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9.1 INTRODUCTION

In Morocco, the citrus industry is an important component of the national agricul-
tural sector. It contributes to the value added of the agricultural sector with a value
of 489 million US dollars. Citrus production occupies a total area of 105,000 ha, with
the Sous-Massa region being the most important production area accounting for 32%
of the total area, followed by Rabat-Sale-Kenitra accounting for 20% (MMAFRDWF
2023).

In addition to water scarcity, one of the main challenges in Morocco, the citrus
industry must face pest management requirements, due to the high-quality standards
demanded by the market, and in some cases quarantine restriction. Many key citrus
pests are present in Morocco such as Ceratitis capitata (Wiedemann), Aonidiella auran-
tii Maskell, Panonychus citri McGregor, and Phyllocnistis citrella Stainton. However,
C. capitata is the most damaging pest with both direct and indirect economic impacts
and is regarded as a critical threat to fruit production, diversification, and export
(Mazih 2015; Elaini and Mazih 2018; Assouguem et al. 2021).

9.2 MEDFLY STATUS IN MOROCCO

The Mediterranean fruit fly (Medfly) (C. capitata) is the primary tephritid pest in
Morocco, remaining present year-round. Its spatiotemporal occurrence and phenology
are determined by suitable environmental conditions, host plants, and fruit availabil-
ity (Elaini and Mazih 2018). Medflies are active nearly all year, completing up to ten
generations annually if host fruits are available. With increasing global temperatures,
the species may soon expand its host range and infestation period to spring, early sum-
mer, and even winter (Boulahia-Kheder 2021). Medfly populations in Morocco display
substantial genetic diversity, particularly at higher altitudes, with marked differentia-
tion between populations (Alaoui et al. 2010). Besides citrus, other fruit crops such as
pears, apples, peaches, nectarines, plums, and pomegranates are notably impacted by
Medflies, especially in Northern Morocco (Elaini and Mazih 2018). In the Souss valley
within the Sous-Massa region of Central Morocco, a major citrus production area, cit-
rus orchards are adjacent to Argan forests (Argania spinosa), which serve as significant
reservoirs for Medfly individuals (Sacantanis 1957). Infestation rates in Argan fruits
vary seasonally, remaining low from February to May but rising sharply in June and
July, with ripe fruits being most vulnerable (Mazih and Debouzie 1996). Additionally,
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while Opuntia ficus-indica was once a potential reservoir, its density in Morocco has
drastically declined due to infestations by Dactylopius opuntiae (El Aalaoui et al. 2019).

In Morocco, citrus is one of the crops most severely affected by Medfly-related losses.
Despite extensive efforts to control the Medfly population, this pest remains a sig-
nificant threat to the national citrus industry, impacting both exports and production
(Boulahia-Kheder 2021). Farmers must closely monitor Medfly prevalence during fruit
maturation phases and may need to apply multiple pesticide treatments to manage the
pest. However, even with these control measures, fruit infestation levels can still aver-
age between 10% and 20%, sometimes reaching even higher levels (Elaini and Mazih
2018). In the Berkane region (northeast Morocco), notably high infestation rates have
been recorded resulting in a temporary ban on the commercialization of certain prod-
ucts, including clementines, tangerines, mandarins, and sweet oranges produced or
shipped from this area (APHIS 2016).

9.3 CONVENTIONAL PEST CONTROL METHODS

Chemical control is the most widely employed method against Medflies and other pests
(Assouguem et al. 2021). Typically, treatments involve full-cover spraying with various
broad-spectrum pesticides, which are highly detrimental to natural pest enemies, includ-
ing beneficial insects, birds, and bats (Berni et al. 2021). Alternatively, foliar spot spray
using hydrolyzed protein baits, applied to one row out of every three or four, constitute
the other primary chemical application method currently in use (Elaini and Mazih 2018).

Adult Medfly prevalence and fruit infestation levels determine the timing and fre-
quency of chemical sprays. The trigger threshold for initiating spraying is 3-5 adult
males per trap per day from a trapping grid network of 50-100 traps/km?. However,
in smaller farms, sprays are typically applied every 8-10 days during late summer and
autumn for early citrus varieties and from the end of winter to spring for late varieties,
depending on the region (Mazih 2015). To meet the requirements of certain interna-
tional markets, such as the Russian market, some farmers lower the chemical spray
threshold to 1 male or 0.5 female per trap per day (Assouguem et al. 2021).

