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Abstract: Escudete, which is caused by Botryosphaeria dothidea, is a disease that is widely distributed in
the Mediterranean basin, but is of little general importance. Nevertheless, serious attacks have been
observed on occasion, which have caused a considerable reduction in the quality of table olives. The
incidence of the pathogen has been associated with damage caused by the olive fly (Bactrocera oleae)
and the presence of a possible vector agent, i.e., the midge Prolasioptera berlesiana, whose larvae
can feed on fly eggs (although the role the midge may play in the spread of this disease is not well
known). Therefore, it is necessary to clarify these interactions to adopt appropriate disease control
measures. Studies were conducted in olive orchards planted with the Gordal Sevillana, Picudo,
and Hojiblanca olive cultivars. Field surveys were carried out in order to sample their fruits for
laboratory analysis, and several bioassays were also performed. Moreover, the population of B. oleae
adults was monitored using traps that were baited with food attractants. The results indicated that
the three agents developed and evolved in parallel under field conditions. Thus, the midges were
attracted by the oviposition punctures caused in fruits by olive fruit flies, regardless of whether the
punctures contained eggs. All the investigated olive fruits in which midges were present inside
punctures created by olive fruit flies exhibited typical symptoms of escudete, which is necessary for
the development of this disease. Forty-eight hours after fly punctures were artificially simulated in
the olive fruits, 48.0% of them contained a midge, whereas no midges appeared in the artificially
created shapeless wounds in the fruits. This indicates that an olive fly egg is not required for the
development of midges; however, they do prefer punctures made by B. oleae. Moreover, when the
olive fruits were incubated in a humid chamber, the B. dothidea fungus only appeared in those fruits
that contained midges, thus indicating a close relationship between these two agents. Additionally,
the midges were able to complete their entire development from egg to adult under controlled
conditions, and they fed on the pure cultures of the B. dothidea fungus. Furthermore, although no
pathogens were present in the immature midges, some of the pathogens could have been isolated
from the inner tissues of the adult female midges. The fact that mycangia is present in the abdomen
of P. berlesiana supports the hypothesis that their relationship with B. dothidea may be mutualistic and
that they may act as a vector for the fungus.

Keywords: aerial mycoses; Bactrocera oleae; Prolasioptera berlesiana; Olea europaea; table olive production

1. Introduction

More than 98% of all olive trees grow around the Mediterranean basin, with Spain
being the leader in olive production [1,2]. The region of Andalucía is the most important
olive-growing area [3]. Many parasites (including pests and diseases) compromise the
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sanitary status of this crop. Dalmatian disease—which is also better known as “escudete”
(i.e., small shield in Spanish and Portuguese)—is caused by Botryosphaeria dothidea (Moug.)
(see Trapero and Blanco (2010) [4] for details), and it is widespread in olive groves in
the Mediterranean area [5–7]. In general, this disease is of little importance except for its
influence on the quality of table olive fruits. However, Salgues (1937) [8] indicated that
olive fruits that are affected by Dalmatian disease (hereafter referred to as escudete disease)
can reduce oil production by 3%. In a study carried out by González et al. (2006) [9], it was
shown that there is not much difference in the quality of the oil extracted from the samples
of healthy olives compared to others that are infected by escudete. The current average
data on the disease in Andalucía indicate that 4.1%, 2.1%, 1.2%, 0.5%, and 0.7% of fruits
have symptoms (these were estimated on different dates) in the provinces of Cádiz, Jaen,
Granada, Seville, and Huelva, respectively [10].

The infection of olive fruits by B. dothidea is greatly favored by the presence of wounds
in the fruits, and it has been positively correlated with attacks by the main pest of olive
flies: Bactrocera oleae (Gmelin) (Diptera: Tephritidae). In addition, with the incidence of
Prolasioptera berlesiana (Diptera: Cecidomyiidae), which is cited as a predator of olive flies’
eggs, it has also been suggested that the midge may act as a pathogen vector [11–20].
Although most authors agree that B. dothidea develops in olives that have been previ-
ously punctured by olive fruit flies, there are different approaches regarding the role of
P. berlesiana in the transmission of the pathogen. Several authors have attributed trans-
mission to the ectoparasitic activity of olive fruit fly eggs and the possible role of a vector
of the pathogen [12,17,21–26], whereas some consider P. berlesiana to be the main species
responsible for the spread of the pathogen [18]. However, others have argued that it is
instead a mycophagus whose females take advantage of the stings of B. oleae to oviposit,
with larvae feeding on the invading fungi (which are most commonly B. dothidea) as well
as (most likely) on decaying plant tissues [27,28]. Additionally, Harpaz and Gerson [27]
maintain that, in most of the infections that occur in the field, the pathogen enters through
the oviposition or exit holes created by B. oleae. However, they also advised that it can
utilize any puncture in olive fruits in order to infect them and does not depend on the
presence of oviposition holes created by olive fruit flies or on midges as vectors. Moreover,
they noted that P. berlesiana only feeds on fungi and therefore cannot be considered a
predator of olive fruit fly eggs.

