or in combination with the following
symptoms:

4 Yellow veins
@ Vein corking
@ Chlorotic leaves

€ Zinc deficiency

Medium

@ Zinc and other general deficiencies

€ Mottling resulting from insect injury, fungal diseases, and
mechanical damage to leaves

€ Naturally senescing leaves

@ Genetic variegation

Low

1 Classic CG mottle is usually visible on both leaf surfaces and mottling/discoloration passes

through veins.

2 Non-classic mottle is visible only on adaxial surface and may or may not cross veins.

Psyllid Samples

If psyllids are forwarded for detection of the CG pathogens, make sure the
insects are first correctly identified as citrus psyllids. This is especially
important in states or counties where the citrus psyllid is not known to occur.
After several citrus psyllids in an area have been confirmed, rely on local

identifiers for verification of psyllid samples.

Psyllid samples taken for PCR analysis should be collected live and preserved
in alcohol immediately. Psyllids that have been dead for more than two days
(including those on sticky cards) will not yield accurate results when

analyzed using PCR.
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Identification of citrus psyllids carrying CG requires two steps:

Step 1. Confirm that the insect is a citrus psyllid.

Instructions  =® Place the insects in a leak-proof vial containing 70% ethyl alcohol.
=& Submit at least 3 insects from a location; more are preferable.
> Write the sample ID number in pencil on a label inserted into the vial.

=¢ |f the psyllid vectors of CG are not known to occur in the state, and
suspect detection is made, fill out a separate PPQ Form 391 marked
Urgent and forward to the Leader, Taxonomic Services Unit, Beltsville, MD.
For instructions on completing PPQ Form 391, see PPQ 391 Specimens
For Determination on page B-2.

=> Some overnight carriers will not accept specimens manifested as
preserved in alcohol, due to regulations on air transport of flammable
materials. Ground transportation may be required.

Address Leader, Taxonomic Services Unit
USDA-ARS-BA-PSI
Building 046, Room 101A, BARC-EAST
Beltsville, MD 20705-2350

Step 2. Conduct PCR analysis of citrus psyllids to detect CG.

Instructions =& Place the insects in a leak-proof vial containing 95% ethyl alcohol. The
proper alcohol concentration is important for effective PCR analysis.

¢ Submit at least 3 insects; more are preferable.
= Write the sample ID number in pencil on a label inserted into the vial.

=& |f the psyllid vectors of CG are not known to occur in the state, and
suspect detection is made from a site, for proper insect identification fill
out a separate PPQ Form 391 marked Urgent and forward to the Leader,
Taxonomic Services Unit, Beltsville, MD. For instructions on completing
PPQ Form 391, see PPQ 391 Specimens For Determination on page
B-2.

=& Some overnight carriers will not accept specimens manifested as
preserved in alcohol, due to regulations on air transport of flammable
materials. Ground transportation may be required.

Address Leader, Taxonomic Services Unit
USDA-ARS-BA-PSI
Building 046, Room 101A, BARC-EAST
Beltsville, MD 20705-2350
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Sample Identification and Record Keeping

An electronic data collection system for survey and sample collection is
currently being developed. Until the protocols for that system are finalized,
complete a PPQ form 391. See PPQ 391 Specimens For Determination on
page B-2 for a copy of the form and instructions for completing it.

Inspectors must provide all relevant collection information with samples. This
information should be communicated within a state and with the regional
office program contact. If a sample tracking database is available at the time of
the detection, please enter collection information in the system as soon as
possible.

Web-Based Reporting Tool

A World Wide Web-based survey and diagnostic data collection and reporting
tool for CG is in the development phase. When available, guidelines for data
entry, access, and reporting will be provided by the PPQ Regional Program
Manager.

State or Other Diagnostic Screening Laboratories Results

If a state, university, National Plant Diagnostic Network (NPDN), or private
laboratory performs a PCR assay and detects a presumptive positive outside
the national survey process outlined here, they must abide by the
requirements under the Agriculture Bioterrorism Protection Act of 2002 (7
CFR 331). For more information, see Agricultural Bioterrorism Protection Act
on page 4-2.

Diagnostic screening laboratories receiving samples are to communicate the
date of receipt with their State Plant Regulatory Official and/or State Plant
Health Director. All relevant sample information, and the diagnostic lab’s
determinations, must be communicated as soon as possible within a State and
with the PPQ regional office program contact.

