Influence of Xylella fastidiosa infection of citrus on host
selection by leafhopper vectors
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Abstract

Infection of plants by pathogens can influence their attractiveness and suitability to insect vectors and
other herbivores. Here we examined the effects of Citrus sinensis (L.) Osbeck (Rutaceae) infection by the
bacterium Xylella fastidiosa, which causes citrus variegated chlorosis (CVC), on the feeding preferences
of two sharpshooter vectors, Dilobopterus costalimai Young and Oncometopia facialis (Signoret)
(Homoptera: Cicadellidae). Experiments were performed inside observation chambers, in which a
healthy plant and an infected one (with or without CVC symptoms) were supplied to a group of 40
sharpshooters. The number of insects that selected each treatment was recorded at several time intervals
in 48 h. In another experiment, the ingestion rate on healthy and infected (symptomatic or not) plants was
evaluated by measuring the liquid excretion of sharpshooters that were confined on branches of each
plant for 72 h. Both sharpshooter species preferred healthy plants to those with CVC symptoms.
However, O. facialis did not discriminate between healthy citrus and symptomless infected plants.
Feeding by D. costalimai was markedly reduced when confined on CVC-symptomatic plants, but not
on asymptomatic infected ones. The ingestion rate by O. facialis was not affected by the presence of CVC
symptoms. The results suggest that citrus trees with early (asymptomatic) infections by X. fastidiosa may
be more effective as inoculum sources for CVC spread by insect vectors than those with advanced symptoms.

species, as well as in plants with no economic relevance

Introduction

Xylella fastidiosa is a xylem-limited bacterium that infects
and colonizes a large number of plant species, which frequently
show no symptoms. It is classified as a single species,
although recent genetic studies support the separation of
groups of strains in multiple taxa or subspecies (Schaad
et al., 2004). The feeding of insect vectors from xylem sap
of host plants is a requirement for its transmission (Purcell
& Hopkins, 1996). Thus, X. fastidiosa can be transmitted
by sharpshooter leathoppers (Homoptera: Cicadellidae)
and spittlebugs (Homoptera: Cercopidae), which are
xylem-feeders (Purcell, 1989). In the United States, this
pathogen is responsible for diseases in important crops,
e.g., grapevines, peach, alfafa, almond, plum, and forest
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(Hopkins, 1989). However, X. fastidiosa strains vary in
host specificity (Sherald, 1993), in that not all plants are
susceptible to the same strain. In Brazil, X. fastidiosa is the
causal agent of citrus variegated chlorosis (CVC; Chang
et al., 1993; Lee et al., 1993), coffee leaf scorch (Paradela
Filho et al., 1995), and plum leaf scald (French & Kitajima,
1978), besides infecting a large number of other plants that
show no symptoms (Leite et al., 1997; Lopes et al., 2003).
The efficiency of X. fastidiosa transmission by sharp-
shooters in citrus [ Citrus sinensis (L.) Osbeck (Rutaceae)] is
low and variable among vector species (0.3-30%) (Kriigner
et al., 2000; Yamamoto et al., 2002; Marucci et al., 2003).
This could be due to many factors, such as the low concen-
tration of the pathogen in citrus (Almeida et al., 2001) and
its irregular distribution in the xylem bundles (Mizubuti
etal., 1994), host plant preference (Raju et al., 1982), and
behavioral patterns of the sharpshooters related to feeding
and movement in orchards (Purcell, 1985). The low rates
of sap ingestion and survival by sharpshooters on healthy
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citrus compared with other hosts (Milanez et al., 2003), for
example, may reduce the chances of inoculation of
X. fastidiosa in citrus. Also, the quality of X. fastidiosa-infected
citrus for vector feeding may affect bacterial acquisition.

