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Abstract

Citrus agro-industry is globally harshened mainly by Ceratitis capitata (Wiedemann), the most worldwide destructive tephritid
fruit fly species. Citrus agro-industry is one of the pillars of Tunisia economy, and by hence, harshened by this species. Tunisia has
established an Integrated Pest Management (IPM) programme against citrus pests, including C. capitata, that rely on the structured use
of pesticides, on the application several trapping protocols, along with pilot-scale sterile insect technique program and, since 2013, with
pilot-scale releases of the braconid parasitoid Diachasmimorpha longicaudata Ashmed (Hymenoptera: Braconidae). Insecticide side-
effects on parasitoids and other natural enemies are being requested for a successful implementation of biological control within any
IPM programme. However, these data are almost scarce for the braconid species D. longicaudata. To this end, we have determined the
side-effects of malathion, methidathion, acetamiprid, azadiractin, abamectin, deltametrin+thiacloprid and spinosad, as the most popular
insecticides used in Tunisia either as fresh residues or at several aged time points, on the parasitoid D. longicaudata according the
IOBC pesticide harm-classification. IOBC classification evolution of residues over time had allowed determining the best combination
of pesticide applications in a structured fashion with the viable releases of D. longicaudata for the control of C. capitata in Tunisian
citrus agro-ecosystems.
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Introduction area. Annual production is estimated to approximately
393,000 tons, 9.45% of fruit production value (FAO,

In Tunisia, citrus cultivation is an important 2016). Citrus agro-ecosystems are threatened by a
agricultural sector that covers about 21,000 hectares plethora of pest arthropods, among these, the true
with 6.4 million trees which represent 0.3% of the total fruit flies (Diptera: Tephritidae) are considered as key
useful agricultural area and 3.4% of total fruit crop pests worldwide (Liquido et al., 1990; Jerraya, 2003;
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Primo et al., 2003; Urbaneja et al., 2009). One of the
key tephritid fruit fly species that is threatening the
Tunisian citrus agro-industry is Ceratitis capitata
Wiedemann, commonly known as the Mediterranean
fruit fly or medfly. This consideration is not only for
direct damage it produces to citrus crops, but also
for the associated phytosanitary restrictions to the
export market and indirect fruit loses by secondary
pathogens proliferation (Jerraya, 2003). This species
is an European Plant Protection Organization (EPPO)
A2 quarantine pest and considered of quarantine
significance throughout the world (APPPC, NAPPO),
especially for Japan, USA and New Zealand (EPPO,
2014), with more than 300 plant species recorded as
putative viable hosts (White & Elson-Harris, 1992).
For this reason, many countries forbid the import
of susceptible fruits without strict pre- and post-
harvest control treatments having been applied by
the exporter.

During many decades, the suppression of C.
capitata in Tunisian citrus orchards relied on calendar
broad-spectrum applications of synthetic insecticides,
mainly carbamates and organophosphates (Jerraya,
2003; Braham et al., 2007; Boulahia-Kheder et al.,
2012). More recently, the new European legislations
regarding the use of insecticides and their tolerated
residues in imported commodities (OJEU, 2009),
as well as the emergence of resistance and cross
resistance to many commonly used insecticides
in Mediterranean populations of C. capitata
forced stakeholders to review control strategies
adopted against this economic pest (Magafia et
al., 2007; Couso-Ferrer et al, 2011; Vontas et al.,
2011; Arouri et al, 2015). As result, alternative
control tactics were introduced and promoted in
Tunisia including mass trapping and attract-and-
kill techniques leading, when properly applied, to
a relative decrease in the frequency of insecticide
applications (Boulahia-Kheder et al., 2012; Braham,
2013; Navarro Llopis et al., 2013; Hafsi et al.,
2015). Furthermore, a Classical Biological Control
(CBC) program was initiated through the screening
for local natural enemies and by the introduction of
available efficient exotic parasitoids. As result of this
first screening, the pupal parasitoid Pachycrepoideus
vindemmiae Rondani (Hymenoptera: Pteromalidae)
was recorded performing very low parasitism rates
(Harbi et al., 2015). This wasp is an idiobiont
parasitoid of pupae of a wide range of Diptera
species in the families Anthomyiidae, Calliphoridae,
Drosophilidae, Muscidae, Sarcophagidae, Tachinidae
and Tephritidae (Wharton, 1989; Marchiori &
Barbaresco, 2007; Tormos et al., 2009). Besides,
the larval-pupal endoparasitoid Dichasmimorpha
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longicaudata Ashmed (Hymenoptera: Braconidae)
was introduced into Tunisia from Spain in 2012
(the authors).

To enhance the establishment and adaptation of
an exotic parasitoid into a new environment, and
to guarantee efficient Integrated Pest Management
(IPM) strategies, many factors should be taken into
consideration. Among these factors, one arises, the
response of the exotic parasitoid to the portfolio of
available pesticides for each crop. The assessment
of acute toxicity of pesticides constitute a corner
stone for CBC programmes within and IPM
programme, as the degree of toxicity of a pesticide
could reduce the establishment and survival of
non-target arthropods (Jerraya, 2003; Suma et al.,
2009; Urbaneja et al., 2009; Biondi ef al., 2012a,
2013, 2015; Juan-Blasco et al., 2013; Vanaclocha
et al., 2013).

Diachasmimorpha longicaudata is considered
an exotic parasitoid in many parts of the world,
originally coming from Southeast Asia where it
attacks other tephritid fruit fly species (mainly
from Bactrocera genus). This parasitoid species
has been successfully used in many countries for
the control of Anastrepha, Bactrocera and Ceratitis
species, by being released mainly in combination
with sterile insects (Baranowski et al, 1993;
Vargas et al., 2001; Orozco et al., 2002; Benelli
et al., 2014). Despite its wide use as biological
control agent in other countries, a limited number
of studies reflect its susceptibility to pesticides,
being in most of the cases, tested in a one by one
basis (Stark et al., 1992, 2004; Purcell et al., 1994,
Vargas et al., 2001). This scarcity highlights the
need of pesticide toxicity studies required for
successful implementation of biological control
programmes.

The objective of this study is to fill-in this
knowledge gap by determining the toxicity level of
seven pesticides commonly used to control citrus
pest species in Tunisia, based on the International
Organization for Biological and Integrated Control
(IOBC)- Working group “Pesticides and Beneficial
Organisms” standards toxicity classes.

Material and methods

Pesticides

The pesticides used in this work are listed in
Table 1, reporting their trade names, formulations,
suppliers, active ingredients, chemical families,
field rates and modes of action. All tested
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3 Side-effects of pesticides on D. longicaudata

Table 1. Insecticides evaluated for their acute toxicity to Diachasmimorpha longicaudata, characteristics and application dose.

