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Abstract

Recent progress on HLB and Diaphorina citri researches are presented, and the
implications of the research findings for understanding of the HLB problem, for improving
management practices, and for developing new technologies or strategies to control the disease
are discussed.

Introduction

For a long time, the HLB occurrence was restricted to Africa and Asia, the Arabian
Peninsula, and the Reunion and Mauritius Islands. More recently the disease reached the
Americas. It was first reported in the State of Sdo Paulo (SP), Brazil, in 2004, then in Florida
(FLA), USA, in 2005, Cuba in 2007, and Dominican Republic in 2008 (Halbert, 2005; Teixeira et
al, 2005; Llauger et al, 2008; Matos et al, 2009). The presence of HLB in these locations has
caused apprehension to the other states and neighboring countries, especially those where the
vector is already present, as is the case of Texas and California (Da Graca et al, 2008; Polek et
al, 2008), and Mexico in North America (Robles et al, 2008), and the remaining states in Brazil
and countries in South America.

Brazil and FLA have faced a dramatic increase in incidence and in geographic distribution of
the disease overtime. In Brazil, the number of affected municipalities increased from 15 in
October 2004 (all located in SP) to 251 in May 2009 (216 in SP, 1 in Minas Gerais and 34 in
Parana States). In FLA, 34 counties were affected by the disease in December 2008 (Halbert et
al, 2008). In USA, the disease also was reported in Louisiana in 2008 and South Carolina in
2009.

In Brazil and FLA, the fast spread of HLB in SP has been associated with severe economic
losses, leading growers and private and governmental agencies to take actions in an attempt to
suppress disease progress locally, and to protect the areas still free of the disease. These
actions include (i) spontaneous or law enforced elimination of symptomatic trees or entire blocks
to reduce inoculum sources, (ii) applications of insecticides to reduce as much as possible
vector populations, (iii) implementation, where it doesn’t exist, of a system to produce nursery
trees in screened houses, and (iv) implementation of an education program to call grower
attention to the HLB problem. At the same time, private and governmental agencies have made
available significant amounts of financial resources to stimulate and engage researchers in the
investigation of the several aspects of the disease. The purpose is to generate information to
improve the current disease management practices or, preferably, to find new and more
sustainable technologies to control the disease.

In the last 5 years, a significant progress was made in our understanding of the complex
interactions involved in the HLB pathosystem. Three new organisms were found associated with
the HLB symptoms: Candidatus Liberibacter americanus and a phytoplasma closely related to
the pigeon pea witches’-broom phytoplasma (Teixeira et al, 2008a) in Brazil, and an additional
phytoplasma showing 100% DNA identity with Candidatus Phytoplasma asteri in China (Chen
et al, 2009). Considerable improvements in Liberibacter detection was obtained allowing a more
precise HLB diagnosis and bacterium quantification in the host plant and in the insect vector.

The ornamental orange jasmine was found to naturally host both Ca. L. americanus and Ca.
L. asiaticus in citrus farms and urban areas (Lopes et al, 2005 and 2006). The basis for the
competitive advantages of Ca. L. asiaticus over Ca. L. americanus in SP has been elucidated
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(Lopes et al, 2009 and 2009a). An overall distribution of Liberibacter in the aerial parts of HLB
affected individual trees as well as in the root system has been demonstrated (Gottwald et al,
2008; Tatineni et al, 2008), providing direct evidence of their downward movement in the citrus
phloem and an explanation for the lack of success of pruning in removing all infected tissues
(Lopes et al, 2007). Concerning the vector, the environmental and biological factors governing
insect multiplication, survival and death, and attraction and repellency to visual cues and plant
host have been elucidated (Liu and Tsai, 2000; McFarland and Hoy, 2001; Etienne et al, 2001;
Parra et al, 2006; Nava et al, 2007, Hall, 2008; Rouseff et al, 2008; Sétamou et al, 2008; Torres
and Parra, 2008; Zaka and Zeng, 2008; Qureshi et al, 2009; Wenninger et al, 2009).
Epidemiological studies are demonstrating the importance of infected trees within and outside
the orchards for disease progress and, at the same time, providing indirect information on insect
movement and Liberibacter transmission (Gottwald et al, 2007). Finally, in the management
area, a better procedure for field inspection, including the use of platforms, was developed
(Belasque, 2006).