The presence of the pathogen in the plant or vector
seemed not to influence the sharpshooter feeding habits in
prior studies (Houston et al., 1947). However, the obstruc-
tion of xylem vessels colonized by X. fastidiosa may affect
plant physiology and thus sap flow, possibly making sharp-
shooter feeding more difficult, especially at periods of
higher plant transpiration. Vessels can become occluded by
dense colonization of X. fastidiosa, and high proportions
of blocked vessels are associated with disease symptom
development (Newman et al., 2003). Infection by X. fastidiosa
typically induces an internal water stress by clogging xylem
vessels and increasing hydraulic resistance in the xylem
(Hopkins, 1989; McElrone et al., 2003). In symptomatic
leaves of grapevines, Goodwin & Meredith (1988) observed
water stress, interruption of photosynthesis, unbalance
of some sugars, losses of chlorophyll, and rupture of cell
membranes. The mean resistance of the xylem flow at
the leaf petioles was 60—200 times higher in diseased gra-
pevines than in healthy plants (Goodwin et al., 1988).

The effects of citrus infection by X. fastidiosa on vector
behavior and biology are still unknown. Sharpshooters
may be more attracted by plants with CVC symptoms,
because of the typical leaf chlorosis and yellowish colora-
tion; yellow is a very attractive color to such insects (Pur-
cell, 1975). However, the obstruction of xylem vessels and
subsequent changes in physiology of the diseased plants
may affect feeding and survival of the sharpshooters. In
contrast, plants at an early stage of infection could be more
important as sources of inoculum for vector acquisition,
because a lower obstruction of xylem vessels may not cause
the same level of water and nutritional stress observed in
plants with severe symptoms. Therefore, knowing vector
feeding preferences in relation to the degree of citrus infec-
tion (symptomatic or asymptomatic) by X. fastidiosa is
relevant for a better understanding of CVC epidemiology.

The goal of this study was to compare the preference of
two sharpshooter vectors, Dilobopterus costalimai Young
and Omncometopia facialis (Signoret) (Homoptera: Cica-
dellidae), for infected citrus plants with or without CVC
symptoms, compared with healthy plants. The ingestion of
plant sap by individuals when confined on plants of each
treatment was also evaluated.

Materials and methods

Insects and infected plants
Sharpshooter adults used in the study were collected using
sweep nets on shoots of citrus trees in groves of northern

Sao Paulo State, Brazil. The insects were transported to the
laboratory on potted healthy citrus plants covered with
fine net (tulle) bags and then kept in the greenhouse
for 3-5 days before the experiments. Healthy seedlings of
Citrus sinensis (L.) Osbeck (sweet orange) (20—30 cm in
height) were inoculated by the pin-prick method (Almeida
etal.,2001) with a X. fastidiosa isolate from citrus (CCT6570),
which was deposited at the Tropical Culture Collection,
Fundagao André Tosello, Campinas, SP, Brazil. The plants
were transplanted into 5-1 pots containing a mixture of soil
(50%), bovine manure (33.3%), and sand (16.7%), and
kept in a greenhouse for bacterial colonization and symptom
development. Non-inoculated plants of the same variety
were produced and kept under the same conditions.

Experiments

The tests were performed inside rectangular wooden observa-
tion chambers with dimensions of 63 X 63 cm (base) and
120 cm (height), which were placed on a greenhouse
bench. The chamber top and walls were built with acrylic
in order to facilitate visualization, except for the door,
which was covered with anti-aphid canvas, with a thin fabric
(voile) sleeve for insect transfer and plant irrigation.
Forty insects were released at the bottom of each
chamber at 17:00 hours and the number of individuals per
plant (treatment) was counted after 3 (20:00), 15 (8:00),
21 (14:00), 24 (17:00), 39 (8:00), 45 (14:00), and 48
(17:00 hours) h. The number of dead insects and the
number of insects found on the chamber walls were
counted as well. The temperature inside the observation
chamber was recorded at each observation time.

A first choice experiment was carried out to evaluate
the preference of both species of sharpshooters for citrus
plants with CVC symptoms compared with healthy plants.
Plants of C. sinensis (‘Westin’) with severe symptoms, having
mostly chlorotic leaves and viable bacterial population
of 10° colony forming units (CFU)g ™" of leaf tissue were used.
Bacterial populations were estimated by culture according
to Almeida et al. (2001). A replicate consisted of one healthy
plant placed together with one symptomatic plant of the
same variety and age in each observation chamber.