Trade name,

formulations and Active ingredient Field rate Chem'lcal "l.“arget pests in Mode of action!!
. (%, w/v) (mL/hL) family citrus orchards
suppliers

Mospilan®- SL, SEP- Acetamiprid 20 30 Neonicotinoid Leafminers, mites ~AChE' inhibitor

CM, Tunisia

Oikos® -EC, Agrosys- Azadirachtin 3.2 60 Botanical Leafminers Agonism/perturbation

teme, Tunisia of ecdysone.

Vertimec®-EC, Biopro- Abamectin 0.8 60 Avermetin Mites Activation of chloride

tection, Tunisia channel. Interference
with the GABA? recep-
tor in insects

Proteus®-OD, Promo- Deltametrin + 60 Pyrethroid+ Aphids, leafmin- ~ Modulator of the sodi-

chimie, Tunisia Thiacloprid 15 + 2 Chloronicotinyl ers, fruit flies, um channel. + AChE

scales inhibitor

Fyfanon®-EC, SEPCM, Malathion 50 200 Organophos- Aphids, fruit flies, AChE inhibitor

Tunisia phate mites and thrips

Ultracide®-EC, Biopro- Methidathion 50 150 Scales, whiteflies ~ Modulator of the sodi-

tection, Tunisia um channel.

Success-Appat®-CB, Spinosad 0.024 1250 Spynosin Leafminers, Disruption of nicotinic/

Chimic Agri, Tunisia

thrips, fruit flies gamma amino butyric
acid-gated chloride

channels

WACHE, acetylcholinesterase; 2GABA, gamma-aminobutyric acid.

insecticides were stocked, prepared and applied
according to manufacturer guidelines. The
concentrationtested was the maximal recommended
by the manufacturer for citrus. (Table 1).

Insect

Medflies and parasitoids were obtained from
laboratory colonies maintained in the facilities of
the High Agronomic Institute of Chott-Mariem
(ISA-CM), Sousse (Tunisia). Both insects, D.
longicaudata and C. capitata, were reared under
controlled conditions (25+2°C, 65+10% RH and
16:8 h L:D) in climatic chambers (constant climate
chamber in-house built, Memmert® GmbH,
D-91126 Schwabach, Germany).

Ceratitis capitata colony was established in
2012 from infested citrus fruits (collected at
Chott-Mariem, Tunisia). Adults are maintained in
plastic cages (40 x 30 x 30 cm) with fine mesh
framed lateral sides to allow oviposition and egg
collection according to the rearing procedure
described by Sabater-Mufioz et al. (2009) and
Martins et al. (2010). Adults were provided with
ad libitum water, sugar and a mixture 1:4 of
yeast hydrolysate: household sugar. Larvae of the
medfly were fed on artificial diet based on wheat
bran yeast and sugar (Sabater-Mufoz et al., 2009;
Martins et al., 2010).
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Diachasmimorpha longicaudata colony was also
established in 2012 with imported parasitized pupae
from the Instituto Valenciano de Investigaciones
Agrarias (IVIA) research station (Valencia, Spain).
Adults were maintained in plastic cages (40 x 30 x 30
cm), similar to those of medfly, with approximately
4,000 to 5,000 females per cage, and provisioned with
ad libitum water, honey and household sugar. Medfly
third instar larvae (within its artificial diet) were
exposed daily to the parasitism of D. longicaudata
females through a fine mesh framed window located
on the upper side of the rearing cages. Exposed
larvae were allowed to develop in separate cages
until the emergence of the new parasitoid generation
approximately two weeks later. A cohort of 6-8-d-old
parasitoids (=1:1 sex ratio female:male) were
established from this rearing colony for each treatment.

IOBC bioassays for toxicity assessment

To evaluate the residual toxicity of pesticides in D.
longicaudata, a laboratory method was used (Contreras
et al., 2005). Briefly described, sour orange (Citrus X
aurantium) fully expanded young leaves (approx. 10
days after flush fully expanded) were collected from
10-yr-old ornamental untreated trees located at ISA-
CM (Chott-Mariem, Tunisia) and delicately brushed
then rinsed in distilled water to remove dust, bird feces
or other accidently present arthropods, prior treatment.
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Clean leaves were treated with selected pesticides
(Table 1) by the leaf-dip method (Immaraju et al.,
1990). Distilled water was used as control throughout
the bioassay. Treated leaves were placed individually
in experimental units (isolators) in the laboratory to
allow aging of pesticides for 1 hour (fresh residue), 3,
7, 14, 21 or 28-d under ambient conditions, including
light exposure (natural photoperiod) to simulate open
field conditions. Ambient conditions including sunlight
exposure (what we call field conditions) have been
stated to decrease the activity and cause degradation
(by sun fotobleaching) of several insecticide residues,
which are not taken up by tree leaves, as abamectin
and spinosad (Demchak & Dybas, 1997; Urbaneja et
al., 2009). Isolator consisted on two superposed plastic
glasses (600 mL and 100 mL). The top glass had a central
hole on its bottom to allow citrus leaf petiole to reach
the water present in the bottom glass allowing to keep
leaf turgidity and metabolic actions during the pesticide
aging process. A fine mesh cloth was fixed on the upper
opening of the top glass to allow ventilation. This cup
system was previously validated in similar side-effects
studies by Zappala et al. (2012) and Biondi ez al. (2013).
The bioassays were conducted under controlled
environmental conditions (25+2°C, 60+10% RH, 16:8
h L:D) in a climatic chamber. Bioassay arena consisted
in a polypropylene transparent box (14 x 10 x 9 c¢m)
with a mesh covered aeration window (10 ¢cm?) in the
lid. Treated leaves were transferred individually to
bioassay arena, replacing the 100 mL water container by
a 1.5 mL micro-centrifuge vial attached with modeling
clay to the bottom of bioassay arena. A cohort of 40 6-8
days-old D. longicaudata adults (= 1:1 females: males
ratio) was used in each replica, being provided with a
honey solution (in a cylindrical 0.5 x 1.5 cm (diameter
x length) dental cotton roll) as food source. Residues
of the selected pesticides were assayed at 1h (fresh), 3,
7,14, 21 or 28 days-old post application in a sequential
way (i.e. aged residues, which do not show significant
differences with control, were not further continued).
Each treatment was replicated three times, assessing
mortality after three days of exposure to treated leaves.
Parasitoid specimens were considered as dead if no
response was observed under stereomicroscope after
being stimulated with the tip of a soft paintbrush.

