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ABSTRACT 

Boulahia-Kheder, S. 2021. The whitefly Dialeurodes citri: a new pest on citrus in Tunisia? Tunisian 

Journal of Plant Protection 16 (1): 11-18. 

 
Whiteflies invaded citrus orchards in Tunisia in the 90’s. Two species: Aleurothixus floccosus and Parabemisia 
myricae have been recorded successively infesting citrus and causing severe damage in Cap-Bon (North-East of 
Tunisia). These pests were first controlled by several insecticidal applications but with a relative efficiency. Then 

two biological control programs have been deployed completing the action of native natural enemies especially for 
P. myricae. The result was a very satisfactory control of both whitefly species, to a point that they almost disappeared 
from orchards for about 30 years. In 2017, a third whitefly species, identified as Dialeurodes citri, was observed 
during a prospection in citrus orchards in Takelsa region (Cap-Bon). It was a common species in Algeria, but never 
caused damage in Tunisia. In 2020, D. citri was found again with very high population densities in the regions of 
Menzel Bou Zelfa (Cap-Bon) and Tunis. These observations confirmed its change of status and spread in Tunisia. 
The main morphological and biological traits to distinguish between D. citri and the other two whitefly species, 
already recorded in Tunisia, were described and first observations on its infestation were reported. Some 

recommendations to manage this new pest are given.  
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Introduction 
Whiteflies (Hemiptera: Aleyrodidae) 

are economically important insect pests 

(Hodges and Evans 2005) that cause damage by 

two ways: through sucking plant sap inducing 

weakening of plants and for some species 

through transmission of viruses. Under 

favorable conditions, whitefly populations can 

develop high densities in few weeks producing 

a large amount of honeydew (with more or less 

waxy secretions) and sooty mold which by 

soiling the production, seriously reduces its 
value (Mound and Halsey 1978). In the 

Mediterranean region including Tunisia, 

different species of whiteflies caused severe 

damage during 70-90’s (Boulahia-Kheder 1993; 

Dhouibi and Jerraya 1991a; Onillon 1975; 

Uygun et al. 1990). Since 2000’s the whiteflies 

were not considered as economically important 

citrus pests (Garcia-Mari et al. 2018). 

______________________________________ 
 

Corresponding Author: Synda Boulahia-Kheder 

Email: synda.kb@gmail.com  
 
 

Accepted for publication 21 January 2021 
 

 
In Tunisia, two whitefly species had 

invaded citrus orchards in the 90’s causing 

severe damage (Chermiti et Onillon 1992; 

Dhouibi and Jerraya, 1991b). The first one 

introduced, was the woolly whitefly, 

Aleurothixus floccosus in 1988 (Jerraya 2003). 

Several insecticides were sprayed but had a 

relative efficacy. A national program of 

biological control that imported and released the 

parasitoid species Cales noaki, was a 

sustainable solution (Chermiti et Onillon 1993). 
The biological control was so successful that A. 

floccosus completely disappeared from citrus 

orchards. However, in 1990-91, A. floccosus 

was quickly displaced by the Japanese or 

bayberry whitefly, Parabemisia myricae, that 

reached very high densities on citrus and caused 

severe damage (Chermiti et Onillon 1992; 

Kheder-Boulahia1993). This polyphagous 

whitefly species was also found on pomegranate 

mixed with citrus, on grapes (Vitis sp.) as well 

as on weeds Mercurialis annua and Malva 

sylvestris (Kheder-Boulahia 1993). About one 
year after its introduction, it was partially 

controlled by the native parasitoid, Encarsia 
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transvena (Chermiti et Onillon 1992; Kheder-

Boulahia 1993). Concomitantly in 1993, the 

parasitoid Eretmocerus debachi was introduced 

and released in citrus orchards against P. 