A second experiment was performed to compare the
preference of O. facialisamong healthy plants of C. sinensis
(‘Caipira’) and plants infected by X. fastidiosa but showing
no symptoms, with bacterial populations around 10*~10°
CFUg™" of tissue. Each observation chamber had one
healthy plant and one similarly looking, asymptomatic
infected plant of the same age and variety. Only O. facialis
was tested because of the low availability of D. costalimai
adults during this second experiment.

For both experiments, the experimental design consisted
of random blocks organized in a factorial and split-plot



scheme with 10 blocks (one replicate or observation chamber
per block), whereas the plots corresponded to treatments
and the subplots corresponded to evaluation times. Data
collected were the number of insects per treatment for each
experiment. Initially, the occurrence of an over-dispersion
was analyzed, using the Oswald routine with S-Plus soft-
ware (Statistical Science, 1993). Because no over-dispersed
data were collected, a Poisson distribution was assumed
and alog (x + 1) transformation was used before analysis of
variance. Thus, according to the analysis scheme in time-
repeated measurements, when there was no significant
interaction between treatments and time, only the Tukey
test (P <0.05) was performed, comparing the average
number of insects per treatment for the seven observation
periods. Otherwise, regression curves for each treatment
were obtained for the several time interactions. Addi-
tionally, a joint analysis followed by multiple comparison tests
was performed for contrasting the two sharpshooter species
regarding the average number of individuals that selected
plants of both treatments during all assessment times.

Evaluation of sap ingestion in confinement tests

Under laboratory conditions (temperature: 25+ 2 °C
and L14:D10), the rates of sap ingestion by O. facialis
and D. costalimai sharpshooters when confined on healthy
citrus plants were compared with those observed on plants
infected by X. fastidiosa. The experiment was carried out
with plants of C. sinensis symptomatically infected (‘Westin’;
8 months after inoculation) or asymptomatically infected
(‘Caipira’; 4 months after inoculation), and with healthy
(control) plants of respective ages and varieties. In this way,
two treatments + controls were prepared. Treatment 1:
infected plant without symptom development; Control 1:
healthy plant (same age and variety as Treatment 1).
Treatment 2: symptomatic infected plant; Control 2:
healthy plant (same age and variety as Treatment 2). The
ingestion rate was indirectly measured through collecting
the liquid excreted by insects per time unit. Sharpshooter
adult males were individually confined on branch sections,
using a cage similar to that described by Andersen et al.
(1992). This cage consisted of a 50-ml transparent
plastic centrifuge tube (Cat. no. 430291, Corning Inc.,
Acton, MA, USA), in which the insect was confined,
connected to a 15-ml scaled plastic centrifuge tube
(Cat. no. 430791, Corning Inc.). The cage was positioned
on the plant branch so that excreta would flow down into
the scaled recipient. Before initiating the experiment, one
leaf just above and another just below the branch section
where the cage was placed (feeding site), were sampled for
quantification of X. fastidiosa by culturing (Almeida et al.,
2001). Leaves of healthy plants were also tested by culture
to confirm the absence of the pathogen in the controls. The
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sharpshooters were introduced into the cages at 8:00 h and
the evaluations were done after 6 (14:00), 12 (20:00), 24
(8:00), 30 (14:00), 36 (20:00), 48 (8:00), 54 (14:00), 60
(20:00), and 72 (8:00 h) h. The death rate and the volume
of excreta produced were recorded visually for each observa-
tion. In the first evaluation, the dead sharpshooters were
replaced, due to the possibility of mortality caused by
handling. In the other observations, the survival rate was
used as a parameter for comparing treatments.