The supposed relationship between the fungus B. dothidea and the midge P. berlesiana
in olive groves poses a big question about the role that midges play in the spread of this
disease. Their characterization as predators of the eggs and young larvae of olive fruit
flies or olive tree pests, thereby generating escudete disease, is not easy to confirm. In
terms of its practical importance, the productive orientation of an olive grove must be
considered. The negative effects of these midges on table olives are evident; however,
when the final product is olive oil, their presence may be considered positive due to the
significant reduction in the reproductive potential of olive fruit fly populations, especially
in the summer months.

Despite efforts to unravel the interactions between the three agents (i.e., B. dothidea,
B. oleae, and P. berlesiana), their nature is not well known; therefore, it is necessary to
clarify these interactions to adopt appropriate disease control measures, which is the aim
of this study.

2. Materials and Methods
2.1. Experimental Field

An experimental field (37◦30′41′′ N, 4◦25′58′′ W; “La Mina”; Andalusian Institute for
Research and Formation in Agriculture and Fishery “Cabra” Centre; IFAPA in Spanish)
located in the foothills of the Subbetic region of Córdoba (southern Spain; 73 km southeast
of the capital and 488 m high) was selected for sampling. This is a fly endemic area that, in
previous years, has presented a high incidence of escudete.
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In this field, there were 12 olive cultivars (from olive trees planted in 1987), which
were replicated 12 times in a complete block design, with one tree from each cultivar per
block. From these 12 varieties, the Gordal Sevillana, Hojiblanca, and Picudo table olive
cultivars were selected.

2.2. Temporal Evolutions of Agents

A total of 10 olive trees were randomly selected for each cultivar in order to determine
the dynamics of the three agents in terms of their involvement in disease development
under field conditions. Four branches were marked per olive tree (one per cardinal orien-
tation), with 20–25 fruits each. Evaluations were conducted weekly from summer to fall
(July to November 2011). Olive fruits showing fly punctures and/or escudete symptoms
were harvested and transported to the laboratory to be examined under a stereoscopic
microscope in order to check for the presence of P. berlesiana. The olives collected had been
injured by olive flies and/or had escudete symptoms. In total, 913, 1225, and 188 olive fruits
were collected from the Gordal Sevillana, Hojiblanca, and Picudo cultivars, respectively,
which were then divided into three groups: those with escudete symptoms only, those
with midges only, and those with both agents. Due to the low number of injured olives
(i.e., those injured by olive flies) in the Hojiblanca and Picudo cultivars, further studies
were carried out with the “Gordal Sevillana” cultivars only.

The putative role of the olive fruit fly in the direct propagation of the B. dothidea fungus
and the development of escudete disease in the absence of P. berlesiana was also studied.
To achieve this, field observations were made weekly (from July to November) of 4 of the
branches out of the 10 “Gordal Sevillana” olive trees (where each branch possessed 20 to
25 fruits), which were randomly selected. All the fruits that were punctured by olive flies
or that possessed escudete symptoms were collected and examined under a stereoscopic
microscope to prove the presence of midges. In addition, 2475 olives from the 3 cultivars
were collected and examined under a stereoscopic microscope in order to check for the
presence of punctures made by olive flies without signs of midges. Completely healthy
olives (1938) were also collected and placed among punctured fruits that did not appear
to contain midges, and they were then placed in a humid chamber for one week to be
examined for fungal infection.

The monitoring of olive fruit flies in the study plot was carried out using McPhail traps,
which were baited with 300 mL of an aqueous solution of 4% diammonium phosphate
(NH4)2HPO4. The meteorological data (i.e., the daily mean temperature and relative
humidity) were recorded by the meteorological station of the IFAPA “Cabra” Centre near
the study area.

2.3. Bioassays
2.3.1. Live and Non-Live Olive Fly Oviposition Stings

The incidence of P. berlesiana and B. dothidea was verified in the olive fruits from “Gordal
Sevillana”, which were collected and classified according to the presence or absence of
B. oleae oviposition stings. Olives with the presence of eggs, larvae in different stages,
pupae, and empty hallways of the emerged imago were classified as live stings. In addition,
olives without eggs, which could also include oviposition punctures by P. berlesiana with
predated eggs, were classified as non-live stings.

2.3.2. Artificial Wounds

The incidence of P. berlesiana and B. dothidea was also verified in two of the types
of artificial wounds, which were performed in the field on the olive fruits of the Gordal
Sevillana cultivar (where the cultivars that presented greater susceptibility were selected).

For the first type, the field experiments were carried out in two periods to cover the
flight of the flies for a longer time: late July (Experiment A) and late August (Experiment
B). For each period, 10 trees were randomly selected from each of the 4 tree branches
with 20–25 completely healthy olives on the north and south sides (2 branches per side).
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Fruits on two branches (one on each side) were pricked once with a needle, simulating
olive fly oviposition punctures (SFOPs) (1 mm deep, 0.5 mm wide, and an approximately
45◦ inclination); the fruits on the other two branches were left unpricked as controls.
Weekly observations were made until October, and the olives with escudete symptoms
were harvested and examined in the laboratory under a stereoscopic microscope to detect
the presence of midges.