Statistical analyses

Data were first tested for normality and homogeneity
of variance using Shapiro-Wilk test (SPSS, 2011). The
mortality was then compared using one-way analysis of
variance (ANOVA) at p<0.05. Means were then separated
using the LSD post hoc test. When significant differences
were detected between the control and the pesticides, the
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mortality values were corrected using Abbot’s formula
(Abbott, 1925). Then, corrected mortality percentages
were used to rank insecticides and their residues
according to the IOBC Working group “Pesticides and
Beneficial Organisms” standards toxicity classes (Sterk
et al., 1999) as follows: (1) harmless, mortality <30%;
(2) slightly harmful, 30-79%; (3) moderately harmful,
80-99%; and (4) harmful, mortality >99%.

Results

Three days after exposure to fresh (1 h) and 3-d-old
residues were enough to indicate acute toxicity of
almost all tested pesticides to D. longicaudata (Table
2). The highest mortality rates (100%) were registered
for acetamiprid, deltametrin+thiacloprid, malathion,
and methidathion without statistical differences among
fresh residues. These insecticides were classified
as harmful (IOBC class 4) according to the IOBC
standards. The rest were classified as slightly harmful
(IOBC class 2) causing mortality rates ranging between
65.25 and 78.81% (Table 3). When considering
the effect of 3-d-old residues, only acetamiprid,
deltametrint+thiacloprid and methidathion reduced
their toxicity categories. Toxicity evolution was slow
for acetamiprid, malathion and methidathion from
3-d-old residues onwards.

After 14-d-post-treatment, malathion and methidathion
were still classified as moderately harmful (IOBC class
3), abamectin and spinosad classification decreased to
become harmless (IOBC class 1) whereas acetamiprid
toxicity decreased from moderately harmful (IOBC
class 3) to slightly harmful (IOBC class 2). After 21
days post-treatment, malathion remained as moderately
harmful, methidathion, acetamiprid remained slightly
harmful (IOBC class 2) and deltametrin-+thiacloprid and
abamectin become harmless (IOBC class 1) even if they
induce mortality at 15-24%, with statistical difference
among them (Table 2 and 3). At this residue age, malathion
and methidathion residues remained the most toxic to D.
longicaudata adults, even mortality percentage allowed
to assign both pesticides to different IOBC classes, they
do not show statistical differences in induced mortality
(Table 2). At the most distantly treatment time point, 28-
d, malathion still remained as moderately harmful (IOBC
class 3), methidathion and acetamiprid, even if show a
reduction in induced mortality, remained as slightly
harmful (IOBC class 2).

Taking all these data we have determined a structured
high to low acute toxicity aggrupation to D. longicaudata
for the seven tested pesticides as: malathion,
methidathion >> acetamiprid > deltametrin+thiacloprid
> abamectin, spinosad > azadirachtin.
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Table 2. Mean percent mortality (+SE) of Diachasmimorpha longicaudata adults after 3 days of exposure to selected chemicals,
as fresh or aged residues, compared to control (water treated) leaves.

Active ingredient

Residue age

Fresh (1 h) 3d 7d 14d 21d 28 d
Abamectin 78.81 + 6.39¢ 79.16 £6.29¢  61.66+11.27¢c 30.0+7.5b 20.83 £ 5.77ab(-)
(78.81) 1 (78.44) (59.64) (23.63)
Acetamiprid 100.0 = 0.00d 96.66 +2.88de 87.5+4.33d 80.0 +7.5d 77.5+6.61c 54.16 £ 10.10cd
(100) (96.55) (86.84) (78.18) (76.10) (52.58)
Azadirachtin 71.18 £5.29bc 35.83+2.88b 15.0+2.5ab
(71.18) (33.62) -#
Deltametrin+ 100.0 = 0.0d 90.83 £5.20d 83.33+6.29d 65.0£9.01c¢ 28.33 £ 9.46b 20.83 £5.77b
Thiacloprid (100) (90.51) (82.45) (61.81) (23.89) (18.10)
Malathion 100.0 + 0.0d 100.0 £ 0.0e 100.0£0.00e  95.0+4.33¢ 90.83 +3.81d 81.66 +5.20d
(100) (100) (100) (94.54) (90.26) (81.03)
Methidathion 100.0 = 0.0d 94.16 £3.81de 85.83+2.88d  86.66 +2.88de 80.0 +£9.01cd 46.66 + 5.20c
(100) (93.96) (85.08) (85.45) (78.76) (44.82)
Spinosad 65.25+10.58b 39.16+£5.20b 20.0+2.5b 20.83 + 7.63ab(-) 2!
(100) (37.06) (15.78)
Control 0.0 +0.0a 333+3.8la 5.00+4.33a 8.33+2.88a 5.83+1.44a 333+ 1.44a
Statistics
F 149.21 218.08 148.79 81.12 83.43 67.50
d.f. 7 7 7 6 5 4
P <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Ul Corrected mortality (Abbott) showed between brackets. 2! (-); as indicated in the text, data were not determined as in the precedent
residue age, no statistical differences were observed with control. Different letters within each set of columns indicate significantly

different values of mortality (p<0.05; LSD test).

Discussion

In the present study we have determined the toxicity
level for D. longicaudata of the seven most used pesti-
cides in Tunisian citrus orchards. Following the achieved
classification (Table 3), we will develop a structured
scheme of pesticides applications that guaranty the estab-
lishment of D. longicaudata in Tunisian citrus orchards.
To facilitate the discussion, we followed the aggrupation
based on toxicity of tested insecticides to D. longicau-
data: malathion, methidathion >> acetamiprid > delta-
metrin+thiacloprid > abamectin, spinosad > azadarachtin.

Malathion, methidathion

Malathion and methidathion belong to the same
organophosphate chemical family but with differentiated
mode of action (Table 1). These insecticides have been
recently banned from the European Union (OJEU, 2015)
by their human health concerns (Flessel et al., 1993;
Marty et al., 1994) and their harmful effects on non-
target arthropods (Ehler & Endicott, 1984; Urbaneja
et al., 2009) which lead in some cases to outbreaks of
secondary agricultural pests that were under control
of natural enemies. Despite this banning, Malathion
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is still used in the Mediterranean area [including some
EU members by some considerations in the OJEU
(2015)], including Tunisia, as efficient pesticide against
C. capitata. However, in some of these countries, it
has been reported the presence of malathion resistant
medfly populations after an increase of the number of
treatments by the citrus growers (Magana et al., 2007,
Vontas et al., 2011). These results for C. capitata
along with the ones presented here, which classifies
Malathion as IOBC class 4 even at 7-d-post-treatment
to D. longicaudata, allowed us to ask for a complete
removal from the Tunisian IPM programme against
the medfly. Concerning methidathion, in Tunisia it is
used against scales and whiteflies, which to date are
not showing any resistance. But, due to the human
health and environmental concerns (Flessel ez al., 1993;
Marty et al., 1994), along with the residual toxicity for
D. longicaudata determined in this work, our proposal
is similar to those of malathion, just to be replaced by
other less harmful substances.

