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Abstract

Mansour R., Grissa-Lebdi K., Suma P., Mazzeo G., Russo A. (2017): Key scale insects (Hemiptera: Coccoidea) of
high economic importance in a Mediterranean area: host plants, bio-ecological characteristics, natural enemies
and pest management strategies — a review. Plant Protect. Sci., 53: 1-14.

Key scale insects that have long been considered as having high economic importance in Tunisia and for which several
research studies and pest management programs have been undertaken include the mealybug species Planococcus ficus
(Signoret) and Planococcus citri Risso, the soft scale Saissetia oleae (Olivier) and the armoured scale Parlatoria ziziphi
(Lucas). The host plants, bio-ecological aspects, auxiliary fauna of each of the aforementioned species as well as the
related economic losses and pest management strategies adopted are explored and discussed. Among these species,
P. ficus is considered herein as the most economically important in Tunisia. Still, the present contribution constitutes

the first review article on key scale insects infesting plants in the South Mediterranean Maghreb area.
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Scale insects (Hemiptera: Coccoidea) are small
phytophagous arthropods widely distributed in dif-
ferent ecosystems around the world. Their com-
mon name derives from the frequent presence of
a protective covering (scale) or from the appear-
ance of the insects themselves (GULLAN & COOK
2007). The Coccoidea constitute with the aphids
(Aphidoidea), jumping plant lice (Psylloidea), and
whiteflies (Aleyrodoidea) the four superfamilies of
the monophyletic suborder Sternorrhyncha within
the order Hemiptera (GULLAN & MARTIN 2003).

The superfamily Coccoidea contains nearly 8000
species of plant-feeding hemipterans belonging to
32 families (GULLAN & Coo0Kk 2007). The most com-
monly encountered families are those with the most
species, namely the Diaspididae, Pseudococcidae,
and Coccidae (KoNDO et al. 2008). Among the 8000
scale insect species described worldwide, 2000 are
known to occur in the Palearctic region (FoLp1 2003).

Scale insect females are typically wingless and
are often protected by waxy protective secretions
or covers. The adult females may exhibit reduc-
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tion or loss of appendages, depending on the fam-
ily and instar, and are often sedentary or sessile, in
contrast to adult males which are usually winged
and inconspicuous, do not feed and live a few days
(PELLIZZARI & GERMAIN 2010). Scale insects have
diverse egg-protecting methods, a range of chromo-
some behaviours (including several methods of sex
determination), marked sexual dimorphism, more
rarely sexual dichronism (GULLAN & KOSZTARAB
1997), and a wide range of genetic systems (Ross et
al. 2010). Generally, there are three to four instars
in the female and five instars in the male (MILLER
2005). Crawlers (first instar nymphs) are generally
the main agents of dispersal for these insects (GuUL-
LAN & KOSZTARAB 1997; Ross et al. 2010).

Scale insects have been reported as serious pests
attacking a huge number of host plants around the
world (MILLER et al. 2002; MILLER 2005; GERMAIN
2008; KoNDo et al. 2008; FRANCO et al. 2009; PELLIZ-
ZARI & GERMAIN 2010; MAZZEO et al. 2014). These
insects are found on various parts of their hosts, and
may infest leaves, twigs, branches and roots, and some
live inside plant domatia (KoNDo et al. 2008). They
feed almost exclusively on the phloem of their host
plants to which they cause direct damage, but they
can also cause indirect damage by transmitting plant
pathogens through injection or through the build-up
of honeydew, promoting the attack of plant pathogens
(Ross et al. 2010). However, some species feed on the
parenchyma tissue by directly feeding on the contents
of parenchyma cells (KoNDoO et al. 2008). Identifica-
tion of scale insects is mainly based on morphological
characters of adult females (PELLIZZARI & GERMAIN
2010). Overall, scale insects that have worldwide
been reported as economically important belong to
the families Diaspididae, Coccidae, and Pseudococ-
cidae. Research studies exploring the most effective
pest management approaches have been performed
worldwide to avoid serious phytosanitary problems
caused by some key species of scale insects, which is
also the case for Tunisia, a Mediterranean country.

In Tunisia, the number of research studies dealing
with analyses of the status of scale insect fauna has
been still progressively increasing during the last
decade after a relatively long period of quasi-absence
(especially between the 1950’s and the 1980’s) of
studies related to this group of hemipterans. Based
on literature, several scale insect species can be
found on various host plants grown in Tunisia. Ac-
cording to GARCIA MORALES ef al. (2016), 68 scale
insect species have been reported to occur in Tunisia,

but in addition other scale insect species have also
been recorded in Tunisia. These are the armoured
scales Parlatoria pergandii Comstock (PAGLIANO
1938), Hemiberlesia lataniae (Signoret) (MANSOUR
et al. 2011a), Chrysomphalus pinnulifer (Maskell),
Chrysomphalus aonidum (L.) (JENDOUBI 2012), and
Quadraspidiotus perniciosus (Comstock) (EPPO
2015), and the soft scales Eucalymnatus tessellatus
(Signoret), Parthenolecanium persicae (Fabricius)
(PaGL1ANO 1938), and Coccus pseudomagnoliarum
(Kuwana) (JENDOUBI et al. 2008).

The great majority of these species found in Tunisia
are of minor economic importance since they have
no negative impact on either crop health or yield,
but a few other species are considered as having high
economic importance, implying that they are capa-
ble of seriously damaging host plants and causing
noteworthy economic losses. Only the species that
have been shown to cause major economic losses
throughout Tunisian agro-ecosystems are considered
herein as key scale insects. These latter include the
vine mealybug (VM) Planococcus ficus (Signoret) and
the citrus mealybug (CM) Planococcus citri Risso
(family Pseudococcidae), the soft scale Saissetia oleae
(Olivier) (family Coccidae), and the armoured scale
Parlatoria ziziphi (Lucas) (family Diaspididae). The
main host plants of these four species are grapevine,
citrus and olive trees, all of them considered as stra-
tegic horticultural crops in Tunisia, which has been
for example the world’s top olive oil exporter in the
2014/2015 campaign, followed by Spain.

In this review article, an up-to-date overview of
host plants, bio-ecological characteristics, natural
enemies of these key scale insects, damage caused
by them, as well as pest management strategies im-
plemented until recently against these species are
emphasised and discussed.

Key families of scale insects reported
in Tunisia: main morphological
and biological aspects

Diaspididae (Armoured scales)

Armoured scales represent the most speciose family
of scale insects including more than 2500 described
species (GARCIA MORALES et al. 2016). These in-
sects are the commonest alien scales incidentally
introduced all over the world and this is probably
due to their small dimension and camouflage (PEL-
L1ZZARI & GERMAIN 2010). The Diaspididae are
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usually pests on plants that survive for more than
a single year including fruit and nut crops, forest
trees, and ornamentals, such as landscape perennials,
shrubs, shade trees, and greenhouse plants (MILLER
& DAVIDSON 2005). These insects have three female
instars and five male instars with the crawler instar
which is the only one that is mobile (WiLLIAMS &
WaTsoN 1988a). Most armoured scales species are
biparental and mating is required for egg production;
they overwinter in many different life stages includ-
ing eggs, second-instar males and females, or mated
adult females and most species produce less than
100 eggs per female (MILLER & DAvVIDSON 2005).
Contrary to both families Coccidae and Pseudococ-
cidae, which are phloem-feeders, Diaspididae feed
on the parenchyma tissue of their host plants, and
accordingly they do not produce honeydew (SForzA
2008). In Tunisia, the armoured scale species that
has been considered of high economic importance
is the black parlatoria scale P. ziziphi.

