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Fungi that cause rot in bunches of grape identified in adult fruit flies (Anastrepha

Jraterculus) (Diptera: Tephritidae)

Ruben Machota Jr.", Ligia C. Bortoli', Marcos Botton?, and Anderson D. Griitzmacher!

Anastrepha fraterculus (Wiedemann) is the main species of frugivorous insect that damages berries of table grape (Vitis
vinifera L.) in Southern Brazil. This study was conducted to isolate and identify the fungi associated with bunch rot present
in the body of adults of A. fraterculus collected in a commercial vineyard. From January to February 2011, adults of A.
fraterculus were collected from a commercial vineyard of green grapes using adapted McPhail traps. In laboratory, flies
bodies were divided into four parts (head, legs, wings, and ovipositor) in Petri dishes with PDA medium to evaluate
microorganisms associated. Six adult females of A. fraterculus collected in the field were also analyzed in a scanning
electron microscope (SEM) to identify spores of fungi. Phytopathogenic microorganisms were found in all sectioned parts.
Fungal spores were recorded adhered to the body of adult females of A. fraterculus. The main species of fungi found in
the body parts of A. fraterculus were Cladosporium spp. (20.2% of the obtained colonies), Botrytis cinerea Pers. (12.9%),
Colletotrichum spp. (10.1%), Penicillium spp. (10.1%), Fusarium spp. (7.7%), followed by Rhizopus spp., Trichoderma
spp- and Aspergillus spp., suggesting that the insect can serve as a mechanical vector of spores increasing damage in the

vineyards.
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INTRODUCTION

In the South region of Brazil, the South American fruit
fly Anastrepha fraterculus (Wiedemann, 1830) (Diptera:
Tephritidae) has been the main plague associated to
cultivation of fine table grapes (Vitis vinifera L.) (Formolo
et al., 2011; Zart et al., 2011). The damage is caused
both by females that punch holes in the berries during
oviposition, and by the larvae that damage the pulp by
feeding on it (Botton et al., 2003; Zart et al., 2010). The
injuries caused by the oviposition cause the premature fall
of the berries (Zart et al., 2011) and may also become an
entranceway to pathogens (Engelbrecht et al., 2004; Sela
et al., 2005).

Spore dispersal and aid in the penetration by
phytopathogens by insects has been little considered in
the handling of fungal diseases (Pirozynski and Malloch,
1988). In apple growing, an increased incidence of bitter
rot caused by fungus Glomerella cingulata (Stoneman)
Spauld. & H. Schrenk in fruits, when associated to
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injuries caused by A. fraterculus during oviposition
(Berton et al., 2005). Corroborating these results, Santos
et al. (2008) have shown that the canker caused by the
fungus Botryosphaeria dothidea (Moug.) Ces. & De Not.
was also more incident in apple fruits due to oviposition
of A. fraterculus when compared to artificial injuries.

The use of synthetic fungicides is the main handling
strategy regarding the rot of bunches and other fungal
diseases in vine growing (Chavarria and Santos, 2009).
Although it is assumed that insects such as A. fraterculus
may act as phytopathogens dispersal agents in vineyards
(Engelbrecht et al., 2004), little attention has been given
to this factor. Information on the interaction between
insects and pathogens, mainly as regards table grapes,
has allowed the phytosanitary handling of vineyards,
rationalizing the use of agrochemicals (Formolo et al.,
2011).

Thus, this work aimed at identifying phytopathogenic
fungi that cause rot in bunches of grapes, present in the
bodies of adult A. fraterculus.