The experiment consisted of seven replicates (seven
plants with one insect per cage) per treatment. Survival
curves of both species of sharpshooters were made (SAS
Institute, 1996). The survival curves were estimated by the
Kaplan-Meier method (1958) and compared by Wilcoxon
and log-rank tests (Allison, 1995). Volume of excreta
and proportions of insects that excreted after 72 h were
compared among treatments with the Tukey test (P = 0.05)

Results

Selection between healthy and symptomatic citrus

For both sharpshooter species, many individuals had not
yet chosen a plant in the first 24 h after release. From this time
on, most sharpshooters selected one of the plants, showing
adaptation to the observation chamber. The number of
individuals on the chamber walls was higher for O. facialis
than for D. costalimai during the initial adaptation time.
However, by pooling the data across time, no significant
difference was found (F = 1.28,d.f. = 1.36, P = 0.265) between
the average number of individuals of O. facialis (5.76 +0.72)
and of D. costalimai (5.16£0.31) on the plants of both
treatments. Mortality was higher for both species during
the hottest period (14:00 and 17:00 hours) of the first 24 h,
decreasing in the other observation periods.

A clear preference for the healthy plant over the plant with
CVC symptoms was observed for both D. costalimai
(F=31.74,d.f. = 1.18,P = 0.00009) and O. facialis (F = 11.23,
d.f. = 1.18, P = 0.0038). By pooling the data across time,
the mean numbers of insects per healthy plant for
D. costalimai (7.9 £ 0.67) and O. facialis (7.7 £ 1.14) were
significantly higher than those observed on the symptomatic
plant for the former (2.4%0.41) and latter (3.8 £0.47)
species. The interaction treatment*time was significant
(F=5.47, d.f. =6.11, P =0.00015) for D. costalimai. The
regression curves showed a larger number of insects on
healthy plants (F=4.66, R*=0.70, P=0.03) than on
plants with CVC symptoms (F = 6.41, R* = 0.69, P = 0.01)
since the first evaluation (Figure 1A). As time passed,
the difference between the two treatments increased.
The interaction treatment X time was also significant for
O. facialis (F=3.79, d.f. =6.11, P =0.0021). Although a
similar number of individuals of this species was observed
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on both treatments in the first observation, there was a
reduction in the number of insects on the symptomatic
plant (F = 11.60,R* = 0.49, P = 0.0013) and a proportional
increase on the healthy plant (F=16.68, R*=0.92,
P =0.0002) in the following evaluations (Figure 1B).

The sharpshooter preference for parts (leaves, petioles,
and branches) of healthy or symptomatic plants changed
through the day (Figure 2), with an inversion in the pro-
portion of insects on leaves or branches during periods
of lower (8:00 hours) and higher (14:00 hours) tempera-
tures. On healthy plants, the proportion of individuals of
both species on leaves was highest at 8:00 hours, but decreased
drastically at 14:00 hours, when a proportional increase
of sharpshooters on branches occurred (Figure 2A and
2B). On plants with CVC, the distribution of O. facialis was
similar to that observed on healthy plants (Figure 2D). For
D. costalimai, however, a higher proportion of sharpshooters
was observed on leaves than on branches most of the time,
except for 45 h (14:00 hours) after the experiment began,
when the pattern was inverted (Figure 2C). The proportion
of individuals from both species on the petiole was low and
did not change much among the evaluation periods or
between symptomatic and healthy plants (Figure 2).

Selection between healthy plants and asymptomatic infected ones
No significant differences in the number of O. facialis
(F=0.23, d.f.=1.18, P=0.64) between healthy citrus
(7.9£0.83) and symptomless infected citrus (7.0 +0.62)
were found. The treatment*time interaction was
significant (F=3.47, d.f.=6.11, P=0.0038) and the
regression curves showed that until the first 3 h (20:00 h),
there were more insects on asymptomatic infected plants
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Figure 1 Regression curves of the relationship between
observation time (h)and mean number (x) of (A) Dilobopterus
costalimai and (B) Oncometopia facialis per plant, in a choice test
between healthy and CVC-symptomatic citrus plants. Regression
equations and statistics obtained for healthy and symptomatic
plants were, respectively, y = —0.0007x* + 0.046x + 1.43