The second type of wound was carried out with the main objective of verifying if
P. berlesiana only selects oviposition punctures made by olive flies or if they simply select
any oviposition wounds present in olives. For this, two types of wounds were made, one
with SFOP and another 3–4 mm in size with a sterile scalpel without a determined shape,
which we call shapeless wounds (SWs). For this, four of the trees of the Gordal Sevillana
cultivar were randomly selected. Six branches were marked on each tree (where each
branch had an average of 43 olives) and two types of artificial punctures were made in the
four-branched fruits: SFOPs in two branches and SWs in two branches; two other branches
were used as controls (i.e., left unpricked). The samples were collected in two periods: 24
and 48 h after puncture. In the laboratory, the fruits were examined to detect P. berlesiana.
Subsequently, all the olives were placed in a humid chamber to check the development of
B. dothidea.

To evaluate the behavior of the midges as well as the development of escudete disease
in the shapeless wounds (SWs) that were in place for a longer time after the punctures were
made, six branches per tree were marked in the five trees belonging to the same cultivar
(where each contained 20–25 olives). Artificial SWs were performed on four branches of
fruit, and two branches were used as controls without wounds. Weekly observations were
made for a month. Fruits with typical escudete symptoms were taken and examined under
a stereoscopic microscope to detect the possible presence of midges.

To study the development of B. dothidea in the two types of artificial wounds (SFOP
and SW), the olive fruits of “Gordal Sevillana” were harvested 48 h after the punctures were
made. These were then classified into two groups according to the type of wound. A third
group of olives without lesions (i.e., completely healthy) was used as a control. Within each
group, two subgroups were formed based on the presence or absence of midges. Isolations
from all the groups were immediately performed on potato dextrose agar (PDA) by taking
small pieces of olivaceous tissue from inside the wound.

2.3.3. Food Behavior of Midge Larvae

The feeding behavior of midge larvae was evaluated in two ways: by rearing them in
B. dothidea cultures and by rearing them in olive fruits.

For the former, eggs or newly hatched larvae of P. berlesiana that were extracted from
olives with artificial wounds via SFOP were placed in a pure culture of B. dothidea that was
grown on PDA and kept in an environmental chamber programmed at 26 ± 2 ◦C, 60 ± 5%
RH, with a photoperiod of L16:D8 (1500 lux).

For the breeding on olive fruits, newly hatched midge larvae that were obtained in
the same way as in the previous method were transferred to healthy olives. A total of
64 larvae were used; half of them were transferred to the olives previously disinfected with
15% sodium hypochlorite for 40 s and the other half were transferred to olives without
disinfection. Before transferring the larvae, the olives were artificially pricked via SFOP.
The olives with the transferred larvae were placed in transparent plastic cylindrical boxes
in groups of eight larvae per box, which were then kept under the same conditions as
mentioned above.

2.4. Isolation of B. dothidea

External and internal isolations were performed in a PDA acidified with lactic acid
(APDA; 2.5% (vol/vol) at 2.5 mL/L of medium) to study the presence of B. dothidea in
the immature stages (i.e., the egg, larvae, and pupae stages) and in the adult olive fly and
midge females. The B. oleae adults used were captured using INVAGINATED EOSTRAP®-
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type pheromone traps with a diffuser (DACUSNEX 4) that attracted females and males
(Sanidad Agrícola Econex, S.L., Murcia, Spain). B. oleae that were in the immature stages
were extracted from olives that had been infested by olive flies, while P. berlesiana in the
adult and immature stages were obtained from olives that had been artificially or naturally
punctured by olive flies.

For external isolation, 15 individuals of each species and stage were transferred to a
PDA medium (5 individuals per plate) contained in Petri dishes. For the isolation of the
internal tissues, 20 individuals of each species and stage were superficially sterilized with
15% sodium hypochlorite for 40 s and then rinsed in autoclaved water. After drying with
sterile filter paper, these were immersed in 5 mL of sterile distilled water and ground with
an electric homogenizer. From the initial maceration, dilutions of 0.1, 0.01, and 0.001 were
made. Next, 300 µL of each one and of the initial maceration were deposited in PDA plates
(5 plates per case). The identity of the fungus was confirmed by molecular analysis based
on “nested PCR” according to the methodology of Moral et al. [7].

In addition, newly emerged P. berlesiana females were immersed in a 5% KOH solution
for 24 h; after washing with sterile water, they were observed with a NIKON (Tokyo, Japan)
light microscope to detect the B. dothidea inside the midge body. For this, the entirety of
the females or only their abdomens were spread on a slide with a drop of sterile water and
observed at 200×.

2.5. Statistical Analysis

The incidence of the agents involved (B. oleae, P. berlesiana, and B. dothidea; 0–100%)
was analyzed via a chi-squared test (χ2) at p = 0.05 to check whether the frequency values
obtained were significantly different from the theoretical ones.

The analysis was applied to the presence of P. berlesiana in relation to the state of the
sting of B. oleae (live and non-live) in the olives and the incidence of B. dothidea in relation
to the damage caused by B. oleae [9].

All data in this study were analyzed using Statistix 10 (Analytical Software, Tallahassee,
FL, USA).