In this short review we try to present these research findings and discuss their benefits
and perspectives in the management of the disease. Proceedings of recent workshops or
meetings, and articles published in phytopathological and entomological journals were the main
source of information.

Progress on HLB research
1. HLB diagnosis

The Liberibacters are the bacteria most commonly found associated with HLB. Until recently
no culture media were known to support axenic growth of these organisms outside of the host
tree and insect vector. Therefore, HLB diagnosis has been totally dependent on indirect
evidences of the presence of the associated bacteria in the suspect tree. The methodologies
most used in the past included electron microscopy (EM) (Garnier et al, 1984), thin layer
chromatography (TLC) (Schwarz, 1968), and biological indexing (BIl) by grafting buds from the
suspected material onto the trunk of susceptible citrus cultivars. These methodologies are
laborious and costly (EM), unspecific (TLC), or require a large set of test plants and long
intervals to produce the results (BI). Currently they have been of very limited use.

With the sequencing and characterization of DNA fragments of the different HLB associated
bacteria (Jagoueix et al, 1994; Teixeira et al, 2008), and the development of primers for use in
PCR or PCR-based techniques (Li et al, 2006; Teixeira et al, 2008), a considerable improvement
in HLB diagnosis has been obtained. Although the cost of HLB diagnosis has not yet been
resolved, the accuracy provided by the use of specific primers has been very helpful in disease
diagnosis and HLB research. The uncertainties faced even by trained personnel when
confronted with trees showing yellow leaves, especially in areas where the disease has not
occurred or occur in very low incidences, can now be easily resolved through PCR. Progress in
the genomic studies and sequencing of Liberibacter genomes (Duan et al, 2009; Wulff et al,
2009) will provide not only additional targets for PCR-based detection techniques, but also
accelerate the studies of host-pathogen-insect interactions.

A further improvement in this area was obtained with the development of the quantitative
real-time PCR (qPCR, RT-PCR) which increased the sensitivity 10 to 100 fold when compared
to conventional PCR (Li et al, 2007; Teixeira et al, 2008). Also, with the use of primers specific
for known copy number of the target DNA, gPCR has allowed indirect estimations of the amount
of bacterium DNA in the plant or insect and, consequently, reliable estimations of bacterial titers
(Teixeira et al, 2008b; Lopes et al, 2009 and 2009a). Crucial information for our understanding of
the complex interactions involved in the HLB problem has been obtained with the use of gPCR.
Rate of bacterium distribution in field and in experimental trees, temperature influence on
Liberibacter multiplication in plant tissues, and rate of pathogen acquisition and transmission by
the insect vector are some examples.



2. Liberibacter multiplication in citrus trees

In Brazil, field and experimental data accumulated over the years suggested that Ca. L.
asiaticus and the newly described Ca. L. americanus have contrasting competitive behavior. In
July 2004 both Liberibacters were present in SP but, at that time, Ca. L. americanus was, by far,
the most prevalent species (Wulff et al, 2006). From August 2004 to January 2005, of the 137
samples in which Liberibacter was detected at the Fundecitrus lab,131 (95.6%) were positive for
Ca. L. americanus and only 4 (2.9%) for Ca. L. asiaticus (Lopes et al, 2009a). The higher
proportion of Ca. L. americanus at that time led to the assumption that Ca. L. americanus had a
competitive advantage over Ca. L. asiaticus (Gottwald et al, 2007). In the succeeding years,
however, a dramatic shift in Liberibacter prevalence has been observed. From August 2007 to
January 2008, of the 1,288 samples in which Liberibacter was detected, 253 (19.6%) were
positive for Ca. L. americanus, and 1,024 (79.5%) for Ca. L. asiaticus (Lopes et al, 2009a). In
December 2008, the situation had changed even more with Ca. L. asiaticus being detected in
96% and Ca. L. americanus in 4% of the analyzed samples (Wulff, unpublished data). Farms
that initially were affected almost exclusively by Ca. L. americanus are today almost exclusively
affected by Ca. L. asiaticus.