MATERIALS AND METHODS

A commercial vineyard of fine white table grape ‘Italia’,
located in Caxias do Sul (29°14° S; 51°14> W; 630 m
a.s.l.), Rio Grande do Sul, Brazil, was selected for the
experiment. The vineyard was planted in 2006, with row
spacing of 3.0 x 1.5 m, with Paulsen 1103 rootstock,
in an area of 0.42 ha (60 x 70 m), planted on Y system
under transparent and plastic waterproofed polyethylene
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covering (160 pum thickness and 2.70 m width). The
vineyard is bordered by other orchards such as persimmon
trees Diospyros kaki Thunb., peach trees Prunus persica
(L.) Batsch, pitanga trees Eugenia uniflora L., plum trees
Prunus domestica L., araga trees Psidium cattleyanum
Sabine and orange trees Citrus sinensis (L.) Osbeck. The
vineyard was chosen for the work due to the history of
infestation with A. fraterculus.

On 28 January, and 2, 10, and 23 February 2011
(period of maturation of the grapevine) six McPhail-type
traps were installed baited with hydrolyzed protein (Bio
Anastrepha® 5%, BioControle, Indaiatuba, Sdo Paulo,
Brazil) in equidistant distribution in the vineyard, each 15
m. Traps were rotated on each evaluation date to cover the
whole area. Each trap was adapted for the collection of
adults of A. fraterculus by placing in its interior a shading
screen (Sombrite® 1006, Equipesca, Campinas, S&o
Paulo, Brazil), cut in a circular shape (15 cm diameter),
with a 5 cm hole punched to its center, connected in order
to hinder the contact of insects captured with the attractive
solution, and thus prevent the contamination of the flies
with the attractive solution (Figure 1).

McPhail

Figure 1.
(BioAnastrepha®, 5%) used for the capture of adults of Anastrepha
fraterculus. (A) Placement of trap in the vineyard, and (B) interior of
the trap containing the shading screen cut in a round shape.

trap baited with hydrolyzed protein

The installation of traps in each sampling date occurred
at 09:00 h, collection of A. fraterculus was evaluated each
30 min, and collections were interrupted at 16:00 h. The
captured insects were individually removed from traps
with the aid of a vacuum mouth, made of a transparent
PVC hose (50 cm length and 0.7 cm internal diameter),
containing in the medium portion of its interior a voile
sieve. Immediately after being individually aspirated
the insects were placed in sterilized Petri dishes (6 cm
diameter), using a fine tip histological tweezers (12 cm).
All the equipment, including the McPhail traps, was
changed after each captured fly. The material used in the
field was hygienized in laboratory (immersion in 70%
alcohol solution, 1.5% sodium hypochlorite, and washed
in distilled and sterilized water for 1 min). The collected
insects were brought to the laboratory and within 24 h
maximum they were individually anesthetized with CO,
(for 30 s) and separate in four portions: (1) head; (2) legs;
(3) wings, and (4) ovipositor. Only the females were used
in the experiment; the males were discarded.

The tweezers were disinfested with 70% alcohol with
posterior flaming each time an insect’s body part was
detached. Each one of the insect’s body parts were placed
in autoclaved 25 mL plastic Petri dishes in non-selective
PDA medium. Dishes containing culture medium,
incubated in growth chambers (model 347 CDG, Fanem,
Sao Paulo, SP, Brazil) at 23 °C and photophase of 12:12 h
were used as control.

The isolated colonies of microorganisms were pre-
characterized through the observation of its morphology
through optic microscope (400X, model Axiophot, Carl
Zeiss Company, Oberkochen, Baden-Wiirttemberg,
Germany) after 8 d, with the aid of identification keys
(Barnett and Hunter, 1999). Six adult females of A.
fraterculus collected in field were visualized in scanning
electron microscope (model DMS 940, Carl Zeiss
Company, Oberkochen, Baden-Wiirttemberg, Germany)
in Laboratory of Immunology and Electron Microscopy
of Embrapa Temperate Climate, Pelotas, Rio Grande
do Sul, Brazil), prepared according to the methodology
described by Azevedo Filho et al. (2008).

The insects collected in the experimental area in
monitoring traps during the harvest 2010/2011 were
identified according to dichotomous key (Zucchi, 2000).