3. Results
3.1. The Dynamics of B. oleae, P. berlesiana, and B. dothidea

In general, the attack of the olive flies throughout the campaign was not high in the
three cultivars studied (Figure 1a). The Gordal Sevillana cultivar was the most affected,
with 10.0% of the olives damaged, while the damage did not exceed 2.1% and 0.4% for
the Hojiblanca and Picudo cultivars, respectively (Figure 1b). The first punctures of the
olive flies were detected in the second week of July; then, the damage to the flies began to
increase progressively, becoming more visible from September to November (Figure 1a).
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Figure 1. Timeline for the evolution (a) and cumulative number (b) of the Bactrocera oleae fruit
infestations in the three olive cultivars representing different susceptibility levels during the five study
months: “Gordal Sevillana” was highly susceptible; “Hojiblanca” was susceptible; and “Picudo” had
low susceptibility. The infestation level was based on the presence of oviposition punctures.
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Weekly field observations indicated that the time course of the three agents developed
in parallel. The presence of P. berlesiana was observed one week after the first fly punctures
were detected, while escudete symptoms appeared one week later. At the same time, the
midge and disease symptoms increased as the fly attacks increased from September to
November. Although the three cultivars had the same tendency, this was more evident in
the Gordal Sevillana cultivar (Figures 1a and 2a). In the Hojiblanca and Picudo cultivars,
however, the low incidence of the fly punctures did not make them as marked (Figure 1).
The climatic conditions during the study period are shown in Figure 2b.
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Figure 2. Temporal evolution of the number of olives with fly punctures (Bactrocera oleae) in relation
to the number of olives with escudete (Botryosphaeria dothidea) as well as the cecidomyiid (Prolasioptera
berlesiana) in the Gordal Sevillana cultivar (a). The weekly sample included ≈930 olives. The average
daily relative humidity and temperature (b).

The symptoms of midges and escudete were only found in the oviposition punctures
and the exit holes of olive flies. In most of the fly punctures, a midge egg or larva was
detected. However, two of them were occasionally observed in the same puncture. The
pupae were always found outside the B. oleae puncture hole or very close to it. As expected,
clear differences can be observed between the flies, the fungi, and the midges in the Venn
diagram: the midges always appeared in fruits with escudete symptoms and the latter
always appeared in fruits with fly wounds (Figure 3).
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Pearson’s correlation analysis indicated a positive correlation (r > 0.9; p = 0.05) between
the three agents. It should be noted that this correlation was excellent in the case of the
cultivar Gordal Sevillana. Thus, a strong positive correlation was found between the
damage produced by the olive fly and the midge population and escudete disease, with
correlation coefficient values of 0.94 and 0.96, respectively (where the value was even higher
between the midge population and escudete disease (r = 0.997)).
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In addition, laboratory observation of olives with B. oleae oviposition punctures col-
lected from the three cultivars showed midge and disease symptoms. The incidence of
the latter agents was higher in the Gordal Sevillana cultivar; 22.7% of fly stings showed
the presence of the cecidomyiid and 41.2% showed symptoms of the disease (Table 1) (all
punctures with midges had disease symptoms simultaneously). The percentage of olive
fruits with escudete symptoms was significantly higher than those with midges in the
three cultivars studied (χ2 = 72.0, 156.8, and 17.9; p < 0.0001). It should be noted that this
result likely did not reflect the real presence of midges in olives with disease symptoms.

Table 1. Incidence of Prolasioptera berlesiana and escudete symptoms in olives with Bactrocera oleae
oviposition punctures.

Variety Olives with Olive
Fly Punctures

Punctures with Midges Punctures with Escudete With both Agents

N % N % N %

Gordal Sevillana 913 207 22.7 a 1 376 41.2 b 207 100
Hojiblanca 1255 98 7.8 a 335 26.7 b 98 100

Picudo 188 13 6.9 a 42 22.3 b 13 100
1 Values with different letters in each line are significantly different. χ2 test (p = 0.05).

3.2. Role of B. olea in Disease Development

The main objective of this experiment was to verify the role of the olive fly in the prop-
agation of B. dothidea spores and its ability to produce infections that led to the development
of escudete disease in oviposition punctures without the presence of midges. The field
observations carried out weekly on the Gordal Sevillana cultivar indicated that 25.4–94.0%
(50.8% in total) of the stings without the potential presence of P. berlesiana showed signs of
escudete caused by B. dothidea (Figure 4).
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Figure 4. The incidence of escudete disease in Bactrocera oleae punctures in the olives of the Gordal
Sevillana cultivar without the apparent presence of Prolasioptera berlesiana.

Likewise, under controlled conditions, when the olive fruits injured by the flies—which
did not present visible signs of P. berlesiana—were placed in a humid chamber, they pre-
sented the development of B. dothidea (χ2 = 163.6; p < 0.0001). Likewise, the development
of fungi was also observed in a low percentage of completely healthy olives (Table 2).
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Table 2. The incidence of Botryosphaeria dothidea in olives with fly punctures that did not present an
apparent presence of Prolasioptera berlesiana, as well as those in healthy fruits after being incubated in
a humid chamber.

Total No. of Fruits
Observed 1

Punctured
Fruits (N)

With B. dothidea 2

N %

Punctured fruits 2475 446 102 22.8 a
Healthy fruits 1932 - 89 4.6 b

1 Fruits of the Gordal Sevillana, Hojiblanca, and Picudo cultivars. 2 Values with different letters in each line are
significantly different. χ2 test (p = 0.05).