myricae (Chermiti et al. 1995). Three years 

later, P. myricae was controlled biologically and 

“the problem of whiteflies on citrus” was 
overcame for more than 20 years, as both 

species were very difficult to found in citrus 

groves. In 2017, some phytosanitary 

prospections in the Cap-Bon region (North-East 

of Tunisia) reported the whitefly Dialeurodes 

citri that was not considered as a pest on citrus 

in Tunisia before (Kheder-Boulahia et Jerraya 

1995a). Indeed, although D. citri was reported 

by Martin et al. (2000) as present in Tunisia, it 

has never caused damage requiring 

phytosanitary interventions.  D. citri was 

detected once in Takelsa region (Cap-Bon) in 
2017 (Dahri 2017) and again in February 2020, 

in the region of Menzel Bou Zelfa (Cap-Bon) in 

2 orchards and in a private garden in Tunis, with 

high densities. In other Mediterranean countries 

such as Algeria, France and Turkey, D. citri was 

a common species since a long time (Boukhlafa 

et Bonafonte 1979; Onillon et al. 1975; Uygun 

et al. 1990). In addition to its direct damage, it 

was demonstrated recently that D. citri can 

transmit virus to citrus namely the citrus yellow 

vein clearing virus (CYVCV), an emerging 
citrus virus, to lemon trees (Zhang et al. 2019). 

Whiteflies still represent a threat to citrus 

production in Mediterranean conditions as new 

species are regularly reported. Indeed, recently 

in Algeria, Malta, Italy and most of the 

Mediterranean countries, except Tunisia, a new 

species of whitefly, Paraleyrodes minei has 

been reported on citrus (Ben Messaoud-

Boukhalfa and Chebrou 2014; Longo and 

Rapisarda 2014; Malumphy and Mifsud 2016).  

In this paper, some data related to first 
observations on D. citri in Tunisia were 

reported.  Morphological and behavioral traits 

of D. citri in comparison with A. floccosus and 

P. myricae to facilitate the distinction among the 

3 species for a field worker were provided. 

Finally, recommendations to implement a 

control strategy against this new pest were 

proposed. 

 

Morphology and behavior of D. citri 

compared with A. floccosus and P. myricae. 

The first step of an appropriate 
program to control whiteflies is a precise 

identification of the pest because each species 

has different biology, population dynamic and 

natural enemy complex. Hence, it is important 

to distinguish between D. citri and the 2 other 

species present in Tunisia on citrus: A. floccosus 

and P. myricae. This can be achieved based on 

criteria visible in the field, but a precise 
identification requires microscopic 

preparations. 

For a rapid identification in the field, 

the most evident difference between the 3 

species is the dorsal waxy secretion of the 4th 

nymphal instar, which is thin, transparent, and 

amorphous for D. citri (Ben Messaoud-

Boukhalfa 1987) (Fig. 1), opaque white, thick 

and woolly with long waxy filaments visible to 

the naked eye for A. floccosus, and translucent 

with extremely thin transparent marginal wax 

for P. myricae (Gerling 1990; Kheder-
Boulahia1993; Kheder-Boulahia et Jerraya 

1995a). Once the 4th instar completes its 

development, the adult emerges from the pupal 

case leaving a specific shape: “T” for D. citri 

and A. floccosus (Fig. 1) (Ben Messaoud-

Boukhalfa 1987; Onillon et Abbassi 1973) and 

an irregular aperture for P. myricae (Uygun et 

al. 1990). 

Although whitefly adults are very 

similar, they have some characters that allow an 

experimented observer to recognize the 3 
species. The wings of D. citri are unmarked and 

often held relatively flat with a distinct interstice 

between them (Uygun et al. 1990). The adults of 

P. myricae have no marks on pearl-colored 

wings. The adults of A. floccosus have 

uniformly white wings (Dreistadt 2012). 