Approved Laboratory for Confirmatory Testing

Once the plant material has been screened and is known to be presumptive
positive by molecular diagnostics, as soon as possible by overnight carrier
forward the sample with the accompanying PPQ Form 391 to the
USDA-APHIS-PPQ-Molecular Diagnostics Laboratory (MDL) in Beltsville,
MD, for confirmation. MDL is authorized by APHIS to receive suspect
domestic select agent plant pathogens under APHIS permit number 65253. A
copy of the MDL permit for suspect domestic select agent pathogens need not
accompany the package. See PPQ 391 Specimens For Determination on
page B-2 for more information on completing the form.

Potentially Actionable Suspect samples (PASS) in a program must be

confirmed by MDL. MDL is the APHIS-PPQ-National Identification Services-
recognized taxonomic authority for this pathogen. In the case of CG, the first
presumptive positive(s) in a state are PASS samples. Presumptive positives in
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counties outside of the initial positive county are also PASS samples. Any
presumptive positive from a new host or other unexpected or unusual find
must be treated as PASS samples.

The diagnostic laboratory with proper authorizations to do final confirmatory
testing for Candidatus Liberibacter is the USDA-APHIS-PPQ-Molecular
Diagnostics Laboratory (MDL) in Beltsville, MD. Notify MBL by email or fax
that material is being sent; include the overnight service name and tracking
number.

After the establishment of an emergency program, other laboratories may be
certified and given authorizations to perform PPQ diagnostic tests.

Address Dr. Mary E. Palm
USDA-APHIS-PPQ-National Identification Services
Molecular Diagnostics Laboratory
BARC-East, Bldg. 580
Powder Mill Rd.
Beltsville, MD 20705
T: 301-504-7154 or 504-5700 ext. 327
F: 301-504-6124
Email: Mary.Palm@aphis.usda.gov

Saturday Delivery to Molecular Diagnostics Laboratory

Do not send samples on Thursdays or Fridays because they may deteriorate
over the weekend.

When approved by APHIS officials, samples may be sent on Thursdays or
Fridays by Federal Express®because it is possible to have Saturday delivery
by overnight carriers to the Beltsville facility. However, this must be
determined by consultation and arrangement with APHIS. If you verify with
APHIS officials that samples will be accepted on Saturday, the Federal
Express® tracking number to the MDL in Beltsville must be provided by
Friday no later than 2 PM EST by email so they can notify their local office to
authorize Saturday delivery.

Notification of State Officials of Sample Submissions and

Results

Notify the State Plant Health Director and State Plant Regulatory Officials in
the sample state of origin and fax the PPQ regional office of any sample
forwarding information, completed documentation, including overnight
freight tracking information. Once results are known, States will be notified
by the PPQ regional office of the results.

Do not contact the MDL to get sample results. This information will be
reported through the appropriate and approved reporting lines to the regions
and States from PPQ headquarters as soon as they are available. The MDL will
direct any inquiries to PPQ headquarters.
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Sample Processing Time

Growers and cooperators need to be aware that sample processing and testing
time of at least 48 hours is required for the MDL. This is in addition to the time
it takes to process and forward samples from the intermediate state or
cooperating university diagnostic laboratories.
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Instructions to Officers

Agricultural officers must follow instructions for regulatory control measures,
treatments, or other procedures when authorizing the movement of regulated
articles. A full understanding of the instructions and procedures is essential
when explaining procedures to persons interested in moving articles affected
by the quarantine and regulations.

Only authorized treatments may be used in accordance with labeling
restrictions. See Laws Pertaining to Pesticide Use on page 6-1 for more
information.

During all field visits, follow proper sanitation procedures. For more
information, see Sanitation on page 3-2 and Disinfecting Equipment on
page F-1.

Quarantine Actions and Authorities

After an initial suspect positive detection, an Emergency Action Notification
PPQ Form 523 (EAN) can be issued to hold articles or facilities, pending
positive identification by a USDA-APHIS-PPQ recognized authority or
further instruction from the PPQ Deputy Administrator.

If necessary, the Deputy Administrator will issue a letter directing PPQ field
offices to initiate specific emergency action under the Plant Protection Act of
2000 (Statute 7 USC 7701-7758) until emergency regulations can be published
in the Federal Register.
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Overview of Regulatory Program for Citrus Greening Disease

Emergency
Quarantine
Action

Access to Private
Property

The Plant Protection Act of 2000 provides for authority for emergency
quarantine action. This provision is for interstate regulatory action only;
intrastate regulatory action is provided under state authority.