The isolations of B. dothidea in the adult and immature stages of B. oleae showed that
the fungus was only detected on the fly bodies. Thus, about 72.0% (n = 255) of the adult fly
females carried this fungus on their bodies’ external surfaces. The identity of the fungus
was confirmed via molecular analysis based on the “nested-PCR” technique, which was
conducted in accordance with the methodology of Moral et al. [7].

3.3. Incidence of P. berlesiana and B. dothidea in the Live and Non-Live Olive Fly Stings

The results indicated that a high presence of B. dothidea and P. berlesiana was found
in the non-live stings. The χ2 (chi-squared) test showed that the incidence of both agents
in the non-live stings was significantly higher compared to the live stings (χ2 = 37.5 and
26.7, respectively; p < 0.0001). In all cases, the incidence of B. dothidea was higher than that
of the cecidomyiids (Table 3). The fly punctures with midges always, simultaneously, had
symptoms of disease; however, it should be noted that it would be necessary to know if
this also occurs in artificial wounds.

Table 3. The incidence of the Prolasioptera berlesiana and Botryosphaeria dothidea observed in the olives of the
Gordal Sevillana cultivar according to the type of fly stings (i.e., live or non-live) in laboratory conditions.

Stings

With Fly Stings and B. dothidea
(728 Fruits)

With Fly Stings and P. berlesiana
(600 Fruits)

N % N %

Live 99 13.6 a 1 14 1.9 a
Non-live 445 74.2 b 268 44.7 b

1 The values with different letters in each column are significantly different. χ2 test (p = 0.05).

3.4. Incidence of P. berlesiana and B. dothidea in Artificial Wounds

Regarding the artificial wounds as determined by SFOP, the data from the field experi-
ments that were conducted in late July (A) and late August (B) indicated that P. berlesiana
was oviposited in 38.2% (n = 1043) of the artificial wounds without eggs or fly larvae. It
was also shown that the growth of B. dothidea in artificial SFOP wounds followed the same
trend as when the wounds were produced naturally by flies. The pathogen appeared in
47.4% of the wounds and its presence was four times higher when they were occupied by
P. berlesiana (χ2 = 374.15, p < 0.0001) than when midges were not in the wounds (Table 4).

Likewise, in the branches with unpricked olives that were assigned as controls, a small
number of fruits with B. oleae fly punctures were found, with P. berlesiana being present in
74.2% of them (n = 93).

The other assay—where the incidence of P. berlesiana and the development of B. doth-
idea in the SFOP and SW artificial wounds were compared—indicated that there were
cecidomyiid eggs or larvae in 40.0% of the olives with SFOPs 48 h after the punctures were
made; none were found in SWs. When all the olives were incubated in a humid chamber
and observed three weeks later, the B. dothidea fungus had only developed in olives with
SFOPs, of which a small percentage (4.3%) did not contain P. berlesiana (Table 5).
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Table 4. The incidence of Botryosphaeria dothidea in the Prolasioptera berlesiana that were present in the
artificial wounds when simulating fly oviposition punctures (SFOPs) in the Gordal Sevillana cultivar.

Artificial SFOP Wounds (No.)

Olives with B. dothidea in Artificial SFOP Wounds

Total %
With P. berlesiana Without P. berlesiana

N % N %

Exp. 1 A (489) 164 33.5 122 74.4 42 25.6
Exp. B (554) 330 59.8 277 83.9 53 16.0

Exp. A + B (1043) 494 47.4 399 80.8 a 2 95 19.2 b
1 Experiment dates: 27 July (A) and 31 August (B). The data present the total pricked olives of both experiments.
2 Values with different letters in each line are significantly different. χ2 test (p = 0.05).

Table 5. The incidence of Prolasioptera berlesiana and the development of Botryosphaeria dothidea in
the two types of artificial wounds made in olives of the Gordal Sevillana cultivar collected 48 h after
pricking in humid chamber conditions.

Artificial Wound
Types

Pricked Olives Olives with P. berlesiana Olives with B. dothidea 3

N N % N %

SFOP 1 400 161 40.25 178 44.50
SW 2 406 0 0.00 0 0.00

1 Wounds simulating oviposition fly punctures. 2 Shapeless wounds. 3 The results of olives with B. dothidea
three weeks after they were incubated in a humid chamber.

However, when olive fruits with SWs were observed on a weekly basis in the field
for a long period of time (i.e., 4 weeks), some cecidomyiids and fungal development were
recorded in 6.4% of these wounds. It should be noted that, in most cases, the midges fed
gregariously (3–6 larvae) on the mycelium of the fungus that grew outside the wounds.
Likewise, the development of B. dothidea was observed with an incidence of 14.5% in these
wounds. Both agents were detected in the second week after the punctures were made, but
the highest incidence was recorded in the third week.

The isolations from the olive tissue within the two types of artificial wounds 48 h after
puncture (see above) showed the development of B. dothidea in 100.0% of the wounds that
contained cecidomyiids. Likewise, these isolations showed the development of B. dothidea,
but without the presence of cecidomyiids, in 15.0% of the olives. In both cases, the develop-
ment of B. dothidea came from olives with SFOPs, while SWs and the control (olives without
lesions) did not present fungal development (Table 6).

Table 6. Isolation frequency of Botryosphaeria dothidea according to the presence of Prolasioptera berlesiana
in olives of the Gordal Sevillana cultivar with two types of artificial wounds 48 h after pricking.