Pseudococcidae (Mealybugs)

Pseudococcidae are the second most species-rich
family of scale insects, just after the Diaspididae, with
about 2020 described species (GARCIA MORALES et al.
2016). Mealybugs are named in this way because they
usually have a covering of white mealy wax over the
surface of the body (WiLLiams & WATsoN 1988Db).
Morphologically, females resemble nymphs and all
developmental stages are mobile (SFORZA 2008). Males
are about 1 mm long; they do not feed, live a few days
and die just after mating. Mealybugs in life are almost
impossible to identify to species, therefore they should
be preserved in 70—80% alcohol before to be prepared
on microscope slides for ensuring the appropriate
identification based on main microscopic characters
(WiLLiAMS & WATSON 1988b) (Table 1). These insects
(females and nymphs), as plant sap-sucking pests, often
constitute a threat to agriculture because they are able
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of causing substantial economic losses on crops. MILLER
et al. (2002) indicated that 158 species of mealybugs
are recognised as pests worldwide. In Tunisia, the most
serious mealybug species attacking host plants have
been proven to be both the vine mealybug P. ficus and
the citrus mealybug P, citri.

Coccidae (Soft scales)

The Coccidae is the third largest family in the
Coccoidea, after the Diaspididae and Pseudococ-
cidae, with about 1150 described species (GARCIA
MORALES et al. 2016). The adult males are usu-
ally alate, fragile, short-lived, and lack functional
mouthparts (HopgsoN 1994). Soft scale species
may be oviparous, ovoviviparous or viviparous and
are easily recognisable by the presence of a pair of
anal plates at the base of an anal cleft; each plate is
usually triangular or the lateral edges are rounded,
and in all but a few genera the inner edges are con-
tiguous (WiLLIAMS & WATsON 1988c). Generally,
two nymphal stages are present in male and female,
but in other cases, some species can develop three
nymphal stages before to reach the adult female
stage (SFORZA 2008). In Tunisia, the Mediterranean
black scale S. oleae has long been considered to be
the most damaging soft scale species.

Mealybugs of high economic importance

The vine mealybug Planococcus ficus (Signoret)

Mealybugs may be considered the most universally
important vineyard pests (DAANE et al. 2012). Among
mealybug species, the VM P, ficus constitutes the ma-
jor and most damaging species in Tunisian vineyards
(MANSOUR et al. 2011a; MANSOUR 2012), which is
also the case for several other grape-growing areas
around the world (TRJAPITZIN & TRJAPITZIN 1999;
DALLA MONTA et al. 2001; WALTON et al. 2009; FAL-

Table 1. Main distinctive microscopic characters between the two closely related mealybug species Planococcus citri
Rissoand and Planococcus ficus (Signoret) (TRANFAGLIA & TREMBLAY 1982; Cox 1989; WILLIAMS & GRANARA DE

WILLINK 1992)

Planococcus citri

Planococcus ficus

Venter of head with 14-35 tubular ducts

Thorax with 7-30 tubular ducts near eight pair of cerarii

Multilocular disc pores situated behind front coxae
totalling 0-6

Multilocular disc pores absent near second spiracle,
behind femur of metathorax

Venter of head with 0—4 tubular ducts

Thorax with 0—4 tubular ducts near eight pair of cerarii

Multilocular disc pores situated behind front coxae
totalling 0-17

Multilocular disc pores present near second spiracle,
behind femur of metathorax
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LAHZADEH et al. 2011; DAANE et al. 2012). Despite
the economic importance of the VM on grapevine in
Tunisia, research works studying the bio-ecology and
the implementation of potential pest management
programs of this pest in this country began just a few
years ago. Finding adequate pest management tactics
against the VM in Tunisia has been a challenging issue
for researchers. Basically, some important steps should
be carefully achieved before to implement sustainable
control strategies against this pest.

The first necessary step is the right identification
of mealybug species, through morphological and/
or molecular tools (MANSOUR et al. 2009, 2011a,
2012b). Indeed, it always remains possible to make
misidentification when biparental (closely related
morphologically) species such as P. ficus and P. citri
occur in the same vineyard, which has been the case
in Tunisia (MANSOUR et al. 2009, 2011a). Recently,
the VM has been recorded as the most abundant,
and almost the only scale insect species infesting
grapevine in major and minor grape-growing areas
in Tunisia (MANSOUR et al. 2011a).

In Tunisia, all developmental stages of the VM can
be found year-round on all parts of the grapevine.
The overwintering stage of this insect is the adult
female residing under the grapevine trunk bark.
Based on monitoring data using delta traps baited
with mealybug’s sex pheromone lure (Figure 1), the
male flight activity of the VM extends from April
to November in the Cap-Bon region (northeastern
Tunisia) with the occurrence of 5-6 flight peaks
per year (MANSOUR 2008). On grapevine, the VM
is more damaging than the CM due to the higher
amount of honeydew and to its role in transmitting
viruses. In this context, CiD et al. (2010) indicated
that the citrus mealybug is a less important pest of
grapevine, compared to the VM, because it affects

smaller areas and produces fewer direct economic
losses. Each mealybug species attacking grapevine
has different biological attributes, resulting in differ-
ent development and reproductive rates, honeydew
excretion and feeding locations (DAANE et al. 2005).

Worldwide, the VM was proved to transmit Grapevine
virus A (GVA) (RosciGLIONE & CASTELLANO 1985;
MINAFRA & HAIDIDI 1994; BERTIN et al. 2010), Grape-
vine virus B (GVB) (TANNE et al. 1989; MINAFRA &
HA1DIDI 1994), Grapevine leafroll-associated Virus 111
(GLRaV-III) (MAHFOUDHI et al. 2009; BERTIN et al.
2010; Tsa1 et al. 2010), and other GLRaV (MAHFOUD-
HI et al. 2009; BERTIN et al. 2010; TsAI et al. 2010).
In Tunisia, the most common grapevine viruses are
the leafroll associated viruses, mainly GLRaV-3 and
other GLRaV (MAHFOUDHI et al. 2009). Some stud-
ies estimated yield losses, due to leafroll viral disease
transmitted by the VM, of as much as 30% to 40% in
California vineyards (GoLINO et al. 2002).

Many natural enemies can be found associated with
the VM in Tunisia. During the season 2003-2004,
Cecidomyiidae were the most important preda-
tors, and their larvae were particularly active in the
predation of mealybug eggs, followed by two spe-
cies of Coccinellidae, namely Rhyzobius lophanthae
(Blaisdell) and Scymnus sp., which were present at a
lower number compared to Cecidomyiidae; however,
Anagyrus pseudococci was the most widespread para-
sitoid species associated with mealybugs in Tunisian
vineyards (MAHFOUDHI & DHOUIBI 2009). Moreover,
MANSOUR (2008) reported the mealybug ladybird
Cryptolaemus montrouzieri Mulsant (Coleoptera:
Coccinelllidae), the green lacewing Chrysoperla
carnea (Stephens) (Neuroptera: Chrysopidae), and
larvae of a cecidomid species (Diptera: Cecidomyi-
idae) as the most abundant natural enemies feeding
on mealybugs in Cap-Bon vineyards. Additionally,

Figure 1. Monitoring of male vine mealybugs in a Tunisian vineyard: Delta-shaped trap hung in the vine canopy (about

1.5 m above the ground) (left) and Vine mealybug sex pheromone lure placed inside the trap used (right)
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MANSOUR et al. (2009) found the recently recognized
encyrtid Anagyrus sp. near pseudococci sensu TRIA-
PITSYN et al. (2007) as the primary parasitoid reared
from mealybug mummies collected from grapevines
in Cap-Bon vineyards. Similarly, more recently MAN-
SOUR (2012) found Anagyrus sp. near pseudococci as
the most common parasitoid of the VM in vineyards
located in the northeastern and central southern
regions of Tunisia. In addition to Anagyrus sp. near
pseudococci, the same author reported two other
parasitoid species inside VM mummies: these are a
primary parasitoid, Coccophagus sp. (Hymenoptera:
Aphelinidae) and a hyperparasitoid, Chartocerus sp.
(Hymenoptera: Signiphoridae).