Acetamiprid

Acetamiprid belongs to the neonicotinoids
pesticide family and have been considered as rational
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Table 3. IOBC toxicity classification of selected pesticides!!! at
different residue ages on Diachasmimorpha longicaudata 6-8
d-old adults.

Residue age

Active ingredient
Fresh(1h) 3d 7d 14d 21d 28d

Abamectin 2 2 2 1 1 -
Acetamiprid 4 3 3 2 2 2
Azadirachtin 2 2 1 - - -
Deltametrin+ 4 3 3 2 1 1
Thiacloprid

Malathion 4 4 4 3 3 3
Methidathion 4 3 3 3 2 2
Spinosad 2 2 1 1 - -

U TOBC toxicity categories: (1) harmless, mortality lower than
30%; (2) slightly harmful, between 30 and 79%; (3) moderately
harmful, between 80 and 99%; and (4) harmful, mortality higher
than 99% (Sterk et al., 1999).

alternative to the organophosphates due to their high
specificity, elevated efficacy and relatively low toxicity
to the environment (Tomizawa & Casida, 2005).
Neonicotinoids are widely used in Tunisian citrus
orchards to control hemipteran pests considering their
ovicidal and larvicidal activities and systemic action.
However, in the past 3-5 years, eco-toxicological
studies revealed a wide range of adverse side effects
on non-target arthropods, including the worldwide-
threatened honey bee Apis mellifera L. (Hymenoptera:
Apidae), which remains the model organism against the
use of neonicotinoids (Laurino et al., 2011). Regarding
tephritid fruit fly parasitoids, neonicotinoids have
been previously tested, being the active ingredient
imidacloprid, not the acetamiprid used in this work.
Liburd et al (2004) determined Iethal effects of
imidacloprid on D. longicaudata when in use in
treated spheres for the management of key fruit fly
pests. Whereas Adan et al. (2011) assessed lethal and
sublethal toxicity of imidacloprid on Psyttalia concolor
Szépligeti (Hymenoptera: Braconidae), depending
on the application mode (cover sprays become lethal
whereas bait sprays remained sublethal). So taking
into consideration our results, we can confirm that
neonicotinoids should be used with caution when
beneficial hymenopterans are present in the agro-
ecosystem.

Deltametrin+Thiacloprid

Whilst the first belongs to the pyrethroids class,
the second belongs to the neonicotinoids class, and
many of the effects detected can be attributed to the
lethal effects of the neonicotinoid as the observed in
past works. But neonicotinoids can have either a nitro
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group or a cyano. Those that have the cyano group,
as thiacloprid, show relative lower toxicity attributed
to different receptors, metabolism and secondary
metabolites production (Suchail et al.,, 2004; Jones et
al., 2006). Despite this lower toxicity, some beneficial
arthropods exhibit sublethal side effects, like flight-
navigation problems, reduction in attack rate, increase
of handling time or even reduced emergence success
or sex ratio distortion, factors that decrease the chance
for parasitoid establishment in new territories (Krepsi
et al., 1991; Garcia et al., 2009; Carmo et al., 2010;
Wang et al., 2012a,b; Fischer et al., 2014). In our study,
although determined an initial acute toxicity, its effect
on D. longicaudata significantly decreased with time
(Tables 2 and 3), rendering it as compatible within
the IPM for citrus pests. Despite this, more research
is needed especially regarding long-term toxicity and
sublethal side effects for D. longicaudata not done
within this work.

Abamectin, Spinosad

Abamectin, a mixture of avermectins, is a natural
insecticidal, acaricidal and nematicidal compound
derived from the bacteria Streptomyces avermitilis.
This agricultural compound was approved as a plant
protection agent and as a veterinary drug for control
of endo- and ecto-parasites (FAO, 1996). Spinosad, a
bacterial insecticide derived from the actinomycete
Saccharopolyspora spinosa, shares some relations with
abamectin.

Even if we have classified both as slightly harmful
for D. longicaudata (I0BC class 2) as in other risk
assessment studies (Stark et al., 2004), opinions are still
divergent about their compatibility with many biocontrol
agents of other plant pests, especially parasitoids with
emphasis on its possible trans-generational sublethal
side effects (Bueno & Freitas, 2004; Biondi et al,
2012b, 2013; Costa et al., 2014; Abbes et al., 2015). As
for the precedent substance, more research is required to
determine the sublethal side effects on D. longicaudata.

Azadirachtin

Azadirachtin, a limonoid tetranor-triterpenoid
chemical derived from neem tree (Azadiracta indica),
has been extensively used in other countries for the
control of phytophagous (Stark et al, 1992; Stara
et al, 2011; Alvarenga et al., 2012) and livestock
arthropod (Ruiu et al., 2008) pests by its environmental
compatibility and extremely low acute mammalian
toxicity (Schmutterer, 1990 and references herein).
Our results indicate that this was the less harmful
pesticide for D. longicaudata, even as fresh residue, as
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similarly determined by Stark et al. (1992). However,
its application form and dose could be the responsible
of the differential results observed by other authors.
When D. longicaudata hosts were fed with neem seed
cake, with a high content in azadirachtin, the parasitoid
emergence rate was significantly lower than the control
not feed with this neem cake (Alvarenga et al., 2012).
Whereas D. longicaudata survival and emergence rate
did not differ from control when hosts (either Dacus
dorsalis Hendel (Diptera: Tephritidae) or C. capitata)
were subjected to azadirachtin sprays at doses that
inhibits host emergence (Stark et al., 1992).

Conclusions

Considering data from the literature and our results, it
can be concluded that the most harmful tested pesticides
named in decreasing order of toxicity, malathion and
methidathion, acetamiprid, deltametrin+thiacloprid
should be avoided in broad sprays, switching their
use to mainly bait stations or localized bait sprays, in
accordance with the new regulations of the European
Union while protecting other natural enemies. Although
abamectin, azadirachtin and spinosad were classified as
slightly harmful (IOBC class 2), they should be used
in a differential way, being favored azadirachtin when
possible. Abamectin and spinosad should be used in bait
stations with C. capitata specific attractants to reduce its
impact on predators, when present in the citrus orchards,
and to avoid any sublethal effect on other parasitoids
and beneficial pollinators. If aerial sprays are required,
augmentative releases of D. longicaudata should be
performed 14 days after treatment with abamectin or
spinosad, or could be reduced to 7 days after azadirachtin
aerial spray treatment. In addition, further studies are
needed to address their possible sublethal effects on D.
longicaudata, as has been addressed in other natural
enemies’ species. As final remark, our study could be
the first step aiming to integrate D. longicaudata with
chemical control against C. capitata, within an IPM
program in Tunisian citrus agro-ecosystems, while
preserving its establishment possibilities and enhancing
its biological impact on target pest reduction.

