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In Tunisia oases, the Mediterranean fruit fly (medfly) Ceratitis capitata affect
heavily fruit production. The efficiency of the mass trapping technique based
on the use of Cera Trap® was evaluated in two types of oases in the south of
Tunisia against C.capitata. Our results showed that in the traditional oasis
(mixed orchard), the medfly moves from one fruit specie to another
according to their receptivity periods. The population density of medflies
started low and peaked three times (16 Jun, 23 Jun, and 7 July)
corresponding to the maturation period of apricot fig and peach fruits. The
field study showed that medfly population density and rate of fruit damage
were significantly lower in figs than in peaches and apricot. Modern oases
have later apricot fruit maturity periods than traditional oases, and their
medfly populations peaked at 19 Mai. Ceratrap® reduces 2, 2, and 6 times
the population density of Mediterranean fruit fly and the rate of damaged
fruits compared to untreated plots. These two parameters were twofold less
in modern oases than in traditional oases. These results suggest that the use
of traps at the density of 70 per ha is sufficient to protect crops under high
population densities of C. capitata characterizing the traditional oases
agricultural systems.

1. INTRODUCTION

Tunisian oases are isolated semi-natural
agricultural production systems surrounded by a
desert matrix. Date palms, fruit trees, and
herbaceous plants constitute the three main
layers of vegetation in these ecosystems. The
study of the biodiversity of fruit trees in Tunisian
oases showed a high richness of species and
cultivars: apricot, pomegranate, fig, apple, peach,
vine, olive, and pomegranate (Bouzaida and
Kerdaoui, 2016).

Sadly local biodiversity has been affected by
market forces, which have pushed farmers to
cultivate only date palms and to neglect tree
fruits in spite of their importance. Furthermore,
the second cultivated layer (fruit trees) in oases
is in danger of being destroyed by drought
salinity and phytophagous attacks and especially
the Mediterranean fruit fly (medfly) Ceratitis

capitata (Diptera: Tephritidae) that represents
one of the key pests of tree fruits in oases
(Buyckx,1994). Ceratitis capitata is one of the
most serious pests in the world, as it is highly
polyphagous and attacks more than 300 fruits
and vegetable spices, both cropped and wild
(Ligofuido et al., 1990). In Tunisia this pest cause
damage on all winter and summer fruits (Sheikh
et al. 1975, Boulahia-Kheder and Jerraya 2009 ).
[s considered as one of the most destructive pests
of citrus and peach crops (Mediouni- Ben Jemaa
etal,, 2010 Bouagga et al,, 2014).

Fruit flies monitoring is a key part to control
these insects in integrated pest management
systems (Malavasi and Zucchi, 2000). Monitoring
allows knowing the exact moment for a proper
control measure when population is still low. In
recent years, the need for environmentally
friendly control methods against medfly as an
alternative to chemical sprays is growing. Mass
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trapping is one of these alternatives methods that
can reduce negative effects of pesticides sprays
on environment, Human health, and non-target
insects because used insecticides are limited to
the liquid or solid compound inside the trap
(Pefiarrubia, 2010; Hafsi et al., 2016). Efficacy of
different traps and attractants were tested in
citrus crops in Spain (Greece) (Navarro-Llopis et
al, 2008) and Tunisia (Hafsi et al, 2015), and
results showed the efficacy of this technique
under low and high population levels of medfly.
Although the Ceratrap® mass trapping system has
been found to control medfly in Tunisian citrus
orchards (Hafsi et al,, 2015), the efficacy of this
trap and attractant was not tested in fig peach
and apricot corps under oases climate conditions.
The first aim of this work was to compare
Ceratrap® treated orchards with untreated
orchards that were used as control plots on
medfly numbers and fruit damage in fig peach
and apricot crops.

2. MATERIAL AND METHODS
2.1. Field experiments

A field trial was carried out from Mars to
September 2015 in free pesticide oases in the
governorate of Tozeur, south Tunisia (8° 08'E;
33° 55'N). In this study, two types of oases were
considered the first one was the modern type
located in the Degache biotope and the second
one was the traditional one located in the Tozeur
biotope.

In Degache biotope, date palm cultivation is the
main crop with a mean planting space of 10 x 10
m, followed by the other fruit trees mostly with
apricots and pomegranates. Apricots (Prunus
armeniaca L. Bargoug var) characterized as early-
maturing fruits were considered for the study.
This orchard was divided in two blocs separated
by almost 300m and containing each 80 apricot
trees. The first one received mass trapping
(Ceratrap®70 traps /ha) the second one was
considered as untreated control plot.

Tozeur biotope, was a traditional oasis planted
with mixed varieties of fruit trees of apples
(Malus sylvestris Mill.), pears (Pyrus communis L.),
apricots (Prunus armeniaca L.), peaches (Prunus
persica L.), olives (Olea europae al.), figs (Ficus
carica L.), pomegranate (Punica granatum L.),
and grape (Vitis vinifera L). The fruiting period in
the experimental orchard begins from May to
November. For this study, we consider apricot,
peaches, and figs very susceptible to attacks of
medfly. For each crop (apricot, fig, and peach),
two plots were chosen, the first one received
mass trapping (Ceratrap® alimentary liquid
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attractant applied at 70 traps/ha) treatment and
the second one was considered as an untreated
control plot.