Over the last decade, a number of control tactics
have been tested and applied against the VM in Tunisia.
In this country, application of insecticide treatments
is the main and most effective control measure used
against this insect. The control of VM using systemic
insecticides was shown to be more adequate than using
contact insecticides due to the fact that mealybugs
often reside in hidden locations of the vine such as
bark of the trunk. MANSOUR et al. (2010c) suggested
that the systemic nicotinoid insecticide imidacloprid,
when applied through a drip irrigation system, could
be a promising option to control mealybugs in Tunisian
vineyards. Indeed, this insecticide was found to be
more effective (100% of efficacy) than methidathion
on all mealybug developmental stages on grapevines.
Likewise, foliar sprays with the systemic tetramic
acid insecticide spirotetramat provided the greatest
control performance of VM populations in Tunisia
(MANSOUR et al. 2010a). The same authors found that
the biopesticide Prev-Am® resulted in the highest level
of VM young instar nymph decrease, involving that
this product might prove useful for VM management
in Tunisia. Both insecticides spirotetramat (applied at
120 ml/hl) and Prev-Am® (a biopesticide containing
orange oil, borax and organic surfactants, applied at
300 ml/hl) were shown to have no negative effect on
the parasitoid Anagyrus sp. near pseudococci, imply-
ing that the application of both pesticides would be
compatible with biological control of the VM (MAN-
SOUR et al. 2011c¢).

Biological control using encyrtid parasitoids may
also be another way to control the VM in Tunisia. The
encyrtid Anagyrus sp. near pseudococci (Figure 2) was
found as the most common VM parasitoid in Tunisia,
therefore, laboratory mass rearing and field releases of
this parasitoid might prove to be a powerful biologi-
cal control tool to be used against VM populations.

doi: 10.17221/53/2016-PPS

Figure 2. Anagyrus sp. near pseudococci female found as

the most common parasitoid of mealybugs in Tunisian
vineyards

Future laboratory and field research studies following
this direction are therefore strongly recommended.
However, MANSOUR et al. (2012a) demonstrated
that the ant Tapinoma nigerrimum (Nylander) sig-
nificantly disrupted the parasitisation potential of the
encyrtid parasitoid Anagyrus sp. near pseudococci,
indicating that this ant species constitutes a threat
to the biological control of VM using mass releases
of Anagyrus sp. near pseudococci. Despite this fact,
ants, which are important generalist predators in
most terrestrial ecosystems, should not be excluded
from the latter because the exclusion of a predator not
only has direct effects on the abundance of its prey,
but also may alter the nature and intensity of other
predatory, competitive and mutualistic interactions
among species in the community (PINOL et al. 2012).
Interestingly, the performance of this parasitoid can
be enhanced by applying a kairomone-based attracting
system in vineyards. Indeed, MANSOUR et al. (2010b)
showed that the application of VM sex pheromone as
kairomone increased parasitism rates of mealybugs by
Anagyrus sp. near pseudococci within Sicilian vine-
yards. This new approach could be tested and applied
successfully as an IPM program component in Tunisia
in the near future. Furthermore, mating disruption,
a technique using pheromone dispensers to reduce
the ability of males to locate and mate with females,
which proved to be very effective in decreasing VM
densities in Californian and Italian vineyards (DAANE
et al. 2006; WALTON et al. 2006; Cocco et al. 2014;
LANGONE et al. 2014), has recently been tested against
this pest in Tunisian vineyards (Mansour, unpublished
data) and could, whenever possible, be incorporated
into future IPM programs against the VM in Tunisia.

The citrus mealybug Planococcus citri Risso

The CM P, citri is a serious polyphagous species
infesting a broad range of subtropical fruit plants
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and ornamentals worldwide. FRANCO et al. (2009)
pointed out that the CM was found on plants from
70 botanical families, 60% of which were characterised
as non-woody plants. The same authors indicated
that the CM can attack subtropical and tropical crops
including for example citrus (Citrus spp.), persimmon
(Diospyros kaki), banana (Musa paradisiaca), and
custard apple (Annona spp.), or it damages plants
in interior landscapes, especially in greenhouses.
In Tunisia, the CM has long been considered as an
economic pest mainly in citrus orchards, and to a
lesser extent, in vineyards where the VM is by far the
most abundant and injurious pseudococcid species.

In citrus orchards. Currently, the CM is the key,
most damaging scale insect species present through-
out citrus orchards in Tunisia. Based on two-season
field surveys conducted a few years ago in citrus
orchards of Cap-Bon and of northwestern Tunisia,
the CM was recorded, with two other armoured
scales, as the most abundant and frequent scale
insect species occurring on citrus trees (JENDOUBI
2007, 2012). According to the same author, the CM
was found to occur in all prospected citrus-growing
areas of the Cap-Bon region which constitutes the
first citrus-producing area in Tunisia. These findings
indicate that the CM is a principal scale insect species
in Tunisian citrus orchards. In terms of biological
aspects, during the period March—August, males
of the CM develop four generations on citrus in the
Cap-Bon region; the highest male flight activity oc-
curs during summer (JENDOUBI 2007).

The CM can be an essential prey of coccinellid
predators worldwide. These latter include C. mon-
trouzieri, Diomus austrinus Gordon, Exochomus
quadripustulatus (L.), Nephus bisignatus (Boheman),
and Nephus includens (Kirsch) (HopeEk & HONEK
2009). Regarding auxiliary fauna in Tunisia, Leptomas-
tidea abnormis (Girault) (Hymenoptera: Encyrtidae)
was found to be the main (almost only) parasitoid
of the CM in citrus orchards of the Cap-Bon region
(JENDOUBI 2007). Surprisingly, in contrast to other
Mediterranean citrus-growing areas, Anagyrus pseu-
dococci s.1. was not found associated with the CM in
Tunisian citrus orchards. FRANCO et al. (2009) stated
that only the VM and the CM may be considered to
be the principal hosts for A. pseudococci s.1. Thus,
further studies focused on collecting a higher number
of parasitised citrus mealybugs would be required
to refine our knowledge of the parasitisation level
of this encyrtid on the CM under Tunisian citrus
orchard conditions.

The activity of the natural enemies of mealybugs can
be disrupted by some tending ants since honeydew
constitutes an important food source for the latter.
Hence, it is particularly important to know which ant
species can hamper the parasitisation or predatory
activity of mealybug’s natural enemies in Tunisian
citrus orchards. In such a context, JENDOUBI (2007)
found two species of tending ants, namely Cremato-
gaster scutellaris (Olivier) and T. nigerrimum, within
colonies of the CM in Tunisian citrus orchards, but
neither quantitative nor qualitative data linked to
the occurrence of these species were provided. More
recently, MANSOUR et al. (2012a) demonstrated that
the ant T. nigerrimum negatively affects both the
parasitisation potential of the parasitoid L. dacty-
lopii on the CM and predatory activity of larvae of
the ladybird C. montrouzieri when feeding on citrus
mealybugs. In this context, ant exclusion from tree
canopies could not be regarded as a sound manage-
ment alternative in citrus plantations in the Mediter-
ranean (PINOL et al. 2012). In Tunisia, the chemical
control of CM in citrus orchards can be successful
when using the lipid biosynthesis inhibitor Spiro-
tetramat. The use of other active ingredients, such
as imidacloprid or chlorpyriphos-ethyl, to control
this insect is not recommended due to the limited
effectiveness of these chemical compounds on CM
populations in Tunisia.