Also, the egg arrangement and the 

preferred age of leaves for egg-laying allow to 

separate the 3 species in the field: for D. citri 

and P. myricae, their eggs are scattered by an 

irregular way on leaves (Fig. 1), while for A. 
floccosus, the eggs are often inserted in the form 

of circles or half-circles. Whiteflies are known 

to oviposit mainly on growing leaves, but there 

are differences in the preferred age between the 

3 species, which can be a criterion of distinction 

among them in the field. P. myricae strongly 

prefers the very young leaves, that are tender 

and unexpanded (Kheder-Boulahia et Jerraya 

1995b; Walker and Zareh 1990) and most of 

eggs (72.2%) are laid on the 4 apical leaves on 

twigs (Kheder-Boulahia et Jerraya 1995b). For 

D. citri and A. floccosus, rather mature leaves 
fully expanded are the preferred egg-laying sites 
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(Ben Messaoud-Boukhalfa1987; Walker and 

Zareh 1990). At the leaf-scale, there are also 

differences among the 3 whitefly species. Most 

of eggs are laid on the lower face for A. 

floccosus, and especially for D. citri. However, 

for P. myricae, more than 90% of eggs are 

inserted on the upper face, and once emerged, 
the first instar larvae migrate to the lower face 

where they settle definitely. This behavior can 

change when very high infestation occurs (more 

than 2000 eggs/leaf) with both faces of leaves 

hosting approximately the same number of eggs 

(Kheder-Boulahia et Jerraya 1995b). Finally, 

the color and position of eggs are different: 

erected eggs, white then blackish for P. 

myricae; inserted in an angle to leaf, white or 

pale-yellow then brownish or orange, 
respectively for D. citri (Fig. 1) and A. floccosus 

(Dhouibi and Jerraya 1991b; Kheder-Boulahia 

1993; Uygun et al. 1990; Zanic et al. 2000).  

 

 

 

 
 

 

Fig. 1. Dialeurodes citri on citrus.  Top: Fourth nymphal instar (left), puparial case (middle) 

and egg arrangement (right) (magnification: × 120); Bottom: Enlarged egg and crawler 

(magnification: × 200). 

 

 

 

For precise identification of whitefly 

species, microscopic characters related to the 4th 

nymphal instar or puparium have to be observed 
(Hodges and Evans 2005; Martin et al. 2000; 

Mound and Halsey 1978). The most important 

is the structure of vasiform orifice unique to 

aleyrodids (Martin et al. 2000) and its 

operculum and lingula, that allow to identify the 

genera and species. Vasiform orifice has 2 

morphologies: one with operculum completely 

filling the orifice, so the lingula is hidden in 

dorsal view (case of A. floccosus and D. citri), 

the second with operculum not filling the 

posterior part of the orifice, and so with a visible 

lingula (case of P. myricae) (Gerling 1990) 
(Table 1, Fig. 2). 

Other microscopic characters to 

distinguish the 1ststage and adults related to the 

antennae and metatibial chaetotaxy of the 

female and structure of male genitalia were 

described by Kheder-Boulahia et Jerraya 

(1995a), while there are very few available 

taxonomic characters of other stages than the 4th 

instar (Hodges and Evans 2005). 
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Table 1. Microscopic characters of 4thinstar of Dialeurodes citri, Aleurothixus floccosus and Parabemisia myricae (Ben 

Messaoud-Boukhalfa 1987; CABI 2020; Dreistadt 2012; Hodges and Evans 2005; Kheder-Boulahia 1993; Kheder-Boulahia et 

Jerraya 1995a)  

Microscopic features 
Species of whiteflies 

Dialeurodes citri Aleurothixus floccosus Parabemisia myricae 

Body color and 

specific character 

Colorless or yellowish 

Tracheal folds (2 thoracic and 1 

abdominal) lined with spinules, 

densely alveolar and delineating 

“Y” shape. 

Orange brown Light yellow  

Vasiform orifice 

(VO), Operculum (O) 

and Lingula (L) 

Sub-circular, relatively small and 

with a broad rim. Operculum, 

almost filling the VO concealing 

the tip of the lingula. O with 

droplet-shaped expansions at its 

tip (observed under an electron 

microscope on winter larvae. 

These expansions are longer on 

winter larvae than on summer 

larvae. 