2.2, Food attractant

The mass trapping experiments were performed
using Ceratrap® attractant solution (Bioibérica
SA, Barcelona, Spain) containing 95% of
hydrolysed proteins and 5% of additives. These
lures have a lifespan of four months. Traps were
hung at 1.5 to 2 m on the south-east side of the
trees and the number of traps installed varied
according to the density of trees in each plot. In
peach, apricot and fig orchards 70 Ceratrap®
traps/ha were installed.

McPhail traps baited with both lures were
deployed in apricot trees at a density of 40
traps/ha on April 10 2015, and were maintained
in the field for three months. The quantity of the
Ceratrap® and PheroNorm® lures in the McPhail
traps were checked monthly in order to note
when the quantity decreased to half this quantity
was decreased to half the original volume.

2.3. Medfly males flight activity

Males of C. capitata were monitored using Delta
traps with sticky board baited with the
parapheromone Trimedlure (Koppert) that was
replaced every 3 weeks. In each treated and
control plot, three Delta traps were distributed
uniformly. Traps were checked weekly and
captured males were counted and removed.

2.4. Fruit damage assessment

Evaluations of fruit damage caused by females of
C. capitata were carried out at harvest. In each
plot, 5 trees were randomly selected and marked.
From each one, 80 fruits were chosen (20 fruits
from each side), brought to the laboratory, and
examined for medfly damage. The rate of fruit
damage was calculated as the number of fruit
with at least one oviposition puncture or
containing one larva over the total number of
examined fruits.

2.5. Statistical analyses

The number of C. capitata males caught in Delta
traps in date and each treatment in peach, apricot
and fig orchards was compared using a
generalised linear model (GLM) with Poisson
error (Log link). The rate of fruit damage was
analysed and compared between treatments in
peach, apricot, and fig orchards using a GLM with
binomial error (logit link).

3. RESULTS
3.1. Medfly male’s flight activity
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Medfly adult population density differed
significantly among crops (apricot, peach, and fig)
(Dev=17100; df= 3, 155; P<0 001) and
treatments (Dev=16393; df= 2, 154; P= 0.015).
The interaction between these two parameters
was not significant (Dev=15982; df= 6, 151; P=
0.329).
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plots and started to increase thereafter reaching
a maximum of 564 and 320 flies/trap/week on
24 June respectively. Beyond this date medfly,
male population increased significantly until the
harvesting.

In fig orchards (Fig. 1c), the highest number of
captures 405 and 325 flies/trap/week were
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Fig. 1 Number of C. capitata males (mean) captured weekly per trap in modern oasis of Degache on

apricot plots (a) and in traditional oasis of Tozeur on apricot (b), fig (c), and peach (d).

In Degache Oasis, medfly males caught in the
Jackson trap were low in treated and control
plots during April 2015 (Fig. 1). After this date
medfly male population was twenty-five times
higher in the control plot than in Ceratrap® plots.
Medfly male population reached a maximum of
292.51 and 11.67 males/trap/week respectively
in Ceratrap® and control plots.

In Tozeur oasis, the adult population of medfly on
apricot on peach and on fig plots was 40, 27 and
21 % lower in Ceratrap® than in control plots,
respectively. In apricot orchards, medfly males
caught in the Jackson trap differ significantly
between treatments (Dev=16393; df=2, 154; P=
0.015). The male population of this insect was
low until 25 Mai 2015 in control and Ceratrap®

registered on 23 June respectively in Ceratrap®
and in control plots.

In peach crops (Fig. 1d), Males’ were caught
between 28/4 September and 23 November. The
peak was observed in 25/9 reaching respectively
320 males per trap per week in Ceratrap® versus
436 in the control plot. The adult population of
medfly on apricot, peach, and on fig plots was 40,
27, and 21 % lower in Ceratrap® than in control
plots, respectively.

For apricot crops medfly males caught in Jackson
traps differed significantly between modern and
traditional oases (Dev=17100; df= 3, 155
P<0.001) (Fig. 1a, b).