Acknowledgments

We thank M. Elimem (ISA-Chott Meriam) and
A. Duato and M.J. Camard (IVIA) for their help
with rearing colonies. The authors also thank two
colleagues from Trinity College of Dublin for language
improvement of the manuscript, and colleagues from
IVIA and ISA-Chott Mariam for helpful discussions.

Spanish Journal of Agricultural Research

References

Abbes K, Biondi A, Kurtulus A, Ricupero M, Russo A,
Siscaro G, Chermiti B, Zappala L, 2015. Combined non-
target effects of insecticide and high temperature on the
parasitoid Bracon nigricans. PLoS ONE 10 (9): e0138411.
https://doi.org/10.1371/journal.pone.0138411

Abbott WS, 1925. A method for computing the effectiveness
of an insecticide. J Econ Entomol 18: 265-267. https://doi.
org/10.1093/jee/18.2.265a

Adan A, Viiuela E, Bengochea P, Budia F, Del Estal P, Aguado
P, Medina P, 2011. Lethal and sublethal toxicity of fipronil
and imidacloprid on Psyttalia concolor (Hymenoptera:
Braconidae). J Econ Entomol 104 (5): 1541-1549. https://
doi.org/10.1603/EC11019

Alvarenga CD, Franca WM, Augusta T, 2012. Toxicity
of neem (A4zadirachta indica) seed cake to larvae of
the Mediterranean fruit fly, Ceratitis capitata (Diptera:
Tephritidae), and its parasitoid, Diachasmimorpha
longicaudata (Hymenoptera: Braconidae). Fla Entomol
95: 57-62. https://doi.org/10.1653/024.095.0110

Arouri R, Le Goff G, Hemden H, Navarro-Llopis V, 2015.
Resistance to lambda-cyhalothrin in Spanish field
populations of Ceratitis capitata and metabolic resistance
mediated by P450 in a resistant strain. Pest Manag Sci 71
(9): 1281-1291. https://doi.org/10.1002/ps.3924

Baranowski R, Glenn H, Sivinski J, 1993. Biological control
of the Caribbean fruit fly (Diptera: Tephritidae). Fla
Entomol 76 (2): 245-251. https://doi.org/10.2307/3495721

Benelli G, Daane KM, Canale A, Niu CY, Messing RH,
Vargas RI, 2014. Sexual communication and related
behaviours in Tephritidae: current knowledge and
potential applications for integrated pest management. J
Pest Sci 87 (3): 385-405. https://doi.org/10.1007/s10340-
014-0577-3

Biondi A, Desneux N, Siscaro G, Zappala L, 2012a. Using
organic-certified rather than synthetic pesticides may not
be safer for biological control agents: Selectivity and side
effects of 14 pesticides on the predator Orius laevigatus.
Chemosphere 87 (7): 803-812. https://doi.org/10.1016/;.
chemosphere.2011.12.082

Biondi A, Mommaerts V, Smagghe G, Vifiuela E, Zappala L,
Desneux N, 2012b. The non-target impact of spinosyns
on beneficial arthropods. Pest Manag Sci: 68 (12): 1523-
1536. https://doi.org/10.1002/ps.3396

Biondi A, Zappala L, Stark JD, Desneux N, 2013. Do
biopesticides affect the demographic traits of a parasitoid
wasp and its biocontrol services through sublethal effects?
PLoSOne 8 (9): ¢76548. https://doi.org/10.1371/journal.
pone.0076548

Biondi A, Campolo O, Desneux N, Siscaro G, Palmeri V,
Zappala L, 2015. Life stage-dependent susceptibility of
Aphytis melinus DeBach (Hymenoptera: Aphelinidae)
to two pesticides commonly used in citrus orchards.

September 2017 * Volume 15 ¢ Issue 3 « ¢1008


https://doi.org/10.1371/journal.pone.0138411
https://doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1093/jee/18.2.265a
https://doi.org/10.1603/EC11019
https://doi.org/10.1603/EC11019
https://doi.org/10.1653/024.095.0110
https://doi.org/10.1002/ps.3924
https://doi.org/10.2307/3495721
https://doi.org/10.1007/s10340-014-0577-3
https://doi.org/10.1007/s10340-014-0577-3
https://doi.org/10.1016/j.chemosphere.2011.12.082
https://doi.org/10.1016/j.chemosphere.2011.12.082
https://doi.org/10.1002/ps.3396
https://doi.org/10.1371/journal.pone.0076548
https://doi.org/10.1371/journal.pone.0076548

8 Ahlem Harbi, Khaled Abbes, Beatriz Sabater-Muiioz, Francisco Beitia and Brahim Chermiti

Chemosphere 128: 142-147. https://doi.org/10.1016/j.
chemosphere.2015.01.034

Boulahia-Kheder S, Loussaief F, Ben Hmidene A, Trabelsi I,
Jrad F, Akkari Y, Fezzani M, 2012. Evaluation of two IPM
programs based on mass trapping against the Mediterranean
fruit fly Ceratitis capitata on citrus orchards. Tunis J Plant
Prot 7: 55-68.

Braham M, 2013. Trapping adults of the Medfly Ceratitis
capitata and non target insects: comparison of low-cost
traps and lures. Tunis J Plant Prot 8 (2): 107-118

Braham M, Pasqualini E, Ncira N, 2007. Efficacy of kaolin,
spinosad and malathion against Ceratitis capitata in Citrus
orchards. B Insectol 60 (1): 39-47.

Bueno AF, Freitas S, 2004. Effect of the insecticides abamectin
and lufenuron on eggs and larvae of Chrysoperla externa
under laboratory conditions. BioControl 49 (3): 277-283.
https://doi.org/10.1023/B:BICO.0000025375.07428.0b

Carmo EL, Bueno AF, Bueno RCOEF, 2010. Pesticide
selectivity for the insect egg parasitoid Telenomus remus.
BioControl 55 (4): 455-464. https://doi.org/10.1007/
$10526-010-9269-y

Contreras G, Medina P, Adan A, Zapata AN, Vifiuela E, 2005.
Effects of modern bait formulated pesticides on larvae and
adults of Chrysoperla carnea under extended laboratory
conditions. IOBC/WPRS Bulletin 28 (7): 245-250.

