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ABSTRACT. Survey of potential sharpshooter and spittlebug vectors of Xylella fastidiosa to grapevines at the Sao Francisco
River Valley, Brazil. Pierce’s disease of grapevines, caused by Xylella fastidiosa, is a serious problem in some regions of North
America, not yet reported in Brazil. In this study, a survey of potential sharpshooter (Hemiptera, Cicadellidae, Cicadellinae) and
spittlebug (Hemiptera, Cercopidae) vectors of X. fastidiosa was conducted in vineyards at the Sao Francisco River Valley, a
major grape growing region in Brazil. Four vineyards of Vitis vinifera L. were sampled fortnightly from June/2005 to June/2007,
using yellow sticky cards, each placed at two different heights (45 cm aboveground and 45 cm above the crop canopy) in 10
sampling localities. A total of 4,095 specimens of sharpshooters were collected, nearly all from 3 Proconiini species, Homalodisca
spottii Takiya, Cavichioli & McKamey, 2006 (96.8% of the specimens), Tapajosa fulvopunctata (Signoret, 1854) (3.1%), and
Tretogonia cribrata Melichar, 1926 (1 specimen). Hortensia similis (Walker, 1851) (2 specimens) was the only Cicadellini
species. Only 1 cercopid specimen, belonging to Aeneolamia colon (Germar, 1821), was trapped. Even though they are not
considered potential Xylella vectors, 2 Gyponini leathoppers were collected: Curtara samera DeLong & Freytag, 1972 (11
specimens) and Curtara inflata DeLong & Freytag, 1976 (1 specimen). Homalodisca spottii was observed feeding and mating on
green branches of grapevines, in addition to egg masses. Because of its prevalence on the crop canopy, occurrence throughout the
year (with peaks from February to August), and ability to colonize grapevines, H. spottii could be an important vector if a X.
fastidiosa strain pathogenic to grapevines becomes introduced at the Sao Francisco River Valley.
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Grapes are one of the main fruit crops in Brazil, with a
cultivated area of 82,580 ha (IBGE 2010). The Sao Fran-
cisco River Valley, located at the states of Bahia (BA) and
Pernambuco (PE), is the major table grape producer region
in the country. Grape production is privileged in this region
due to climatic conditions and all-year-long harvesting peri-
ods (Aragjo 2004).

Due to the large country size, lack of geographical barri-
ers at borders with neighboring countries with agricultural
tradition, and intense trade of plants through ports and air-
ports, Brazilian viticulture may face problems with new ex-
otic pests and pathogens. Vector-borne pathogens, in
particular, pose a serious threat because some may be spread
by indigenous or exotic vectors after introduction into a new
region. Over the last decade, various grape leafroll-associ-
ated viruses have been reported to the states of Rio Grande
do Sul (Fajardo et al. 2002) and Sao Paulo (Kuniyuki et al.
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2008), and some of them are transmitted by mealybugs (Tsai
etal. 2010). A phytoplasma grapevine yellows disease, whose
local vector(s) is(are) still unknown, was detected in the states
of Sdo Paulo, Parana, and Santa Catarina (Neroni et al. 2006).
Another serious threat, not yet reported in Brazil, is Pierce’s
disease (PD), caused by the bacterium Xylella fastidiosa
subsp. fastidiosa (Schaad et al. 2004), which is endemic to
North and Central America, with great impact in California
viticulture (Redak et al. 2004). A closely-related genotype
of X. fastidiosa was recently reported causing PD in Taiwan
(Su et al. 2013), showing the potential of this disease to be-
come globally important.

The risk of PD emergence in Brazil and other South Ameri-
can countries exists, mainly by the introduction of infected
propagative material from regions where the disease is endemic.
Favorable climate, diversity, and abundance of host plants and
competent vectors are some of the requirements for X.
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fastidiosa establishment in a newly-invaded area (Rathé ef al.
2012). Xylella fastidiosa appears not to have major biotic or
abiotic constraints in Brazil, because other genotypes of this
bacterium already cause other economically important diseases
such as Citrus variegated chlorosis (CVC) (Lee ef al. 1993),
Plum leaf scald (PLS) (French & Kitajima 1978), and Coffee
leaf scorch (Paradela Filho et al. 1997; Lima et al. 1998).