Semi-circular, lingula 

hidden 

In a stretched isosceles 

triangle, lingula with 2 sub-

median blunt-end tubercles 

and 1 rounded posterior 

tubercle with 2 long lingular 

setae 

Profile Very flattened Fairly thick Flattened 

Caudal margin  Finely crenellated Serrated Finely corrugated 

Caudal marginal 

setae 

2 short and rigid setae on a bud-

like structure on either side of the 

upper edge of VO (observed 

under an electron microscope on 

winter larvae; these setae 

correspond probably to 

abdominal setae) 

2 long and thick abdominal 

setae and 2 long and thick 

caudal setae 

2 caudal setae and 2 posterior 

setae 

Waxy pores and 

porettes 
 

Conical wax cells 

comprised of 2-3 waxy 

pores 

About 120 porettes 

uniformly dispersed on the 

larvae body drawing 4 ellipse 

arcs from the anterior to the 

posterior region 

 

 

 

 

 

Fig. 2. Slide-mounted vasiform orifices of 4th instar of Aleurothixus floccosus (left), Parabemisia myricae (middle) and 

Dialeurodes citri (right). a.m.c.: caudal marginal area, li.: lingula, op.: operculum, o.v.: vasiform orifice, s. abd.: abdominal 

setae, s.cau.: caudal setae, sta.: tracheal abdominal fold. (Ben Messaoud-Boukhalfa 1987; Kheder-Boulahia 1993; Kheder-

Boulahia et Jerraya 1995a). 
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Biological traits of D. citri. 

D. citri was reported from various 

locations in the world as a multivoltine species 

that can accomplish many generations per year: 

2-3 in Algeria, 3 in Israel and Croatia, 2-6 in 

California (USA) (Argov et al. 2000; Bellows 

and Meisenbacher 2007; Ben Messaoud-
Boukhalfa 1987; Zanic et al. 2001). In Israel, the 

1st and 2nd generations, which occurred between 

spring and summer had an average duration 

from egg to adult of 58.35 ± 15.85 days in the 

field (Argov et al. 1999). In Tunisia, warm 

climatic conditions may produce more than 3 

generations per year for D. citri. 

D. citri prefers interior of the tree, 

followed by the shaded sides for oviposition and 

development (Argov et al. 1999). D. citri has a 

high fecundity with an average 150 eggs/female 

and a great growth rate (R0 = 15). In California, 
in spring and autumn, leaves of ‘Valencia Late’ 

oranges were entirely covered by adults of D. 

citri laying more than 3000 eggs/leaf (Bellows 

and Meisenbacher 2007). In Algeria also, the 

density of eggs reached 3000 eggs/dm2 in spring 

on clementine (Ben Messaoud-Boukhalfa 

1987). Moreover, D. citri is a polyphagous pest 

as it attacks citrus and more than 70 plant 

species belonging to 30 families (Mound and 

Halsey 1978) with a preference for Citrus spp. 

in the Mediterranean countries (Uygun et al. 

1990). In Croatia, Jasminum spp. and Dyospiros 

kaki were the most infested hosts other than 

citrus, while in Italy D. citri infested several 

Oleaceae plants but not the citrus (Zanic et al. 
2001). 

 

Current infestation and damage of D. citri. 

In 2017, D. citri was found in a citrus 

orchard in the region of Takelsa (36°46'59.99" 

N 10°37'59.99" E) on spring flushes with a 

fairly high density of adults (Fig. 3) and eggs 

with an average of about 82 eggs/leaf and a 

maximum of 515 eggs. In 3 weeks, infestation 

rate increased significantly from 36 to 

reach100% (Table 2) (Dahri 2017). In 2020, a 

very severe infestation was observed in the 
region of Menzel Bou Zelfa, (36°40'54.12" N 

10°35'4.92" E) where the attacked leaves and 

twigs were completely covered by sooty mold 

(Fig. 3). These observations confirmed the great 

biotic potential of this whitefly due to its high 

fecundity and great growth rate (Bellows and 

Meisenbacher 2007).  

 

 

 

Fig. 3. On the left, adults of Dialeurodes citri on citrus spring flushes (Takelsa, May 12th 2017) (Dahri 2017). On the right, 

our observation of citrus leaf of autumn flush with a heavy sooty mold (Menzel BouZelfa). 