Treatment Total
Observed With P. berlesiana

With B. dothidea

N %

Control
(Olives without lesions) 60 - 0 0.0

SFOP 1 60 + 60 100.0
60 - 9 15.0

SW 2 60 - 0 0.0
1 Wound simulating fly punctures. 2 Shapeless wounds.

3.5. Food Behavior of Midge Larvae

In this study, 70% of the eggs or larvae reared on a pure culture of B. dothidea mycelium
were able to complete their development to the adult state using the fungi’s mycelia as a
food source. However, the larvae that were transferred to the olives previously disinfected
and artificially punctured, i.e., the simulated B. oleae oviposition punctures, did not develop
and, thus, all of them died within two days.
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3.6. Verification of the Presence of B. dothidea in P. berlesiana

The isolations from P. berlesiana, both on the external surface and inside the immature
stage and adult female bodies, were only found on the fungus inside the female bodies.
Likewise, microscopic observations of the female abdomens showed the existence of
mycangia, which were associated with the terminal segments of the abdomen close to the
ovipositor; the conidia of B. dothidea were observed within this mycangia (Figure 5).
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4. Discussion

Olive escudete, which is caused by B. dothidea, is a disease that exclusively affects
olive fruit and has been reported in several Mediterranean countries [4]. Several inves-
tigations have related the development of escudete disease to the presence of olive fly
punctures [11–15,20–23,25,27,29–32]. However, certain authors have suggested that the
fungus of B. dothidea (i.e., the causative agent) grows in the wounds of olives punctured by
B. oleae after being transmitted by the P. berlesiana cecidomyiid. In this context, the different
ways in which mosquitoes participate in this relationship have been indicated.

In the present study, weekly field observations from mid-July showed different types
of damage, as well as their associated agents that evolved in parallel. First, the flies’ oviposi-
tion punctures appeared, then the midges; later, the fungi that caused the disease appeared,
along with an increase in the development of the three agents, which were observed from
September to November. Similar observations were reported by González [33] in Sevilla
(Spain), Solinas [13] and Sasso and Viggiani [28] in southern Italy, and Basher et al. [30]
in Syria. One P. berlesiana egg or larva was detected in most of the spawning holes. Oc-
casionally, two eggs or larvae were observed, which is in agreement with the findings of
De Laurentiis [34], who observed the presence of two to three midge eggs in the same
type of fly wound. The pupae were always found outside or especially close to the B. oleae
puncture hole.

The incidence of the three agents was different between the cultivars. Thus, in the
Gordal Sevillana cultivar, there was a greater presence of the agents involved. The same
tendency was also observed in the Hojiblanca and Picudo cultivars, but the low incidence of
escudete disease was not as marked due to the fly punctures. Several authors have advised
that olive flies prefer table olive cultivars, which include “Gordal Sevillana” [6,35–38]. This
cultivar is also susceptible to escudete disease attack [18,20,34].

The fly punctures with midges always simultaneously showed symptoms of the
disease. However, some of the olives affected by the disease were found to be free of
midges. This was evident in the Gordal Sevillana cultivar, where 18.0% of the olives
showed disease symptoms without the apparent presence of midges. This percentage could
be greatly reduced if, in many of the samples, the cecidomyiids had left the fruit after it had
completed its development without leaving any detectable trace behind. As can be seen in
the Venn diagram, there was an apparent symbiotic interaction between the three agents as
follows: midges were found to always appear on fruits showing escudete symptoms, and
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escudete always appeared on fruits with fly wounds. Furthermore, when we conducted a
Pearson correlation analysis, a positive correlation between the three agents was indicated,
as has been previously reported [29,30]. On the one hand, a strong positive correlation was
found between the injury caused by the olive flies and the presence of both P. berlesiana and
B. dothidea (where the correlation coefficient values were 0.94 and 0.96, respectively). On
the other hand, an even stronger positive correlation was found between the cecidomyiids
and the fungi (a correlation coefficient of >0.99).