Since the first report of the presence of HLB in SP, several studies using graft inoculations
have been carried out in insect-proof greenhouses. This method consists of grafting young 6 to
12 month-old trees, with 2 to 4 cm long budsticks removed from symptomatic shoots of naturally-
infected field trees (Lopes and Frare, 2008). Data from several experiments has invariably
shown higher transmission percentages for Ca. L. asiaticus than for Ca. L. americanus (Lopes et
al, 2009a). Quantitative real-time PCR was carried out with DNA from a large number of graft-
inoculated and naturally-infected field grown trees. Average bacterial titers, in log cells per gram
of leaf midrib, were 6.42 for Ca. L. asiaticus and 4.87 for Ca. L. americanus in the graft
inoculated experimental plants, and 6.67 for Ca. L. asiaticus and 5.74 for Ca. L. americanus in
the naturally-infected field trees used as the source of inoculum. The differences in bacterial
titers has now been confirmed in field trees with a larger number of samples, collected during the
summer and winter from distinct geographic regions in SP (S. Lopes, unpublished data).

The results of gPCR analyses strongly suggests that the shift in Liberibacter prevalence and
the higher graft transmission efficiencies of Ca. L. asiaticus is presumably associated with higher
bacterial multiplication in the citrus phloem. Higher titers would increase the chances of
pathogen acquisition and transmission by the insect vector, a phenomenon similar to the
observed for the xylem-limited bacterium Xylella fastidiosa in grapevines transmitted by
sharpshooters (Hill and Purcell, 1997). This hypothesis has in fact been confirmed in recent
transmission experiments using D. citri (Yamamoto, unpublished data).

3. Liberibacter sensitivity to high temperatures

The abilities of Liberibacters to multiply in greenhouse and field citrus trees were further
investigated in growth chambers experiments (Lopes et al, 2009), where the temperature could
be controlled with precision. These studies initiated in 2004 only with Ca. L. americanus but later
included also Ca. L. asiaticus for comparison. The work was motivated: (i) by the fact that
nothing was known with respect to Ca. L. americanus; (ii) by the knowledge that Ca. L. asiaticus
and Ca. L. africanus differ in sensitivity to higher temperatures, explaining their distribution in
countries like South Africa and Reunion Islands (Bové et al, 1974); and (iii) by the observation,
at that time, of an uneven spatial distribution of HLB in SP, i.e., regions with hotter summers
(North and Northwest SP), being less affected by the disease. Although the disease has reached
the hotter regions, the disease incidence remains very low. HLB has moved faster and longer
distances towards the south, despite the presence of the vector and susceptible citrus trees
providing conditions favorable for disease spread (Lopes et al, 2009).

The question of why the north and northwestern are less prone to HLB progress will probably
be resolved with the experiments that are underway. Presently, the growth chamber studies
demonstrate differential responses of Ca. L. americanus and Ca. L. asiaticus to temperatures of



32°C and above. While Ca. L. asiaticus is affected only by the daily temperature regimen of 9h
at 24°C and 6 h at 38°C, for 60 days (the highest temperature condition tested), leading to a
decrease in bacterial titer from estimated averages of log 7 to log 3 cells per gram of tissue, Ca.
L. americanus is drastically affected by a less elevated temperature regimen of 5h at 27°C and
12h at 32°C. Under this condition Ca. L. americanus is eliminated from the previously affected
trees, and a complete and permanent symptom remission is observed.