RESULTS AND DISCUSSION

In the four evaluations 52 females of A. fraterculus were
collected in the traps. The largest amount of adults was
collected at the beginning of the afternoon, from 13:00 to
15:00 h. This period coincided with the peak of oviposition
of the species (Malavasi et al., 1983). Although the
experiment was carried out under protected culture,
according to Chavarria et al. (2009) the microclimatic
conditions provided by this covering do not affect the
collection of adults of A. fraterculus in McPhail traps.
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The traps collected 208 colonies of microorganisms
of A. fraterculus. Cladosporium spp. Link (20.2% of
the obtained colonies), Botrytis cinerea Pers. (12.9%),
Colletotrichum spp. (10.1%), Penicillium spp. (10.1%),
Fusarium spp. (7.7%), Rhizopus spp. Ehrenb. ex Corda
(6.7%), Trichoderma spp. (3.4%) and Aspergillus
spp. Micheli (2.4%) were registered in the body of A.
fraterculus, being that the three first ones, with bigger
occurrence, are associated to rot of bunches (Table 1).

In 50 flies (94% of total captured) it was found at least one
phytopathogenic microorganism, indicating the presence
of contaminating agents in the insect body. The body
parts of A. fraterculus (head, legs, wing, and ovipositor)
presented, in at least one dish, the development of more
than one fungal colony. Cladosporium spp. and Penicillium
spp. occurred simultaneously in 7.2% of the dishes. The
fungi Cladosporium spp., Botrytis cinerea, Fusarium
spp., Rhizopus spp., and Aspergillus spp. are the main
contaminants present in berries of grapes causing losses
from pre-harvest until the processing (Belli et al., 2004).

The acid rot, whose etiology involves a series of
microorganisms, besides leavenings and bacteria as
Gluconobacter spp. and Acetobacter spp., includes fungi
of the Aspergillus spp., Penicillium spp., Cladosporium
spp., and Rhizopus spp. genus (Loureiro and Malfeito-
Ferreira, 2003) were also found in the body of the captured
insects.

Cladosporium spp. was the species of bigger
occurrence, being found mainly in the head, wings and
ovipositor of A. fraterculus (Table 1). The rot of bunches
caused by Cladosporium spp. is characterized by the
development of a olive-colored mycelium, frequent in
wine grapes ‘Cabernet Sauvignon’ and ‘Carménere’,
which are harvested later, causing the dehydration of
the berries, yield reduction, change of color, aroma and
flavor of the wine, also affecting the performance of the
leavenings responsible for the fermentation processes
(Bricefio et al., 2009).

The second pathogen of larger occurrence was B.
cinerea, mainly in the legs and wing of A. fraterculus.
This pathogen is one of main responsible for losses in
the yield and quality of the fruits, both for table grapes
and those destined to processing (Sonego et al., 2005). In
relation the dispersion of this pathogen in the vineyards,
the vinegar fly Drosophila melanogaster Meigen, 1830
(Diptera: Drosophilidae) has been considered the main
dispersal agent (Louis et al., 1996) due to adherence
of the insect’s corporal surface. In this work, fungal
spores were recorded for the first time in A. fraterculus
by means of scanning electronic microscopy, making it
possible to observe the rounded structures, with average
dimensions of 10 ym adhered to the body of the flies
(Figure 2).

Fungal colonies of Colletotrichum spp. and Penicillium
spp. developed in all parts, with prominence for the legs
in 4.8 and 5.8% of the colonies, respectively. None of
these pathogens was found in the ovipositor.