It is evident that the emergence of escudete disease is related to the damage caused
by olive flies. However, its role in the direct spread of the B. dothidea fungus and its ability
to develop the disease without the presence of P. berlesiana are not well understood. A
considerable percentage of the olives with fly punctures showed signs of escudete disease
in the absence of midges. However, this high percentage of olives infected by B. dothidea
cannot be solely attributed to the olive flies as they are not directly responsible for the
spread of the fungus and the development of the disease in oviposition punctures. This is
most likely due to the fact that mosquitoes leave holes after completing their development,
and these punctures cannot be detected via weekly or long-term observations. Likewise,
both the flies and midges may not be propagating agents of the fungus spores; instead,
the fungus may have been transmitted through the air, as Harpaz and Gerson [27] have
advised. Other authors also agree that olive flies should not be considered vectors of
B. dothidea [16,17]. In addition, under controlled conditions, 22.9% of the olive fruits
injured by flies (which did not present P. berlesiana or symptoms of the disease) developed
B. dothidea three weeks after being placed in a humid chamber. However, only 4.6%
presented a development of B. dothidea three weeks later when completely healthy olives
were placed under the same conditions. The growth of the fungus in the olives injured by
the flies may not have been due to the direct transmission of the fungus by the flies, but
rather mosquitoes may have landed on the fly bite without leaving a trace. Regarding the
second group (i.e., the completely healthy olives), the growth of the fungus manifested itself
in only a small percentage of olives; moreover, it was also induced in a humid chamber,
meaning that it could not occur under field conditions. However, Latinović [39]—who
conducted a study in Montenegro—stated that, of the olives collected directly from the
field without any type of damage that were not placed in a humid chamber, only 23.0%
presented escudete symptoms. Mateo-Sagasta [14] highlighted that the fungus can act as
an independent pathogen “by itself”, although the severity of the disease is always more
significant in fruits previously damaged in any form. These statements are not in full
agreement with the opinions of several authors due to the fact that the disease develops
in olives that have been previously punctured by flies or via other injuries [13,16,27,28].
Even Solinas [13] believes that the role of the fly is not exclusively limited to the opening
of wounds in olive fruit or to the possible first food supply of midge larvae with their
own eggs. The authors of this study maintain that the role of flies, whose presence creates
favorable—and sometimes necessary—conditions for the development of escudete disease,
must also be taken into account in the actions carried out by flies. Acid PDA culture isolates
have shown that B. dothidea is only detected on the outer surface in 74.0% of adult female
B. oleae, while none have been detected in the immature stages. The identity of the fungi was
confirmed by means of PCR technique procedures. Harpaz and Gerson [27] experimentally
demonstrated that B. oleae can transport B. dothidea spores over short distances on their
body surfaces. However, there is no evidence that they do so in nature, and the main role
of the fly is apparently to provide an entry point for B. dothidea spores into the impenetrable
skin of the olive.

The presence of P. berlesiana and B. dothidea was found to be significantly higher in
non-live stings. P. berlesiana larvae were only found in the oviposition punctures of flies,
with no traces of fly eggs or signs of larval tunnels observed. Therefore, this suggests that
mosquitoes play a predatory role with respect to olive fly eggs and larvae, thus masking
the proportion of olives with live stings, which may help explain this huge difference
between live and non-live stings. Other investigations have indicated a greater presence
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of P. berlesiana in the non-live stings of flies, which has also been thought to be due to the
predatory behavior of mosquitoes [6,15,16,34].

Although the high presence of P. berlesiana in olives that have non-live stings of B. oleae
can be attributed to the predatory behavior of the cecidomyiid, it cannot be ruled out that
many of these stings were not live, as demonstrated by fly oviposition tests. P. berlesiana
was found in 38.2% of the field experiments, in which artificial wounds were made to
simulate fly oviposition punctures (SFOPs) at the end of July (Experiment A) and late
August (Experiment B). In addition, its presence was found to be greatly reduced in
Experiment A (24.9%) compared to B (50.0%). This indicated an increase in the population
of P. berlesiana in parallel with the increase in the population of B. oleae that was observed
in September. An increase in the fly population at this time, on the same farm, has been
previously observed by Aldebis et al. [40], Aldebis and Vargas-Osuna [41], and Sabariego-
Sánchez [42]. Other authors have stated that the presence of B. oleae eggs is not strictly
necessary for the development of P. berlesiana, and the latter can only evolve at the expense
of the fungus [13,27,28]. On the other hand, it has also been shown that the development of
B. dothidea in artificial SFOP experiments has followed the same trend as when the stings
were produced by the fly naturally. According to Arambourg [16], although P. berlesiana is a
predator of olive fly eggs, escudete disease can appear even when olive flies produce sterile
punctures since midges can transmit the inoculum of the pathogenic fungus. B. dothidea
appeared in 47.4% of the artificial wounds, but its presence was four times higher when
the wounds were occupied by P. berlesiana (80.8%) than when midges were not present
in the wounds (19.3%). In field experiments, Harpaz and Gerson [27] showed that up
to 96.0% of olives that were pricked three times with a needle and observed 2–4 weeks
later showed the development of B. dothidea. The authors attributed this infection to the
airborne transmission of the fungus. With respect to the limitations of considering biological
relationships as valid in absolute terms, other hypotheses could be centered on the fact that
a large part of this infection was due to the previous presence of midges in the wounds. This
is because, at 4 weeks, the fungus may have completed its development and subsequently
abandoned the fruit. Likewise, Solinas [13] argued that the usual concomitance of the
development of B. dothidea and P. berlesiana, as well as the ordinary transmission of the
fungus itself together with the eggs of cecidomyiid, greatly reduce the importance of the
eventual airborne transmission of the fungus.