Considering the diversity of X. fastidiosa genotypes al-
ready present in Brazil (Almeida et al. 2008), there is also
the possibility of natural infection of grapevines by X.
fastidiosa from other host plants, mediated by insect vec-
tors. Lieral (2001) reported that a X. fastidiosa isolate from
citrus with CVC was able to colonize and cause PD-like
symptoms in grapevines after mechanical inoculation in the
greenhouse. However, PD has not been observed at vine-
yards of Sdo Paulo State where CVC is already established
for more than 20 years (J.R.S. Lopes, pers. obs.).

Xylella fastidiosa is a xylem-limited bacterium transmit-
ted by sharpshooter leathoppers (Hemiptera, Cicadellidae,
Cicadellinae) and spittlebugs (Hemiptera, Cercopidae) that
feed from this plant tissue (Redak et al. 2004). In California,
USA, where Pierce’s disease is endemic, as many as 15
Cicadellinae and 5 Cercopidae species have been reported
as vectors of this pathogen (Severin 1950; Purcell et al. 1979;
Purcell 1980), but just a few of them, e.g.. Homalodisca
vitripennis (Germar, 1821), Graphocephala atropunctata
(Signoret, 1854) and Draeculacephala minerva Ball, 1927,
are important for disease spread because of their prevalence
at vineyards of that region and/or high transmission efficiency
(Redak et al. 2004).

Various studies in southern and southeastern Brazil have
revealed a large diversity of sharpshooter species occurring
in orchards of plum (Hickel et al. 2001; Lopes et al. 2008),
citrus (Yamamoto & Gravena 2000; Ott et al. 2006), coffee
(Giustolin et al. 2009), and grape (Ringenberg ef al. 2010),
and many of these species have already been identified as
vectors of X. fastidiosa in citrus and coffee (Roberto et al.
1996; Kriigner et al. 2000; Yamamoto et al. 2002; Marucci
et al. 2008). However, there is no information on leathopper
or spittlebug species occurring in grapevine orchards in the
region of the Sdo Francisco River Valley, in northeastern
Brazil, that could act as vectors of X. fastidiosa. The only
survey of sharpshooter leathoppers in northeastern Brazil
was carried out in citrus orchards of Bahia State (Miranda et
al. 2009), and indicated a different species composition when
compared to surveys of orchards in southern Brazil.

The identification of potential vectors associated with
grapevines in different growing regions is important to evalu-
ate the risk of Pierce’s disease spread in Brazilian viticulture
and to establish adequate disease management strategies, in
case of pathogen introduction. A first step to identifying vec-
tors of X. fastidiosa is to analyze which leathopper species or
other xylem-feeding hoppers visit the crop. In this study, we
investigated leafthopper and spittlebug species composition in
vineyards of Sdo Francisco River Valley, as well as, seasonal
changes in populations of abundant sharpshooter species found.

MATERIAL AND METHODS

Experimental areas. Four Vitis vinifera L. commercial vine-
yards located at Sdo Francisco River Valley, State of
Pernambuco, were sampled for leathoppers and cercopids: two
with cv. Italy and two with cv. Rubi. The vineyards differed in
planting age, distance from the Sao Francisco River and sur-
rounding vegetation (Table I), but had similar cultivation char-
acteristics (trellis system, drip irrigation) and same soil type.

Sampling by sticky traps. Ten sampling points were estab-
lished per vineyard, spaced 40 m from each other. Two yellow
sticky cards (8.5 x 11.5 cm) (BioControle, Sao Paulo, SP, Bra-
zil) were placed at each sampling point: one at 45 cm above
the ground (low trap) and another at 45 cm above the crop
canopy (high trap). The sticky traps were replaced every fif-
teen days from June/2005 to June/2007. Trapped leathoppers
and spittlebugs were identified and counted in the laboratory.