Costa MA, Moscardini VF, da Costa Gontijo P, Carvalho
GA, de Oliveira RL, de Oliveira HN, 2014. Sublethal and
transgenerational effects of insecticides in developing
Trichogramma galloi (Hymenoptera: Trichogrammatidae):
toxicity of insecticides to Trichogramma galloi.
Ecotoxicology 23 (8): 1399-1408. https://doi.org/10.1007/
s10646-014-1282-y

Couso-Ferrer F, Arouri R, Beroiz B, Perera N, Cervera
A, Navarro-Llopis V, Castafiera P, Hernandez-Crespo
P, Ortego F, 2011. Cross-resistance to insecticides
in a malathion-resistant strain of Ceratitis capitata
(Diptera: Tephritidae). J Econ Entomol 104 (4): 1349-
1356. https://doi.org/10.1603/EC11082

Demchak RJ, Dybas RA 1997. Photostability of abamectin/
zein microspheres. J Agr Food Chem 45 (1): 260-262.
https://doi.org/10.1021/j960356n

Ehler LE, Endicott PC, 1984. Effect of malathion bait sprays
on biological control of insect pest of olive, citrus, and
walnut. Hilgardia 52: 1-47. https://doi.org/10.3733/hilg.
v52n05p047

EPPO, 2014. PQR - EPPO Plant Quarantine Data Retrieval
system. European Plant Protection Organization, Paris. http://
www.eppo.int/DATABASES/pqr/pqr.htm. [29 Jan 2016].

FAO, 1996. Abamection. Joint FAO/WHO Meeting on
Pesticide Residues (JMPR): FAO Plant Production and
Protection Paper 133. http://www.fao.org/docrep/w4601e/
w4601e04.htm. [29 Jan 2016].

FAO, 2016. Citrus fruit statistics 2015. FAO, Rome, 2016.
48 pp. http://www.fao.org/3/a-i15558e.pdf . [08 Jun 2017]

Spanish Journal of Agricultural Research

Fischer J, Miiller T, Spatz AK, Greggers U, Griinewald B,
Menzel R, 2014. Neonicotinoids Interfere with specific
components of navigation in honeybees. PLoS ONE 9 (3):
€91364. https://doi.org/10.1371/journal.pone.0091364

Flessel P, Quintana PJE, Hooper K, 1993. Genetic toxicity
of malathion: A review. Environ Mol Mutagen 22: 7-17.
https://doi.org/10.1002/em.2850220104

Garcia PV, Pereira N, Oliveira LM, 2009. Side-effects of
organic and synthetic pesticides on cold-stored diapausing
prepupae of Trichogramma cordubensis. BioControl 54
(3): 451-458. https://doi.org/10.1007/s10526-008-9186-5

Hafsi A, Abbes K, Harbi A, Duyck PF, Chermiti B, 2015.
Attract-and-kill systems efficiency against
capitata (Diptera: Tephritidae) and effects on non-target
insects in peach orchards. J Appl Entomol 140 (1-2): 28-
36. https://doi.org/10.1111/jen.12259

Harbi A, Beitia F, Sabater-Mufioz B, Falc6é JV, Chermiti
B, 2015. First record of Pachycrepoideus vindemmiae
(Rondani) (Hymenoptera: Pteromalidae) parasitizing
pupae of Ceratitis capitata (Wiedemann) (Diptera:
Tephritidae) in Tunisia. Afr Entomol 23 (2): 514-518.
https://doi.org/10.4001/003.023.0212

Immaraju JA, Morse JG, Brawner OL, 1990. Evaluation of
three bioassay techniques for citrus thrips resistance and
correlation of the leaf dip method to field mortality. J Agr
Entomol 7 (1): 17-27.

Jerraya A, 2003. Principaux nuisibles des plantes cultivées et
des denrées stockées en Afrique du Nord. Leur biologie,
leurs ennemis naturels, leurs dégats et leur contréle. Climat
Pub, Tunisia. 415 pp.

Jones AK, Raymond-Delpech V, Thany SH, Gauthier M,
Sattelle DB, 2006. The nicotinic acetylcholine receptor
gene family of the honey bee, Apis mellifera. Genome Res
16: 1422-1430. https://doi.org/10.1101/gr.4549206

Juan-Blasco M, Sabater-Mufioz B, Argilés R, Jacas JA,
Ortego F, Urbaneja A, 2013. Effects of pesticides used
on citrus grown in Spain on the mortality of Ceratitis
capitata (Diptera: Tephritidae) Vienna-8 strains sterile
males. J Econ Entomol 106 (3): 1226-1233. https://doi.
org/10.1603/EC12464

Krespi L, Rabasse JM, Dedryver CA, Nenon JP, 1991.
Effect of three insecticides on the life cycle of Aphidius
uzbekistanicus Luz. (Hym., Aphidiidae). J Appl Entomol
I11: 113-119. https://doi.org/10.1111/j.1439-0418.1991.
tb00302.x

Laurino D, Porporato M, Patetta A, Manino A, 2011. Toxicity
of neonicotinoid insecticides to honey bees laboratory
tests. B Insectol 164: 107-113.

Liburd OE, Holler TC, Moses AL, 2004. Toxicity of
imidacloprid-treated spheres to Caribbean fruit fly,
Anastrepha suspensa (Diptera: Tephritidae) and its
parasitoid Diachasmimorpha longicaudata (Hymenoptera:
Braconidae) in the laboratory. J Econ Entomol 97 (2): 525-
529. https://doi.org/10.1093/jee/97.2.525

Ceratitis

September 2017 * Volume 15 ¢ Issue 3 « ¢1008


https://doi.org/10.1016/j.chemosphere.2015.01.034
https://doi.org/10.1016/j.chemosphere.2015.01.034
https://doi.org/10.1023/B:BICO.0000025375.07428.0b
https://doi.org/10.1007/s10526-010-9269-y
https://doi.org/10.1007/s10526-010-9269-y
https://doi.org/10.1007/s10646-014-1282-y
https://doi.org/10.1007/s10646-014-1282-y
https://doi.org/10.1603/EC11082
https://doi.org/10.1021/jf960356n
https://doi.org/10.3733/hilg.v52n05p047
https://doi.org/10.3733/hilg.v52n05p047
http://www.eppo.int/DATABASES/pqr/pqr.htm
http://www.eppo.int/DATABASES/pqr/pqr.htm
http://www.fao.org/docrep/w4601e/w4601e04.htm
http://www.fao.org/docrep/w4601e/w4601e04.htm
http://www.fao.org/3/a-i5558e.pdf
https://doi.org/10.1371/journal.pone.0091364
https://doi.org/10.1002/em.2850220104
https://doi.org/10.1007/s10526-008-9186-5
https://doi.org/10.1111/jen.12259
https://doi.org/10.4001/003.023.0212
https://doi.org/10.1101/gr.4549206
https://doi.org/10.1603/EC12464
https://doi.org/10.1603/EC12464
https://doi.org/10.1111/j.1439-0418.1991.tb00302.x
https://doi.org/10.1111/j.1439-0418.1991.tb00302.x
https://doi.org/10.1093/jee/97.2.525

9 Side-effects of pesticides on D. longicaudata

Liquido NJ, Cunningham RT, Nakagawa S, 1990. Host plants
of Mediterranean fruit fly (Diptera: Tephritidae) on the
Island of Hawaii. J Econ Entomol 83: 1863-1878. https://
doi.org/10.1093/jee/83.5.1863

