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Abstract

An inventory of insect species was performed in 40 Tunisian olive groves in six governorates (Beja,
Seliana, Jendouba, Nabeul, Bizerte and Zaghouan) during two study years (2017 and 2019). The
survey revealed seventeen insect species grouped in five orders and eleven families. The study
showed the presence of three coleopteran species (Otiorhynchus cribricollis, Phloeotribus
scarabaeoides and Hylesinus Oleiperda), eight hemiptera individuals (Parlatoria oleae,
Lepidosaphes ulmi, Aspidiotus nerii, Saissetia oleae, Lichtensia viburni, Pollinia pollini,
Macrosiphum sp., Euphyllura olivina), three thrips species (Liothrips oleae, Frankliniella
occidentalis, Thrips tabaci), two lepidopteran insects (Palpita vitrealis, Prays oleae), and one
dipteran insect (Bactrocera oleae). We identified four beneficial agents from three orders and four
families during the first study year. Furthermore, we investigated the impact of the irrigation mode
(irrigation vs rainfall) on the distribution of insect pests in olive groves in the governorates of
Bizerte, Zaghouan, Beja and Seliana. Our results showed that Anthocoris nemoralis was the most
abundant species representing 67.44% of the total natural enemies followed by Psyllaephagus
euphyllurae (18.60%), Chrysoperla carnea (9.30%) and Alloxysta eleaphila (4.65%). Our findings
indicated that the irrigation mode had no significant impact on the number of identified insect pests,
except in Beja, only on the leaves of olive trees. The implications of the obtained data for
developing and implementing alternative management tools in response to climate change and pest
distribution are discussed.
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Résumé

Un inventaire d’insectes a ¢été réalisé dans 40 oliveraies tunisiennes situées dans six gouvernorats
(Béja, Seliana, Jendouba, Nabeul, Bizerte et Zaghouan) au cours de deux années d’étude (2017 et
2019). L’inventaire a révélé la présence de dix-sept especes d’insectes regroupées en cing ordres
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et onze familles. L'étude a montré la présence de trois espeéces de coléopteres (Otiorhynchus
cribricollis, Phloeotribus scarabaeoides et Hylesinus Oleiperda), de huit hémipteres (Parlatoria
oleae, Lepidosaphes ulmi, Aspidiotus nerii, Saissetia oleae, Lichtensia viburni, Pollinia pollini,
Macrosiphum sp., Euphyllura olivina), trois especes de thrips (Liothrips oleae, Frankliniella
occidentalis, Thrips tabaci), deux insectes lépidopteres (Palpita vitrealis, Prays oleae) et un insecte
diptére (Bactrocera oleae). Au cours de la premiere année d'étude, nous avons identifié quatre
agents bénéfiques appartenant a trois ordres et quatre familles. Par ailleurs, nous avons étudié
l'impact du mode d'irrigation (irrigation vs pluie) sur la distribution des insectes ravageurs dans les
oliveraies situées dans les gouvernorats de Bizerte, Zaghouan, Beja et Seliana. Nos résultats ont
montré qu'Anthocoris nemoralis était I'espece la plus abondante représentant 67,44% du total des
ennemis naturels suivi de Psyllaephagus euphyllurae (18,60%), Chrysoperla carnea (9,30%) et
Alloxysta eleaphila (4,65%). Nos résultats ont indiqué que le mode d'irrigation n'avait pas d'impact
significatif sur le nombre d'insectes ravageurs identifiés, sauf a Beja, uniquement sur les feuilles
des oliviers. Les implications des données obtenues pour le développement et la mise en ceuvre
d’outils de gestion alternatifs en réponse au changement climatique et a la répartition des ravageurs
sont discutées.