Visual observations. To identify leathoppers or spittle-
bugs that use grape as host, visual inspections of insects on
crop foliage and stems were carried only in area 3 (Table I).
Evaluations were done at two different grape growth stages
in August of 2006: 20 to 30 days after pruning (15 to 35-cm
long branches) and 31 to 40 days after pruning (35 to 55-cm
long branches). On each evaluation date, there were 40 rep-
licates: 20 in the morning (between 9:00 and 11:00 a.m.)
and 20 in the afternoon (between 3:00 and 5:00 p.m.); each
replicate was made up by 2-min observations. Leathoppers
found during inspections were captured and identified in the
laboratory. The average number of leathoppers observed per
sample for each growth stage and time of the day, were com-
pared by the Tukey test at 5% probability using SAS 9.1.3
(SAS Institute 2003)

Species identification. Identification of specimens was
carried out using dichotomous keys, descriptions, and rede-
scriptions provided in the literature (Young 1968, 1977;
Azevedo Filho & Carvalho 2001; Takiya ef al. 2006) and by
direct comparison with specimens of entomological collec-
tions. Voucher specimens from each leathopper and spittle-
bug species were deposited in the Entomological Collection
at Embrapa Uva e Vinho (CEEUV) in Bento Gongalves, RS,
Brazil.

Populational fluctuation. Graphic analysis of populational
variation over time in different areas was carried out only for
species trapped in sufficient numbers. Graphics were built
for each sampled vineyard (Areas 1-4) using the mean num-
ber of adults collected per trap and per 15-day period, sepa-
rating data from the two sampling heights. Multiple regression
analysis was carried out using the Statistica 7.1 software
(STATSOFT INC. 2005), correlating the number of adults
leathoppers captured every 15 days (dependent variable) with
climatic variables (average temperature and rainfall) regis-
tered for the month corresponding to the collection date or
for the previous month (independent variables). Climatic data
were obtained at the Agro-meteorological Station 1 of
Bebedouro, PE, which is located half-way between Petrolina,
PE, and Santa Maria da Boa Vista, PE.
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Table I. Location and characteristics of vineyards sampled with yellow sticky cards from June 2005 to June 2007 at Sdo Francisco River Valley, State of Pernambuco (PE).

. Age Grape Distance from . . Vineyard
Area Location (vears) Cultivar SFR! Surrounding vegetation size (ha)
. 016°0() 0n %3 Orchards of Mangifera indica L. (Anacardiaceae), Psidium sp.

1 Petrolina, PE 9°16°0075, 40°25°00 W 3 Italy 13 Km (Myrtaceae), Malpighia punicifolia L. (Malpighiaceae), and grapevines B

2 Petrolina, PE 9°08°44”S, 40°16°36"W 4 Italy 10 Km Native vegetation Caatinga 3

3 Santa Maria da Boa Vista, PE °01°41”S, 3 Rubi Ri . Two borders with grapevines, and the others with riparian wood and 5

39°56°55"W ubt ver margi— caatinga
4 22912%2‘9,1\54;,{%;,(13 Boa Vista, PE 08°59°287, 4 Rubi 7 Km Three borders with grapevines and one with M. indica 1
! Distance from Sdo Francisco River (SFR).

RESULTS AND DISCUSSION region. In citrus orchards, Ott et al. (2006) reported nine

Leathopper and spittlebug species composition. A total
of 4,106 Cicadellidae specimens distributed in the subfami-
lies Cicadellinae (4,094) and Iassinae (12) were collected in
all vineyards by yellow sticky traps. In Cicadellinae (sharp-
shooter leathoppers), most specimens were from the tribe
Proconiini (4,092); only 2 individuals of Hortensia similis
(Walker, 1851) (tribe Cicadellini) were trapped (Table II).
Three Proconiini species were found and the most abundant
was Homalodisca spottii Takiya, Cavichioli & McKamey,
2006 with 3,965 specimens collected, followed by Tapajosa
fulvopunctata (Signoret, 1854) (126 specimens), and
Tretogonia cribrata Melichar, 1926 with a single individual
(Table II). In Iassinae, for which no vector of X. fastidiosa
has been reported, only two species of Gyponini, Curtara
inflata DeLong & Freytag, 1976 (1 specimen) and Curtara
samera DeLong & Freytag, 1972 (11 specimens) were
trapped. A single individual of the cercopid species
Aeneolamia colon was trapped (Table II).