4. Liberibacter distribution in citrus trees

Knowledge on the distribution patterns of Liberibacter in individual citrus trees is important
for the understanding of mechanism underlying pathogenicity and to improve the HLB
management practices (Tatineni et al, 2008). Liberibacter multiplies in the phloem sap at the
inoculation site and moves in downward or upward directions, to other parts of the plant. This
assumption was based on electron microscopy studies and on observations of symptom
progress in naturally-infected field and experimentally-inoculated trees. The symptoms appear
initially at the tip of one or more branches. They progress with time, and eventually involve the
entire tree canopy, at which time the fruit productivity is severely reduced (Bassanezi et al,
2008).

Downward and upward movement of the bacterium has been demonstrated recently with the
use of gPCR. Ca. L. asiaticus was detected in all portions of graft inoculated trees, including
bark tissue, leaf midrib, roots, and different floral and fruit parts, but not in endosperm and
embryo (Tatineni et al, 2008). Downward movement and systemic distribution of Ca. L. asiaticus
was demonstrated also in 5 and 7 year-old naturally-infected trees displaying symptoms only at
the tip of one or two branches (Gottwald et al, 2008). This downward movement and overall
distribution also was demonstrated for Ca. L. americanus in the hundreds of field trees in a
pruning experiment carried out in SP (Lopes et al, 2007). The trees were pruned by removing
only the symptomatic shoots (by cutting them at the trunk level), or by removing the entire
canopy (by cutting the trunk 15 to 20 cm above the graft line). Mottled leaves reappeared on
most symptomatic (69.2%) and also on some asymptomatic (7.6%) pruned trees, regardless of
age, variety, and pruning procedure.

5. Orange jasmine as a Liberibacter alternative host

In Brazil, hosts of Liberibacters include all commercial citrus species and cultivars (with
sweet oranges and mandarins showing higher susceptibility levels than limes and lemons), and
orange jasmine (Murraya paniculata), known in Brazil as ‘murta’, a very popular ornamental tree
(Lopes et al, 2005 and 2006). The first orange jasmine tree suspected to host Liberibacter was
found in October 2004, in the citrus farm most affected by HLB at that point. The tree was
showing yellow leaves and shoot dieback throughout the canopy. Leaves were collected and
adults of D. citri captured from two parts of the plant. The pathogen (Ca. L. americanus) was
detected by PCR in both leaf samples and in one of seven lots of 10 psyllids. In a survey
conducted later in urban areas, Ca. L. americanus was detected in 11.4% and Ca. Liberibacter
asiaticus in 0.5% of the 550 symptomatic trees sampled in 17 SP municipalities (S. Lopes, 2008,
unpublished data). Like citrus, affected trees showed yellow leaves and/or shoot dieback in one
or more sectors of the canopy. Contrary to citrus, the characteristic blotchy mottling was not
present on the leaves and which complicates the identification of the affected trees. Citrus and
orange jasmine showed, however, similar patterns of pathogen distribution in the canopies. In a
few trees tested, PCR-positive results were only obtained from leaf samples collected from
symptomatic shoots (Lopes et al, 2006a).

Progress on D. citri research

1. D. citri feeding behavior and Liberibacter transmission



A technique called electrical penetration graphing (EPG) (McLean and Kinsey, 1964) has
been used to investigate feeding behavior of D. citri and the process of Liberibacter transmission
by the insect. The technique is based on establishment of an electrical circuit between the insect
and the testing plant. When the insect inserts the stylet into the citrus leaf, the circuit closes
leading to specific changes in the amplified signals (waves) recorded. The distinct wave forms
are related to the following stylet activities: (i) penetration of the stylet into the intercellular
parenchyma, (ii) contact of the stylet with the phloem sieve tube (iii) salivation, (iv) phloem sap
ingestion, and (v) xylem sap ingestion (McLean and Kinsey, 1964; Tjalingii, 1988). The average
time for the stylet to reach the phloem was 154 min. Phloem sap ingestion continued for average
206.1 min over an 8 hour recording period.