3.2. Fruit damages assessment
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The number of punctured fruits by medfly
females differed significantly among crops (Dev=
16.08; df= 3, 35; P<0.001) and treatments (Dev=
78.38; df= 2, 38; P<0.001). The interaction
between these two parameters was not
significant (Dev= 13.34; df= 6, 32; P= 0.43). For
the apricot, in Ceratrap® plots (Fig. 2) the rate of
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Field studies showed that the most suitable host
fruit to medfly in our study case was peach with
the  highest  population density (569
flies/trap/week) and rate of fruit damage (43%).
Taking into account these three fruit species in
previous studies peach fruit is the most suitable
host for medfly larvae in the laboratory (Hafsi et

damaged fruits at harvesting was 32% in al. 2016b) and females in the field (Charlery de la
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Fig. 2. Rate of fruit damage (% * SE) in treated and control apricot peach and fig plots in traditional

(Tozeur) and apricot in modern oases (Degache).

traditional oases and 5% in the modern oasis.
This arises from the traditional oasis's greater
adult abundance. Peach was the most attacked
variety by medflies in the historic oasis of Tozeur,
with a mean percentage of attacked fruits of
70%, followed by apricots at 32% and figs at
23%. In Ceratrap® plots, the highest rate of fruit
damage was recorded in peach crops with 43%
while the lowest was recorded in modern oases
of Degache with 5%.

4. DISCUSSION

During the assessed period population density of
medfly started low and peaked four times (19
Mai, 16 Jun, 23 Jun, and 7 July) corresponding to
the maturation period of apricot fruits in modern
and traditional oases of fig and of peach.
Fluctuations observed in population dynamics of
medfly is were not only related to climatic
conditions especially temperature (Vayssieres et
al. 2009; Martinez-Ferrer et al. 2010), but also
can be attributed to hosting plant suitability and
availability (Scriber 1981; Smiler 1993).

Masseliere et al. 2017).

In mixed orchards, the medfly moves from one
fruit species to another according to their
receptivity periods (Clemente and Garcia 1952).
Indeed, the traditional oasis of Tozeur is
composed of early and late fruit species.
Population fluctuations observed from July until
October 2015 reflect seasonal fruit availability
with early maturing fruit species such as apricot
that can explain the high trapping rate of medfly
during May and June 2015 in the traditional oasis
while peach fruits are characterised by a
relatively longer maturation period. The
existence of early maturing fruit species in mixed
orchards may serve the overwintering
individuals to establish insect populations and to
produce new generations. However, the existence
of late-maturing fruits seems to provide the
insect with a safe breeding refuge late in the
season (Martinez-Ferrer et al. 2010). In the case
of apricot our studies showed that the population
level of medfly males and the rate of fruit damage
were lowest in modern oases than in traditional
oases. This can be explained by the maturity
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period of apricot fruits that is later in modern
oases planted with the “Bargoug” variety than in
traditional oases.

Mass trapping aims to reduce as much as possible
the foraging adult medfly population in the
treated area by hanging on tree traps baited with
lures and toxicants to catch them Several studies
have proved the efficiency of this method for
several fruit tree species (Ros et al. 2002;
McQuate et al, 2005; Martinez-Ferrer et al,
2010).

In Tunisia, several field trials were performed in
attempt to assess the possibilities of introducing
the C.capitata mass trapping technique in
orchards and to familiarize growers with traps
(Braham 2007; Ben Jemaa et al,, 2010; Hafsi et al.,
2015; Tlemsani et al., 2015). Different traps and
food attractants were tested in citrus, peach and
apricot orchards. Results showed their efficacy
(Boulehia-Kheder et al, 2012; Bouagga et al,
2014; Hafsi et al., 2015; Hafsi et al. 2016, Elimem,
2021). Our Results prouved that a density of 70
Ceratrap®traps per ha was able to control medfly
at high population levels. The population density
of medfly males in apricot peach and fig plots
treated by Ceratrap® was 2, 2 and 6 times lesser
than untreated plots. Consequently the lowest
rate of damaged fruits (apricot peach and fig) was
observed in the plots treated with the IPM
approach. Previous studies showed that the use
of Ceratrap® attractant could significantly reduce
the medfly population (Hafsi et al. 2015;
Tlemsani et al. 2015; Elimem, 2021, Ben Chaaban,
2018 ). The efficacy of mass trapping technique
was influenced by a diversity of external factors,
particularly the host fruit species.

For an effective control against C. capitata, any
strategy should start prior to fruit ripening
(Demirel 2007). Thus, our results suggest
adjusting the density of traps per ha depending
on the suitability of host crops to medfly females
and population adult density.

In addition to their efficacy against medfly Taking
into account that Ceratrap® was a selective
attractant limiting side-effects on beneficial
insects (Hafsi et al. 2015) CeraTrap® attractant is
less expensive than alternatives such as Biolure®
and can be employed in the field for several
weeks without the need for re-baiting (El Arabi et
al. 2010). This attractant can be deployed
effectively in a simple perforated PET bottle that
is easy to manufacture using empty drink bottles
at an extremely low cost. Developing effective
and inexpensive monitoring tools constitutes a
necessary initial step toward rational pest
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management in developing countries (Rodriguez
1998).

4. CONCLUSION

The present paper reveals the efficiency of the
control of Med-fly in Tunisian in the two types of
oases in Tunisian. More research will be done to
determine the best trap density per hectare for
controlling C. capitata in oases based on the
suitability of host crops for medfly females and
population adult density during fruit ripening.
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