Mots clé : insectes nuisibles, irrigation, ennemis naturels, oliviers, précipitations

INTRODUCTION

The olive (Olea europaea L.) is a worldwide horticultural crop of great socio-economic
importance. It is cultivated over 10 million hectares (Faostat, 2017), more than 98% of which are
in the Mediterranean basin (Civantos, 2001; Gongalves & Andrade, 2012). In Tunisia, olive
covered an area estimated to 1.7 million hectares and presented a total plantation of about 66
million trees (Khlif, 2002; Gharbi & Ben Abdallah, 2016; Gharbi, 2021). This crop may be
threatened by many insect pests belonging to different orders (e.g., Diptera, Hemiptera,
Lepidoptera, Coleoptera...) and families (e.g., Curculionidae, Diaspididae, Psyllidae, Tephritidae,
Hyponeumotidae...) that may cause significant yield losses (Herz et al., 2005). Various
management strategies including agronomic practices, pesticides sprays and releases of beneficial
insects have been deployed to manage olive pests in many countries around the world (Haniotakis,
2005; Petacchi et al. 2024). Many natural enemies are known to be effective biological control
agents of several olive pests (Jerraya, 2003). Outbreaks of olive pest populations, such as the case
of psyllid species, may be associated with different factors, including weather conditions (Chermiti,
1989). Climate changes may directly impact insect species by affecting their biological and
physiological characteristics (Thomson ef al., 2010; Eigenbrode et al., 2022). In response to
weather anomalies (e.g., changes in temperature values, atmospheric CO; levels and precipitation
patterns), insects may expand their geographic distribution and change their behaviour (Skendzi¢
et al., 2021; Subedi et al., 2023). In fact, some insect species will be able to develop additional
generations which may increase the number of newly damaged areas (Skendzi¢ et al., 2021).

The interaction between the insect pests and natural enemies may also be altered, reducing the
success of biological control methods (Skendzi¢ et al., 2021; Subedi ef al., 2023). Consequently,
severe crop damages may be registered, which require integrating new control methods considering
climate changes and insect populations (Masood et al., 2022). Thus, knowledge of the entomofauna
associated with olive groves that may differ due to many factors (e.g., climate changes, biological
factors...), is crucial to develop effective control methods.
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From this perspective, the objective of the present study was to update the status of insect pests and
their natural enemies in the northern region of Tunisia, which we lack information on. We also
studied the impact of the irrigation mode (irrigation vs rainfall) on the abundance of pests in the
prospected olive groves.

MATERIALS & METHODS

Study sites

The study was conducted in six Tunisian governorates from March to May in 2017 and 2019 (Table
1). A total of 40 olive groves were surveyed and cultivated with various varieties (Table 1). The
spaces between olive trees were 10x10 m or 4 xX1.5m, respectively, for groves conducted in rainfall
or irrigation.

Table 1: Geographic characteristics of the prospected olive groves in the north of Tunisia

Geographical area Governorates Number of surveyed olive groves
2017 2019
Northwest Beja 4 5
Northwest Seliana 4 5
Northwest Jendouba 0 5
Northeast Nabeul 0 4
North Bizerte 4 0
Median position Zaghouan 4 5

between the north,
northwest and the
center

The climatic conditions in the surveyed olive groves during the first study period are indicated in
Table 2 (http://www.accuweather.com/fr/tn/tunisia-weather).

Table 2: Average monthly temperature and rainfall in the prospected governorates (Bizerte (a),
Seliana (b), Beja (¢) and Zaghouan (d)) during 2017

(a) January February March April May June
Temperature (°C) 14.5 17.9 19.6 21.7 26.2 304
Rainfall (mm) 140.6 47.8 3.0 34.0 0.0 11.4
(b) January February March April May June
Temperature (°C) 12.4 16.8 19.7 22.2 304 33.7
Rainfall (mm) 324 28.6 21.6 28.6 1.0 20.0
(c) January February March April May June
Temperature (°C) 8.6 11.5 13.7 15.1 20.3 24.8

Rainfall (mm) 123.6 96.0 254 42.4 0.0 20.0
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(d) January February March April May June
Temperature (°C)  10.0 12.7 14.6 16.6 20.4 21.9
Rainfall (mm) 53.2 39.8 11.4 15.6 0.4 17.8

Sampling and morphological identification of the specimens collected

Specimens were collected by randomly harvesting 100 leaves and 10 branches from each olive
grove or hitting branches onto a funnel (Fauvel et al.,, 1981). Parasitized specimens were kept in
vials until the parasitoids emerged. Thrips and beneficial insects were preserved in small plastic
vials containing 70% alcohol. Thrips were identified using several keys, such as those of Mound
& Walker (1982), Mound & Kibby (1998), and Zur Strassen (1996; 2003).

The keys of Herring (1976), Trjapitzin (1982), and Mazel et al. (2006) were used to identify the
collected natural enemies. The abundance of the insect species collected in the first year of the
study (2017) was compared in the groves conducted in the rainfall or irrigation mode.