State departments of agriculture normally work in conjunction with Federal
actions by issuing their own parallel hold orders and quarantines for
intrastate movement. However, if the U.S. Secretary of Agriculture determines
that an extraordinary emergency exists and that the measures taken by the
state are inadequate, USDA can take intrastate regulatory action provided
that the governor of the state has been consulted and a notice has been
published in the Federal Register. If intrastate action cannot or will not be taken
by a state, the PPQ may find it necessary to quarantine an entire state.

PPQ works in conjunction with state departments of agriculture to conduct
surveys, enforce regulations, and take control actions. PPQ employees must
have permission of the property owner before entering private property.
Under certain situations during a declared extraordinary emergency or if a
warrant is obtained, PPQ can enter private property in the absence of owner
permission.

PPQ prefers to work with the state to facilitate access when permission is
denied; however, each state government has varying authorities regarding
entering private property. A General Memorandum of Understanding (MOU)
exists between PPQ and each state that specifies various areas where PPQ and
the state department of agriculture cooperate. For clarification, check with
your State Plant Health Director (SPHD) or State Plant Regulatory Official
(SPRO) in the affected state.

Overview of Regulatory Program for Citrus Greening Disease

Once an initial U. S. detection is confirmed, holds will be placed on the
property by the issuance of an EAN. Immediately place a hold on the property
to prevent the removal of CG host plants or budwood, or hosts of the psyllid
vectors. This should include both citrus and non-citrus host plants, such as
orange jasmine (Murraya paniculata).

There is no need to place a hold on fruit, since it poses no risk of pathogen
movement to other trees, provided care is taken to prevent inadvertently
moving psyllid vectors with the fruit.

Results of traceback and trace forward investigations (see Survey Procedures
on page 3-1) from the property will determine the need for subsequent holds
for testing or taking further regulatory actions. Further delimiting surveys
and testing will identify positive properties requiring holds and regulatory
measures prescribed.
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Record Keeping

Record keeping and documentation are important for holds and subsequent
actions:

2

*

Rely on receipts, shipping records and information provided by
homeowners, the grower, farm manager, or nursery manager;

Document the following:

K2

% Origin and destination for shipped plant material,

K2

% Movement of plant material within the facility, and

R

% Cultural or sanitation practices employed.

Record the quantity and type of plant material held, destroyed, or
requiring treatment in control actions;

Consult a master list of properties distributed with the lists of suspect
nurseries based on traceback and trace forward investigations, or
nurseries within a quarantine area;

Draw maps of the facility layout to suspect plants and other potentially
infected areas;

When appropriate, take photographs of the tree symptoms property
layout;

Document plant propagation methods, labeling, and any other situation
that may be useful for further investigation and analysis; and

Keep all written records filed with the EAN copies, including copies of
sample submission forms, documentation of control activities, and
related state issued documents if available.

June 02, 2008
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Issuing an Emergency Action Notification

Find EAN PPQ Form 523 (EAN) in Appendix B on page B-1. The form is also
available electronically at the APHIS Web site.

Address http://www.aphis.usda.gov/library/forms/pdf/ppq523.pdf

Issue an EAN in order to hold all host plant material at facilities that have the
suspect plant material directly or indirectly connected to positive
confirmations. Once an investigation determines the plant material is not
suspect, or testing determines there is no risk, the material can be released and
the release documented on the EAN.

The EAN can also be issued to hold plant material in fields pending positive
identification of suspect samples. Use the same EAN to document actions
taken (such as destruction and disinfection) in the following circumstances:

4 Decision to destroy plants was made, and

¢ Receipt of submitted samples was confirmed.

Additional quarantine action may be warranted in the case of groves that test
positive for CG pathogens.

If plant lots or shipments are to be held as separate units, issue separate EANs
for each held unit of suspect plant material associated with that unit. EANs
are issued under the authority of the Plant Protection Act of 2000 (statute 7
USC 7701-7758). It is advised that states issue their own hold orders parallel to
the EAN to ensure that plant material cannot move intrastate.

When using EANSs to hold articles, clearly specify the actions to be taken. An
EAN issued for positive testing and positive associated plant material must
clearly state that the material must be disposed of, or destroyed, and areas
d