As farmers prioritize economic benefits over health and environmental considerations,
chemical pesticide treatments remain the most common control method. However,
there are growing concerns about pesticide residues and their impact on human health
and the environment (Aberkani et al. 2022; Khfif et al. 2022). Furthermore, exceeding
the maximum residue limits would impede adherence to international standards for
Moroccan citrus exports (Addi et al. 2013; Choubbane et al. 2022).

In this context, the demand for biopesticides has increased as a safer alternative to
hazardous chemical pesticides. Consequently, biopesticides such as Beauveria bassiana,
Azadirachtin, and Spinosad have been approved for use (Mokrini et al. 2020). In par-
ticular, Spinosad-based products have become more preferred for chemical treatments,
especially during the harvest period, due to their short environmental persistence and a
preharvest interval of just one day (Elaini and Mazih 2018).

Increasingly, more environmentally friendly approaches are being adopted within the
framework of integrated pest management, such as mass trapping. This method relies
on a highly selective and potent combination of three chemical compounds (putrescine,
trimethylamine, and ammonium acetate) designed to attract female Medflies (Bakri
et al. 1998; Epsky et al. 1999; Assouguem et al. 2021).
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9.4 STERILE INSECT TECHNIQUE

Based on the previously cited problems with conventional control methods of the Medfly,
it becomes imperative to employ a control strategy that not only effectively manages the
target pest population but also minimizes its environmental impact. The sterile insect
technique (SIT) emerges as a highly promising method capable of satisfying these criteria
adeptly. SIT is based on mass production, reproductive sterilization using ionizing radia-
tion, and the release of the target sterile insect into infested areas. Within these environ-
ments, sterile males mate with wild females, resulting in the inability to produce viable
offspring and consequently lowering pest populations (Knipling 1955; Dyck et al. 2021).
Globally, this technique is employed for containing, excluding, suppressing, and
eradicating a significant variety of pests, including various species of flies, mosquitoes,
moths, and beetles (Vreysen et al. 2006; Bakri et al. 2021; Bourtzis and Vreysen 2021).
Its extensive use is due to several advantages it offers. It is species-specific, targeting
only the intended pest species without affecting the population of nontarget insects. In
addition, it preserves the genetic integrity of the target species by not introducing for-
eign genetic material into the population. Moreover, the method minimizes the reliance
on hazardous chemicals, thereby mitigating potential environmental and health risks
associated with their use. Furthermore, this technique is compatible with other control
measures, such as the bait application technique and augmentative biological control
(Knipling 1955; Nagel and Peveling 2005; Toledo et al. 2017; Montoya et al. 2020).
SIT programs have been implemented in several countries (Figure 9.1) in North,
Central, and South America, Europe, the Middle East, Asia, Africa, and Australia
(Enkerlin 2005) and have become an essential measure to control the Medfly popula-
tion worldwide. Currently, the different fruit fly factories are weekly producing several
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Figure 9.1 Medfly SIT units in the world based on Bakri et al. (2022). Countries having units mass-rearing
sterile Medflies are shown on the map (dark grey).
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billion sterile Medfly males that are released in the field to mate with wild females
(Llopis-Giménez et al. 2017; Bakri et al. 2020, 2022).

SIT, incorporated in an area-wide integrated pest management approach, has been a
successful Medfly control strategy in many countries around the world. For example, in
Mexico, this strategy has helped maintain a pest-free status for over 30 years and proved
to be highly cost-effective (Enkerlin et al. 2015). Also, Spain’s Valencian Community
implemented an area-wide integrated pest management program in 2007, with SIT as
the main control method, resulting in a 90% reduction in aerial insecticide use (P4 et al.
2021). Also, Argentina successfully applied an integrated area-wide SIT program against
Medflies in the Patagonia and Cuyo regions. This achievement redefined the phytosanitary
status of these regions, enabling exports to previously closed markets without the need
for postharvest treatments (Guillén and Sanchez 2007). Additionally in Peru, the released
Medflies in the Santa Anita district and along the coastal areas led to the eradication of
Medflies in the Tacna and Moquegua regions (Pérez-Staples et al. 2021). Similarly, in
Chile, the continued releases of sterile Medflies prevented outbreaks in northern Chile
(Arica province) and southern Peru (Tacna Valley) (Gonzalez and Troncoso 2007).