Table II. Leafhopper and spittlebug species and number of specimens captured by
yellow sticky traps from June 2005 to June 2007 in vineyards of Vitis vinifera at
Petrolina (Areas 1 and 2) and Santa Maria da Boa Vista (Areas 3 and 4), southwest
of Pernambuco State. Height of trap at 45 cm above the crop canopy (H) and 45 cm
above the ground (L).

Vineyards
Family/Species Area 1 Area 2 Area 3 Area 4 Total
H L H L H L H L

Cicadellidae

Curtara inflata 0 0 1 0 0 0 0 0 1

Curtara samera 0 2 3 6 0 0 0 0 11

Homalodisca spottii 201 35 746 88 1513 42 1258 82 3965

Hortensia similis 0 0 0 0 0 2 0 0 2

Tapajosa fulvopunctata 5 14 10 19 2 3 13 60 126

Tretogonia cribrata 0 0 0 1 0 0 0 0 1
Cercopidae

Aeneolamia colon 0 0 0 0 0 1 0 0 1

Although a large number of sharpshooter specimens was
captured in the present study (4,106 specimens), species di-
versity was low when compared with other surveys of sharp-
shooters in Brazil. Ringenberg et al. (2010) found 23
sharpshooter species in vineyards of the Serra Gaucha re-
gion (Rio Grande do Sul State), in southern Brazil, and Lopes
et al. (2008) found 24 species in plum orchards of the same
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species of Cicadellinae at Rio Grande do Sul State, whereas
in the north coast of Bahia State, 11 species were found
(Miranda et al. 2009).

The difference in number of species collected in these
published surveys may be explained by the diversity of physi-
ographic and climatic conditions of different regions in Bra-
zil, indicating the need of studies on leathopper composition
for each region. The greater diversity of species in southern
Brazil can be explained by the wet climate and variety of
habitats and surrounding vegetation, which offers host plants
for a larger number of species with different feeding habits
and host preferences. In contrast, more selective environmen-
tal conditions and fewer host plants are available for leaf-
hoppers in the Sao Francisco River Valley region, which has
a semi-arid climate with low rainfall levels (annual average
of 442.84 mm) (Araujo 2004) at the Caatinga biome.

With intense limiting environmental factors, the
number of individuals of common species tends to increase
and rare ones to decrease (Silveira Neto ef al. 1976). In fact,
H. spottii was a prevalent leathopper species in the vineyards
at Sao Francisco River Valley, representing 96.8% of the to-
tal catch of specimens. This sharpshooter species was first
described from samples collected on citrus in states of Bahia
and Sergipe (Takiya et al. 2006), and still had not been re-
ported on grapevines. Based on a faunistic analysis, it was
classified as a predominant leafhopper species in citrus or-
chards at the north coast of Bahia and appears to be well
adapted to the northeastern Brazil, where it is considered a
possible vector of the CVC strain of X. fastidiosa (Miranda
et al. 2009). The second most trapped in the present study, 7.
fulvopunctata, was rare in citrus orchards of the northern
coast of Bahia (Miranda et al. 2009).

Interestingly, only one specimen of Cercopidae (another
group of potential vectors) was trapped by yellow sticky cards
or observed on grapevines in this survey. These are contrast-
ing results to a survey using similar trapping methods in vine-
yards of Rio Grande do Sul (Ringenberg et al. 2010), where
62 specimens belonging to six species in three genera (Deois,
Notozulia, and Tunaima) of Cercopidae were collected. In
that survey, most spittlebugs were collected by traps located
45 cm aboveground, suggesting that they were living on
ground vegetation, which was fairly dense and composed
primarily by Bidens pilosa L., Brachiaria plantaginea (Link),
Cymbopogon sp., Lolium multiflorum Lam., Trifolium repens
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L., and Rumex sp. In contrast, the ground vegetation of the
sampled vineyards in the present study was scarce and patchy
(restricted to small areas near drip irrigation), comprised by
Acanthospermum australe (Loefl), Bidens pilosa L.,
Cynodum dactylon (L.), Momordica charantia L., and
Pennisetum spp. Besides vegetation, the semi-arid climate
appears to be a key factor explaining the low diversity and
abundance of cercopids in the vineyards of the Sdo Fran-
cisco River Valley, because this group of insects is more
adapted to moister climates, with higher rainfall levels and
soil humidity (Silveira Neto et al. 1986).