Coccinellids as predators of coccids play vital roles
in classical and augmentative biological control pro-
grams, and in this context, the ladybird C. montrou-
zieri can be an excellent biological control agent
against the CM in citrus groves (HODEK & HONEK
2009). In Tunisia, biological control programs against
the CM using either the encyrtid parasitoid L. ab-
normis or the introduced predatory beetle C. mon-
trouzieri have been, and are currently, performed
in Cap-Bon citrus orchards. C. montrouzieri, which
was introduced into Tunisia in 2006 and since then
mass-reared in laboratories, has been released in
some northeastern Tunisian citrus orchards where
it provided sufficient control, maintaining CM
populations at an economically tolerable threshold
(RAHMOUNI & CHERMITI 2013). However, in gen-
eral, these strategies have not supplied promising
results in reducing CM populations in Tunisia. This
might most likely be due to the presence of tending
ants, especially T. nigerrimum, which was shown
recently to negatively impact the foraging activity
of mealybugs’ natural enemies. Another reason for
this limited effectiveness might be the repetitive use
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of broad-spectrum insecticides that could be harm-
ful, showing adverse side effects on biocontrol agents.

In vineyards. In grape-growing areas around the
world, except for the case of Spain and Brazil, it is
generally assumed that the CM is by far less abundant
than the VM (or even absent) on grapevines. Recently
MANSOUR et al. (2011a) provided evidence that the CM
is a minor (rarely found) pest on grapevines based on
field surveys in major and minor grape-growing regions
in Tunisia. Basically, vineyards that are infested by the
CM in Tunisia are generally located close to citrus
orchards. The CM was also recorded on grapevines in
other citrus-growing countries including Spain (C1p et
al. 2010), Italy (DALLA MONTA et al. 2001; BUONOCORE
et al. 2008), Portugal, Greece, France (SForzA 2008),
and Brazil (PACHECO-DA-SILVA et al. 2014; MORANDI
FiLHO et al. 2015). Then, controlling the CM in citrus
orchards could play an important role in limiting the
spread of high numbers of this mealybug species to
grapevines located in surrounding vineyards.

The number of the CM generations is still very hard
to estimate especially when mixed populations of two
closely related species (P, citri and P. ficus) occur in
the same vineyard, which is the case, at least, for the
vineyards of Mraissa locality in the Cap-Bon region
(MANSOUR et al. 2009). In Mraissa, the male flight ac-
tivity of the CM extends from April to November with
the occurrence of seven flight peaks among which five
peaks can be observed during summer when popula-
tions have overlapping generations (MANSOUR 2008;
MANSOUR et al. 2009). These data indicate that the
summer CM populations are the most important and
accordingly the most injurious (higher amounts of
honeydew and development of sooty mould fungi) to
grapevine. Then, this should be taken into account when
developing control programs for the CM in vineyards.

Although the CM has been proven to be not com-
mon (or even rare) on grapevine in Tunisia (MANSOUR
etal. 2011a), it has been revealed that this mealybug
species has been capable of transmitting Grapevine
leafroll-associated virus 3 (GLRaV-3) in vineyards
(CABALEIRO & SEGURA 1997; GOLINO et al. 2002).
Hence, sustainable management of the CM should
be adopted yearly to avoid economic losses due to
grapevine viruses.

Effective control of the CM in Tunisian vineyards
can be achieved using the same pest management
tools adopted against the VM, except for the case
of biological control using species-specific encyrtid
parasitoids. Indeed, L. dactylopii is more effective
than Anagyrus pseudococci s.]. in decreasing the CM
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populations. Similarly to the case for citrus orchards,
an adequate biological control program against the
CM in vineyards can be performed through field
releases of both the parasitoid L. dactylopii and
predatory beetle C. montrouzieri.

Key soft scales

Mediterranean black scale Saissetia oleae (Olivier)

The Mediterranean black scale S. oleae, which
is thought to be native to South Africa (pE LoTTO
1965), is a polyphagous species that can occur on
several host plants. Damage to the latter caused by
this insect is variable from one host plant species to
another. BEN-Dov & HopGgsoN (1997) considered
that S. oleae was regarded as a pest on only olive and
citrus cultivated in temperate regions of the world. In
the Mediterranean basin including Tunisia, S. oleae
is an economic pest on both olive and citrus trees.

In olive groves. In Tunisia, S. oleae is considered
the key scale insect species infesting olive trees (JAR-
RAYA 2003; MANSOUR et al. 2011b). MANSOUR et
al. (2011b) found S. oleae as the predominant scale
insect species occurring throughout northeastern
Tunisian olive groves, but this species was totally
absent on olive trees located in the northwestern
region of Tunisia, which does not really constitute
an important olive-growing area in this country.
JARRAYA (2003) indicated that S. oleae is localised
mainly throughout the eastern coastal areas of Tu-
nisia, from Bouficha (northeastern Tunisia) to the
south of Sfax (southeastern Tunisia). This insect can
develop typically one generation per year on olive in
Tunisia, during which mature females are observed
in early May and lay eggs on olive trees until the
end of this month. All three larval stages originating
from these females are present and are very mobile
on olive during summer-autumn months (JARRAYA
2003). However, under some favourable ecological
conditions, a second generation of S. o/leae may occur
on olive during autumn months, considering that
mature females of this second generation, which
originated from only a portion of summer nymphs of
the first generation, appear in September (JARRAYA
2003). The Mediterranean black scale, as honeydew-
excreting hemipteran like mealybugs, was reported
as the most serious scale insect species due to its
noteworthy damage: honeydew and sooty mould fungi
widely widespread on infested olive trees in Tunisia
(MANSOUR et al. 2011b). In addition to such indirect
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damage, S. oleae can directly damage olive trees by
sucking large quantities of plant sap. The presence of
sooty mould fungi on leaves significantly affects both
respiration and photosynthesis processes in attacked
olive trees. This can usually result in a reduction of
the tree vigour and twig dieback in the case of heavy
infestations by this pest. Furthermore, the presence
of sooty mould fungus can result in obtaining a lower
quantity of olive oil from harvested olive trees.

Regarding the auxiliary fauna of S. oleae, larvae
of both the noctuid moth Eublemma scitula (Ram-
bur) and the coccinellid Chilocorus bipustulatus L.
were reported feeding on S. oleae; whereas, the two
hymenopterans Scutellista cyanea Motschulsky and
Metaphycus sp. were recorded as the main parasitoids
of S. oleae in northeastern Tunisian olive groves
(MANSOUR et al. 2011b). In Tunisia, the action of
these natural enemies can be limited by the occur-
rence of tending ants such as Crematogaster spp.,
which is known to protect S. oleae against its natural
enemies in order to ensure the continuous availability
of a primary food resource: the sugar-rich honeydew
secreted by this soft scale.

The control of S. oleae in Tunisia has been based
on effective insecticide treatments applied during
the opportune period. Insect growth regulators such
as buprofezin and pyriproxyfen applied during sum-
mer are known to be very effective against S. oleae
nymphs, reducing significantly populations of this
insect. Besides, applying mineral oils against S. oleae
is another promising pest management way to achieve
the sufficient control of all life stages of this insect
on olives in Tunisia.

In citrus orchards. In addition to olives, S. oleae can
also be present on citrus for which it can constitute
areal threat. JARRAYA (2003) stated that among the
Coccidae that can infest citrus trees in Tunisia, only
S. oleae can be considered as having a significant
economic impact. JARRAYA (1974) demonstrated
that S. oleae has one generation yearly on citrus in
the area of Tunis where adult females lay eggs from
May to July. As such, BEN SALAH and CHEIKH (1987)
indicated that S. oleae can develop one generation
per year on citrus in both Cap-Bon and northern
regions of Tunisia. Developmental stages of S. oleae
include eggs, first, second and third instar nymphs,
and adult females; however, the overwintering stages
of this species on citrus trees are both second and
third instar nymphs (BEN SALAH & CHEIKH 1987).
The adult females appear in May, begin laying eggs
in June and reach their highest numbers on citrus

trees in August (BEN SALAH & CHEIKH 1987). In
terms of abundance, JENDOUBI (2007, 2012) pointed
out that S. oleae was not commonly found on citrus
trees in several prospected citrus-producing areas
(north-east and north-west) in Tunisia, relative to
other scale insect damaging species such as CM and
armoured scale P. ziziphi.