(F =4.66,R*=0.70,P = 0.03) and y = —0.0008x" + 0.025x + 1.05
(F=6.41,R*=0.69, P = 0.01) for D. costalimai (A); and y =
—0.0013x* + 0.093x + 0.67 (F = 16.68, R* = 0.92, P = 0.0002) and
y=-0.0011x" + 0.059x + 0.73 (F = 11.60, R* = 0.49, P = 0.0013)
for O. facialis (B).
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Figure 3 Regression curves of the relationship between
observation time and mean number (x) of Oncometopia facialis
per plant in choice test between healthy citrus plants and
asymptomatic plants infected by Xylella fastidiosa. Regression
equations and statistics obtained for healthy and asymptomatic
infected plants were, respectively, y = —0.0005x* + 0.020x + 2.06
(F=521,R*=0.63,P =0.023) and y =—0.0011x + 0.065x + 1.27
(F=20.55,R* = 0.93, P = 0.00009).

(F=5.21, R*=0.63, P=0.023) than on healthy ones
(F=20.55, R”*=0.93, P =0.00009) (Figure 3). However,
similar numbers of sharpshooters were observed on plants
of the two treatments in the remaining observations,
showing that O. facialis apparently does not discriminate
between healthy and asymptomatic infected citrus.

The numbers of O. facialis individuals on the chamber walls
were high only at the first observation (3 h), indicating a faster
adaptation to the chamber conditions than in the first
choice experiment probably because of the more moderate
temperatures (<25 °C) observed in this second experiment.
As in the first experiment, the mortality of O. facialis was
higher during the first 24 h, particularly at 14:00 hours.

Sap ingestion on healthy and infected citrus plants

The survival curves for D. costalimai (P ganic = 0-81, Pyyiicoxon
=0.68) and O. facialis (Py 4 goni = 0.99, Pyyicoron = 0.82) were
similar for healthy and infected (either symptomatic or
asymptomatic) plants (data not shown). The mean volume
of excreta produced and the frequency of D. costalimai
individuals that excreted on plants with CVC symptoms
(Treatment 2) were low compared with the healthy control
(Control 2) (Figure 4A). There was almost no excretion
after 72 h of confinement on the symptomatic plant. The
excretion volume and frequency were similar between
healthy and asymptomatic infected plants (Control 1 and
Treatment 1). For O. facialis, the frequency of excreting
individuals was high even on plants with CVC symptoms
(Treatment 2) (Figure 4B). For both species, no statistical
difference was detected among the treatments regarding
excretion, possibly because there were considerable variations
in the volumes excreted among individuals subjected to
the same treatment.
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Figure 4 Mean (+ SEM) volume excreted per individual (bars)
and frequency of Dilobopterus costalimai (A) and Oncometopia
facialis (B) that excreted (triangles or diamonds) in each
treatment in 72 h. Treatment 1: asymptomatic plants infected by
Xylella fastidiosa. Treatment 2: CVC-symptomatic plant.
Controls 1 and 2: healthy citrus plants of same age and variety as
Treatment 1 and Treatment 2, respectively.