 

 
Table 2. Infestation level of Dialeurodes citri on citrus spring flushes in Takelsa (Dahri 

2017) 

Date 
No. of infested leaves/N. 

of examined leaves 
No. of eggs 

Density of 

eggs/leaf 

Rate of 

infestation (%) 

21-04 18/50 367 7.34 36 

12-05 150/150 12297 81.98 100 
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Some observations on natural regulation of 

D. citri and recommendations for control. 

First observations showed that in some 

orchards, D. citri was associated with some 

predators which would be promising for future 

trends of this whitefly population. Larvae of 

Chrysopidae and Coccinellidae presumably 
Clitostethus arcuatus, were observed predating 

on 4th instar and eggs of D. citri (Dahri 2017). 

C. arcuatus was reported as a very efficient egg 

and L1 predator in particular climatic conditions 

(Ben Messaoud-Boukhalfa 1987; Liotta 1978 in 

Ben Messaoud-Boukhalfa1987). Other 

predators such as the thrips Aeolothrips 

faciapennis, mites, several coccinellids and 

spiders were found associated with D. citri 

(Bellows and Meisenbacher 2007; Mound and 

Halsey 1978; Ulusoy et al. 1996). In our 

observations, no parasitism has been detected 
while in Taiwan 5 species of parasitoids have 

been reported (Bellows and Meisenbacher2007) 

and Mound and Halsey (1978) reported 7 

species of Aphelinidae, mostly of the 

Prospaltella genus. In addition to 

entomophagous insects, diseases and especially 

the fungi Aschersonia sp., were recorded as 

significant general regulators against D. citri 

(Bellows and Meisenbacher 2007). 

In natural ecosystems, whiteflies are 

usually maintained under control by parasitoids 
and predators, while in agricultural crops 

natural balance is often broken by abusive use 

of chemicals leading to consistent populations 

of whiteflies (Hodges and Evans 2005). Many 

environmentally friendly methods can be 

employed against whiteflies. In Turkey and 

Israel where D. citri was reported since the 60-

70’s biological and integrated control 

combining cultural practices such as thorough 

pruning, weed removing and summer 

applications of mineral oil, were successfully 

used to control this pest (Argov et al. 2000; 

Uygun et al. 1990). In Turkey, the orchards 

under integrated pest management were less 

infested than those with heavy use of pesticides 

(Ulusoy et al. 1996).  
In Tunisia, natural enemies currently 

associated with D. citri and their regulatory 

action, have to be determined. Also, the use of 

pesticides against the other citrus pests should 

be reasoned to preserve beneficial insects and to 

avoid outbreaks of D. citri as this whitefly 

seems to be a problem of pest resurgence. 

Indeed in recent years, D. citri has started to 

increase seriously in several locations very 

likely due to abusive use of pesticides (Dahri 

2017; Dahri and Boulahia-Kheder 2017). 

 

Conclusion. 

Recently, the whitefly species, D. citri 

changed its pest status and can be added to the 

two other species that caused severe damage in 

Tunisia in years 90’s: A. floccosus and P. 

myricae. Due to its high reproductive rate, D. 

citri is expected to be a serious pest species on 

citrus. Consequently, survey and ecological 

studies of D. citri are highly required in order to 

establish an integrated pest control strategy. 

However, environmentally friendly measures to 
maintain populations of D. citri under threshold 

and to limit its spread can already be 

recommended: cultural practices and use of less 

hazardous insecticides such as mineral oils.  
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RESUME 

Boulahia-Kheder S. 2021. L’aleurode Dialeurodes citri: un nouveau ravageur des agrumes en 

Tunisie? Tunisian Journal of Plant Protection 16 (1): 11-18. 