In both Cap-Bon and northern regions of Tunisia,
S. oleae can be parasitised by three hymenopterans:
Metaphycus sp. parasitising first instar larvae, and
both Metaphycus lounsbury (Howard) and S. cyanea
parasitising adults. The highest parasitism rates
on S. oleae are observed during the period from
August to November, with the encyrtid M. louns-
bury being the most efficient parasitoid of S. oleae
adult females (BEN SALAH & CHEIKH 1987). This
insect can be attacked by two predators: Berginus
tamarasci Wollaston (Coleoptera: Mycetophagidae)
and C. bipustulatus (BEN SALAH & CHEIKH 1987).
Likewise, S. oleae can be an essential prey of coc-
cinellid predators such as E. quadripustulatus and
Pullus mediterraneus L. (HODEK & HONEK 2009).

Pest management of the Mediterranean black
scale on citrus in Tunisia relies mainly on the use
of some insecticides. JARRAYA (1973) assessed the
efficacy of two insecticide treatments (oleoparathion
and methidathion) on S. oleae populations infest-
ing citrus in Tunisia. This author found that when
both insecticides are applied in May, they have no
effect on young females, whereas, when applied in
September, both insecticides were proven to be very
effective in decreasing densities of S. oleae first instar
nymphs, the most abundant developmental stage in
September. Similarly, the use of either buprofezin or
pyriproxyfen during summer could generate excel-
lent efficacy against S. oleae nymphs. Therefore,
it is clearly understandable that the efficiency of
insecticides against S. oleae is dependent on the pe-
riod of treatment during which first instar nymphs,
the most vulnerable life stage to insecticides, are
present on citrus.

Key armoured scales

Black parlatoria scale Parlatoria ziziphi (Lucas)

The armoured scale P. ziziphi is a serious insect
pest infesting citrus trees worldwide and causing
noteworthy economic losses. MILLER and DAVIDSON
(2005) pointed out that citrus is the first host plant
for P. ziziphi. In Tunisia, P. ziziphi is a major scale
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insect species occurring throughout citrus orchards
(JARRAYA 2003). More recently, P. ziziphi was found
to be the most abundant species present throughout
Tunisian (both Cap-Bon and northwestern) citrus
orchards and the highest infestations were reported
mainly in Beni-Khalled locality of the Cap-Bon region
(JENDOUBI 2012).

BeENAssY and SoRr1A (1964) showed that P, ziziphi has
three generations per year under agro-ecological condi-
tions of Cap-Bon citrus orchards: the first generation
occurs in May, the second in August, and the third in
September. In northeastern Tunisian citrus orchards,
four life stages can be found on citrus trees: these are
eggs, two larval stages (L1 — first instar nymphs that
are mobile and L2 — second instar nymphs that are
immobile) and females (young and adult or mated
females) (HARRATHI 2008). From early February to
late April, eggs represent the primary developmental
stage of P, ziziphi on citrus, whereas in late May L1 is
the predominant life stage, and about one week later,
in early June, L2 constitutes the dominant stage of the
armoured scale on citrus before moulting to females
during summer (HARRATHI 2008).

Regarded as a serious pest, P. ziziphi can cause
several types of plant damage in all Tunisian citrus-
producing areas. Heavy infestations of this scale cause
chlorosis and premature drop of leaves, dieback of twigs
and branches, stunting and distortion of fruit, and
fruit drop before it is mature; the most characteristic
damage is the unremovable scale cover on the fruit,
causing rejection in most fresh fruit markets (FAsuLo
& Brooks 2013). Although P. ziziphi is a key pest on
citrus in Tunisia, research studies on setting up pest
control strategies are scarce in this country. Still,
whenever possible, this pest might be the target of
several future studies in this country, as it constitutes
a real threat to the strategic citrus-producing sector.

To cope with serious phytosanitary problems caused
by P. ziziphi, a number of chemical active ingredients
such as deltamethrin, methidathion, chlorpyriphos,
and mineral oils can be used to control this pest in
Tunisian citrus orchards. Both insecticides methi-
dathion (an organophosphate) and mineral oil were
shown to be effective in reducing larval populations
of P, ziziphi on citrus in northeastern Tunisia (HAR-
RATHI 2008). In that context, HARRATHI (2008)
suggested the use of mineral oils against P. ziziphi
instead of using methidathion since mineral oils are
known to be harmless towards its natural enemies,
such as the coccinellid predator C. bipustulatus,
commonly found feeding on this armoured scale on

doi: 10.17221/53/2016-PPS

citrus trees in Tunisia. The promising performance
of mineral oils against P. ziziphi was also shown in
Egypt, another South Mediterranean country like
Tunisia. CoLL and ABD-RABOU (1998) assessed the
effect of two experimental spray oils on P, ziziphi and
two associated primary parasitoid species in a citrus
orchard located in northern Egypt. The results of this
study showed that Triona oil was more effective than
Shecrona oil and reduced populations of P. ziziphi
by up to 99%. The same authors demonstrated that
the two spray oils used did not significantly affect
the activity of the parasitoid Encarsia citrina (Craw);
moreover, Triona oil was slightly harmful to Ha-
brolepis aspidioti Compere and Annecke (Hyme-
noptera: Encyrtidae), another primary parasitoid
of P. ziziphi. MANGOUD (2008) demonstrated that
Misrona oil and buprofezin, showing a long-term
insecticidal effect on P, ziziphi, significantly decreased
densities of nymphs and adults of this insect on
citrus in Egypt. Therefore, based on these results,
the application of Triona (paraffin oil 81%) and/or
Misrona (paraffin oil 95%) oils applied at a rate of
15 ml/1 of water and buprofezin treatments could be
tested before to be applied as an alternative option
to other synthetic insecticides used for controlling
P, zizphi in Tunisian citrus orchards.

Conclusion and future outlooks

In Tunisia, about 75 scale insect species have been
recorded until recently. The great majority of these
species are of no or minor (occasional) economic
importance, whereas four species have long been
considered as key pests on their host plants in Tu-
nisian agro-ecosystems. These four species are: the
vine mealybug (VM) P. ficus, the citrus mealybug
(CM) P, citri, the soft scale S. oleae, and the armoured
scale P. ziziphi. Of great importance is that all of
the plants that constitute principal host(s) for each
of these key insect species are strategic cultiva-
tions providing higher added value (exportations)
for the Tunisian economy. These host plants are:
grapevine (principal host for P, ficus, and to a lesser
extent for P. citri), citrus (principal host for P. citri,
P. ziziphi, and to a lesser extent for S. oleae), and
olive (principal host for S. oleae). The alarming
phytosanitary situation caused by severe attacks
of these scale insects has clearly demonstrated
that finding, developing and applying effective and
sustainable control measures against these pests
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have been an issue of major concern in Tunisia. These
control measures are in fact needed to maintain exist-
ing pest populations at acceptable levels, to avoid the
potential spread of these insects in areas that were not
previously infested, and to limit serious crop damage
and major economic losses. However, before setting
up pest control strategies, some necessary steps should
be performed adequately, which are: (i) Appropriate
identification, through specific morphological and mo-
lecular techniques, of the scale insect species present
on plants in a given area to avoid misidentification of
closely related species; (ii) Careful investigation of
population dynamics assessing bio-ecological aspects
of nymphs and females of all the key species during a
two-year study period at least, and (iii) Monitoring of
male scale insects using traps baited with specific sex
pheromones for early pest detection and to highlight
flight activity and related season-long peaks.

Due to their high economic importance in Tunisia
and worldwide, research studies dealing with prac-
tical evaluation of various control options against
mealybugs in Tunisia have received more attention
than those linked to either armoured or soft scales.
Control methods that can be adopted against these
insects in Tunisia include prophylactic tools, pher-
omone-based tactics such as mating disruption or
enhancement of parasitoid host-searching activity
and its performance through integration of induced
kairomonal attraction, chemical control using effec-
tive insecticide treatments, and biological control
using predators and/or specific parasitoids. All of
these control methods are in fact dependent on both
the bio-ecology of each target scale insect species
and its geographical localisation in Tunisia.