Leafhopper distribution in relation to trap height and or-
chard location. Specimens of H. spottii were collected al-
most exclusively (94% of total catch) by high traps, whereas
most 7. fulvopunctata (76%) and C. samera (73%) specimens
were captured by low traps (Table II). The few specimens of
H. similis and T. cribrata were all captured in low traps. The
trapping height indicates the flying height of the insect and
its possible preference for the crop canopy or for the ground
vegetation. In the present study, these data suggest that H.
spottii has a flight activity concentrated on the grape canopy,
while the other leathopper species are more active on the
ground vegetation of the vineyards. These results are consis-
tent with those of Miranda ef al. (2009), who observed a
greater activity of H. spottii at the tree canopy and of H. similis
on the weedy vegetation of citrus orchards.

Trap catches were not uniformly distributed among vine-
yards. From all H. spottii specimens collected, 39.2% was
collected in Area 3, 33.8% in Area 4, 21.0% in Area 2, and
only 6.0% in Area 1 (Table II). Therefore, vineyards from
Santa Maria da Boa Vista, PE (Areas 3 and 4) showed larger
populations of H. spottii than those of Petrolina, PE (Areas 1
and 2). The higher numbers of H. spottii species collected in
Area 3 may be due to the vineyard location adjacent to the
riparian forest of the Sdo Francisco River. It was previously
reported that Proconiini sharpshooters are more abundant in
coffee orchards near woody vegetation (Giustolin et al. 2009),
possibly because of the higher diversity of plants that could
serve as alternative hosts for these insects. A more favorable
microclimatic condition (milder temperature, higher relative
humidity) provided by the proximity to the river margin
(Teixeira & Silva 1999) and woody vegetation could also
have influenced the higher trap catches in Area 3.

Visual observations of leathoppers on grapevines.
Homalodisca spottii was the only sharpshooter species found
on grape plants. Mating couples, egg masses, and develop-
ing nymphs of H. spottii were observed on young branches,
suggesting that grape is used as a host plant by this sharp-
shooter species, where feeding and reproduction takes place.
Adults were commonly observed on stems and next to the
last growth spurt, whereas nymphs were observed on leaves
and stems of the last growth spurt and egg masses were found
on the leaf abaxial surface (Fig. 1).

Visual inspections on the crop foliage and stems of ‘Rubi’
grapevines conducted at 20 to 30 post-pruning days (15- to
35-cm long branches) in Area 3 (Santa Maria da Boa Vista,

Fig. 1. Egg mass (A), nymphs (B), and adults (C e D) of the sharpshooter
Homalodisca spottii observed on grapevines in Santa Maria da Boa Vista,
PE, 14/08/2006. (Photo credits: Jodo R. S. Lopes).