Developmental stage of the citrus leaf influences feeding behavior and Liberibacter
acquisition efficiency by D. citri. Nymphs and adults prefer younger and tender tissues than older
mature leaves. EPG analysis indicated that 80% of the insects that were allowed to feed for 96
hours on young tissues reached the phloem, versus 20% of those that were allowed to feed for
the same time interval on older leaves (Bonani et al, 2008). Efficiency Ca. L. asiaticus
acquisition after insect feeding was 54% for young leaves, and just 10% for old leaves.

Acquisition and transmission efficiencies are also related to the developmental stage of the
insect. Nymphs are more efficient than adults (Vichin et al, 2008). Insects that complete their
lifecycle on an infected shoot are much more likely to acquire the bacteria then those individuals
that feed on the infected shoot as adults only (Ebert et al, 2008; Miranda, unpublished data).

2. Life cycle and population dynamics of D. citri

D. citri females lay their eggs on young new flushes. During the entire adult phase at 25°C,
each female deposits on average, 626 eggs (Liu and Tsai, 2000). The lifecycle includes 5 nymph
stages with the duration of each stage being strongly influenced by temperature. The entire
cycle varies from 14.1 days at 28°C, to 49.3 days at 15°C (Liu and Tsai, 2000), and 12.1 days at
18°C, and 43.5 days at 32°C (Nava et al, 2007). It has been demonstrated that D. citri can
withstand very low temperatures. Temperature of -1.9°C for up to 10 hours killed a relatively low
percentage of adults, while -5.0 to -5.5 °C for 4 hours or longer killed 95 to 100 % adults (Hall,
2008). Relative humidity (RH) also affects female survival. After 30 hour exposure at 25°C with a
RH of 33%, only 20% of the adults survive; the survival rate increases to 60% at 97% RH
(McFarland and Hoy, 2001).

Under favorable environmental conditions and the presence of young new flushes D. citri
populations may be abundant. However, considerable natural mortality of D. citri has been
observed in some areas due to the attack of several natural enemies including insects and fungi.
Tamarixia radiata seems to be the most common parasitoid. T. radiata produces a high level of
parasitism in association with high rates of field dispersal and establishment capacity (Torres
and Parra, 2008). Natural parasitism of 27.5 to 80.0% was observed in SP (Parra et al, 2006),
and up 56% in FLA (Qureshi et al, 2009). These high parasitism rates have not been enough,
however, to limit pathogen dissemination. Plans exist to massively release T. radiata in citrus
plantings to reinforce natural populations (Hoy and Nguyen, 2000; Parra et al, 2006). So far,
Reunion Island is the only country where this strategy has succeeded (Etienne et al, 2001). The
current heavy application of insecticides in attempts to control D. citri, and of miticides and
fungicides to control pests and other vectors and citrus pathogens, reduces natural parasitism
and interferes with the use of this strategy (Yamamoto and Miranda, 2009).

3. D. citri attractants and repellents

Field observations, yellow sticky trap insect monitoring, and Y-tube olfactometer experiments
have shown that the flight activity of D. citri might be governed by visual cues and by the odors
released by plants. They are attracted to light, green and yellow colors, and to volatiles released
by the new flushes of citrus and orange jasmine trees (Sétamou et al, 2008; Wenninger et al,
2009), and are repelled by volatiles released by guava (Zaka and Zeng, 2008).



Attraction to light was demonstrated in Texas (Sétamou et al, 2008). Populations were 3 to 4
times higher on yellow sticky traps maintained during the day (with picks from noon to 15:00 pm)
than on those maintained during the night. During the night, illuminated traps captured 5 times
more insects than non illuminated traps. Light also affected other insect activities. In potted
plants it increased plant colonization and egg deposition by females.