Most of IPM programs against key scale insects
in Tunisia have historically relied heavily on the use
of insecticides. The satisfactory chemical control of
VM or CM occurring on either grapevine or citrus
in Tunisia can mainly be achieved using the systemic
lipid biosynthesis inhibitor insecticide spirotetra-
mat, applied as foliar sprays during summer. This
insecticide is very effective and does not present any
toxicity risks towards natural enemies associated to
both mealybug species. Insecticide treatments us-
ing buprofezin, pyriproxyfen, and mineral oils can
reduce populations of the black scale S. oleae to ac-
ceptable levels on either olives or citrus in Tunisia.
Additionally, the application of either methidathion
insecticides or newer mineral oils can provide a suf-
ficient decrease in populations of the black parlatoria
scale P, ziziphi in Tunisian citrus orchards.
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On the other hand, recent research studies attempted
to investigate the possibility of using environmentally-
sound alternatives to insecticide treatments due to
the occurrence of insect resistance to the chemical
compounds used and to serious ecotoxicity risks
towards ecosystem components. In this regard, bio-
logical (use of predators and/or parasitoids) and bio-
technological (use of insect female’s sex pheromone
as behaviour-monitoring tools) control tactics can
provide valuable alternative strategies to scale insect
pest management based on broad-spectrum insec-
ticides. Biological control, which is defined as the
use of an organism to reduce the population density
of another organism, is considered to be the most
environmentally safe and economically profitable
pest management method (VAN LENTEREN 2012).
To improve the action of natural enemies of scale
insects, it is suggested to protect the latter from
the disruptive effects of non-selective insecticides
widely used in Tunisian agro-ecosystems. Eventually,
choosing the most selective insecticides towards these
natural enemies is a crucial condition for setting
up appropriate IPM programs. The lower activity
of natural enemies in areas infested by honeydew-
excreting scale insects (i.e. mealybugs and soft scales)
is likely due, in part, to the presence of tending ants
that protect these scale insects against their natural
enemies for getting easier access to carbohydrate-
rich honeydew as food. Also interesting as an eco-
friendly and powerful way is the use of insect’s sex
pheromones in a mating disruption program or as
a kairomonal source to improve the parasitisation
potential of mealybug parasitoids.

To ensure the sustainable pest management of key
scale insects, some components should be included
in future IPM programs for scale insects in Tunisia:
— Conducting extensive field surveys throughout all

Tunisian ecosystems in an attempt to determine

the complete list of species of the auxiliary fauna

associated with each of these key scale insect pests.

— Testing newer with novel modes of action, more
effective and safer tools, such as biopesticides and
pheromone-based approaches as viable alternatives
to treatments based on the repetitive use of the
same insecticide(s).

— Deploying research efforts aiming to achieve the
satisfactory control of tending ants for the case of
VM and CM, before implementing biological control
programs using either the parasitoid Anagyrus sp.
near pseudococci or L. dactylopii, or larvae of the
predatory beetle C. montrouzieri.
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— Providing and explaining easy-to-follow IPM guide-
lines and organising outreach programs for field
technicians and farmers could be a promising future
avenue of work towards refining pest management
programs of key scale insects in Tunisia.

Acknowledgements. The authors thank anonymous
reviewers for their constructive comments and sugges-
tions on an earlier version of the manuscript. The first
author received a PhD Fellowship from the AVERROES
Programme of Excellence (Erasmus Mundus Ext. Coop.
Wind., European Commission).

References

Benassy C., Soria F. (1964): Observations écologiques sur les
cochenilles diaspines nuisibles aux agrumes en Tunisie.
Annales de 'INRAT, 37: 193-222.

Ben-Dov Y., Hodgson C. (1997): Soft Scale Insects: their
Biology, Natural Enemies and Control. World Crop Pests,
Volume 7b. Amsterdam, Elsevier Science B.V.: 3—-442.

Ben Salah H., Cheikh M. (1987): Bioecology and natural
enemies of the black scale of olive trees Saissetia oleae
Bern. in Northern Tunisia. Annales de 'INRAT, 60:
1-22.

Bertin S., Cavalieri V., Graziano C., Bosco D. (2010): Survey
of mealybug (Hemiptera: Pseudococcidae) vectors of
Ampelovirus and Vitivirus in vineyards of northwestern
Italy. Phytoparasitica, 38: 401-409.

Buonocore E., Tropea Garzia G., Cavalieri V., Mazzeo
G. (2008): Come distinguere le cocciniglie farinose.
L'Informatore Agrario, 64: 62—63.

Cabaleiro C., Segura A. (1997): Field transmission of grape-
vine leafroll associated virus 3 (GLRaV-3) by the mealy-
bug Planococcus citri. Plant Disease, 81: 283-287.

Cid M., Pereira S., Cabaleiro C., Segura A. (2010): Citrus
mealybug (Hemiptera: Pseudococcidae) movement and
population dynamics in an arbor-trained vineyard. Jour-
nal of Economic Entomology, 103: 619-630.

Cocco A, Lentini A., Serra G. (2014): Mating disruption of
Planococcus ficus (Hemiptera: Pseudococcidae) in vine-
yards using reservoir pheromone dispensers. Journal of
Insect Science, 14 (144): 1-8.

Coll M., Abd-Rabou Sh. (1998): Effect of oil emulsion sprays
on parasitoids of the black parlatoria, Parlatoria ziziphi,
in grapefruit. Biocontrol, 43: 29-37.

Cox J.M. (1989): The mealybug genus Planococcus (Homo-
ptera: Pseudococcidae). Bulletin of the British Museum
of Natural History — Entomology, 58: 1-78.

Daane K.M., Smith R.J., Klonsky K.M., Bentley W.]. (2005).

Organic vineyard management in California. Organic-

doi: 10.17221/53/2016-PPS

Research.com, 5: 37-55. Availabe from https://www.cdfa.
ca.gov/files/ (accessed on March 26, 2016).

Daane K.M., Bentley W.J., Walton V.M., Malakar-Kuenen R.,
Yokota G.Y., Millar J.G., Ingels C.A., Weber E.A., Gispert
C. (2006): New controls investigated for vine mealybug.
California Agriculture, 60: 31-38.

Daane K.M., Almeida R.P.P, Bell V.A., Botton M., Fallahzadeh
M., Mani M., Miano J.L., Sforza R., Walton V.M., Zaviezo T.
(2012): Biology and management of mealybugs in vineyards.
In: Bostanian N.J., Isaacs R., Vincent C. (eds): Arthropod
Management in Vineyards. Dordrecht, Springer: 271-308.

Dalla Monta L., Duso C., Malagnini V. (2001): Current sta-
tus of scale insects (Hemiptera: Coccoidea) in the Italian
vineyards. Bollettino di Zoologia Agraria e Bachicoltura,
33:343- 350.

De Lotto G. (1965). On some Coccidae (Homoptera), chiefly
from Africa. Bulletin of the British Museum of Natural
History — Entomology, 16: 175-239.

EPPO (2015). PQR database. European and Mediterranean
Plant Protection Organization, Paris, France. Available at
http://www.eppo.int/DATABASES/pqr/pqr.htm (accessed
March 26, 2016).

Fallahzadeh M., Japoshvili G., Saghaei N., Daane K.M. (2011):
Natural enemies of Planococcus ficus (Hemiptera: Pseu-
dococcidae) in Fars Province vineyards, Iran. Biocontrol
Science and Technology, 21: 427-433.

Fasulo T.R., Brooks R.F. (2013): Scale Pests of Florida Citrus.
Document ENY-814, Florida Cooperative Extension Service,
University of Florida — IFAS Extension, USA. Available at
http://indian.ifas.ufl.edu/4H/4HPublications/Scale-Pests-
Citrus-ENY-814.pdf (accessed March 26, 2016).