Colletotrichum spp. is a pathogen found in the
majority of the vineyard regions being responsible for
the rot of infected bunches (S6nego et al., 2005) resulting
in the processing of inferior quality wines (Meunier and
Steel, 2009). Although the injuries caused by adults of A.
fraterculus in grape berries occurs through the oviposition
(Botton et al., 2003; Zart et al. 2011), it is known that the
genus Colletotrichum does not need injuries to penetrate
in the tissue of the hostess (Alfenas and Mafia, 2007).
The presence of the pathogen in the head, legs and wings
of A. fraterculus indicates that the insect disseminate
the pathogen between berries and bunches, even in the
absence of injuries.

In this work, the development of colonies of Fusarium
spp. was also observed in all the isolated parts of the
body of A. fraterculus. Works developed by MikuSova et
al. (2010) also verified the presence of Fusarium spp. in
grape berries, reporting its relation with the production of
fumonisin mycotoxin.

Table 1. Microorganisms found in body parts of female adults of Anastrepha fraterculus, collected from a vineyard of table grape ‘Italia’ in

adapted McPhail traps.
Body parts Total of colonies
Microorganism Head Legs Wings Ovipositor obtained — N3
n! %0? n % n % n %

Aspergillus spp. -4 - 2 1.0 - - 3 14 5
Botrytis cinerea - 14 6.7 9 43 4 19 27
Cladosporium spp. 15 72 4 1.9 12 58 11 53 42
Colletotrichum spp. 4 1.9 10 4.8 7 34 - - 21
Fusarium spp. 2 1.0 1 05 8 38 5 24 16
Penicillium spp. 5 24 12 58 4 19 - - 21
Rhizopus spp. 3 14 2 1.0 4 1.9 5 24 14
Trichoderma spp. - - 2 1.0 2 1.0 3 14 7
Bacteria 16 7.7 6 29 11 53 8 38 41
Yeast 4 19 3 14 2 1.0 5 24 14
Total 49 236 56 269 59 284 44 21.1 208

'n: number of developed colonies.

2%: percentage from the total of the 208 colonies recorded.
3N: total number of colonies obtained per pathogen.

4(-): not observed.
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Figure 2. Fungal spores adhered to the body of Anastrepha fraterculus photographed in scanning electron microscope. (A) Front view of an
abdominal hair; (B) lateral of the abdomen, (C) final portion of tarsals, and (D) side view of the right pelvis. Bar = scale.

Works by Willison and Dustan (1956) have
demonstrated a significant increase of rot caused for
Rhizopus nigricans Ehrenb. and Monilinia fructicola (G.
Winter) Honey 1928 after infestation by Drosophila spp.
in peach. Cayol et al. (1994) used Rhizopus stolonifer
(Ehrenb.) Vuill. as model to describe, in laboratory, the
potential of transmission of this pathogen by Ceratitis
capitata (Wiedemann, 1824) (Diptera: Tephritidae).

Amongst the observed fungal pathogens, Aspergillus
spp. presented the lesser occurrence, not being found in the
head or in the wings. Works have suggested the influence
of fungi belonging to the genus Aspergillus associated to
acid rot in vineyards, demonstrating the predominance
of Aspergillus carbonarius (Bainier) Thom 1916 and
Aspergillus niger Tiegh. 1867 (Kazi et al., 2007). The
relation of these pathogens with dipteral is emphasized
by Barata et al. (2012) affirming that the development of
acid rot in vines depends on the presence of Drosophila
spp- in the surface of the grapes, being responsible for
the increase of the population of these microorganisms
in damaged bunches. The presence of Aspergillus in
the body of A. fraterculus also includes this species as
possible dispersal agent of the pathogen in the vineyards.

Although bacteria and leavenings were not identified

in this study, there is a high occurrence of these
microorganisms (26.4% of total colonies obtained),
mainly of bacteria, in dishes where heads of flies were
deposited. In the grape culture, the leavenings are present
in the ground, air, plants or animals, and insects are the
main dissemination agents (Mortimer and Polsinelli,
1999). Works by Allen (1931) have suggested the
transport of the bacterium Pseudomonas melophthora
Allen & Riker by adults of Rhagoletis pomonella Walsh
(Diptera: Tephritidae). The oviposition behavior of
fruit-flies comprises some stages, marked by the period
of latency (interval between the arrival to the fruit and
the beginning of oviposition); recognition of the host;
oviposition attempts (“test bites”); oviposition (insertion
of the aculeus); dragging and cleaning of the ovipositor
(Aluja et al., 2000).