Investigations on the potential repellent effect of guava to D. citri started after observations in
Vietnam that the HLB incidence and D. citri populations were much lower in blocks where the
citrus trees were interplanted with guava than in those where citrus trees were planted alone
(Beattie et al, 2006; Ichinose et al, 2008). A possible repellant effect of a volatile compound
released by guava was later investigated in free choice testes, and in caged citrus and guava
plants (Zaka and Zeng, 2008). Higher numbers of insect were found on citrus shoots caged
alone than on those caged with guava. Young and old guava shoots showed the same
response. Y-tube olfactometer confirmed the repellant effect of guava to adult psyllids, that the
repellency was dose dependent, and that affected male and females similarly. Chromatographic
analysis of wounded guava leaves revealed the presence of dimethyl disulfide (DMDS), known
to be toxic to insects, as one of the components responsible for the repellant activity of this plant
species against D. citri (Rouseff et al, 2008).

A study of cases on HLB management in SP

Four years after the first report of HLB in SP, a study of cases was carried in SP to determine
the most important factors associated to the success of disease control. Data from 20 citrus
farms was submitted to multiple regression analysis. Overall, the study showed better chances
of success in larger farms with old trees, located away from neighboring farms not practicing
HLB control. Most important for successful management is the early and aggressive
implementation of HLB control practices when the disease incidence is still very low (Belasque
et al, 2008).

Benefits and perspectives of HLB and D. citri research findings on HLB management
practices

1. Symptomatic tree elimination

As indicated, elimination of symptomatic trees to reduce inoculum sources is the primary
procedure recommended for the HLB management. Survey and detection of affected trees is
dependent almost exclusively on symptom observations, namely leaf yellowing and mottling, fruit
deformation, and leaf and fruit drop. The symptoms expressed by trees infected with Liberibacter
or phytoplasma in SP are indistinguishable in the field (Teixeira et al, 2008). Therefore,
Symptomatic trees have been eliminated without exact knowledge of the associated bacterium.
This precludes precise estimation of the distribution and incidence of this recently discovered
phytoplasma agent.

The development of PCR and qPCR provided higher sensitivity in Liberibacter detection, and
consequently greater accuracy in HLB diagnosis (Li et al, 2007; Teixeira et al, 2008). Since the
symptom expression may vary depending on the season and citrus species (Lopes et al, 2009),
the use of PCR has been very useful for validation of field inspections. However, PCR is costly
and time consuming. Therefore, its use has been limited to training inspectors for symptom
recognition, and for confirmation of HLB in leaf samples with questionable symptoms.

The existence of an inexpensive, easy to handle and accurate field diagnostic test would be
of great help during tree inspections. An iodine test was developed with this objective (Takushi
et al, 2007). The test is based on the accumulation of starch in the parenchyma cells of leaves of
HLB affected trees and on the fast starch and iodine reaction in water, producing a darkish
solution. Its accuracy has not yet been totally evaluated in Brazil. In FLA, the iodine and qPCR
tests agreed for 76% of the samples (Chamberlain and Irey, 2008). It produced better results for
mottled leaves and from samples collected in February and July than in June. The authors found



the iodine test useful for field diagnosis but considered unsuitable as a substitute for PCR
confirmation.

The task of finding, by walking, the HLB affected trees in fields of large adult plants, affected
by one or more other diseases, pests or mineral deficiencies, is challenging, even for a well
trained inspectors. From the ground, the view of the top of the tree is compromised and,
consequently, symptomatic trees may escape detection. A solution to this problem has been the
use of platforms, which consist of metal structures that are coupled to tractors. On these
platforms, the inspector can thoroughly examine the top of large trees. In an experiment in SP,
groups of 2 to 4 trained inspectors detected, with the use of platforms, on average 60% of the
symptomatic trees, compared to 48% when the inspection was made by walking (Belasque,
2006). Platforms are currently used in several farms in SP. Platforms have not only increased
inspection efficiency but also reduced the labor intensity of the inspection process. This study
also confirmed the necessity of carrying out frequent inspections in areas where HLB is present.
Frequent inspection increases the chances of finding the symptomatic trees that escaped
detection in previous passages and also those trees that developed HLB symptoms later.