Discussion

Infection of plants by pathogens may influence host
preference and suitability for insect vectors and other
herbivores due to changes in plant morphology, physiology,
or nutritional quality (Hammond & Hardy, 1988). It has
been observed that changes in coloration, e.g., leaf yellowing
caused by certain viruses, commonly make a diseased plant
more attractive for landing by aphid vectors (Baker, 1960;
Macias & Mink, 1969; Ajayi & Dewar, 1983). The yellow
coloration is thought to be used as a cue to indicate
favorable levels of soluble nitrogen (Kennedy et al., 1961)
and might increase the efficiency of an infected plant as
source for virus acquisition and spread by the aphids.
Plants with CVC also show leaf chlorosis and yellowish
coloration, which may be attractive for the sharpshooter
vectors. The hypothesis that citrus infection by X. fastidiosa
influences vector behavior is particularly relevant for the
epidemiology of CVC, because infected citrus trees are
considered the most important inoculum sources for disease
spread in this pathosystem (Laranjeira et al., 1998a).
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The first choice experiment showed that symptomatic
infection by X. fastidiosa in citrus has a negative effect on
host attractiveness to the sharpshooter vectors. Plants with
CVC symptoms show morphological and biochemical
alterations (e.g., increase in levels of lignin and of the
enzymes 1,3-glucanase and chitinase), which are associated
with plant reaction against pathogens (Martins et al., 1999).
Infection by X. fastidiosa in citrus caused a 38% reduction
on the average daily sap flow, and up to 45% during the
hottest hours of the day (Dal Bosco, 2001). In addition,
sweet orange plants with CVC show lower water potential
in the xylem and lower rates of photosynthesis, transpira-
tion, and stomata conductance compared with healthy
plants, especially during periods of higher atmospheric
demand, between noon and 15:00 hours (Machado et al.,
1994; Medina et al., 1999; Habermann et al., 2003). All
these changes in physiology of diseased citrus possibly reduce
the nutritional quality of xylem and/or make feeding more
difficult; thus, they may explain the preference of the sharp-
shooters for healthy plants, which show unobstructed
vessels, higher rates of photosynthesis, and normal sap flow.
Mizell & French (1987) reported a lower incidence and
survival of the sharpshooter vector Homalodisca coagulata
(Say) on peach trees infected by X. fastidiosa with symptoms
of phony peach disease (PPD) compared with healthy
plants. As symptoms develop in peach trees, changes in
concentration of elements, xylem water potential, and gas
exchange at the leaf level take place.

The observed alternation of citrus leaves and branches
as sharpshooter feeding sites along the day may be associ-
ated with changes in the physiological status of the plant,
which may influence the nutritional quality of xylem sap
or the capacity of such insects to suck sap from xylem ves-
sels on leaves or branches during certain periods. For both
healthy and CVC-symptomatic sweet orange, a reduction
in leaf water potential was observed at periods of higher
temperatures (Machado et al., 1994). This could explain
the displacement of sharpshooters from leaves to branches
at 14:00 hours in the present study. Ribeiro et al. (2004)
noted that increases in temperature affects the plant-
pathogen system, worsening the disfunction in the photo-
synthetic metabolism of plants with CVC. In the case of
grapevines with Pierce’s disease (PD), Goodwin et al.
(1988) verified that the symptomatic leaves developed
lower water potential and cellular turgescence (near to null
values) than healthy plants around noon, which was
related to a reduction in the leaf osmotic potential.

Interestingly, the sharpshooter O. facialis did not dis-
criminate between healthy and symptomless infected plants
in the second choice experiment, showing that early infec-
tion of X. fastidiosa in citrus does not affect host selection
by this hopper species. Because asymptomatic infected

plants are as acceptable as healthy ones, they may be more
important as inoculum sources for pathogen acquisition
by the vector than severely diseased plants. We also observed
that viable populations of X. fastidiosa in symptomless
infected citrus is around 10*~10° CFUg™" of leaf tissue,
thus above the minimal threshold (10* CFUg ™) required for
acquisition by vectors in grapevines (Hill & Purcell, 1997).

The excretion experiment allowed an indirect measure-
ment of sharpshooter feeding, which was not possible in
the choice experiments. Despite the lack of significant dif-
ferences in excretion among the treatments, possibly due
to high variability and limited number of individuals
tested, the data indicate contrasting feeding performances
between D. costalimai and O. facialis under confinement
conditions. The ingestion rate of O. facialis was not
affected by either symptomatic or asymptomatic infection,
whereas feeding by D. costalimai was markedly reduced
when confined on branches of CVC-symptomatic plants.
Because nutrients are highly diluted in the xylem’s sap, it is
necessary that sharpshooters ingest a large amount of sap,
about 10—100 times their body weight (Horsfield, 1977).
Therefore, the observation of low excretion rates suggests
non-preference for certain host species or for parts of a
plant. It should be pointed out that the frequency of indi-
viduals of D. costalimai was higher on leaves than on
branches of plants with CVC symptoms in the first choice
experiment (Figure 2C). Combined with the results of the
excretion experiment, in which the insects were confined
on plant branches, these data suggest that symptomatic
infection of citrus by X. fastidiosa affects the selection of
feeding sites by D. costalimai, inhibiting its permanence
and sap ingestion on the branches of diseased plants.