Considering that not all visits to the fruit result in
puncture and that not all puncture represents oviposition
(Zart et al., 2011), the contact of the insect’s body with
the berries and the bite of oviposition of A. fraterculus,
associated to the presence of reproductive structures of
phytopathogens adhered to the ovipositor (aculeus) and
legs, will contribute for the increase in the incidence of
illnesses in the berries.
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The periods of search or recognition of the host, drag
and cleaning of the ovipositor, are characterized by the
repeated touch of the lip and aculeus of the ovipositor
during the passage on the surface of the fruit, female’s
displacement on the fruit dragging the aculeus after
the oviposition and repeated attrition of the legs on the
ovipositor, respectively (Aluja et al., 2000). As some
pathogens do not need tissue injuries for penetration
(Alfenas and Mafia, 2007) the oviposition behavior of
A. fraterculus may have contributed so that the fungal
structures were found in different portions of the insect’s
body. Another probable cause of contamination would
be the mating behavior. According to Burk (1973), the
mating of the fruit fly can occur on the host. After the
mating the legs are used for cleaning of the final portion
of the abdomen and ovipositor.

Cladosporium spp. (5.3%) and bacteria (3.8%) were
the most frequent microorganisms in the ovipositor,
whereas B. cinerea was observed more frequently on the
legs (6.7%). In the head, the most frequently observed
microorganisms were Cladosporium spp. (7.2%) and
bacteria (7.7%).

In search of protein sources for the development of
the ovary, reaching the sexual and physiological maturity
(Cornelius et al., 2000), secretions and exudates of the
plants, nectar, pollen grains, excrements of birds, bacteria,
and leavenings become the main food sources used by
fruit flies in the nature (Hendrichs and Prokopy, 1994).
Tephritidae present four definite forms of alimentary
behavior: grazing, suction, bubbling, and regurgitation
(Aluja et al., 2000). This last form, predominant in
Anastrepha spp., is characterized by the feeding and later
deposition of the regurgitated exudate long the host tissue.
Thus, the contact of the buccal parts of the collected flies
with phytopathogenic microorganisms through feeding
in the field in contaminated berries could be another
form of acquisition, transport and dissemination of these
microorganisms, explaining the fact that 7.7% of the total
bacteria colonies were recorded on the head.

The Tephritidae possess high biotic potential, easiness
of dispersion in the environment and ability of adaptation
the different hosts (Zart et al., 2011). The presence
of a great diversity of hosts in the studied area, with
maturation of fruits at different times of the year, favors
the establishment and maintenance of the high density of
A. fraterculus. In this case, there is also the possibility that
raiding populations of adults of A. fraterculus acquired
phytopathogens in alternative hosts located close to the
vineyard, carrying and exhausting them in the grapevine.
For these reasons, due to the high losses caused by rot
in the bunches caused by these organisms in table grapes
(Sonego et al., 2005), the presence of populations of A.
fraterculus in the culture (Chavarria et al., 2009; Formolo
et al., 2011), the injuries caused by oviposition and the
development of the larvae in fungi (Zart et al., 2011),
besides the forage behavior and feeding habits related

to the presence of phytopathogenic microorganisms in
the insect’s body, strategies for the management of the
species must be considered to reduce the incidence of rot
in grape bunches.

CONCLUSION

It may be concluded that adults of A. fraterculus transport
spores of Cladosporium spp., Botrytis cinerea Pers.,
Colletotrichum spp. and Penicillium spp. that cause rot
in bunches of grapes, increasing the fruit damages in
vineyards.
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