Foldi L. (2003): Les cochenilles — 1% partie. Insectes, 129:
3-7.

Franco J.C., Zada A., Mendel Z. (2009): Novel approach-
es for the management of mealybug pests. In: Ishaaya
1., Horowitz A.R. (eds): Biorational Control of Arthro-
pod Pests — Application and Resistance Management.
Dordrecht, Springer: 233-278.

Garcia Morales M., Denno B., Miller D.R., Miller G.L., Ben-
Dov Y., Hardy N.B. (2016): ScaleNet: A literature-based
model of scale insect biology and systematics. Available at
http://scalenet.info/scalesplace/Tunisia/ (accessed March
26, 2016).

Germain G.F. (2008): Invasive scale insects (Hemiptera: Coc-
coidea) recorded from France. In: Branco M., Franco J.C.,
Hodgson C. (eds): Proceeding XI International Symposium
on Scale Insect Studies, Sept 24—-27, 2007, Oeiras, Portugal.
Lisbon, ISA Press: 77—-87.

Golino D.A., Sim S.T., Gill R., Rowhani A. (2002): California
mealybugs can spread grapevine leafroll disease. California
Agriculture, 56: 196-201.

11



Vol. 53, 2017, No. 1: 1-14

Plant Protect. Sci.

doi: 10.17221/53/2016-PPS

Gullan PJ., Kosztarab M. (1997): Adaptations in scale insects.
Annual Review of Entomology, 42: 23-50.

Gullan PJ., Martin J.H. (2003). Sternorrhyncha (jumping
plant-lice, whiteflies, aphids and scale insects). In: Resh
V.H., Cardé R.T. (eds): Encyclopedia of Insects. New York,
Academic Press/Elsevier Science: 1079-1089.

Gullan PJ., Cook L.G. (2007): Phylogeny and higher classi-
fication of the scale insects (Hemiptera: Sternorrhyncha:
Coccoidea). Zootaxa, 1668: 413—-425.

Harrathi A. (2008): Le pou noir de l'oranger Parlatoria zizi-
phi Lucas (Hemiptera: Diaspididae): bioécologie et essai
de lutte chimique. [Mémoire du Projet de Fin d’Etudes du
Cycle Ingénieur.] Tunis, Institut National Agronomique
de Tunisie, Université de Carthage.

Hodek I., Honek A. (2009): Scale insects, mealybugs, white-
flies and psyllids (Hemiptera, Sternorrhyncha) as prey of
ladybirds. Biological Control, 51: 232-243.

Hodgson C.J. (1994): The Scale Insect Family Coccidae: an
Identification Manual to Genera. London, CAB Interna-
tional Institute of Entomology.

Jarraya A. (1973): Effets des traitements a I'oleoparathion et
a 'ultracide sur les populations de Saissetia oleae Bern.
(Homo. Coccoidea, Coccidae). Annales de 'INRAT, 46:
1-14.

Jarraya A. (1974): Observations bioécologiques sur une
cochenille citricole dans la région de Tunis, Saissetia oleae
(Homoptera, Coccidae). Bulletin OILB/SROP, 3: 135-158.

Jarraya A. (2003): Principaux nuisibles des plantes cultivées
et des denrées stockées en Afrique du Nord: Leur biologie,
leurs ennemis naturels, leurs dégats et leur contrdle. Tunis,
Edition Climat Pub.

Jendoubi H. (2007): Scale insect fauna on citrus in Tunisia
and biological study of citrus mealybug Panococcus citri
Risso. [MSc Thesis.] Bari, Mediterranean Agronomic In-
stitute of Bari.

Jendoubi H. (2012): Current status of the scale insect fauna
of citrus in Tunisia and biological studies on Parlato-
ria ziziphi (Lucas). [PhD Thesis.] Catania, University of
Catania.

Jendoubi H., Grissa-Lebdi K., Suma P, Russo A. (2008):Scale
insect fauna (Hemiptera, Coccoidea) of citrus in Cap Bon
region (Tunisia). [IOBC/WPRS Bulletin, 38: 87-93.

Kumral N.A., Kovanci B. (2004): Population dynamics of
Saissetia oleae (Oliv.) and activity of its natural enemies in
olive groves in Bursa (Turkey). In: Erkilic L., Kaydan M.B.
(eds): Proceeding X International Symposium of Scale
Insects Studies, April 9-23, 2004, Adana, Turkey: 237-247.

Kondo T., Gullan P.J., Williams D.J. (2008): Coccidology: The
study of scale insects (Hemiptera: Sternorrhyncha: Coc-
coidea). Revista Corpoica — Ciencia y Tecnologia Agro-

pecuaria, 9: 55-61.

12

Langone D., Kaan Kurtural K., Daane K.M. (2014): Mating
disruption of vine mealybug. Practical Winery and Vine-
yard, March 2014: 1-3. Available at www.researchgate.
net/publication/260794717_Mating_Disruption_of_ Vine_
Mealybug

Mahfoudhi N. (2009). Les cochenilles vectrices des virus de
l'enroulement foliaire de la vigne en Tunisie. [PhD Disser-
tation.]. Tunis, Institut National Agronomique de Tunisie,
Université de Carthage.

Mahfoudhi N., Dhouibi M.H. (2009): Survey of mealybugs
(Hemiptera: Pseudococcidae) and their natural enemies
in Tunisian vineyards. African Entomology, 17: 154—160.

Mahfoudhi N., Digiaro M., Dhouibi M.H. (2009): Transmis-
sion of grapevine leafroll viruses by Planococcus ficus
(Hemiptera: Pseudococcidae) and Ceroplastes rusci (He-
miptera: Coccidae). Plant Disease, 93: 999-1002.

Mangoud A.A.H. (2008): Insecticidal effect of some chemi-
cal and natural control agents against the black parlatoria
scale, Parlatoria ziziphi (Lucas) and associated parasitoids
on citrus trees. Egyptian Journal of Agricultural Research,
86:2157-2167.

Mansour R. (2008): Etude des cochenilles farineuses, Plano-
coccus citri (Risso) et Planococcusficus (Signoret), en viti-
culture: systématique, biologie et lutte intégrée. [MSc
Thesis.]. Tunis, Institut National Agronomique de Tunisie,
Tunis, Université de Carthage.

Mansour R. (2012): Toward enhancing integrated pest man-
agement programs of mealybugs (Hemiptera: Pseudococ-
cidae) in Tunisain and Sicilian vineyards. [PhD Thesis.]
National Agronomic Institute of Tunisia, University of
Carthage.

Mansour R., Grissa Lebdi K., La Torre 1., Zappala L., Russo A.
(2009): Preliminary study on mealybugs in two vineyards
of the Cap-Bon Region (Tunisia). Tunisian Journal of Plant
Protection, 4: 185-196.

Mansour R., Grissa Lebdi K., Rezgui S. (2010a): Assessment
of the performance of some new insecticides for the con-
trol of the vine mealybug Planococcus ficus (Signoret) in
a Tunisian vineyard. Entomologia Hellenica, 19: 21-33.

Mansour R., Suma P, Mazzeo G., Buonocore E., Grissa Lebdi
K., Russo A. (2010b): Using a kairomone-based attracting
system to enhance biological control of mealybugs (He-
miptera: Pseudococcidae) by Anagyrus sp. near pseudococci
(Hymenoptera: Encyrtidae) in Sicilian vineyards. Journal
of Entomological and Acarological Research, 42: 161-170.

Mansour R., Youssfi EE., Grissa Lebdi K., Rezgui S. (2010c):
Imidacloprid applied through drip irrigation as a new prom-
ising alternative to control mealybugs in Tunisian vineyards.
Journal of Plant Protection Research, 50: 314—319.

Mansour R., Mazzeo G., La Pergola A., Grissa Lebdi K.,

Russo A. (2011a): A survey of scale insects (Hemiptera:



Plant Protect. Sci.

