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ABSTRACT

In the present study Ferrisia malvastra (McDaniel) is recorded for the first time in Sudan, since only four species were
recorded there, i.e. Planococcus citri (Risso), Ferrisia virgata (Cockerell), Maconellicoccus hirsutus (Green) and Phenacoccus
solenopsis Tinsley. The present study deals with the morphology of the female of this mealybug by using electron microscope.
The ultrastructure of antennae, claw and its digitules, anal opening, valva, cerarius, circulus and wax producing pores were
examined and illustrated. The result revealed that antennae consists of 8 segments, they were measured and their sensella were
described. The claw denticle is absent and its digitules are knobbed. The circulus is present. There is only one pair of stout
conical setae cerarii on the anal lobe, all of these features are used to distinguish between genera of Pseudococcidae. Also, the
wax producing pores were illustrated; they are two types, the trilocular pores which produce the fine coiled wax filaments
covering the body and forming the lateral wax filaments and the multilocular pores which surrounding the valva and produce

the ribbon like wax which form ovisac.
Kewwords: SEM study, Ferrisia malvastra.

INTRODUCTION

The scanning Electron Microscope (SEM) is
extremely useful for studying the details of structures
on insect cuticle (Zhang et al., 2012). It is expensive
and requires special preparation of the material but
provides excellent results (Ubero-Pascal et al. 2010).

In mealybugs, the thin and flexible cuticle cause
some difficulties in studying the wax-producing
pores and ducts. Several studies were carried out on
different species of mealybug ultrastructure (Cox and
Pearce, 1983a,b; Tewari et al., 1994; Kumar et al.,
1997; Vahedi and Mahfar, 2010; Zhang et al., 2012;
Beshr, 2015; Sirisena et al., 2015 ; and Khalifa et al.,
2019). Morphology of these dermal wax pores and
ducts showed variation among variable species.

Ferrisia malvastra (McDaniel) is a newly
recorded mealybug in Sudan, in addition to the four
species namely, Planococcus citri (Risso), Ferrisia
virgata (Cockerell), Phenacoccus hirsutus Green
(Schumutterer,1969) and Phenacoccus solenopsis
Tinsley (Mohamed 2015) .

The present work was carried out to understand
the ultrastructure of some taxonomical characters of
F. malvastra.

MATERIALS AND METHODS

As a matter of fact, the females of mealybugs are
used in the morphological studies, therefore, females
were collected from citrus seedling and guava trees in
Khartoum state 15°2627" N 32°44'58" E. and citrus
seedling in Kassala state 15°29'09” N, 36°25'03" E.
Adult females were killed and preserved in 70% ethyl

alcohol, transferred to the laboratory of Department of
Applied Entomology and Zoology, Faculty of
Agriculture, Alexandria University, Egypt. Specimens
were identified by the first author and kindly confirmed
by Dr. Bora Kaydan, Cukurova University, Inamoglu
Vactional School, Adana, Turkye. The genus was
identified by using the keys of Ferris, (1950); Ezzat,
(1962) and Mc Kenzie, (1967) and the species by the
key of Kaydan and Gullan (2012).

For SEM preparation, wax was dissolved in
10% Xylene, then dehydrated by soaking in a series
of ethanol (80, 85 & 90%) half an hour for each
concentration. They were finally dried for two hours
at room temperature. The next procedures were
carried out at the SEM unit of Faculty of Science,
Alexandria University, the dehydrated specimens
were glued on a SEM stub using double face sticky
tape, some individuals on the dorsal and others on
ventral side of body. Specimens were placed in
sputter chamber scanning electron (JOELFC-1100E)
to coat the specimens with a very thin layer of gold.
A computer controlled SEM (JEOL model JSM-
IT200) was used to scan the specimens from
different angles to choose the best micrographs.

RESULTS AND DISCSSION

Female characteristics of mealybugs Ferrisia
malvastra (McDaniel) using SEM:

Antenna (Fig., 1A) eight segmented, the apical
segment is the longest (11.5um) followed by the fifth (6
pm), third and fourth segments are equal (5 pm), six
and seven are equal (4.5 pm). Scape wider than long
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Figure 1: Scanning electron micrographs of Ferrisia malvastra showing

A: The eight segmented antenna (Ant.) with sensory setae on each segment, first leg (Lgl) and the segmented

labium (Ib) with apical trichoid setae.

B: The one segmented tarsus and claw with knobbed claw digitules (Cd) and tarsal digitules (Td).

C: Anal ring (Ar) with row of tubercles (Art) and three pairs of anal ring setae (Ars).

D: Circulus (Cr) on the intersegmental line between fourth and fifth abdominal segment (ventral), fine flagellate
setae (fs) and fine coiled wax filaments extruding from trilocular pores (Cw).

(3.7 um), pedicel measured 6 um. Each segment
from one to seven bears 3 — 4 setae. The two
preapical antennal segment each has one additional
fleshy setae. The apical segment has 5 fleshy thin
walled sensellae, 7 trichoid setae arise from basal
socket and 1 stiff terminal chaetica, the latter can be
easily distinguished from other sensilla by being set
on a collar like socket or bulb at the base. Number of
antennal segments is a significant taxonomic
characters distinguish between genera (Ferris, 1950;
Ezzat, 1962 and Mc Kenzie, 1967). Williams and
Granara de Willink (1992) mentioned that adult
females of Pseudococcidae have four hygroreceptors

on the antennae, one on the pedicel, one on segment
IV and two on terminal segment. In fact, these
sinsella were not observed in the present study.