Only the olive fly oviposition punctures or any other wound on the olives were
selected in the experiment to check if P. berlesiana oviposits. Our results showed that midges
were found in 40.2% of the olives that were pricked by SFOPs 48 h after the punctures were
made, and only one egg or larva was observed per wound. All the olives with P. berlesiana
developed B. dothidea 3 weeks after placing them in a humid chamber, and only 4.0% did
not contain midges. None of the olives pricked without a certain shape (i.e., shapeless
wounds (SWs)) contained midges, nor had there been any development of the fungus in
a humid chamber. Likewise, the PDA isolates from olive tissue within the two types of
artificial wounds 48 h after the punctures were made and from healthy olives corroborated
the results. B. dothidea developed in 100.0% of the wounds that had cecidomyiids, as well
as in 15.0% of the olives without their presence; in both cases, they came from olives with
SFOPs. No development of fungi was observed in the isolations of the SWs and the control
(i.e., the olives without lesions). Thus, the isolation of the fungus from the SFOP wounds
only confirmed the close relationship between the three agents. This fact also increased the
probability that the development of the fungus in wounds in which midges were detected
was due to its previous presence in the fly punctures. When the olives with SWs were
observed weekly in the field for one month, the presence of some of the cecidomyiids was
recorded in 6.4% of these wounds. Likewise, the development of B. dothidea was observed
in 14.5% of the SWs 4 weeks after pricking. It is worth mentioning that, in most cases, the
midges fed gregariously (3–6 larvae) on the mycelia of the fungi that grew outside the
wounds. The late appearance of the fungi was probably due to the oviposition of the midges
in these wounds 48 h after the isolations were made. Therefore, although P. berlesiana did
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not require the live laying of flies, it did prefer to carry out its laying on wound types such
as fly punctures as opposed to other types of wounds. However, according to Sasso and
Viggiani [28], during the summer and autumn, P. berlesiana is able to oviposit in any wound
found in the olive tree. Likewise, Sasso and Viggiani [28] and Viggiani and Sasso [43]
advised that the larvae of P. berlesiana have opportunistic, mycophagic, or saprophytic
behavior and feed on fungi that take advantage of wounds of a different nature in olives.
These wounds are mainly caused by flies, and the fungus is B. dothidea.

The rearing experiment of P. berlesiana in a pure PDA culture of B. dothidea indicated
that 70.0% of the eggs or neonate larvae transferred to this culture managed to complete
their adult development. These results indicated that the main food of P. berlesiana is the
fungus and that the larvae do not need to feed on the olive tissue, which is in agreement
with the finding of Harpaz and Gerson [27]; however, it remains to be verified in future
experiments whether midges also feed on the other fungal species distant from B. dothidea,
as was indicated by these authors. However, the midge larvae that were transferred to
previously disinfected and artificially punctured olives simulating B. oleae oviposition
punctures failed to develop; thus, they all died two days later. Likewise, the adults of
P. berlesiana that had emerged from olives with escudete symptoms and were confined to
the healthy olives previously pricked with SFOP wounds failed to transmit the B. dothidea
fungus and cause infections in olives. Shun et al. [44] were unable to isolate B. dothidea
from the mycangias of Illiciomyia yukawai adults that had emerged from galls that were
confined in plastic bags. These authors concluded that the recently emerged adults did not
incorporate the fungus into the mycangia directly from the galls where they had developed.

The PDA isolates showed that B. dothidea was only detected within the adult female
bodies of P. berlesiana. Likewise, microscopic observations of the female abdomen showed
the existence of a bag (mycangia) associated with the terminal segments of the abdomen
next to the ovipositor; moreover, B. dothidea conidia were observed in these bags. The
scientific literature indicates that many species of cecidomyiids carry this specialized
structure (mycangia) where the female incorporates the conidia or mycelia of the mutualistic
fungi [44–47]. In the Lasiopterini tribe, this structure is found in the eighth abdominal
segment [48,49]. The fact that certain species of midges, in the relationship between these
insects and associated fungi, carry mycangia on their abdomen or ovipositor reinforces
the concept of mutualism rather than opportunism [45,46,48,50]. In accordance with this
concept, the results of the present study suggest that the relationship between B. dothidea
and P. berlesiana could be mutualistic, with the cecidomyiid acting as a vector of the
pathogen. On the contrary, Viggiani and Sasso [43] insisted that P. berlesiana is opportunistic
and has no direct association with B. dothidea, nor is its incidence in olive groves related
to the population of B. oleae. According to the hypotheses of Solinas [13], the symbiosis
between the three agents (fly, midge, and fungus) can be considered valid in the strict sense
of the word because P. berlesiana requires the fungus for its nutrition; however, it also feeds
on eggs, young fly larvae, and even those of their own species. However, we think that
these biological relationships cannot be accepted as valid in an absolute sense, i.e., as in the
typical obligatory symbiosis, since this symbiosis is limited only to the microenvironmental
and edaphic conditions that occur in fly stings.

5. Conclusions

This study investigated the nature of the interaction between the three agents (fly—B. oleae,
midge—P. berlesiana, and fungus—B. dothidea) involved in olive escudete disease, a disease
that is widely distributed in the Mediterranean basin. Our results support the view that
there is a close relationship between the three agents involved in the development of
escudete disease. On the one hand, our results showed that midges are attracted by
the oviposition punctures caused in fruits by olive fruit flies, regardless of whether the
punctures have eggs. On the other hand, it was also shown that the punctures were
necessary for the development of the disease, but not for the olive fly. The fact that
mycangias were detected in the abdomen of P. berlesiana, together with the fact that all of
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the fruits with midges (eggs or larvae) also showed escudete symptoms, reinforces the
assumption that its relationship with B. dothidea may be mutualistic and act as a vector
of the fungus. In this relationship, B. dothidea would be the fungus causing the disease,
P. berlesiana would be the main factor in the spread of the pathogen, and B. oleae would be
the link between the two. This opinion coincides with certain authors but contradicts others
regarding the degree of association between the agents, i.e., the way in which the pathogen
spreads and the degree of involvement of each agent in the development of the disease.
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