The observed propensity of D. costalimai to remain on
the leaves of diseased plants might enhance their acquisi-
tion of X. fastidiosa. In plants with CVC, the leaves show
higher vessel obstruction by X. fastidiosa than the stems
(Queiroz-Voltan & Paradela Filho, 1999). In grapevines
with PD, Hopkins (1981) observed a lower percentage of
vessels obstructed by the bacterium in the stem than in the
leaves, and higher in leaf veins than in petioles. Therefore,
the longer stay of D. costalimai on the leaves of infected
citrus plants could explain, at least in part, the higher trans-
mission efficiency of X. fastidiosa by this vector compared
to O. facialis (Kriigner et al., 2000; Marucci et al., 2003).

Host preference may influence the density of an insect
vector on plants and have implications on probability
of pathogen infection and disease spread (Purcell, 1985).
There is a strong relationship between vector behavior and
incidence of phony peach disease caused by X. fastidiosa
(Gould etal., 1991); the low attractiveness of diseased
peach trees to sharpshooters result in low (or no) secondary
spread of the pathogen in the peach orchards. In the



present study, the numbers of sharpshooters on healthy
citrus plants were similar (O. facialis) or higher (D. costalimai)
compared with those observed on diseased plants in the
first 3 h after release in the observation chamber. However,
most sharpshooters that initially chose the diseased plants
gradually moved to the healthy ones over the 48-h obser-
vation period. One may consider this behavior beneficial
to X. fastidiosa, because it promotes movement of vectors
to healthy plants after a few hours on infected plants, favo-
ring rapid inoculation and disease spread in the field. This
could be the case when vector transmission is efficient after
short acquisition access periods (AAPs). In grapevines, for
example, the sharpshooter Graphocephala atropunctata
(Signoret) can transmit X. fastidiosa with high efficiency
(>90%) after an AAP of only 3 h on grape with PD (Pur-
cell & Finlay, 1979). In citrus, however, reported transmis-
sion efficiencies of X. fastidiosa by vectors are much lower
(0.3-30%) than in grapes, despite the long AAP (48 h)
tested in various studies (Kriigner et al., 2000; Yamamoto
et al.,, 2002; Marucci et al., 2003). Therefore, a brief stay of
sharpshooters on severely diseased citrus would probably
reduce their probability to acquire X. fastidiosa from such
plants.

Overall, this study shows that selection of diseased citrus
plants by sharpshooter vectors is influenced by the level of
infection by X. fastidiosa. Plants with severe infection and
typical CVC symptoms tend to be rejected by both
D. costalimai and O. facialis, whereas asymptomatic ones
are equally accepted by the latter species in relation to
healthy citrus plants. It should be pointed out that the
study was conducted with young potted citrus in a green-
house; thus, vector responses to adult citrus trees in a com-
mercial grove could be different. Nevertheless, these
findings may be helpful for interpretation of epidemio-
logical studies. In sweet orange orchards, asymptomatic
infected trees or those with just mild or early CVC symp-
toms may have a greater impact as sources of inoculum for
disease spread than trees with advanced symptoms.
Besides, one may speculate that other Citrus species
tolerant to X. fastidiosa, which allow bacterial colonization
without expression of CVC symptoms [e.g., some tange-
rines, tangelos, tangors, and lemons (Laranjeira et al.,
1998b)], are important sources of inoculum as well. Fur-
ther epidemiological research should consider the possible
role of asymptomatic systemic hosts on spread of
X. fastidiosa in citrus and other affected crops.
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