Statistical analysis

All data were checked for their homogeneity and normality using Levene and Shapiro—wilk tests,
respectively. A generalized linear model (GLM) followed by one-way ANOVA was used to
determine the effect of “the irrigation mode and the insect species” or “the region and the insect
species” and their interactions on the number of recorded insects on leaves and branches of olive
trees. Duncan’s post-hoc test was used for mean separation at P<0.05 (SPSS 2012).

RESULTS
Morphological identification of the specimens collected

Insect species

Seventeen !insect species belonging to five orders and eleven families were collected and identified
from olive groves during 2017 and 2019 in the north of Tunisia (Table 3). The distribution of these
species differed from one governorate to another (Table 3). Only the olive dark beetle Phloeotribus
scarabaeoides (Bernard, 1788) and the olive psyllid Euphyllura olivina (Costa, 1839) were found
in all prospected governorates (Table 3).

1 The full scientific names of all studied species are shown by Table 3
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Table 3: List of insect species collected from olive groves (Northern Tunisia, 2017-2019)

Order

Family

Species

Governorates

Bizerte

Zaghouan

Seliana

Beja

Jendouba

Nabeul

Coleoptera

Curculionidae

Otiorhynchus
cribricollis
Gyllenhal, 1834

X

X

X

X

Coleoptera

Curculionidae

Phloeotribus
scarabaeoides
(Bernard, 1788)

Coleoptera

Curculionidae

Hylesinus

Oleiperda

(Fabricius,
1792)

Hemiptera

Diaspididae

Parlatoria

oleae (Colvée,
1880)

Hemiptera

Diaspididae

Lepidosaphes
ulmi (Linnaeus,
1758)

Hemiptera

Diaspididae

Aspidiotus nerii
Bouché, 1833

Hemiptera

Coccidae

Saissetia oleae
(Olivier, 1791)

Hemiptera

Coccidae

Lichtensia
viburni
Signoret, 1873

Hemiptera

Asterolecanidae

Pollinia pollini
(Costa, 1857)

Hemiptera

Aphididae

Macrosiphum
sp.

Hemiptera

Psyllidae

Euphyllura
olivina (Costa,
1839)

Thysanoptera

Phlaeothripidae

Liothrips oleae
(Costa, 1857)

Thysanoptera

Thripidae

Frankliniella
occidentalis

(Pergande,
1895)

Thysanoptera

Thripidae

Thrips tabaci
(Lindeman,
1889)

Lepidoptera

Crambidae

Palpita
vitrealis
(Rossi,1794)
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Diptera

Lepidoptera  Yponomeutidae Prays oleae X X X X
Bernard, 1788
Tephritidae Bactrocera X
oleae (Rossi,
1790)

Natural enemies

An important number of beneficial insects were recorded in the olive groves surveyed in 2017
(Figure 1). Four species were identified: Chrysoperla carnea (Stephens, 1836) (Neuroptera,
Chrysoperla), Anthocoris nemoralis (Fabricius, 1794) (Hemiptera, Anthocoridae), Psyllaephagus
euphyllurae (Masi, 1911) (Hymenoptera, Encyrtidae) and Alloxysta eleaphila (Silvestri, 1915)
(Hymenoptera, Figitidae) (Figure 1). The highest abundance of beneficial agents was recorded in
the governorate of Zaghouan with a total number of parasitoids (Figure 1). Most of them are
recognized as natural enemies of E. olivina.
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Bizerte Zaghouan Seliana Beja

Mean number of natural ennemies per
100 olive leaves

O N b O

Governorates
m Chrysoperla carnea Anthocoris nemoralis
B Psyllaephagus euphyllurae m Alloxysta eleaphila

Figure 1: Natural enemies collected from olive groves (Northern Tunisia, 2017)