Magaiia C, Hernandez-Crespo P, Ortego F, Castaiiera P, 2007.
Resistance to malathion in field populations of Ceratitis
capitata. J Econ Entomol 100: 1836-1843. https://doi.
org/10.1093/jee/100.6.1836

Marchiori CH, Barbaresco LF, 2007. Ocurrence of
Pachycrepoideus vindemmiae  (Rondani, 1875)
(Hymenoptera: Pteromalidae) as parasitoid of Megaselia
scalaris (Loew, 1866) (Diptera: Phoridae) in Brazil. Brazil
J Biol 67 (3): 577-578. https://doi.org/10.1590/S1519-
69842007000300025

Martins DS, Skouri W, Chermiti B, Aboussaid H, El
Messoussi S, Oufdou K, Carbonell E, Sabater-Muiloz B,
Beitia F, 2010. Analysis of two larval-pupal parasitoids
(Hymenoptera, Braconidae) in the biological control of
Ceratitis capitata (Wiedemann) in Spanish Mediterranean
areas. Proc 8" Int Symp on Fruit Flies of Economic
Importance; Sabater-Mufioz B et al., (eds), pp: 252-258.
Univ Politécnica de Valencia, Spain. http://hdlhandle.
net/10251/14530.

Marty MA, Dawson SV, Bradman MA, Harnly ME,
Dibartolomeis MJ, 1994. Assessment of exposure to
malathion and maloxon due to aerial application over
urban areas of southern California. J Exp Sci Environ
Epidemiol 4 (1): 65-81.

Navarro-Llopis V, Primo J, Vacas S, 2013. Efficacy of attract-
and-kill devices for the control of Ceratitis capitata. Pest
Manag Sci 69: 478-482. https://doi.org/10.1002/ps.3393

OJEU, 2009. Commission Directive 2009/128/EC.
Official Journal of the European Community 309: 71-
86.http://eur-lex.europa.eu/legal-content/EN/TXT/
HTML/?uri=CELEX:32009L0128&from=EN. [08 Jun
2017].

OJEU, 2015. Commission Regulation (EU) 2015/399 of 25
Feb, amending annexes II, IIT and V to Regulation (EC) no.
396/2005. Official Journal of the European Union. https://
www.fsai.ie/uploadedFiles/Legislation/Food Legisation
Links/Pesticides_Residues_in_food/Reg2015 399.pdf
[29 Jan 2016].

Orozco D, Dominguez J, Reyes J, Villasefior A, Gutiérrez JM,
2002. SIT and biological control of Anastrepha fruit flies
in Mexico. Proc 8" Int Symp on Fruit Flies of Economic
Importance; Barnes B (ed), pp: 245-249. ARC Infruitec-
Nietvoorbij, Stellenbosch, South Africa

Primo E, Alfaro F, Argiles R, 2003. Plan de actuacion contra
la mosca de las frutas (Ceratitis capitata) en la Comunidad
Valenciana. Phytoma Espafia 153: 127-130

Purcell MF, Stark JD, Messing RH, 1994. Insecticide effect
on three tephritid fruit flies and associated braconid
parasitoids in Hawaii. J Econ Entomol 87: 1455-1462.
https://doi.org/10.1093/jee/87.6.1455

Spanish Journal of Agricultural Research

Ruiu L, Satta A, Floris I, 2008. Effects of an azadirachtin-
based formulation on the non-target muscoid fly parasitoid
Muscidifurax  raptor (Hymenoptera: Pteromalidae).
Biol Control 47 (1): 66-70. https://doi.org/10.1016/j.
biocontrol.2008.06.013

Sabater-Mufoz B, Martins DS, Skouri W, Laurin C, Tur C,
Beitia F, 2009. Primeros ensayos sobre la utilizacion de
Diachasmimorpha tryoni (Hymenoptera, Braconidae)
para el control bioldgico de Ceratitis capitata (Diptera,
Tephritidae) en la Comunidad Valenciana. Levante
Agricola 398: 372-376.

Schmutterer H, 1990. Properties and potential of natural
pesticides from the neem tree, Azadirachta indica. Annu
Rev Entomol 35: 271-297. https://doi.org/10.1146/
annurev.en.35.010190.001415

SPSS, 2011. IBM SPSS Statistics v20 Command Syntax
Reference. 2502 pp.

Stara J, Ourednickova J, Kocourek F, 2011. Laboratory
evaluation of the side effects of insecticides on Aphidius
colemani  (Hymenoptera:  Aphidiidae), Aphidoletes
aphidimyza (Diptera: Cecidomyiidae), and Neoseiulus
cucumeris (Acari: Phytoseidae). J Pest Sci 84: 25-31.
https://doi.org/10.1007/s10340-010-0322-5

Stark JD, Wong TTY, Vargas RI, Thalman RK, 1992. Survival,
longevity, and reproduction of tephritid fruit fly parasitoids
(Hymenoptera: Braconidae) reared from fruit flies exposed
to azadirachtin. J Econ Entomol 85 (4): 1125-1129. https://
doi.org/10.1093/jee/85.4.1125

Stark JD, Vargas RI, Miller N, 2004. Toxicity of spinosad
in protein bait to three economically important tephritid
fruit fly species (Diptera: Tephritidae) and their parasitoids
(Hymenoptera: Braconidae). J Econ Entomol 97 (3): 911-
915. https://doi.org/10.1093/jee/97.3.911

Sterk G, Hassan SA, Baillod M, Bakker F, Bigler F, Blumel
S, Bogenschutz H, Boller E, Bromand B, Brun J, et al.,
1999. Results of the 7th joint pesticide-testing programme,
IOBC/WPRS-Working Group “Pesticides and Beneficial
Organisms”.  BioControl 144: 99-117. https://doi.
org/10.1023/A:1009959009802

Suchail S, Debrauwer L, Belzunces LP, 2004. Metabolism of
imidacloprid in Apis mellifera. Pest Manag Sci 60: 291-
296. https://doi.org/10.1002/ps.772

Suma P, Zappala L, Mazzeo G, Siscaro G, 2009. Lethal and
sub-lethal effects of insecticides on natural enemies of
citrus scale pests. Biocontrol 54 (5): 651-661. https://doi.
org/10.1007/s10526-009-9215-z

Tomizawa M, Casida JE, 2005. Neonicotinoid insecticide
toxicology: mechanisms of selective action. Annu Rev
Pharmacol Toxicol 45: 247-268. https://doi.org/10.1146/
annurev.pharmtox.45.120403.095930