 
Les aleurodes des agrumes ont envahi la Tunisie dans les années 90. Deux espèces avaient successivement colonisé 
les vergers d’agrumes du Cap-bon (Nord-Est Tunisien) et causé d’importants dégâts. Il s’agissait de l’aleurode 
floconneux des agrumes Aleurothixus floccosus et l’aleurode japonais Parabemisia myricae. Ces deux aleurodes ont 

d’abord été combattus par des applications insecticides répétées mais avec une efficacité relative. Puis deux 
programmes de lutte biologique ont été déployés complétant l’action des ennemis naturels autochtones notamment 
pour P. myricae, ce qui a permis un contrôle très efficace, au point où ces ravageurs ont quasi disparu des vergers 
d’agrumes pendant environ 30 ans. En 2017, lors d’une prospection dans la région de Takelsa (Cap-Bon), une 3ème 
espèce d’aleurode a été observée. Il s’agissait de Dialeurodes citri, espèce commune en Algérie. En Tunisie, bien 
que signalée, D. citri n’a jamais été considérée comme une espèce préoccupante sur les agrumes puisqu’aucun dégât 
ne lui a été attribué. Cet aleurode a été de nouveau trouvé en 2020 avec des densités très élevées dans les régions de 
Menzel Bou Zelfa (Cap-Bon) et de Tunis. Ces observations confirment le changement de statut  et la propagation de 
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D. citri en Tunisie. Dans la présente note sont décrits les principaux critères morphologiques et comportementaux 
permettant la distinction de D. citri des autres espèces d’aleurodes présentes en Tunisie ainsi que les premières 
observations relatives à son infestation. Quelques orientations pour gérer ce nouveau ravageur sont proposées.  

 
Mots-clés: Agrumes, aleurodes, biologie, Dialeurodes citri, ennemis naturels, morphologie 
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 ملخص
 ؟آفة جديدة على القوارص/الحمضيات في تونس :Dialeurodes citri لذبابة البيضاءا. 2021خذر، سندة. -بولحية

Tunisian Journal of Plant Protection 16 (1): 11-18. 
 

وعان من هذه نالحمضيات، واحتلت القوارص/أنواع الذبابة البيضاء التى تصيب من تعرّضت البلاد التونسية في التسعينات إلى غزو 

 ذه الحشراتونعني به .في خسائر فادحة اتسببت)الشمال الشرقي التونسي( حيث بالوطن القبلي  القوارصعلى التوالي بساتين الحشرات 
تمت في البداية، . Parabemisia myricaeالذبابة البيضاء اليابانية و Aleurothrixus floccosus للقوارص القطنيةالذبابة البيضاء 

نشاط الأعداء الطبيعيين لميْن بعدة رشات بالمبيدات ولكن بنجاعة نسبية. ثم تم وضع برنامجيْن للمكافحة البيولوجية متمّ  يْنالآفت يْنمكافحة هات

ن الحقول اختفيا تقريبا م . النتيجة كانت سيطرة مقبولة على الذبابتيْن البيضاوتيْن إلى درجة أنهماP. myricaeالمحليين خاصة بالنسبة إلى 

يضاء نوع ثالث من الذبابة الب العثور علىتم  ،)الوطن القبلي( في منطقة تاكلسة مراقبةخلال القيام بعملية ، 7302في سنة  سنة. 03لمدة 

لم تكن مصدر قلق  تسجيل وجود هذه الحشرة،رغم وفي تونس  لكنمن الأنواع الشائعة في الجزائر.  وهو Dialeurodes citri ووه

)الوطن جلت هذه الحشرة من جديد بكثافة عالية في منطقة منزل بوزلفة سُ  ،7373حيث لم ينُسب إليها أي ضرر. في سنة  صالقوارعلى 

ية لمرفولوجا المقاييسوصف تم في هذه المقالة،  وانتشارها  بالبلاد التونسية. استيطانوتونس العاصمة وهذه الملاحظات تؤكد  القبلي( 

 قتراحا كذلكووبين الأنواع الأخرى من الذبابة البيضاء المتواجدة بالبلاد التونسية،  D. citriوالسلوكية التي تساعد على التفريق بين النوع 

 الآفة الجديدة.هذه  لمكافحة التوجيهاتبعض 

 

 Dialeurodes citri ،مورفولوجياقوارص/حمضيات،  ذبابة بيضاء،بيولوجيا، أعداء طبيعيين، : كلمات مفتاحية
_____ ______________________________________________________________________________ 
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