Frequent field inspections have shown that HLB incubation period is long and variable.
Therefore, at any given time in an infected orchard there will be (i) trees not infected by the HLB
bacteria, (ii) trees infected but not showing any symptoms, (iii) symptomatic trees that were not
detected during inspections, and (iv) infected trees showing unequivocal and obvious symptoms,
which will certainly be detected in the following inspection. While graft and insect transmission
studies have clearly demonstrated the importance of symptomatic branches as sources of
inoculum for the healthy trees, nothing is known in this regard for the role of the asymptomatic
branches or trees for the HLB epidemics.

The normative instruction regulating symptomatic tree elimination includes citrus and orange
jasmine, and was written based on research information demonstrating that (i) most affected
trees would not be cured by pruning and, therefore, would serve as source of inoculum for the
healthy trees, and (ii) on the demonstration that orange jasmine may harbor not only D. citri but
also the two HLB associated Liberibacters. Currently, a campaign is underway in SP aiming to
inform, especially mayors, of the risk of exposure of orange jasmine in urban areas to the nearby
citrus plantings. In Parana State, a resolution of the State Secretary prohibits the production and
commercialization of this plant species. In SP, as well as in Parana, some local municipalities
already replaced orange jasmine with other ornamental plants.

Data on field surveys conducted in 2004, 2007, 2008 and 2009 have shown higher rates of
HLB increase in the South and Center of SP, than in the North and Northwest regions. In fact, in
the Northwest the disease was found only in 2008 and in very low incidence. Although several
factors may account for these results, the temperature may be playing a role. Coincidently, the
North and Northwest regions are characterized by summer days hotter than in the other regions.
In growth chamber programmed with daily temperature regimens representative of the summer
days prevalent in those regions, both the multiplication of the Liberibacters and the expression of
the leaf symptoms were negatively affected. Current experiments aim to determine if the
temperature will affect Liberibacter multiplication in the vector as well. A better understanding of
this issue might be important to improve the existing control practices, or to create new control
strategies. If the temperature limits HLB progress in a given geographic area, facilitating disease
management, this area could be looked as a promising place for starting new, or expansion of
existing citrus plantings.

2. Reduction of vector populations

Reduction of vector populations is the second complementary procedure to manage HLB in
the field. Unfortunately, the high mortality rates of D. citri observed naturally in the field has not
been enough to reduce vector populations, and to suppress Liberibacter dissemination and
disease spread. Therefore, reduction of vector populations has relied on the use of insecticides.
However, this approach is costly as it requires frequent applications mainly during the spring and



summer months when the insect reaches peak populations due to the availability of young new
flushes,.

To estimate the need for chemical applications, the presence of psyllids in the orchard has
been monitored by visual scouting or with the use of yellow sticky traps (Yamamoto et al, 2008).
In Texas, green-sticky traps were, however, more efficient than yellow-sticky traps to attract
adult psylla (Sétamou et al, 2008), which has been confirmed in SP (Yamamoto, unpublished
data). Green-sticky traps should replace yellow-sticky traps for monitoring D. citri in SP.

If D. citri is present in the field, the grower can choose one of a set of insecticides, systemic
or of foliar application, available in the market and demonstrated in several tests to be effective
for killing D. citri (Yamamoto et al, 2008). The systemic ones are the most effective, with residual
periods of 60-80 days, but they are also the most expensive and, for this reason, are applied to
young nursery trees (before leaving the nursery), and in field trees up to three years of age. The
insecticides for foliar applications are cheaper but less effective, with residual periods of no
longer than 20 days. They have been sprayed on trees older than three years, as well as on
younger trees during the dry seasons. To reduce costs, some growers combine foliar-applied
insecticides with other chemicals (miticides, fungicides) or micronutrients.