Vol. 53, 2017, No. 1: 1-14

Coccoidea) and tending ants in Tunisian vineyards. Jour-
nal of Plant Protection Research, 51: 197-203.

Mansour R., Mkaouar R., Grissa Lebdi K., Suma P., Russo A.
(2011b): A survey of scale insects (Hemiptera: Coccoidea)
occurring on olives in Tunisia. Journal of Entomological
and Acarological Research, 43: 315-322.

Mansour R., Suma P., Mazzeo G., Grissa Lebdi K., Russo A.
(2011c): Evaluating side effects of newer insecticides on
the vine mealybug parasitoid Anagyrus sp. near pseudo-
cocci, with implications for integrated pest management
in vineyards. Phytoparasitica, 39: 369-376.

Mansour R., Suma P., Mazzeo G., La Pergola A., Pappa-
lardo V., Grissa Lebdi K., Russo A. (2012a): Interactions
between the ant Tapinoma nigerrimum (Hymenoptera:
Formicidae) and the main natural enemies of the vine and
citrus mealybugs (Hemiptera: Pseudococcidae). Biocon-
trol Science and Technology, 22: 527-537.

Mansour R., Cavalieri V., Mazzeo G., Grissa Lebdi K., Russo
A. (2012b): A morphological and molecular characteri-
zation of vine mealybug populations (Hemiptera: Pseu-
dococcidae) from Tunisia. Journal of Entomological and
Acarological Research, 44: 22-25.

Mazzeo G., Longo S., Pellizzari G., Porcelli F., Suma P,
Russo A. (2014): Exotic scale insects (Coccoidea) on
ornamental plants in Italy: a never-ending story. Acta
Zoologica Bulgarica, 6: 55-61.

Miller D.R. (2005): Selected scale insect groups (Hemiptera:
Coccoidea) in the southern region of the United States.
Florida Entomologist, 88: 482-501.

Miller D.R., Davidson J.A. (2005): Armoured Scale Insect
Pests of Trees and Shrubs (Hemiptera: Diaspididae).
Ithaca, New York, Comstock Publishing Associates, Cor-
nell University Press.

Miller D.R., Miller G.L., Watson G.W. (2002): Invasive spe-
cies of mealybugs (Hemiptera: Pseudococcidae) and their
threat to U.S. agriculture. Proceeding of the Entomologi-
cal Society of Washington, 104: 825-836.

Minafra A., Haididi A. (1994): Sensitive detection of grape-
vine virus A, B, or leaf roll associated III from viruliferous
mealybugs and infected tissue by cDNA amplification.
Journal of Virology Methods, 47: 175-188.

Morandi Filho W.]., Pacheco-da-Silva V.C., Granara de
Willink M.C., Pradoe E., Marcos Botton M. (2015): A
survey of mealybugs infesting South-Brazilian wine vine-
yards. Revista Brasileira de Entomologia, 59: 251-254.

Pacheco-da-Silva V.C., Bertin A., Blin A., Germain J.F,,
Bernardi D., Rignol G., Botton M., Malausa T. (2014):
Molecular and morphological identification of mealybug
species (Hemiptera: Pseudococcidae) in Brazilian vine-
yards. PLoS ONE, 9(7): e103267. doi: 10.1371/journal.
pone.0103267

doi: 10.17221/53/2016-PPS

Pagliano Th. (1938): Les parasites des vergers, des olivettes
et des palmeraies. Tunis, Imprimerie Centrale.

Pellizzari G., Germain G.F. (2010): Scales (Hemiptera, Su-
perfamily Coccoidea). BioRisk, 4: 475-510.

Pinol J., Espadaler X., Canellas N. (2012): Eight years of ant-
exclusion from citrus canopies: effects on the arthropod
assemblage and on fruit yield. Agricultural and Forest
Entomology, 14: 49-57.

Rahmouni R., Chermiti B. (2013): Efficiency of Cryptolaemus
montrouzieri Mulsant (Coleoptera: Coccinellidae) to con-
trol Planococcus citri Risso (Hemiptera: Pseudococcidae)
in citrus orchards in Tunisia. IOBC/WPRS Bulletin, 95:
141-145.

Ross L., Pen L., Shuker D.M. (2010): Genomic conflict in
scale insects: the causes and consequences of bizarre
genetic systems. Biological Reviews, 85: 807—828.

Rosciglione B., Castellano M.A. (1985): Further evidence
that mealybugs can transmit grapevine A (GVA) to herba-
ceous hosts. Phytopathologia Mediterranea, 24: 186—188.

Sforza R. (2008): Les cochenilles sur la vigne. In: Kreirer S.
(ed.): Ravageurs de la Vigne, Deuxiéme édition revue et
augmentée. Bordeaux, Editions Féret: 188—210

Tanne E., Ben-Dov Y., Raccah B. (1989): Transmission of
the corky-bark disease by the mealybug Planococcus ficus.
Phytoparasitica, 17: 55.

Tranfaglia A., Tremblay E. (1982): A morphological com-
parison between Planococcus citri (Ris.), Planococcus
ficus (Sign.) and their F1 hybrids. Entomotaxonomia,
4: 1-5.

Trjapitzin S.V,, Trjapitzin V.A. (1999): Parasites of mealy-
bugs (Homoptera, Pseudococcidae) on cultivated grapes
in Argentina, with description of a new species of the
genus Aenasius Walker (Hymenoptera, Encyrtidae). En-
tomological Review, 79: 386-390.

Triapitsyn S.V., Gonzélez D., Vickerman D.B., Noyes ].S.,
White E.B. (2007): Morphological, biological, and mo-
lecular comparisons among the different geographical
populations of Anagyrus pseudococci (Hymenoptera:
Encyrtidae), parasitoids of Planococcus spp. (Hemiptera:
Pseudococcidae), with notes on Anagyrus dactylopii.
Biological Control, 41: 14—24.

Tsai C.W., Rowhani A., Golino D.A., Daane K.M., Almeida
R.P.P. (2010): Mealybug transmission of grapevine leafroll
viruses: an analysis of virus—vector specificity. Phytopa-
thology, 100: 830—834.

Van Lenteren J. (2012): The state of commercial augmenta-
tive biological control: plenty of natural enemies, but a
frustrating lack of uptake. BioControl, 57: 1-20.

Walton V.M., Daane K.M., Bentley W.J., Millar ].G., Larsen
T.E., Malakar-Kuenen R. (2006): Pheromone-based mat-

ing disruption of Planococcus ficus (Hemiptera: Pseudo-

13



Vol. 53, 2017, No. 1: 1-14

Plant Protect. Sci.

doi: 10.17221/53/2016-PPS

coccidae) in California vineyards. Journal of Economic
Entomology, 99: 1280-1290.

Walton V.M., Kriiger K., Saccaggi D.L., Millar .M. (2009):
A survey of scale insects (Sternorryncha: Coccoidea) oc-
curring on table grapes in South Africa. Journal of Insect
Science, 9: Article No. 47. doi: 10.1673/031.009.4701

Williams D.J., Watson G.W. (1988a): The Scale Insects of the
Tropical South Pacific Region, Part 1: The Armoured Scales.
London, CAB International Institute of Entomology.

Williams D.J., Watson G.W. (1988b): The Scale Insects of
the Tropical South Pacific Region, Part 2: The Mealybugs
(Pseudococcidae). London, CAB International Institute

of Entomology.

14

Williams D.J., Watson G.W. (1988c¢): The Scale Insects of
the Tropical South Pacific Region, Part 3: The Soft Scales
(Coccidae) and other Families. London, CAB International
Institute of Entomology.

Williams D.]J., Granara de Willink M.C. (1992): Mealybugs
of Central and South America. Part 2. Wallingford, CAB

International Institute of Entomology.

Received: 2016—03-30
Accepted after corrections: 2016—06-15
Published online: 2016-12-08