Labium (Fig., 1A): consists of three segments
with four fleshy setae on each side of the terminal
segment, in addition to a very fine peg like chaetica
sensillae at its tip. As studied in most Sternorr-
hynchae (the suborder of mealybugs), the apex of
antennae and the tip of labium are responsible on the
high specificity in feeding (Chapman, 1982). Le Ru
et al. (1995) reported 10 pairs of trichoid hairs
distributed over the labium of Phenacoccus manihoti
Matile-Ferrero and 5 pairs of sensillae chaetica
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(pegs) on its tip. They suggested that these pegs
could be involved in the identification of the physical
characters of the plant surface before probing the
stylets. Also, Alliaume et al. (2018) reported
fourteen pairs of different types of sensilla cover the
exposed surface of P. aceris Geoffroy of labium.

Claw (Fig. 1B): leg of female mealybug has
only one tarsal segment with a single claw, its base
usually bears a pair of digitules. In the insect under
study as all Ferrisia species the small tooth or
denticle on the inner surface of claw is absent. The
claw digitules (Cd) are longer than claw and
knobbed at apex while the tarsal digitules (Td) are
thinner and longer with very fine knob at apex.

Anal ring (Fig. 1C): as in all members of
Pseudococcidae the anal opening is situated on the
tenth abdominal segment. It is usually surrounded by
a sclerotizing ring (Ar) that normally bears six long
and slender setae (Ars). In this sclerotized ring
numerous irregular pores were found as indicated by
many coccidologistes. In our opinion, there are small
tubercles arranged in the outer row (Art) as shown in
Figure 1C.

Circulus (Fig. 1D): is situated on the ventral
side between fourth and fifth abdominal segments. It
is large oval —shaped membranous structure (Cr)
with lateral extensions. It is free of any hairs or
pores. Gullan and Kosztarab, (1997) reported that the
circulus acts as an adhesive organ in the mature
female to the substrate.

Valva (V) (Fig. 2A): is the female genital opening,
its presence indicates the full maturity of female. It is
situated in the ventral side on the posterior margin of
the eighth abdominal segment. It is a transverse
shrinking membranous aperture surrounding by
clusters of multilocular pores (mp).

Cerarii (Figs., 1C &2B): in pseudococcid
mealybugs, there are pairs of dorsal cerarii on the
body margins. Number of cerarrii (Cc) distinguish
between different genera. In Ferrisia spp. only one
pair is found on the anal lobe. This anal cerarius
consists of two large conical setae with associated
numerous trilocular pore in addition to an anal long
filament setae (Als).Cox and Pearce, 1983 a & b)
proposed that the cerarii support the waxy filament
which produced by the trilocular pores.
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Wax pores: are different and taxonomically
useful to separate the genera and species. Two types
of wax pores were found in the studies species as
follows:

Multilocular disc pores (mp) are usually
present on the ventral side, especially around the
valve (Fig. 2C). Each pore consists of a circle of
opening (loculi). Presence of multilocular pores and
their distribution on the abdominal segments are
diagnostic features distinguishing between Ferrisia
spp. In the subject studied mealybugs F. mulvastra
they are absent on sixth abdominal segments and
present anterior and posterior to valve, while in some
other species they present only posterior to valva .
Figure ( 2C ) shows the flattened ribbon wax strips
(Rw) emerging from a multilocular disc pore. The
ribbon-like wax secretion with longitudinal grooves
indicated that secretion from a row of pores fused
together to form this ribbon.

Kumar et al., (1997) reported that the wax
produced by multilocular pores surrounding the
valva cover the eggs when laid through genital
opening and forming the ovisac.

Trilocular pores: are abundant on the dorsum
and venter of body. Each consists of a triangular
depression with three elongate narrow opening
(loculi) (Fig., 2D).

In mealybugs, waxs produced by different
dermal pores to protect the insect from invasion of
the body by bacteria, fungi or parasites (Cox and
Pearce, 1983b & Foldi and Pearce, 1985). Zhang et
al. (2012) reported that the wax secretion glands
consists of three cells, each cell has a large reservoir
to store the wax secretion then excreted it through
canals.

Hairs covering the body differ in the dorsal side
from the ventral side. The ventral hairs are long and
flagellate (Fig, 2A) while the dorsal ones are shorter
and some of them are lanceolate (dls) (Fig. 2E).

The studied characters in the present work are
diagnostic and used by coccidologists to distinguish
between genera and even species such as, number of
antennal segments, presence or absence of denticle
or tooth on the plantar surface of the claw, the
presence or absence of circulus and types and
position of wax pores.
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Figure 2: Scanning electron micrographs of Ferrisia malvastra showing

A: Valva (V) surrounding by clusters of multiloclar pores (mp) and long flagellate setae.

B: Anal cerarius (Cc). C: highly magnified multilocular pore (mp) with extruding ribbon like wax secretion (Rw).
D: highly magnified trilocular pore E:.Dorsal thick lanceolate setae (dls).
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