The practices for vector control have, so far, been less benefited by the recent research
findings than the practices related to symptomatic tree detection and elimination. However,
studies involving the use of Y-tube olfactometer, chromatography, EPG and gPCR techniques
are showing promise for providing important new information to improve vector control. EPG
applied in the assessment of D. citri feeding behavior on insecticide-treated and non-treated,
healthy and infected plants, will be helpful to determine the role of the insecticide in preventing
Liberibacter transmission, an important question not yet fully answered. The Y-tube
olfactometer, gas chromatography, and mass spectrometry have been helpful in the detection
and identification of volatiles compounds as repellants or attractants to D. citri. The expectation
is to have one or more synthetic repellant compounds for use in the future as new commercial
products to prevent the vector from feeding on citrus trees.

The qPCR technique has allowed Liberibacter detection in psylla in areas free of the disease
well before the appearance of the first affected trees (Manjunath et al, 2008). This has allowed
for the ellucidation of existence of a seasonal variation in the frequency of insects carrying Ca. L.
asiaticus (Ebert et al 2008; Sadoyama and Takushi, 2008). Therefore, gPCR may help to track
the movement of infectious insect, and to determine the optimum time to apply insecticides.
This, in turn, could lead to a reduction in the use of insecticides and their impacts on beneficial
parasitoids and the environment.

3. Planting of healthy young trees

There is no guarantee for the disease freedom of young citrus trees in new plantings, if they
have not been produced in nursery structures, protected from psylla carrying one of the HLB
associated bacteria, or other insect vectors carrying other disease agents. Fortunately, in SP
there has been a law since 2003 that requires the propagation of all young trees only in
screened nurseries. This system has provided for the continual reduction in the incidence of
citrus variegated chlorosis, a disease caused by X. fastidiosa, a sharpshooter-vectored, xylem-
limited bacterium. Since screening the nurseries also protects the young trees from the access
of psylla, this system has been crucial for preventing, since 2003, the movement of HLB to new
areas by movement with nursery trees. A similar protected nursery production system has now
been implemented in FLA (Irey et al, 2008).

The system adopted in Brazil requires that all steps involved in young tree production,
except seed production, be carried out inside the screened nursery. New research data has
suggested that Ca. L. asiaticus might be seed transmissible (Graham et al, 2008; Hartung et al,
2008; Shatters, 2008; Zhou et al, 2008). If confirmed, the trees used for seed production will
have to be kept under screen as well.



Conclusions

As shown in this short review, a substantial amount of new information has been developed
since the first report of HLB occurrence in the Americas, the principal area for citriculture for
orange juice produced in the world. Three additional bacteria have been found associated with
the HLB-like disease symptoms; more sensitive detection methods have been developed; a new
alternative host was discovered in Brazil; the competitive relationship of Ca. L. americanus and
Ca. L. asiaticus was defined; the multiplication and distribution of the Liberibacters in citrus trees
were demonstrated; the feeding behavior, biology and population dynamics of the insect vector,
as well as it attractiveness or repellency to visual cues, and to volatiles released from host and
non host plants, were determined.

All of this information is providing for greater understanding of how the host-pathogen-vector
relationship works. This will help to improve management practices, and expectation for the
development of new ones. In this regard, the most promising areas are the development of
volatiles that repel D. citri, and the development of transgenic citrus trees that resist pathogen
attack or to prevent vector transmission. Considerable research efforts are currently being
expended on these issues.

At the same time, the disease is spreading very fast, causing severe economic, social and
environmental losses. There is an overall perception that the way we are dealing with HLB, with
constant removal of trees and applications of tons of costly insecticides, is not sustainable in a
long term. Therefore the research community is racing against the time. Hopefully we will be
able to find, in time, a way to better interfere in the HLB disease cycle to suppress the HLB
epidemics.
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