9.5 SIT IMPLEMENTATION IN MOROCCO

The first implementation of SIT in Morocco began in 2006, with imported sterile males
released in the pilot area of 4,864 ha of citrus orchards with a 1km buffer zone around
this area within the Ouled-Berhil commune in the Souss-Massa region. The releases were
at a density of 2,000 sterile males per hectare and managed by ALBRA (Association
de Lutte Biologique Contre les Ravageurs des Agrumes et Primeurs). After three years
of releases, despite favorable environmental conditions for Medflies between 2010 and
2011, the abundance of female Medflies in the examined zone declined compared to
previously recorded levels. Consequently, chemical sprays were reduced by 25%-75%
in conjunction with this approach (ALBRA 20135).

Another pilot area in the Moulouya perimeter in northeastern Morocco underwent
sterile male releases in 2017 to test the effectiveness of SIT combined with trapping in
an area of 1,200 ha of citrus orchards. The results confirmed its effectiveness, showing
a reduction in citrus infestation rates from 5% in areas with no sterile male release to
2.4% and 1.6% in fields where sterile males were released at densities of 1,000 and
3,000 males per hectare, respectively (Yazid et al. 2020).

Recognizing the many advantages of SIT as an effective method of Medfly control, the
Moroccan Ministry of Agriculture, Fisheries, Rural Development, Water and Forests
(MMAFRDWE) decided to establish a Medfly mass-rearing facility to meet national
needs of sterile males. The application of this technique on a national scale will benefit
the citrus sector by improving fruit quality, decreasing pesticide use, protecting the
environment and the consumers, and preserving the current export markets and explo-
ration of other potential international markets. In collaboration with the International
Atomic Energy Agency (IAEA), the unit was established in 2020 with a budget exceed-
ing six million dollars. Partial equipment was sourced from the previous unit in the
Madeira Islands, while the remaining materials were supplied by the National Office of
Food Safety (ONSSA) with support from the IAEA.

The facility, located on an 8,340 m? site in the municipality of Tikiouine, prefecture
of Agadir Ida-Outanane, includes several buildings for administration, mass rearing,
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filter and quality control, sterile adult emergence, and an area for future production
capacity extension (Figure 9.2a and b). The unit was built to have an estimated produc-
tion capacity of 130 million pupae per week, making it the largest SIT Medfly produc-
tion facility in Africa.

Currently, the facility is utilizing the Vienna-8 FDF strain (Porras et al. 2020) and has
recently been equipped with a Cobalt-60 irradiator model Foss-812 (Figure 9.2c¢). The
planned radio-sterilization dose is set at 100 Gy. The facility’s infrastructure is sufficient to
provide sterile males to cover the entire Souss area, encompassing approximately 40,000
hectares of citrus-producing zones and neighboring regions. The ultimate goal is to imple-
ment the SIT as a nationwide program, covering all citrus-producing areas in the country.

Currently, the infestation rate of the Medfly in citrus orchards is being assessed in the
Souss Valley, particularly in the Ouled-Aissa area, which spans approximately 6,000
hectares of citrus orchards. Using GIS software, the area was delineated and divided
into equal sections of roughly 100 hectares each (Figure 9.3). Then, in each section

Figure 9.2 SIT facility in Agadir: (a) 3D plan of the unit, (b) photo inside the unit, (c) Co60 irradiator
model Foss-812.
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Figure 9.3 Trap positions in the monitoring area.

were placed Net-traps baited with a food attractant dispenser composed of a mixture
of three components: ammonium acetate, trimethylamine, and diaminopentane. The
trap’s transparent lid was impregnated with deltamethrin insecticide on the inner sur-
face. Data were recorded every 14 days since December 2023. This monitoring program
aims to understand the population dynamics within the area, to help with a better
optimization of sterile male releases in the future.

9.6 CONCLUSION

It is anticipated that the implementation of SIT will significantly reduce economic losses
caused by the Medfly, thereby mitigating one of the major threats to the citrus industry
in Morocco. By lowering the pest population through environmentally friendly and
species-specific methods, SIT will reduce reliance on chemical pesticides, leading to
healthier ecosystems and safer agricultural practices.
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