Tormos J, Beitia F, Bockmann EA, Asis JD, Fernandez
S, 2009. The preimaginal phases and development
of  Pachycrepoideus (Hymenoptera,
Pteromalidae) on Mediterranean fruit fly, Ceratitis capitata

vindemmiae

September 2017 * Volume 15 ¢ Issue 3 « ¢1008


https://doi.org/10.1093/jee/83.5.1863
https://doi.org/10.1093/jee/83.5.1863
https://doi.org/10.1093/jee/100.6.1836
https://doi.org/10.1093/jee/100.6.1836
https://doi.org/10.1590/S1519-69842007000300025
https://doi.org/10.1590/S1519-69842007000300025
http://hdl.handle.net/10251/14530
http://hdl.handle.net/10251/14530
https://doi.org/10.1002/ps.3393
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0128&from=EN
http://eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:32009L0128&from=EN
https://www.fsai.ie/uploadedFiles/Legislation/Food_Legisation_Links/Pesticides_Residues_in_food/Reg2015_399.pdf
https://www.fsai.ie/uploadedFiles/Legislation/Food_Legisation_Links/Pesticides_Residues_in_food/Reg2015_399.pdf
https://www.fsai.ie/uploadedFiles/Legislation/Food_Legisation_Links/Pesticides_Residues_in_food/Reg2015_399.pdf
https://doi.org/10.1093/jee/87.6.1455
https://doi.org/10.1016/j.biocontrol.2008.06.013
https://doi.org/10.1016/j.biocontrol.2008.06.013
https://doi.org/10.1146/annurev.en.35.010190.001415
https://doi.org/10.1146/annurev.en.35.010190.001415
https://doi.org/10.1007/s10340-010-0322-5
https://doi.org/10.1093/jee/85.4.1125
https://doi.org/10.1093/jee/85.4.1125
https://doi.org/10.1093/jee/97.3.911
https://doi.org/10.1023/A:1009959009802
https://doi.org/10.1023/A:1009959009802
https://doi.org/10.1002/ps.772
https://doi.org/10.1007/s10526-009-9215-z
https://doi.org/10.1007/s10526-009-9215-z
https://doi.org/10.1146/annurev.pharmtox.45.120403.095930
https://doi.org/10.1146/annurev.pharmtox.45.120403.095930

10 Ahlem Harbi, Khaled Abbes, Beatriz Sabater-Muiioz, Francisco Beitia and Brahim Chermiti

(Diptera, Tephritidae). Microsc Microanal 15: 422-434.
https://doi.org/10.1017/S1431927609090801

Urbaneja A, Chueca P, Monton H, Pascual-Ruiz S,
Dembilio O, Vanaclocha P, Abad-Moyano R, Pina T,
Castafiera P, 2009. Chemical alternatives to malathion
for controlling Ceratitis capitata (Diptera: Tephritidae),
and their side effects on natural enemies in Spanish citrus
orchards. J Econ Entomol 102 (1): 144-151. https://doi.
0rg/10.1603/029.102.0121

Vanaclocha P, Vidal-Quist C, Oheix S, Monton H, Planes L,
Catalan J, Tena A, Verda MJ, Urbaneja A, 2013. Acute
toxicity in laboratory tests of fresh and aged residues of
pesticides used in citrus on the parasitoid Aphytis melinus.
J Pest Sci 86 (2): 329-336. https://doi.org/10.1007/s10340-
012-0448-8

Vargas RI, Peck SL, Mcquate GT, Jackson CG, Stark JD,
Armstrong JW, 2001. Potential for area wide integrated
management fly (Diptera:
Tephritidae) with a braconid parasitoid and novel bait
spray. J Pest Sci 94: 817-825.

Vontas J, Hernandez-Crespo P, Margaritopoulos JT, Ortego
F, Feng HT, Mathiopoulos, KD, Hsu JC, 2011. Insecticide
resistance in Tephritid flies. Pest Biochem Physiol 100 (3):
199-205. https://doi.org/10.1016/j.pestbp.2011.04.004

of Mediterranean fruit

Spanish Journal of Agricultural Research

Wang Y, Chen L, Yu R, Zhao X, Wu C, Cang T, Wang Q,
2012a. Insecticide toxic effects on Trichogramma ostriniae
(Hymenoptera: Trichogrammatidae). Pest Manag Sci 68
(12): 1564-1571. https://doi.org/10.1002/ps.3343

Wang Y, Chen L, Yu R, Zhao X, Wu C, Cang T, Wang Q,
2012b. Susceptibility of adult Trichogramma nubilale
(Hymenoptera:  Trichogrammatidae)  to  selected
insecticides with different modes of action. Crop Prot 34:
76-82. https://doi.org/10.1016/j.cropro.2011.12.007

Wharton RA, 1989. Biological control of fruit-infesting
Tephritidae. Fruit flies of economic importance; Cavalloro
R (ed), pp: 323-332. AA Balkema Pub. Rotterdam,
Netherlands. https://nucleus.iaea.org/sites/naipc/twd/
Lists/Symposia/Attachments/1/1st-ISFFEI-1982-Athens-
Greece.pdf?Mobile=1 [08 Jun 2017].

White IM, Elson-Harris MM, 1992. Fruit flies of economic
significance: their identification and bionomics. CAB Int,
CABI Publ, Aust Cent for Int Agric Res, 601 pp. ISBN-0-
85198-790.

Zappala L, Siscaro G, Biondi A, Molla O, Gonzalez-Cabrera
J, Urbaneja A, 2012. Efficacy of sulphur on Tuta absoluta
and its side effects on the predator Nesidiocoris tenuis. ]
Appl Entomol 136 (6): 401-409. https://doi.org/10.1111/
j-1439-0418.2011.01662.x

September 2017 * Volume 15 ¢ Issue 3 « ¢1008


https://doi.org/10.1017/S1431927609090801
https://doi.org/10.1603/029.102.0121
https://doi.org/10.1603/029.102.0121
https://doi.org/10.1007/s10340-012-0448-8
https://doi.org/10.1007/s10340-012-0448-8
https://doi.org/10.1016/j.pestbp.2011.04.004
https://doi.org/10.1002/ps.3343
https://doi.org/10.1016/j.cropro.2011.12.007
https://nucleus.iaea.org/sites/naipc/twd/Lists/Symposia/Attachments/1/1st-ISFFEI-1982-Athens-Greece.pdf?Mobile=1
https://nucleus.iaea.org/sites/naipc/twd/Lists/Symposia/Attachments/1/1st-ISFFEI-1982-Athens-Greece.pdf?Mobile=1
https://nucleus.iaea.org/sites/naipc/twd/Lists/Symposia/Attachments/1/1st-ISFFEI-1982-Athens-Greece.pdf?Mobile=1
https://doi.org/10.1111/j.1439-0418.2011.01662.x
https://doi.org/10.1111/j.1439-0418.2011.01662.x