Abundance of insect pests in olive groves in 2017

The abundance of insect pests on the leaves and branches of olive trees differed among the olive
groves conducted in irrigation (mode 1) or rainfall (mode 2) during 2017 (Figure 2, 3). On leaves
(Figure 2), GLM analysis indicated that the insect species had a significant impact on the number
of recorded insects in all governorates ((Fi13=11.82, P<0.01); (F14=31.36, P<0.001); (F1,5=105.73,
P<0.001) and (F15=13.65, P<0.01) respectively for the governorates of Bizerte, Zaghouan, Beja
and Seliana). However, the irrigation mode significantly affected the number of insects only in the
governorate of Beja (Fis= 24.09, P<0.001). The interaction between the two factors “insect
species” and “irrigation mode” was significant only in the governorates of Zaghouan (Fi5=9.76;
P=0.04) and Beja (F1,5=90.66, P<0.001).
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Figure 2: Distribution of insect pest on the leaves of olive trees depending on the irrigation
application mode (mode 1= irrigation; mode 2=rainfall) in the governorate of Bizerte (A),
Zaghouan (B), Beja (C) and Seliana (D) during 2017

On branches (Figure 3), GLM analysis indicated that only the insect species (P<0.05), neither the
irrigation mode (P>0.05) nor their interactions (P>0.05), had a significant impact on the number
of recorded insect pests in all surveyed governorates.

There is no significant difference between the two irrigation systems concerning the number of
found insect species in the surveyed olive groves ((F17=0.38, P=0.55); (F19=0.07, P=0.79);
(F19=0.37, P=0.55) and (F:17=0.13, P=0.72) respectively for the governorates of Bizerte,
Zaghouan, Beja and Seliana).
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Figure 3: Distribution of insect pest on the branches of olive trees depending on the irrigation
application mode (mode 1=irrigation; mode 2=rainfall) in the governorate of Bizerte (A), Zaghouan
(B), Beja (C) and Seliana during 2017

Abundance of insect pests on leaves and branches of olive trees in 2017

Leaves

Many Otiorhynchus cribricollis Gyllenhal, 1834, Saissetia oleae (Olivier, 1791) and Euphyllura
olivina (Costa, 1839) insects exceeding 50 adults per 100 olive leaves, was recorded respectively
in the governorate of Beja, Bizerte and Zaghouan compared to the other insect species (Figure 4).

Liothrips oleae (Costa, 1857) specimens were found in high numbers only in the governorate of
Seliana compared to F. occidentalis (Pergande, 1895) and 7. tabaci (Lindeman, 1889) reported in
the governorate of Beja and Seliana respectively (Figure 4). GLM analysis indicated that the
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governorate (F13=8.49; P<0.001) had a significant impact on the abundance of the specimens
collected compared to the insect species (Fi6=11.18; P=0.08). The interaction between the two
tested factors (governorates and insect species) significantly impacted the distribution of the
recorded insects.
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Figure 4: Distribution of insect pest on the leaves of olive trees in four Tunisian governorates
during 2017

Branches

Phloeotribus scarabaeoides (Bernard, 1788) appeared in all surveyed olive groves compared to the
other insect species (Figure 5). Saissetia oleae (Olivier, 1791) was the predominant species in the
governorate of Bizerte, representing 87% of the total specimens collected (Figure 5). GLM analysis
showed that the governorates (F13=29.96; P<0.001), insect species (F1,5=62.03; P<0.001) and their
interaction (F17,4=120.84; P<0.001) had a significant effect on the abundance of the recorded
insects in the olive groves of all surveyed governorates.
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Figure 5: Distribution of insect pest on the branches of olive trees in four Tunisian governorates
during 2017

DISCUSSION

Our results highlighted the occurrence of seventeen insect species collected from olive groves of
North Tunisia. Hemiptera was the most presented order with five families and eight species. Three
coleopteran and two lepidopteran species were reported herein. Only Liothrips oleae (Costa, 1857)
among the three identified thrips species, was known as an olive pest. The olive fly Bactrocera
oleae (Rossi, 1790) was the only diptera species in this survey. Our results are almost similar to
those obtained in the Mediterranean area. Indeed, in northeastern Algeria, Chafaa et al. (2019)
indicated that the entomofauna associated with olives included several species as B. oleae,
Parlatoria oleae (Colvée, 1880), Euphyllura olivina (Costa, 1839) and L. oleae.