PE) indicated an average number of 1.95 + 0.18 H. spottii
adults per sample (2-min observation) (n = 20) during the
morning (9:00-11:00 am), which was nearly twice the aver-
age of 1.1 + 0.18 recorded during the afternoon (3:00-5:00
pm) (P<0.05). Interestingly, no difference in sharpshooter
population was found between morning (1.6 + 0.25) vs. after-
noon (1.6 + 0.22) (P>0.05) when visual observations were
carried out on older branches (35- to 55-cm long), at 3140
days after pruning. We do not know the reason for the lower
numbers of adults of H. spottii observed on younger branches
(20-30 days after pruning) when sampling was done in the
afternoon. We speculate that sharpshooter adults might seek
shelter under more developed leaves and stems of older
branches for protection against the higher temperatures in the
afternoon. Nonetheless, this information is relevant for de-
signing a sampling plan based on visual inspections, which
should be done in the morning to allow more stable estimates
of sharpshooter populations at different branch growth stages.
Populational fluctuation of adults of H. spottii. In the four
grapevine areas studied, most population peaks of H. spottii
occurred in the first semester (Fig 2). Areas 3 and 4 presented
the highest mean numbers of captured individuals per trap,
with major peaks in autumn and winter (May-August), but
insects were collected during almost the entire sampling pe-
riod. In Areas 1 and 2, major peaks were observed during sum-
mer and autumn (February-June), but there were long periods
without capture, especially from August to December.
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Fig. 2. Populational fluctuation of adults of Homalodisca spottii collected by yellow sticky traps placed at 45 cm aboveground (low trap — open circles),
and 45 cm above the crop canopy (high trap — filled circles) in four vineyards of Vitis vinifera in Petrolina, PE (Areas 1 and 2) and Santa Maria da Boa
Vista, PE (Areas 3 and 4) from June 2005 to July 2007. Arrows indicate pruning dates.

Multiple regression analyses showed no significant corre-
lations between average temperature (°C) and rainfall (mm)
(Fig. 3) with trap catches of adults of H. spottii. Despite the
lack of statistical correlation with climatic factors, the largest
captures of adults of H. spottii occurred in periods of higher
rainfall, usually between November and June (Fig. 3), and
population build up was apparently related to the onset of the
rainy season. In 2006, the population of H. spottii started in-
creasing in January (Fig. 2), 2 months after the first spring
rains in November of 2005. The following rainy season began
in September of 2006, 2 months earlier than in the previous
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year (Fig. 3), and consequently sharpshooter captures increased
earlier, in October and November of 2006 (Fig. 2).

Another factor responsible for the observed capturing
profile may be the availability of developing branches for
the sharpshooters, which was influenced by the pruning sys-
tems adopted. In Areas 3 and 4, pruning was done gradually
in different sections of the plots, so that grapes could be pro-
duced during the entire year for the market. Therefore, while
some rows were pruned (without branches), others were in
shoot emission phase, fruit maturation phase, and harvest
phase. Consequently, all phenological phases of the crop were
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Fig. 3. Average temperature (°C) and precipitation (mm) at the meteorological station 1 of Bebedouro, PE, from May 2005 to June 2007.

present in Areas 3 and 4 throughout the sampling period. In
this case, the availability of green branches in the grapevines
for food and oviposition was constant, allowing the popula-
tion to remain in the area.

In areas 1 and 2, pruning was carried out simultaneously
in the entire grapevine plots (Fig. 2), with impacts on the
population fluctuation of both common sharpshooter spe-
cies. A decrease in sharpshooter population was recorded
after each pruning in those areas, possibly because the green
parts of the grapevines were eliminated in the entire plots.
During this period, the presence of other plants in adjacent
areas or between crop rows could offer alternative food and
oviposition sources for sharpshooter species. This may be
one of the reasons why higher trap catches occurred in Area
3, which has greater vegetation diversity in the adjacent ar-
eas. Pruning also influenced adult capture at low traps; an
increase in numbers was generally observed in those traps
right after the pruning date, possibly because sharpshooters
may switch to herbaceous hosts (Fig. 2).

In conclusion, results of this survey showed a very low
diversity of potential X. fastidiosa vector species in vineyards
of the Sao Francisco River Valley. Homalodisca spottii was a
predominant species trapped at crop canopy level, and the only
one observed engaged in feeding and reproduction activities
on grapevines. Tapajosa fulvopunctata was another commonly
trapped sharpshooter, but in much lower numbers and pre-
dominantly caught by traps located near the ground, suggest-
ing a preference for herbaceous plants. Because H. spottii is
an abundant sharpshooter that colonizes grapevines and oc-
curs throughout the year in this crop, it could be an important
vector if a X. fastidiosa strain pathogenic to grapevines were
introduced in that region. Further research is necessary to de-
termine the competence of these sharpshooters to transmit X.
fastidiosa to grapevines and/or other plants, in order to con-
firm their potential as vectors of this pathogen.
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