Furthermore, in southern Portugal, it has been shown that B. oleae and Prays oleae Bernard, 1788
are the primary insect species of olive groves (Gongalves & Andrade 2012). These authors
highlighted also the occurrence of other insect species including E. olivina, Phloeotribus
scarabaeoides (Bernard, 1788), Saissetia oleae (Olivier, 1791) and L. oleae (Gongalves & Andrade
2012). Our results indicated that the irrigation mode had a significant effect on the number of
recorded insect species only in the governorate of Beja compared to the other governorates
(Bizerte, Zaghouan and Seliana) on the leaves of olive trees during 2017. We demonstrated also
that the distribution of insect species significantly differed among the surveyed governorates. In
Tunisia, it has been shown previously that six scale insects including Aspidiotus nerii Bouché,
1833, Lepidosaphes ulmi (Linnaeus,1758), P. oleae and S. oleae, occurred in olive groves
(Mansour ef al., 2011). According to these authors, S. oleae was the predominant scale insect and
P. oleae was the least abundant species in olive groves of northeastern Tunisia.
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Contrary to our results, Mansour ef al. (2011) stated that S. oleae was absent in olives in the
Northwest region. Concerning E. olivina, Jerraya (2003) indicated that, in Tunisia, this pest
occurred mainly in the coastal zone, from the Sahel (governorate of Sousse) to the South (Zarzis
region) which is in total contradiction with our results. The occurrence of S. oleae and E. olivina
in the northwest of Tunisia may be linked to many factors, including the abiotic factors
(temperature, relative humidity, and rainfall), and the widespread distribution and cultivation of
olive trees under different climatic areas. According to Mesbah et al. (2020), only temperature and
wind speed, contrary to the relative humidity, positively impacted the population density of S. oleae
in olive groves in Egypt. Here, L. oleae was reported in high numbers on the leaves of olive trees
in the governorate of Seliana. In Italy, L. oleae was considered one of the most redoubtable pests
damaging leaves and fruits of wild and cultivated olive (Vono ef al., 2020). Our data showed that
Frankliniella occidentalis (Pergande, 1895) and Thrips tabaci (Lindeman, 1889) occurred in olive
groves confirming results of Agamy et al. (2017) in Egypt. In our study, we demonstrated that
Otiorhynchus cribricollis Gyllenhal, 1834 and P. scarabaeoides were found respectively on the
leaves and branches of olive trees in all prospected governorates contrary to Hylesinus Oleiperda
(Fabricius, 1792) detected only in Zaghouan. These pests were already reported as olive pests in
Tunisia (Jerraya, 2003) and widely distributed in the Mediterranean coast and other countries as
the case of Algeria (Arambourg, 1984; Menzer, 2016; Deghiche-Diab et al., 2021).

Regarding the abundance of natural enemies, our findings indicate that two predators (Chrysoperla
carnea (Stephens, 1836) and Anthocoris nemoralis (Fabricius, 1794)) and two parasitoids
(Psyllaephagus euphyllurae (Masi, 1911) and Alloxysta eleaphila (Silvestri, 1915)) were observed
in the prospected olive groves during 2017. In Tunisia, the species 4. nemoralis, P. euphyllurae
and 4. eleaphila are well known as effective biological control agents of the olive psyllid E. olivina
(Chermiti et al., 1986; Jerraya, 2003; Ksantini, 2003; Gharbi, 2021). According to Gharbi et al.
(2012), A. nemoralis was the most abundant predator of E. olivina in Tunisian olive groves
presenting more than 49% of the total number of beneficial insects. This predator showed great
potential in decreasing E. olivina population in the spring when releasing 40 nymphs/olive tree in
Tunisian olive orchards (Gharbi 2021). Chrysoperla carnea was already found in olive groves of
different countries as the case of Spain (Alvareza ef al., 2019) and was considered a voracious
predator of soft-bodied insects including juveniles of S. o/leae (Mahzoum et al., 2020). In southern
Spain, Corrales & Campos (2004) demonstrated that C. carnea was the most abundant beneficial
with 95% of the total captured natural enemies in the conventional olive grove.

In conclusion, our research provided knowledge about the entomofauna of olive groves in the north
of Tunisia. Our study demonstrated an unequal abundance and variable geographical distribution
of insect pests and natural enemies in Tunisian olive groves. This finding may be linked to climate
changes that can significantly impact crops and agricultural insects (Skendzi¢ et al., 2021). So,
management tools must be adjusted to adapt to climate change for better pest control and less crop
losses. Future studies on the entomofauna of olive groves in other important areas in Tunisia should
be performed to update the new distribution of insect pests and their natural enemies in response
to climate changes.
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